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comprises the step of purifying the obtained porous organic-inorganic hybrid materials by treating them with inorganic salt. In
particular, a method of the present invention is characterized by not using a hydrofluoric acid.
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Description
A METHOD FOR PREPARING POROUS ORGANIC-

INORGANIC HYBRID MATERIALS, POROUS ORGANIC-

INORGANIC HYBRID MATERIALS OBTAINED BY THE

METHOD AND CATALYTIC USES OF THE MATERIALS
Technical Field

[1] The present invention relates to a method for preparing porous organic-inorganic

hybrid materials and their catalytic uses. More particularly, the present invention

relates to porous organic-inorganic hybrid materials containing metal and a method for

preparing the materials. That is, it relates to a novel method for preparing porous

organic-inorganic hybrid materials containing iron, which can be used not only for

adsorbents, gas storing materials, sensors, catalysts and catalyst carriers, etc., but also

for including guest molecules smaller than the pore size or separating molecules larger

than pore size, since these porous organic-inorganic hybrid materials have a large

surface area and a pore of a molecular size or nano size, wherein the organic

compound ligand is bonded to a central metal by the preparing porous organic-

inorganic hybrid materials containing iron by irradiating microwaves instead of heat

treatments such as the conventional electric heating, etc. as a heat source of the hy-

drothermal or solvothermal synthesis reaction after forming crystal nuclei by pre-

treating a metal or metal salt and an organic compound in the presence of a solvent.

Also, the method for preparing porous organic-inorganic hybrid materials of the

present invention further comprises a step of purifying the obtained porous organic-

inorganic hybrid materials by treating them with an inorganic salt. Further, the present

invention relates to a novel method for preparing porous organic-inorganic hybrid

materials wherein use of hydroflouric acid has been eliminated and the porous organic-

inorganic hybrid materials obtained by said preparation method can be used as a het

erogeneous catalyst.

[2] The porous organic-inorganic hybrid materials prepared according to the present

invention can be defined as porous organic-inorganic polymer compounds formed by

binding a central metal ion with an organic ligand, wherein the central metal ion may

be an iron ion. The compounds are a crystalline compounds having a pore structure of

a molecular size or nano-size and containing both an organic and an inorganic

compounds within the framework structure.

Background Art
[3] The term "porous organic-inorganic hybrid materials" has a broad meaning, and in



general, it is also referred to as "porous coordination polymers" [Angew. Chem. Intl.

Ed., 43, 2334 (2004)], or "metal-organic frameworks" [Chem. Soc. Rev., 32, 276

(2003)].

[4] At present scientific research is focused on materials developed by integrating

molecular coordination bonding with material science. Said materials have large

surface area and pores of a molecular size or nano size, and thus can be used not only

for adsorbents, gas storing materials, sensors, membranes, functional thin films,

catalysts and catalyst carriers, etc., but also for including guest molecules smaller than

their pore size or separating molecules depending on sizes of the molecules by using

their pores. Thus, they have gained much importance.

[5] Porous organic-inorganic hybrid materials have been prepared by various methods.

Usually, they have been prepared by a hydrothermal synthesis reacting at high

temperature by using water as a solvent or by reacting near room temperature using

solvent diffusion, or a solvothermal synthesis using an organic solvent [Microporous

Mesoporous Mater., 73, 15 (2004); Accounts of Chemical Research, 38, 217 (2005)].

[6] Such porous organic-inorganic hybrid materials have been prepared through crys

tallization at a synthesis temperature of at least the boiling point of a solvent or

solution mixture under an autogeneous pressure using water or a suitable organic

solvent, as in methods for preparing other inorganic porous materials such as zeolites

or mesoporous compounds.

[7] The hydrothermal preparation methods mentioned above have problems such that

an excessive amount of energy is consumed because usually a reaction time of at least

several days is required for obtaining complete crystalline organic-inorganic hybrid

materials since the nuclei formation or crystallization process is very slow. In

particular, it shows a very low efficiency since the reaction is proceeded only by a

batch-type manner [Angew. Chem. Intl. Ed. vol. 42, p. 5314 (2003); Angew. Chem.

Intl. Ed. vol. 43, p. 6296 (2004)].

[8] In order to overcome these problems, a method to maximize the efficiency by

applying microwaves to the synthesis of porous inorganic materials including zeolites

has been suggested, and methods applying microwaves were known in some patents

and articles published since 1988 [US Patent No. 4,778,666; Catal. Survey Asia, vol. 8,

p. 9 1 (2004)]. In many cases, it has been reported that the synthesis time has been

decreased and porous inorganic materials can be continuously synthesized when

microwaves were used compared to the hydrothermal synthesis by conventional

heating.

[9] Unlike the porous inorganic materials above, porous organic-inorganic hybrid

materials have been recognized to have unique features that they can be used not only

for catalysts, catalyst carriers, adsorbents, ion exchanging materials and gas storing



materials, but also for storing, preparing and separating nanomaterials, and for

nanoreactors, due to their characteristics such as large surface area, crystalline structure

of a very high regularity and relatively high thermal stability, etc. In this regard, Cr-

MIL-100, which is an organic-inorganic hybrid material of MIL-100 structure (MIL:

Materials of Institute Lavoisier), has been reported [Bulletin of Korean Chemical

Society vol.26, p.88O (2005)].

[10] However, as for the organic-inorganic hybrid materials containing Cr as stated

above, due to the Cr component that is harmful to the human body, its use is relatively

limited. In particular, iron-organic-inorganic hybrid materials having Fe as a central

metal which is not harmful to the human body cannot be easily formed by the synthetic

method of the organic-inorganic hybrid materials containing the Cr component, and

thus development of a novel preparation method for said materials has been needed.

[11] Also, as for the synthesis of porous organic-inorganic hybrid materials by hy-

drothermal synthesis, in general, a mixed-acid comprising nitric acid, hydrofluoric

acid, etc. is used in order to regulate the rate of forming crystals. As for representative

porous organic-inorganic hybrid materials prepared by the hydrothermal synthesis,

MIL-100 (
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J
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V
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have been reported [Science 23, 2040 (2005); Accounts of Chemical Research, 38, 217

(2005)]. The organic-inorganic hybrid materials of a metal-organic framework

structure where the Cr component is substituted by another metal have not been

reported yet.

[12] Therefore, development of porous organic-inorganic hybrid materials that are envi

ronmental friendly and also expected to be practically used for industrial application

the new future and a novel preparation method thereof has been keenly required.

