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ABSTRACT

Nan magnetite is a class of nanoparticles which has intereting behavior using magnetic fields. In such a way, each
nanoparticle becomes a single magnetic domain and show superpara magnetic behavior, so it can be attracted to
external magnetic field and will be easily redispersed after the removal of this field. Magnetitenanoparticles were
prepared by co precipitation of Fe2 + and Fe3+ with NH4OH and then, Slica was coated on to the surface of the
magnetite Nan particles by Tetraoethylorthosilicate, Then superpara magnetic magnetite Nan particles were
functionalized with 3-amionproplytrimetoxcysilane so that, at the next step, acetyl ferrocene can attach to magnetite
nanoparticles with forming bound. The resulted nonmaterial was characterized with different physicochemical
techniques such as FT-IR and atomic absorption spectroscopies, X-ray diffraction (XRD), scanning electron
microscopy (SEM), transmission electron microscopy (TEM), vibrating sample magnetometry (VSM) and
thrmogravimetric analyses (TGA and DTA). VSM analysis showed super paramagnetic properties of the materials
and TEM and SEM analyses indicated the relatively uniform spherical nanoparticles with 15 nm average size.

Keywords: Nano Magnatisi, Silica, Super Para Magnatisi, TitAsetil Asetonat.

INTRODUCTION

Nano technology is a new technology which has spatlzover the world and in a more precise intetadien, it is
not a part of future, it's the future [1]. Nano Haen derived from Greek work “Nanos” which meatwdrf’. This
paper describes the synthesis of titanium supparéealyst onto MCM-41 via chemical bonding. Thiss Hzeen
done by first modifying the support in one stephwd mixture of silanes—the synthesized triazinepylro
triethoxysilane as a functional linker and methgigthoxysilane or hexamethyldisilizane as a cappgent to
increase the hydrophobicity of the support and tasknthe remaining silanolgroups. Finally, titanium
tetraisopropoxide has been immobilized by the reactvith the modified MCM-41. The materials without
functional linker have also been prepared by reacin one step of the capped agent and the titamilkoxide
precursor with the mesoporous silica. All the matsrhave been characterized by elemental analysisy
diffraction, nitrogen adsorption techniques, FT-IBP— MS, DRUV-Vis, 29Si and 13C MAS NMR, and TGke
materials have been tested as cyclohexene epaxideditalyst using tertbutylhydroperoxide as oxidant3, 4 and
5]. Titanium-containing mesoporous molecular sieaes of great significance in selective catalytiddation
processes with bulky molecules. Recent researchdsdavelopments on the designing and synthesisi-of T
containing mesoporous materials have been revieWadous strategies for the preparation of Ti-canitay
mesoporous materials, such as direct synthesispastisynthesis, are described. Modifications otdiraining
mesoporous materials by surface-grafting and attamtipg are also discussed. All approaches aimediynat the
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improving of the stability, the hydrophobicity, ambstly the Catalytic activity. Structural and mautistic features
of various synthetic systems are discussed. Tiaungmesoporous materials in liquid phase catalgtiation of
organic compounds with H202 as an oxidant is brisfimmarized, showing their broad utilities foregesynthesis
of fine chemicals by catalytic oxidative reacti¢fs7, 8 and 9].

MATERIALS AND METHODS

Magnetite Nan particles preparation

First 420 ml distilled water which had been distilltwice was poured into a flask with two openinguth which
dad 1000 ml capacity. Form one opening mouth néiinogas entered into the flask and was refrigeratéide other
opening mouth. It must be noticed that the upper glarefrigerated mouth must be nearly closedriteo to keep

nitrogen gas. It must be done carefully. Then flaskf was put in a water bath wi#P C. Then nitrogen was

injected directly ont®35 C stirring water for 45 minutes by a mixer. After fiinutes nitrogen injection was done
through the mouth of the flask and by means oflbbda Then 15.5 gr FeSo4 and 21.7 gr FeClI3 wasadtu¢he
mentioned flask. 60 minutes opportunity was giventhe salts to be solved completely. After 60 nmasuthe
solution changed into brown which shows completetsm of iron salts Il and Ill. In this stage ammac 25%
merck was added into the flask drop by drop andpetaly black sediment appeared. This black sedimexst
transferred into the flask and a stromg magnet pudisinder the flask in order to magnetize the oletdiferrous to
the magnet. (Guick sedimentation indicates thatsé@iment has magnetic feature. The solution orséutment
was evacuated and the sediment was washed twitedgtilled water that has been distilled twice anevas
washed once with NaCl 2% in order to exit NH3 coetglly from that space. At the end some sedimenttakas to
be the range after being dried.