Disclosure of Invention

Technical Problem
[13] In this regard, as a result of hard work in order to solve the above problems, the

inventors of the present invention found organic-inorganic hybrid materials containing

Fe and a preparation method thereof, which is sufficiently manifested by the fast

reaction feature of microwaves in the case of performing the crystallization by simply

mixing an organic compound in a solvent such as water, organic solvent, etc. in the

presence of a mixed-acid comprising nitric acid and hydrofluoric acid during a certain

period of time by using Fe which is environmentally friendly instead of using Cr as a

metal component, and irradiating microwaves, and thereby completed the present

invention.

[14] According to the first embodiment, the present invention provides a novel method



for preparing iron-containing organic-inorganic hybrid materials which was not sub

stantially prepared by conventional preparation methods of Cr-organic-inorganic

hybrid materials, and novel iron-containing organic-inorganic hybrid materials having

very high porosity and nano-crystalline prepared by said preparation method.

[15] Therefore, it is an object of the present invention to provide high porosity and nano-

crystalline iron-containing porous organic-inorganic hybrid materials which were sub

stantially difficult to prepare until now, and a novel preparation method thereof.

[16] According to the present invention, since porous organic-inorganic hybrid materials

can be prepared in a short reaction time, energy consumption can be reduced, and thus

they are economically and environmentally useful. Also, organic-inorganic hybrid

materials can be prepared not only by a batch-type manner but also by a continuous-

type manner due to a short reaction time. In addition, porous organic-inorganic hybrid

materials can be prepared in a short period of time, and it becomes possible to

synthesize organic-inorganic hybrid materials having a unique crystal structure, which

was not obtained by conventional electric heating taking a long period of time.

[17] The second embodiment in the present invention provides a novel method for

preparing and purifying porous organic-inorganic hybrid materials having a relatively

small nano particle size through a environmentally friendly novel preparation method

which further comprises the step of purifying by treating the obtained porous organic-

inorganic hybrid materials with inorganic salt, wherein hydrofluoric acid is not used at

all in some cases when preparing porous organic-inorganic hybrid materials, and

provides the catalytic use of porous organic-inorganic hybrid materials prepared by

said method. Also, it is an object of the present invention to provide a method for

preparing porous organic-inorganic hybrid materials through a quick and continuous-

type manner by irradiating microwaves.

Technical Solution
[18] The first embodiment of the present invention relates to a novel method for

preparing porous organic-inorganic hybrid materials containing Fe, which can be used

not only for adsorbents, gas storing materials, sensors, catalysts and catalyst carriers,

etc., but also for including guest molecules smaller than the pore size or separating

molecules larger than pore size, because porous organic-inorganic hybrid materials

have a large surface area and a pore of molecular size or nano size, wherein the organic

compound ligand is bonded to a central metal by preparing porous organic-inorganic

hybrid materials by irradiating microwaves as a heating source of the hydrothermal or

solvothermal synthesis reaction after forming crystal nuclei by a predetermined pre-

treatment operation in the presence of iron or iron salt which is the central metal of the

porous organic-inorganic hybrid materials, an organic compound which is the ligand



bonded to the metal component, a mixed-acid comprising nitric acid and hydrofluoric

acid, and a solvent.

[19] That is, the present invention relates to a method for preparing porous organic-

inorganic hybrid materials by using iron or iron salt and an organic compound as a

reaction raw materials and by heat-treatment in the presence of a solvent, which

comprises: pre-treating a reaction solution containing an iron or iron salt, an organic

compound, a mixed-acid comprising nitric acid and hydrofluoric acid, and a solvent by

stirring the reaction solution in 50 ~ 2000 rpm for 5 ~ 600 min or by irradiating the

reaction solution with supersonic waves of 15,000 Hz ~ 30 MHz for 1 ~ 600 min to

form crystal nuclei; and preparing organic-inorganic hybrid materials by irradiating the

reaction solution in which the crystal nuclei are formed with microwaves of 1 ~ 30

GHz at the temperature in the range of 1000C to 25O0C.

[20] The second embodiment of the present invention relates to an efficient method for

preparing porous organic-inorganic hybrid materials, characterized by comprising a

process of purification in order to increase the surface area of the porous organic-

inorganic hybrid materials. In particular, it is characterized by preparing porous

organic-inorganic hybrid materials having nano-sized particles without using hy

drofluoric acid during hydrothermal synthesis. Also, the present invention relates to the

uses characterized by using the porous organic-inorganic hybrid materials obtained by

the novel preparation method as a catalyst for an oxidation reaction.

[21] That is, the present invention relates to a method for preparing porous organic-

inorganic hybrid materials, which comprises:

[22] (1) Preparing a reaction solution containing a mixture of a metal precursor, an

organic compound which may act as a ligand, and a solvent;

[23] (2) heating the reaction solution to higher than or equal to 1000C with electric

heating or microwave—irradiation ; and

[24] (3) purifying the porous organic-inorganic hybrid materials obtained in the step (2)

by treatment with an inorganic salt.

[25] The porous organic-inorganic hybrid materials prepared by said preparation method

according to the present invention can be obtained as nanoparticles, and the size of said

nano particle is about 450 nm or below. Also, the porous organic-inorganic hybrid

materials prepared by said preparation method according to the present invention can

be in a form of powder, thin film or membrane.

[26] The porous organic-inorganic hybrid materials in a form of nanoparticles, thin film

or membrane can be easily prepared by methods such as electric heating and ir

radiating microwaves after immersing the substrate to the mixed reaction solution.

[27] Hereinafter, the present invention will be explained in more detail.

[28] The technical characteristic of the first embodiment of the present invention lies in



that microwaves can be applied instead of electric heating which is generally used as a

heat source of high temperature reactions. In order to prepare organic-inorganic hybrid

materials by such microwaves irradiation, a metal component and organic compound

are pre-treated in the presence of a solvent.

[29] Also, while preparing said iron-containing organic-inorganic hybrid materials, the

present invention comprises a step for preparing iron-containing organic-inorganic

hybrid materials which have excellent crystallinity, reduced the size of crystals, and a

large surface area, by using a mixed-acid comprising hydrofluoric acid and nitric acid.

That is, the present invention comprises a pre-treating step in which nuclei are formed,

and a crystallizing step by using a mixed-acid comprising hydrofluoric acid and nitric

acid.

[30] First, the method comprises a pre-treating step in which crystal nuclei are formed

by stirring or irradiating supersonic waves in the presence of iron or iron salt as a metal

component, an organic compound, a mixed-acid comprising nitric acid and hy

drofluoric acid, and a solvent.

[31] Also, a metal component such as iron powder, iron sheet, iron salt, etc. can be used

as a component contained in the porous iron-containing organic-inorganic hybrid

materials of the present invention,.

[32] As an organic compound which may be another component contained in porous

organic-inorganic hybrid materials and may act as a ligand, referred to as a linker, any

organic compound having a functional group that can coordinate with a metal

component presented in the above can be used. For example, functional groups that

can coordinate in such organic compound can be -CO , -N, carboxylic acid group,

anion group of carboxylic acid, amino group (-NH ), imino group (

> !

), amide group (-CONH ), sulfonic acid group (-SO H), anion group of sulfonic acid

(-SO ), methanedithioic acid group (-CS H), anion group of methanedithioic acid

(-CS ), pyridine group, pyrazine group, etc.

[33] In order to induce a more stable organic-inorganic hybrid materials, organic

compounds having at least two sites for coordination, e.g., being bidentate or tridentate

are advantageous. The organic compound may be a neutral organic compound such as

bipyridine, pyrazine, etc., anionic organic compounds, e.g., anions of carbonic acid

such as terephthalate, naphthalenedicarboxylate, benzenetricarboxylate, glutarate,

succinate, etc., and cationic materials, if these have a site for coordination. As for the

anions of carbonic acid, in addition to anions having aromatic rings such as

terephthalate, any anions, e.g., linear carbonic acid anions such as formate, and anions

having non-aromatic rings such as cyclohexyldicarbonate can be used.



[34] Also, in addition to an organic compound having a site for coordination, an organic

compound which may be converted to be coordinated in reaction condition due to a

potential site for coordination can be used as well. That is, even though organic acids

such as terephthalic acid are used, the organic compound such as terephthalate may be

bonded to a metal component, after reaction.

[35] Representative examples of the organic compounds which can be used include an

organic acid or anion thereof selected from benzenedicarboxylic acid, naphthalenedi-

carboxylic acid, benzenetricarboxylic acid, naphthalenetricarboxylic acid, pyridinedi-

carboxylic acid, bipyridyldicarboxylic acid, formic acid, oxalic acid, malonic acid,

succinic acid, glutaric acid, hexanedioic acid, heptanedioic acid and cyclo-

hexyldicarboxylic acid, pyrazine, bipyridine, etc. Further, one or more organic

compounds can be mixed together to be used.

[36] Said metal component can be mixed with an organic compound in a ratio of 1 : 0.1

~ 10 (molar ratio). Said ratio can be properly adjusted depending on the kind of the

metal component and organic compound.

[37] In addition to a metal component and an organic compound, a suitable solvent is

required for preparing porous organic-inorganic hybrid materials. As said solvent, any

substance among water, alcohols, ketones and hydrocarbons can be used, and two or

more solvents can be mixed together to be used. Preferably, one or a mixture of at least

one selected from water, alcohols having 1-10 carbon atoms such as methanol,

ethanol, propanol, ketones having 2-10 carbon atoms such as acetone,

methylethylketone, and hydrocarbons having 5-20 carbon atoms such as hexane,

heptane, octane can be used. More preferably, water can be used.

[38] Also, the present invention is characterized by using acid, preferably, a mixed-acid

comprising hydrofluoric acid and nitric acid in order to prepare organic-inorganic

hybrid materials. In particular, the iron-containing organic-inorganic hybrid materials

of the present invention show a remarkable improvement in crystallinity and decrease

in crystal size in comparison with the conventional synthetic methods which uses only

hydrofluoric acid. Also, it has been found that the present invention has a remarkable

effect that the synthesis can be completed within a couple of minutes. In particular,

when a mixed-acid is used, although it has a very short reaction time (within 2

minutes) compared with the case of not using a mixed-acid, it has been confirmed to

have an effect such that the crystallinity is improved and the yield is almost the same.

Moreover, since it is difficult to prepare organic-inorganic hybrid materials having

sufficient crystallinity even if an acid such as acetic acid, sulfuric acid, etc. as other

acid, or salt such as ammonium fluoride and sodium chloride, etc. are used, the use of

said mixed-acid is another characteristic of the present invention.

[39] The desired iron-containing organic-inorganic hybrid materials of the present



invention can be prepared by using nitric acid and hydrofluoric acid in a molar ratio of

0.1-1:1-0.1 in a mixed-acid. If the molar ratio of nitric acid or hydrofluoric acid

deviates from the above range, there are some disadvantages such that the yield is

decreased and the reaction time elongated too much.

[40] The pre-treating step is performed by stirring a reaction solution comprising said

metal component and organic compound in the presence of a solvent in 50 -2000 rpm

for 5 - 600 minutes, or by irradiating the reaction solution with supersonic waves of

15000 Hz - 30 MHz for 1 - 600 minutes. During the pre-treating step, the temperature

may raise to a certain extent due to the stirring and the irradiation of supersonic waves.

However, it is not preferable if the temperature is raised above the reaction

temperature, which it causes the evaporation of the solvent and inclusion of impurities,

etc. It is preferable to maintain the pre-treating temperature to 5000C and below, and

more preferable to maintain the temperature to 1000C and below.

[41] Since the reaction using microwaves is conducted in a very fast rate, in the present

invention, the crystallizing step is performed after performing the pre-treating step so

as to enhance the uniformity and solubility of the reaction materials and to partly form

crystal nuclei.

[42] In case of irradiating microwaves without subjecting to above pre-treating step, the

crystallization of organic-inorganic hybrid materials is proceeded slowly, and

impurities can be easily included during the reaction.

[43] Said pre-treating step is performed by vigorously stirring, e.g., in 50 - 2000 rpm, or

irradiating microwaves. As for said pre-treating temperature, room temperature (about

20-250C) is the preferable temperature range for the crystallization. If the pre-treating

temperature is low, the pre-treating effect is weak and thus crystal nuclei are not

generated sufficiently. Also, if the pre-treating temperature is high, impurities are

easily generated and the pre-treating facility becomes complex.

[44] It is suitable that said pre-treating is conducted for 1 minute - 10 hours. If the pre-

treating time is short, the pre-treating effect is weak and thus crystal nuclei are not

generated sufficiently. Also, if the pre-treating time is long, the pre-treating efficiency

becomes low. As for said pre-treating step, irradiating supersonic waves is more

efficient since pre-treating time can be decreased, and the reaction materials can be

formed more uniformly.

[45] In case of performing the pre-treating step by stirring, it is preferable to stir the

metal component and the organic compound in the presence of a solvent in 50 - 2000

rpm for 5 - 600 minutes, and in case of performing the pre-treating step by irradiating

supersonic waves, it is more preferable to irradiate supersonic waves of 15000 Hz - 30

MHz for 1 - 600 minutes.

[46] After performing the pre-treating step as above, the crystallizing step to form



organic-inorganic hybrid materials by irradiating microwaves to the reaction solution

in which the crystal nuclei are formed is performed.

[47] In said crystallizing step, microwaves of 1 ~ 30 GHz can be irradiated. Preferably,

using microwaves of a frequency of 2. 54 GHz, which is used generally in industries.

[48] In said crystallizing step, the reaction temperature is not substantially limited.