Covered with silica magnetite nanoparticles prepardson SCMNP.

The prepared magnetite nanoparticles were poutedhie flask and then 16 ml TEOS 20% and the 20@Iyaerin
was added and PH of the above mentioned solution regulated in 4.5 PH by acetic acid glacial. As ttime
nitrogen was injected into the solution for 15 nteésiand after 15 minutes. Nitrogen injection irfte solution was

done by a balloon. The temperature of the solutias regulated 090 C. The solution was reflected for 2 hours.
After 2 hours, the sediment was settled by a magnétthe solution on the sediment overflowed ardsédiment
was washed with distilled water that had beenligtiwice and then it was washed withethanolorhylealcohol.
This was repeated three times. It is washed wittaiiidl or methyl alcohol, because in this case ¢ld@nsent is dried
better and sooner.

The synthesis of Nan magnetite particles covered thisilica and the significant factors with amino popyl tri
methoxysilane.

Nan magnetite particles covered with silica wererpd into 150 ml solution ofamino propyl tri metlysianein
Ethanol to prepare 2% solution, 300 ml Ethanol arkdnil amino propyl tri methoxysilane (ATPS) were
synthesized. Then PH was regulated on 4.5 that st deme by acetic acid glacial. Reaction temperatiliebe

60'C and the time of reflexion will be 23 hours. Thagton was done under nitrogen gas (using a balldster 2
hours reflexion above the sediment overflowed. égiment was washed twice with water which had lokstilled
twice and it was done twice with methyl alcohol efitthe sediment was dried and prepared for thestage.

The synthesis of magnetite nanoparticles reformedith amino propyl tri methoxysilanewhich containtytanyl
acetyl acetone.

In the final stage,. One gram of amines having retignnanoparticles which had been dried and walsarform of
powder was poured into the 100 ml flask which cord 30 ml methyl alcohol. The contents of the Klagere
stirred for half an hour by a mixer. In this sta@eéh24 grs tytanyl acetyl acetone was added irgcstilution in the

flask and reflexion was done for 24 hourslP C. After reflexion, the sediment was washed with mgealcohol
and after being dried. VSM, FT-IT-SEM, TEM, XRD arsil/were done on it.

The study of synthesized combinations formation méanism and identifying them.

The synthesis of reformed magnetite particles dbgefixing tytanyl acetyl acetone complex on magmeeti
nanoparticles. The scheme of fixing tytanyl acetygtone complex on magnetite nanoparticle levebleas shown
in Figure 1. Proving expected products formatiors @ane by different techniques.
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Figure 1. General design of stabilizing stonat acgktitanic on magnetic nono particle surface

Magnetite Nan particles synthesis (MNPSs)
The total reaction of magnetite nanoparticles isedby the sedimentary method. Iron salts (1) dhjl lfave been

used in this reaction with 1 to 2 stoichiometrigaitio F&* + 2FE** + 80H - Fe,0+4H,0.