However, the reaction can be performed in the range of 100 ~ 25O0C, preferably in the

range of 150 ~ 22O0C. In this regard, if said reaction temperature is below 1000C, the

crystallization rate is slow and thus not efficient, and if the reaction temperature

exceeds 25O0C, materials having no pores can be easily obtained and the reaction rate

becomes too fast so that impurities can be easily included, and the inner pressure of the

reactor becomes higher, which makes the constitution of the reactor not economic.

[49] The pressure within the reactor while performing said crystallization is not sub

stantially limited. However, it is simple to synthesize the materials at autogeneous

pressure of the reaction materials at the reaction temperature. Also, the reaction may be

performed at high pressure by adding inert gas such as nitrogen, helium.

[50] As stated above, the present invention comprising a pre-treating step and a crys

tallizing step can be performed both in the batch-type manner and in the continuous-

type manner unlike methods using the conventional electric heating.

[51] The batch-type reactor has a low productivity per hour, and thus is suitable for

producing a small amount of porous organic-inorganic hybrid materials. The

continuous -type reactor needs a large amount of investment cost, but is suitable for

mass-production. As for the batch-type reactor, a reaction time of 1 minute ~ 8 hours,

preferably, 1 minute ~ 1 hour, is suitable. If the reaction time is too long, impurities

can be easily included. As for the continuous-type reactor, a residence time of 1 minute

~ 1 hour, preferably, 1 minute ~ 20 minutes, is suitable. However, if the residence time

is too long, the productivity is low, and if the residence time is too short, the

conversion rate of the reaction is low.

[52] In case of using a batch-type reactor, the reaction material may be stirred during the

reaction, and a stirring rate of 50 ~ 2000 rpm is suitable. However, the reaction may be

performed without the stirring process, which makes the constitution and operation of

the reactor simple and easy for application.

[53] According to the present invention as described above, porous organic-inorganic

hybrid materials containing Fe which have features such as large surface area,

crystalline structure of a very high regularity and relatively high thermal stability, etc.

can be prepared within a short period of time. Also, because the crystallization time

has been remarkably reduced, porous organic-inorganic hybrid materials having a

crystal structure which was not obtained by applying the conventional electric heating

can be prepared. In particular, as for the porous organic-inorganic hybrid materials



containing iron prepared by mixed-acid, the crystal size of the porous organic-

inorganic hybrid materials is reduced by 1/6 or below, and thus the surface area has

increased by at least 15%.

[54] In the second embodiment of the present invention, the method for preparing porous

organic-inorganic hybrid materials of the present invention is for increasing the surface

area of the porous organic-inorganic hybrid materials, which is characterized by further

comprising a step of purifying impurities within the pore of the organic-inorganic

hybrid materials by treating them using inorganic salts such as ammonium chloride or

potassium fluoride, etc. in addition to a generally used solvent. In particular, it is

possible to provide an environmentally friendly preparation method because organic-

inorganic hybrid materials having a particle size of nano size can be prepared without

using hydrofluoric acid in the hydrothermal synthesis for preparing nanoporous

materials. Also, said porous organic-inorganic hybrid materials are characterized by

having the use of being applied as a catalyst for oxidation reaction.

[55] In said preparation method, as a metal component, which is one of components

contained in porous organic-inorganic hybrid materials, any metal can be used. The

representative metal components include Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re,

Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Hg, Mg, Ca, Sr, Ba, Sc, Y, Ga,

In, Tl, Si, Ge, Sn, Pb, As, Sb, Bi, etc. In particular, transition metals which easily form

a coordination compound are suitable. Among said transition metals, chromium,

vanadium, iron, nickel, cobalt, copper, titanium and manganese, etc. are suitable, and

chromium and iron are the most suitable one. In addition to transition metals, repre

sentative elements forming a coordination compound and metals such as lanthanide

can also be used. Among elements, aluminum and silicon are suitable, and among

lanthanide metals, cerium and lanthanum are suitable. As a metal source, metal itself,

and any compound of metal can be used.

[56] In the second embodiment of the present invention, the organic compound which

may be another component contained in the organic-inorganic hybrid materials and

may act as a ligand, and the solvent used in the synthesis of the organic-inorganic

hybrid materials are the same as those used in the first embodiment.

[57] In order to regulate the crystal growth rate of the nanoporous organic-inorganic

hybrid materials, an acid, in particular, a mixed-acid comprising hydrofluoric acid

along with nitric acid, hydrochloric acid and hydrofluoric acid can be used.

[58] Meanwhile, in the process using hydrofluoric acid, there may be a limitation in

using reactors other than the Teflon reactor. Until now, for the crystal growth rate of

the nanoporous organic-inorganic hybrid materials, it is well known that the nuclei

formation rate is low, while the crystal growth rate is relatively high. Therefore, in

reaction materials including hydrofluoric acid, the nuclei formation rate becomes



relatively slow due to the strong bonding characteristics between metal ion and

fluoride ion, and thus it may be difficult to obtain nanoporous materials having a small

crystal size.

[59] Therefore, in the second embodiment of the present invention, the method for

preparing porous organic-inorganic hybrid materials of the present invention is char

acterized by using an inorganic acid except hydrofluoric acid for preparing porous

organic-inorganic hybrid materials, in order to solve the above problems caused by

using hydrofluoric acid. Thereby, nanoporous organic-inorganic hybrid materials

having a relatively small nano particle size can be prepared by said preparation method

of the present invention without using hydrofluoric acid at all.

[60] Also, in order to remove the metal or organic ligand present as impurities within the

pores of the porous organic-inorganic hybrid materials prepared by the second

embodiment of the present invention, impurities were conventionally removed using a

solvent. However, as for such case, there is a limitation in removing organic or

inorganic impurities chelated within the pore. In comparison with the above, in the

preparation method of the present invention, impurities within the pore of nanoporous

organic-inorganic hybrid materials can be efficiently removed by treating porous

organic-inorganic hybrid materials using an inorganic salt, in particular, comprising

monovalent or divalent cation selected from the group consisting of NH+
4
, alkali metal

and alkali earth metal, and monovalent or divalent anion selected from the group

consisting of halogen anion, carbonic acid ion (CO ), nitric acid ion and sulfuric acid

ion. Accordingly, nanoporous organic-inorganic hybrid materials having large surface

area can be obtained. At least one inorganic salt selected from the group consisting of a

salt comprising Ca + or Mg +as divalent cation and F , I or Br as monovalent anion, a

salt comprising monovalent cation and divalent anion, NH F, KF, KI and KBr can be
4

used as said inorganic salt. In particular, inorganic salt such as ammonium chloride or

potassium fluoride, etc. can be used.

[61] In the present invention, it has been confirmed by measuring the surface area that

the nitrogen adsorption amount of the nanoporous organic-inorganic hybrid materials

after being treated with inorganic salt increases by 200 ml/g.