Magnetite magnetic nanoparticles are sensitivexygen and some of them may oxidize':tgo"')3 when exposed
to air. In order to prevent oxidation of these nzanticles, deoxygenating from water is done infitg stage of the
reaction by direct nitrogen injection into the watlso as the reaction goes on, nitrogen injectiodone indirectly
by putting a balloon above the fridge that contaiitigen gas. Base atmosphere this reaction rers frepared by

ammoniac which is formed by adding it to the reattsolution which contains nanomagnel'ﬁ@3+ and Fe?. The
final solution of this reaction is nanomagnetitattts black sediment and it has magnetite feaftlre.scheme of the
reaction in the first stage has been showed inrEigu

OH

200 ml DI water

HO\ OH
FeCk.6H,0
——— HO— OH

FeCh.4H,0

NHs (30%) HO OH

OH

Figure 2. General design of nonomagnetitsynthese
RESULTS AND DISCUSSION

The study of FT-IR spectrum of magnetite nanopatrtites.
The absorption bandstands related to Fe-O lidb&erved nass magnetite particles in 570 and 3756M™. In
nanomagnetite FT-IR spectrum, these absorptiongpaakmoved to higher wave numbers . As it is aleskin this

spectrum, these absorption peaks have been appeat2@cm” and 587¢M . The most important effect the break
of many links between surface atoms which resutthiyrmstqgr electrons new arrangement on nanopestalirface.
When magnetite particles size decreased into namersions, absorption bands in FT-IR spectrum chantp
higher wave Figures. So a water movement in abisoriands related to FE-o links is seen in magmatiagnetic
nanoparticles. The peaks related to iron oxideatibns depend on the kind of oxide and also bareotral metal
which is appeared in 429M " areas for Fe2+. It is seen as a single peak a@sdéen in a more frequency for Fe3+

compared to Fe2+ and it appears in 587" . Also absorption bands near 1620 are related to the flexural
vibrations (H-O-H) of water molecule coordinatedféarous metal which has been joined by means dfdgen
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link and absorption bands of 3398 related to tensile vibrations (O-H) of water malleccoordinated to ferrous.
It has been gotten from water remaining which dznbcome to existence in the sample Figure 3.
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Figure 3. FT-IR spectrum of nonmagnetic

Magnetite nanoparticles covered with silica (SCMNPs

Formation mechanism

The magnetite nanoparticles obtained in the fitafjes, are covered with a layer of silica by meantetoatylortho
silicate (TEOS) combination. Covering these nantigas with silica is done to prepare a neutraklapetween
reaction solution and metal oxide core. Also, iiiga cover on nano magnetite surface brings aalidtmosphere
to existence for reforming the surface and it diges the heat of magnetite particles. Silica coakso prevents
formed peroxide breakdown on the surface. One @fntlost important effects of covering magnetite panticles
with silica is the ease of managing separationaserf The outer surface of these nanoparticlesdsasshydroxyl
groups. The number of these hydroxyl groups onaitiurface is more compared to magnetite nanolgartidlso
covering the nanoparticles with silica, improves dapability of these particles distribution in eragolution. In this
condition, first TEOS molecules are hydrolysis efa@rding to the following reaction.

Also, adding glycerin makes it possible for the metge nanoparticles to break well and the siliogecs their outer
surfaces effectively. Adding acid regulates PH lie tsolution for hydrolyzing the hydrides on theface of
magnetite nanoparticles and TEOS molecules awihg these molecules effectively to each other feigu

OH
HO. OH TEOS
DI water
Glycerol
Acetic Acid
HO— OH
Reflux

HO OH

OH

Figure 4. A pattern of a process for solicitation bmagnetic nono particle.

Survey FT-IR spectrum related to magnetite nanagest covered with silica has been shown in 5 Fig@ome
peaks are created. The wide peak seen in 3391 cetales to (O-H) tensile vibrations of water molecu
coordinated to ferrous. The observed peak in 18871 relates to (H-O-H) flexural vibrations of wataolecule
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coordinated to ferrous metal which has been jothegugh hydrogen link. The wide peak seen in 10#9lcrelates
to (Si-O-Si) tensile vibrations on iron oxide swda The observed peak in 587 cm-1 relates to (F&+@bration
and the peak seen in the areas near 449 cm-1sétafEe+-2-O) tensile vibration.
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Figure 5. FT — IR spectrum of magnetitnono partick covered by silica.

Magnetite nanopatrticles covered with silica and hang an agent with amino propyl triethoxysilane (APTS-
SCMNPs).