[62] In the present invention, the reaction temperature for preparing porous organic-

inorganic hybrid materials is not substantially limited. However, a temperature of at

least 1000C is suitable. A temperature of 1000C ~ 25O0C is preferable, and a

temperature of 15O0C ~ 22O0C is more preferable. If the reaction temperature is too

low, the reaction rate is slow and thus not efficient, and if the reaction temperature is

too high, materials having no pore can be easily obtained and the reaction rate becomes

too high so that impurities can be easily included. Also the inner pressure of the reactor

becomes higher, and thus the constitution of the reactor is not economic. Although the



reactor pressure is not substantially limited, it is convenient to synthesize the materials

at autogeneous pressure of the reaction materials at reaction temperature. Also, the

reaction may be performed at high pressure by adding inert gas such as nitrogen,

helium.

[63] In addition to the hydrothermal synthetic using the electric heating, hydrothermal

synthesis in a batch-type manner or continuous-type manner with irradiating

microwaves can be used. Also, the membrane or thin film of the organic-inorganic

hybrid materials can be prepared by irradiating microwaves to heat after immersing the

substrate to the mixed solution of the reaction materials from said step 1).

[64] According to the preparation method of the present invention, in particular, novel

porous organic-inorganic hybrid materials represented by formula of Cr OH(H O) 0[C

6
H

4
(CO

2
)

2
]

3
-nH

2
O (n~25) or formula of Fe

3
0(H

2
O)

2
OH[C

6
H

3
-(CO

2
)

3
]

2
-nH

2
O (n~14.5)

which do not contain fluorine can be obtained.

[65] Also, the porous organic-inorganic hybrid materials obtained by the preparation

method of the present invention can be used as a catalyst for oxidation reaction or as an

acid catalyst. In case the porous organic-inorganic hybrid materials obtained by the

preparation method of the present invention are used as a catalyst for oxidation

reaction, the catalyst shows activity for oxidation reactions such as sulfoxidation

reaction, epoxidation reaction, phospine oxidation reaction or Fridel-Crafts benzylation

reaction, etc. In case the porous organic-inorganic hybrid materials obtained by the

preparation method of the present invention are used as an acidic catalyst, the catalyst

shows activity for acid-catalystic reactions such as alkylation reaction, esterification

reaction or Beckman rearrangement reaction, etc.

Advantageous Effects
[66] As stated above, the present invention in which the crystallizing step is performed

by using microwaves as a heat source after performing the pre-treating step to form

crystal nuclei by stirring the mixture comprising a metal component, an organic

compound, a mixed-acid comprising nitric acid and hydrofluoric acid, and a solvent

and irradiating the microwaves in advance before the step of crystallizing the porous

organic-inorganic hybrid materials, and the preparation time of porous organic-

inorganic hybrid materials can be remarkably reduced, and the reactor capacity can be

reduced. Also, porous organic-inorganic hybrid materials containing iron can be

prepared using environmentally and economically advantageous methods such as the

continuous -type process.

[67] Also, porous organic-inorganic hybrid materials containing iron of a crystal

structure, which could not be obtained by the conventional electric heating requiring a

longer period of time, can be selectively synthesized because the reaction time has



been reduced as stated above. The prepared porous organic-inorganic hybrid materials

as described above can be widely applied in various aspects such as for the preparation

of catalysts, catalyst carriers, adsorbents, gas storing materials, ion exchanging

materials, and nanoreactors, and nanomaterials, etc.

[68] In another aspect, although the porous organic-inorganic hybrid materials prepared

according to the novel preparation method of the present invention do not use hy

drofluoric acid during the hydrothermal synthesis, they are nanoporous materials

having high crystallinity. In particular, their surface area can be increased by purifying

them by removing the impurities within the pore of the nanoporous organic-inorganic

hybrid materials by treating them with an inorganic salt. Also, the nanoporous organic-

inorganic hybrid materials prepared in accordance with the preparation method of the

present invention can be used as a selective catalyst for oxidation reactions or an acidic

catalyst. Such organic-inorganic hybrid materials can be used for the preparation of

other catalysts, catalyst carriers, adsorbents, gas storing materials, ion exchanging

materials, nanoreactors and nanomaterials. In particular, the nanoparticles of said

organic-inorganic hybrid materials can be used as catalysts having excellent activity,

sensors, optoelectronic materials and materials for medical use.

Brief Description of the Drawings
[69] Fig. 1 is an X-ray diffraction patterns of iron benzenetricarboxylate organic-

inorganic hybrid materials: (A) is an X-ray diffraction pattern of the organic-inorganic

hybrid material obtained by Example 1, and (B) is an X-ray diffraction pattern of the

organic-inorganic hybrid material obtained by Comparative Example 1.

[70] Fig. 2 is an electron microscope image of iron benzenetricarboxylate organic-

inorganic hybrid materials: (A) is an electron microscope image of the organic-

inorganic hybrid material obtained by Example 1, and (B) is an electron microscope

image of the organic-inorganic hybrid material obtained by Comparative Example 1.

[71] Fig. 3 is graphs illustrating the experimental results of nitrogen adsorption of iron

benzenetricarboxylate organic-inorganic hybrid materials: (A) is the result for Example

1, and (B) is the result for Comparative Example 1.

[72] Fig. 4 is an X-ray diffraction pattern of the chromiumterephthalate, which is a

porous organic-inorganic hybrid material prepared in accordance with the preparation

method of Example 2 of the present invention.

[73] Fig. 5 is the result of X-ray diffraction pattern before and after purifying the

chromiumterephthalate which is the porous organic-inorganic hybrid material prepared

in accordance with the purifying method of Example 2 of the present invention,

wherein (a) is the spectrum before purifying, and (b) is the spectrum after purifying.

[74] Fig. 6 is an isotherm result of nitrogen adsorption of the chromiumterephthalate



which is the porous organic-inorganic hybrid material obtained by Example 3 of the

present invention.

[75] Fig. 7 is electron microscope images of the chromiumterephthalate which is the

porous organic-inorganic hybrid materials obtained by Example 4(a) and Comparative

Example 3(b) of the present invention.

[76] Fig. 8 is the result of the Fridel-Crafts benzylation reaction using the porous

organic-inorganic hybrid material obtained by Example 10 of the present invention as a

catalyst.

Mode for the Invention
[77] Hereinafter, the present invention will be explained in more detail with reference to

examples, but not limited thereto.

[78] Examples

[79] Example 1: Preparation of porous organic-inorganic hybrid material

(Fe-BTC) using a mixed-acid

[80] After adding metallic iron 1 mmol, IM HNO 60 ml, 5M HF (aqueous solution) 40

ml and 1,3,5-benzenetricarboxylic acid (BTCA) 7 mmol to a Teflon reactor, distilled

water was added. The final molar ratio of the reaction material was Fe:HF:HNO

:BTCA:H
2
O = 1:2:0.6:0.7:278.

[81] The mixed reaction material was stirred in 500 rpm for 20 minutes at room

temperature to make the reaction material as homogeneous as possible.

[82] After mounting the Teflon reactor containing said pre-treated reaction material on a

microwaves reactor (CEM company, model Mars-5) and then raising the temperature

to 2000C by irradiating microwaves (2.54 GHz), crystallization was performed by

maintaining the reaction material at 2000C for 2 minutes. Then, the reaction material

was cooled to room temperature, centrifuged, washed with distilled water and dried to

obtain a porous organic-inorganic hybrid material (Fe-BTC; Fe-

benzenetricarboxylate) .

[83] The X-ray diffraction pattern of the solid phase porous organic-inorganic hybrid

material obtained as above is as shown in A of Fig. 1. As a result of elementary

analysis, it showed a molar ratio of Fe:C:F=l:6. 5:0.32, and as a result of a nitrogen

adsorption experiment, it had a BET surface area of 2,050 m /g and a pore volume of

1.0 cc/g. And it formed as porous particles with yield of 96%. The relative intensity of

the first three XRD peaks of Fig. 1 are very strong in the organic-inorganic hybrid

material synthesized using a mixed-acid. From the above, it can be found that the crys-

tallinity is improved. Also, compared with Comparative Example 1 (Fig. Ib), the

reaction time was decreased 30 times, and the yield was almost the same. In particular,

the crystal size confirmed by an electron microscope was reduced by 1/6 in



comparison with the hybrid material synthesized using a single acid (see A of Fig. 2).

As for Comparative Example 1, which was a synthesized using a single acid, the

surface area was reduced due to non-porous impurities (see B of Fig. 3; surface area

1,590 m2/g).

[84] The above results show that the material has a crystal structure similar to the Cr-

MIL-100 structure, which has been previously published [Bulletin of Korean Chemical

Society vol.26, p.88O (2005)].

[85] From above results, it can be known that porous organic-inorganic hybrid materials

can be obtained very efficiently in a very short period of time, by preparing porous

organic-inorganic hybrid materials through performing pre-treating of the reaction

material and then irradiating microwaves.

[86] Comparative Example 1: Preparation of porous organic-inorganic hybrid

materials (Fe-BTC) using a single acid

[87] A porous organic-inorganic hybrid material was prepared by the same method as

Example 1, except that the hybrid material was prepared using a single acid which is

not a nitric acid. After adding metallic iron 1 mmol, 5M HF (aqueous solution) 40ml

and 1,3,5-benzenetricarboxylic acid (BTCA) 7 mmol to a Teflon reactor, distilled

water was added. The final molar ratio of the reaction material was Fe:HF:BTCA:H
2

0=1:2:0.6:278. The temperature of microwave irradiation to the organic-inorganic

hybrid material was 2000C, and the reaction was carried out an hour. The yield of the

solid phase porous organic-inorganic hybrid material obtained was 82%. The X-ray

diffraction shape and adsorption feature of the porous organic-inorganic hybrid

material were very similar to the results as in Example 1. However, it can be known

that the overall peak intensity was low, the surface area was reduced by 15% due to

non-porous impurities and large particle size (see B of Fig. 3), and the reaction time

increased 30 times compared with Example 1.

[88] Example 2 (Cr-BDC-I)

[89] After adding Cr(NO ) -9H O, and 1,4-benzenedicarboxylic acid (BDCA) to a

Teflon reactor, distilled water was added so that the final molar ratio of the reaction

material was CnHNO :BDCA:H 0=1:0.1:1:272. Basically, if Cr(NO ) dissolves in

water, it is hydrated to become a strong acid. Thus, it has the same effect as adding

HNO . After putting the Teflon reactor containing said reaction material in an electric

oven and reacting it for 11 hours at 21O0C, it was cooled to room temperature,

centrifuged, washed with distilled water and dried to obtain chromiumterephthalate

(Cr-BDC) as a porous organic-inorganic hybrid material. The result of the X-ray

diffraction analysis of the thus prepared Cr-BDC showed characteristic diffraction

peaks of 2Θvalues at about 3.3, 5.2, 5.9, 8.5 and 9.1, and it can be known that the

chromiumterephthalate having cubic crystallinity was obtained (Fig. 4). It has been



confirmed that the XRD pattern of the chromiumterephthalate crystal obtained from

the present example was consistent with the values published in prior art [Science 23,

2040, 2005]. Thus, it can be shown that the porous organic-inorganic hybrid materials

can be obtained very efficiently by an environmentally friendly process that does not

use hydrofluoric acid (HF) in the reaction materials. As a result of ICP analysis, it can

be shown that the chromiumterephthalate, which is a porous organic-inorganic hybrid

material obtained, does not contain F, and thus its structure is the same as MIL-101 but

it does not include F in its structure, thus being materials that can be represented by

formula of Cr
3
OH(H

2
O)2O[C6H 4(CO

2
)2] 3-nH

2
O (n~25).

[90] Example 3 (Cr-BDC-2)

[91] Organic-inorganic hybrid materials with improved surface area were prepared by

removing impurities present in pores of the porous materials by putting the porous

organic-inorganic hybrid materials Ig prepared in Example 2 in 50 ml of IM NH F

and stirring it at 7O0C. From the X-ray diffraction spectrum (Fig. 5), it can be

confirmed that its crystallinity was maintained without being damaged after treating

with ammonium fluoride. Also, from the result of measuring the nitrogen adsorption of

the porous organic-inorganic hybrid material before and after treating with ammonium

fluoride, it can be shown that organic-inorganic hybrid materials having features such

that the surface area increases by 700 m /g (before treating with ammonium fluoride,

3373 m /g → after treatment, 4074 m Ig) due to the ammonium fluoride treatment, and

the adsorption amount at P/Po=0.5 increases by 200 ml/g (before treating with

ammonium fluoride, 1050 ml/g → after treatment, 1250 ml/g) can be obtained (Fig. 6).

[92] Example 4 : Preparation of porous organic-inorganic hybrid material

(Fe-BTC-I) by microwaves irradiation

[93] After adding metallic iron 1 mmol, IM HNO 60ml and 1,3,5-benzenetricarboxylic

acid (BTCA) 7 mmol to a Teflon reactor, distilled water was added. The final molar

ratio of the reaction material was Fe:HNO :BTCA:H 0=1:0.6:0.7:278. The reaction
3 2

material was stirred in 500 rpm for 20 minutes at room temperature, to make reaction

material homogeneous. After mounting the Teflon reactor containing said pre-treated

reaction material on a microwaves reactor (CEM company, model Mars-5) and raising

the temperature to 2000C by irradiating microwaves (2.54 GHz), crystallization was

performed by maintaining the reaction mixture at 2000C for 2 minutes. Then, the

reaction mixture was cooled to room temperature, centrifuged, washed with distilled

water and dried to obtain the us organic-inorganic hybrid material (Fe-BTC). It is

shown that the shape of the X-ray diffraction spectrum was similar to that of the Cr-

MIL-100 structure which is the crystal structure previously published [Bulletin of

Korean Chemical Society vol.26, p.880 (2005)]. As a result of ICP analysis, it can be

known that the chromiumterephthalate, which is a porous organic-inorganic hybrid



material obtained, does not contain F, and thus its structure is the same as MIL-100,

but it does not include F within its structure, and it is materials that can be represented

by
J

formula of Fe
3
O(H

2
O)

2
OH[C

6
H

3
-(CO

2
)

3
]

2
-nH

2
O (n~14.5). As a result of electron

microscope analysis, it can be shown that its particle size was reduced to at most

200-500 nm (Fig. 7a).

[94] Example 5 : Preparation of porous organic-inorganic hybrid material

(Fe-BTC-2) by electric heating

[95] A porous organic-inorganic hybrid material was prepared in the same method as

Example 4 except that the organic-inorganic hybrid material was prepared by heating

for 6 hours by an electric heating using the conventional electric heating instead of ir

radiating microwaves as a heat source. As a result of XRD analysis, it can be

confirmed that relative intensity of the peak was different; however, a diffraction

pattern was shown in the same position as Example 4 as for the crystal structure of the

organic-inorganic hybrid material prepared as above. As a result of analysis using an

electron microscope, a relatively large crystal whose particle size is 2-5 µm was

obtained.

[96] Example 6 (Cr-BDC-3)

[97] An organic-inorganic hybrid material was prepared in the same method as Example

2 except that heating by microwaves irradiation was used instead of the electric heating

in Example 2. However, the organic-inorganic hybrid material was prepared by using

microwaves reaction device of 2.5 GHz and maintaining the reaction temperature at

21O0C for 40 minutes. The X-ray diffraction pattern analysis showed that this material

is having the same structure as in Example 2.

[98] Example 7 (Fe-BDC-3)

[99] An organic-inorganic hybrid material was prepared in the same manner as in

Example 2 except that Fe was used instead of Cr(NO ) -9H O. It can be known from

the X-ray diffraction pattern that the material having the same structure as in Example

1 was obtained.

[100] Example 8 (V-BDC-I)

[101] An organic-inorganic hybrid material was prepared in the same manner as in

Example 2 except that VCl was used instead of Cr(NO ) -9H O as in Example 2. The

X-ray diffraction spectrum show that the material having the same structure as in

Example 2 was obtained. The electron microscope photograph shows that the organic-

inorganic hybrid material having uniform particle size of 50-80 nm was obtained.

[102] Example 9 (Cr-BDC-I thin film)

[103] After adding Cr(NO ) -9H O, and 1,4-benzenedicarboxylic acid (BDCA) to a

Teflon reactor, distilled water was added so that the final molar ratio of the reaction

material was Cr:BDCA:H 0=1:1:275. The Teflon reactor containing a reaction



material and an alumina substrate wherein the alumina substrate is perpendicularly

aligned in the solution was placed into a microwaves reactor (CEM company, model

Mars-5), and the temperature was raised to 21O0C over 3 minutes by irradiating

microwaves of 2.54 GHz. After the reaction was conducted at 21O0C for 30 minutes,

the reaction mixture was cooled to room temperature, centrifuged, washed with

distilled water and dried to obtain an organic-inorganic hybrid material, Cr-BTC. The

X-ray diffraction spectrum of the obtained thin film was consistent with the result of as

in Example 2. The electron microscope photograph of the crystal of the thin film of the

organic-inorganic hybrid material obtained as above is shown in Fig. 7, which shows

the Cr-BDC/alumina thin film is coated with very uniform particles. Accordingly, it

can be confirmed that the preparation method of the present invention is a very

efficient method by which thin films of organic-inorganic hybrid materials can be

directly prepared using microwaves irradiation (the same as in Example 2)

[104] Example 10 (Fe-BTC-I catalytic reaction)

[105] In order to use the nanoporous organic-inorganic materials obtained by the

preparation method of the present invention as a catalyst for the Fridel-Crafts

benzylation reaction, the Fridel-Crafts benzylation reaction was performed at 7O0C by

mixing the nanoporous organic-inorganic material, Fe-BTC O.lg, obtained from

Example 5, with benzene (7.8ml) and benzyl chloride (1.3 ml). As a result, it has been

confirmed that the nanoporous organic-inorganic hybrid materials of the present

invention have very high activity as a catalyst to enable the reaction to be completed

100% within 10 minutes (Fig. 8).

[106] Example 11 (Fe-BTC-I catalytic reaction)

[107] As a result of reacting thioanisole with hydrogen peroxide at room temperature

using the organic-inorganic hybrid material, Fe-BTC O.lg, obtained in Example 5, as a

catalyst, it has been confirmed that the Fe-BTC has very high oxidation catalyst

activity showing conversion rate of 88% and selectivity of 100%.

[108] Comparative Example 2 (Cr-BDC-4)

[109] A nanoporous organic-inorganic hybrid material was prepared using hydrofluoric

acid for preparing a reaction mixture in the preparation method as in Example 2. The

final molar ratio of the reaction mixture was Cr:HF:BDCA:H O=I :1:1:272. A result of
2

analyzing the surface area of the nanoporous organic-inorganic hybrid material

prepared as above shows that the organic-inorganic hybrid material has adsorption

amount of 1044 ml/g and BET surface area of 3439 m2/g at P/Po=0.5.

[110] Comparative Example 3 (Fe-BTC)

[111] A nanoporous organic-inorganic hybrid material was prepared using hydrofluoric

acid for preparing a reaction mixture in the preparation method as in Example 4. The

final molar ratio of the reaction mixture was Fe:HF:HNO
3
:BTCA:H

2



0=1:1:0.6:0.7:278. As a result of X-ray diffraction analysis of the organic-inorganic

hybrid material prepared as above, it can be known that the material having very large

crystal size ( 1 - 5 µm) was obtained instead of a organic-inorganic hybrid material

having the same crystallinity as in Example 4 (Fig. 7b).

From the results of the examples and comparative examples above, in comparison

with the method using hydrofluoric acid, it has been confirmed that nanoporous

organic-inorganic hybrid materials having the same crystallinity were prepared by the

preparation method that does not use hydrofluoric acid. In particular, it has been

confirmed that the surface area increases by at least 10% when treated with inorganic

salt such as ammonium salt and potassium fluoride, etc. Also, it has been confirmed

that the nanoporous organic-inorganic hybrid materials prepared in accordance with

the preparation method of the present invention have very high activity as a catalyst.



Claims
[1] A method for preparing porous organic-inorganic hybrid materials containing

iron by using a metal component and a coordination compound as a reaction raw

materials, which comprises:

- pre-treating a reaction solution containing an iron or iron salt as a metal

component, benzenetricarboxylic acid as a coordination compound, a mixed-acid

comprising nitric acid and hydrofluoric acid in a molar ratio of 0.1-1:1-0.1 as a

reaction accelerant, and a solvent by stirring the reaction solution in 50 - 2000

rpm for 5 - 600 min or by irradiating the reaction solution with supersonic waves

of 15,000 Hz - 30 MHz for 1 - 600 min to form crystal nuclei; and

- preparing organic-inorganic hybrid materials by irradiating the reaction solution

in which the crystal nuclei are formed with microwaves of 1 - 30 GHz at the

temperature in the range of 1000C to 25O0C.

[2] The method of Claim 1, wherein the solvent contained in the reaction solution is

a mixture of at least one selected from the group consisting of water, alcohols

having 1 - 10 carbon atoms, ketones having 2 - 10 carbon atoms and hy

drocarbons having 5 - 20 carbon atoms.

[3] The method of Claim 1, wherein the porous organic-inorganic hybrid materials

containing iron is Fe-BTC (benzenetricarboxylate).

[4] A method for preparing porous organic-inorganic hybrid materials, which

comprises:

(1) preparing a reaction solution containing a mixture of a metal precursor, an

organic compound which may act as a ligand, an acid and a solvent;

(2) heating the reaction solution to higher than or equal to 1000C with electric

heating or microwave—irradiation ; and

(3) purifying the porous organic-inorganic hybrid materials obtained in the step

(2) by treatment with an inorganic salt.

[5] The method of Claim 4, wherein the acid is an inorganic acid except for hy

drofluoric acid.

[6] The method of Claim 4, wherein the inorganic salt used in the step (3) comprises

a monovalent or divalent cation selected from the group consisting of NH+ ,
4

alkali metals and alkali earth metals, and a monovalent or divalent anion selected

from the group consisting of halogen anions, carbonate anion (CO ), nitrate ion

and sulfate ion, and impurities in the obtained porous organic-inorganic hybrid

materials are purified by treating the porous organic-inorganic hybrid materials

with said inorganic salt.

[7] The method of Claim 6, wherein the inorganic salt comprises Ca + or Mg + as a



divalent cation and F , I or Br as a monovalent anion.

[8] The method of Claim 6, wherein the inorganic salt comprises a monovalent

cation and a divalent anion.

[9] The method of Claim 6, wherein the inorganic salt is at least one salt selected

from the group consisting of NH F, KF, KI and KBr.

[10] The method of Claim 8, wherein the inorganic salt is (NH ) CO .
4 2 3

[11] The method of Claim 4 or 5, wherein the metal precursor is at least one metal or

compound thereof selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta,

Cr, Mo, W, Mn, Re, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Hg,

Mg, Ca, Sr, Ba, Sc, Y, Ga, In, Tl, Si, Ge, Sn, Pb, As, Sb and Bi.

[12] The method of Claim 11, wherein said metal precursor is at least one metal or

compound thereof selected from the group consisting of Fe, V, Mn, Mg and Cr.

[13] The method of Claim 4 or 5, wherein the organic compound which may act as a

ligand is a compound containing at least one functional group selected from the

group consisting of carboxylic acid group, anion group of carboxylic acid, amino

group (-NH , imino group (

), amide group, sulfonic acid group (-SO H), anion group of sulfonic acid (-SO

), methanedithioic acid group (-CS H), anion group of methanedithioic acid (-CS

), pyridine group and pyrazine group, or a mixture thereof.

[14] The method of Claim 13, wherein the compound containing anion group of

carboxylic acid is derived from a compound selected from the group consisting

of benzenedicarboxylic acid, naphthalenedicarboxylic acid, benzenetricarboxylic

acid, naphthalenetricarboxylic acid, pyridinedicarboxylic acid,

bipyridyldicarboxylic acid, formic acid, oxalic acid, malonic acid, succinic acid,

glutaric acid, hexanedioic acid, heptanedioic acid and cyclohexyldicarboxylic

acid.

[15] The method of Claim 4 or 5, wherein the reaction temperature is from 1000C to

25O0C.

[16] The method of Claim 4 or 5, wherein a batch-type reactor or a continuous-type

reactor is used.

[17] The method of Claim 4 or 5, wherein the porous organic-inorganic hybrid

materials is chromiumterephthalate, ironterephthalate or vanadiumterephthalate.

[18] The method of Claim 4 or 5, wherein the porous organic-inorganic hybrid

materials is Fe-BTC (benzenetricarboxylate) or Cr-BDC (benzenedicarboxylate).

[19] The method of Claim 4 or 5, wherein the porous organic-inorganic hybrid

materials are prepared in a form of nanoparticles.



[20] The method of Claim 4 or 5, wherein the porous organic-inorganic hybrid

materials are prepared in a form of thin film or membrane.

[21] Porous organic-inorganic hybrid materials obtained according to the method of

Claim 4 or 5.

[22] The porous organic-inorganic hybrid materials of Claim 21, wherein the porous

organic-inorganic hybrid materials are in a form of nanoparticles.

[23] Porous organic-inorganic hybrid materials which do not contain fluorine,

represented by
J

formula of Cr
3
OH(H

2
O)

2
O[C

6
H

4
(CO

2
)
2
]
3
-nH

2
O (n~25).

[24] Porous organic-inorganic hybrid materials which do not contain fluorine,

represented by formula of Fe
3
0(H

2
O)

2
OH[C

6
H

3
-(CO

2
)

3
]

2
-nH

2
O (n~14.5).

[25] A catalyst for an oxidation reaction which comprises the porous organic-

inorganic hybrid materials of Claim 21.

[26] An acid catalyst which comprises the porous organic-inorganic hybrid materials

of Claim 21.

[27] The catalyst of Claim 25, wherein the oxidation reaction is a sulfoxidation

reaction, an epoxidation reaction, a phospine oxidation reaction or a Fridel-Crafts

benzylation reaction.

[28] The acid catalyst of Claim 26, wherein the catalyst has activity for an acid-

catalytic reaction in an alkylation reaction, an esterification reaction or a

Beckman rearrangement reaction.

[29] A catalyst for an oxidation reaction which comprises the porous organic-

inorganic hybrid materials of Claim 23 or 24.

[30] An acid catalyst which comprises the porous organic-inorganic hybrid materials

of Claim 23 or 24.
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