Formation mechanism

Managing separation these magnetite nanoparticleishwis somehow reforming the outer surface of g¢hes
nanoparticles makes it possible to join differerdlecules to them. What is considered more herepaking it
possible to join these molecules to inorganic lagato prepare fixed heterogeneous catalysts onnmagoetite. One

of these combinations which reforms effective stefand has been used a lot is amino propyl tri axgtilane
(APTS). Reforming nanomagnetites surface by ATPS isery complex process. Empirical factors such as
temperature. Reaction duration. ATPS molecules iersd the nature of agent groups are effective on
silanemolecules reactivity on inorganic surfacdse Teaction between alkvksysilaneand a solid natdoes not
obey just a special mechanism and many intermediatéormed in this reaction. In this study siléae method by
means of acidic water solution has been applielixt)ATPS molecules on magnetite nanoparticles oedevith
silica. This reaction has been shown in a schemé&igure 4. The reaction between APTS molecules and
nanomagnetite is done in two stages. First avrgdlameis hydrolysis of in a aqueous solution ofaaid. The acid
used here plays the role of a catalyst for hydiatyzprocess. As a result of hydrolysis of kind’snsigy,
silanepolymers are formed. In hydrolysis reactialkyksy groups have been substituted by hydroxideigs to
formsylanvlactive groups. These groups react wattheother and form Si-O-Sisylvksanlinks. Alcohotamater are
produced as lateral products in this reaction.

Si-OR+H;0 — Si-OH+R-OH

Si-OH+5i-OR — 5i-0-5i+R-OH

81-0H+8i-OH — 8i-0-8i+H:0
In the second stage, the product of APTS molecytirshysisreaction stands on the surface of magnetit
nanoparticles which are covered with silica, ancowalent band happens between OH groups on thacsudf
magnetite nanoparticles which contain silica and@bblips in APTS structure. This covalent link isiedollowing

dehydrogenation reaction on nanomagnetites surfabe. final product of the mentioned reactions ischl
sediment, dense and it has a high magnetite poWen&n outer magnetic field is present.
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The study of FT-IR spectrum of magnetite man partites covered with silica and the significant with anmo
propyl tri ethoxysilane (APTS-SCMNPs) combination.

The FT-IR spectrum related to magnetite nanopasiotformed with APTS molecules has been showrigiré 7.
The peak related to N-H tensile vibration appear3390 cm-1 area. The other peak relates to C-Blléevibrations
of propyl branches on the surface which appea2988 cm-1 area. The other one relates to C-H aifidwibration
that is observed in 1465 cm-1 area. The peak celat&i-CH2 tensile vibration appears in 1410 carda. Tensile
vibration to C-C links has appeared in 1335 cmdaailensile vibration related to Si-O has appearetD59.17
cm-1 area. Tensile vibration related to Fe-O hameaped in 585 cm-lareas. The seen peak in 1627 rafates to
H-O-H flexural vibration of water molecule coordtad to ferrous which has joined through hydrogakdi

4000.0 3800 120 2800 2400 2000 1800 1600 40 1200 1000 400 00 400.8
el - .

Figure7. FT- IR spectrum related to nono magnetitenodified by APTS molecules .

The study of FT-IR spectrum related to nanomagneti# covered with silica and having an agent with amim

propyl which contains tytanyl acetyl acetone

When magnetite nanoparticles which contain siliesieshaving an agent with amino propyl tri methobayse, these
nanoparticles had reaction with acetyl acetone. rEagtion between amine group of having an ageagnetite
nanoparticles and carbonyl group of tytanyl acatdtone formed C=N link and an organic — inorgéuytarid. The
resulted FT-IR spectrum has been shown in Figur€h@. peak created in 3381 cm-1 is related to (Qedkile
vibrations. The tensile vibration related to (CH#$s appeared in 2920 cm-1 area. The peak relat€gNblink’s

tensile vibration has appeared in 1302 cm-1 arba.ténsile vibration related to Si-O has appeanetiOi49 cm-1
area. The peaks related to Fe-O tensile vibratiane appeared in 569 cm-1 and 476 cm-lareas.

%1
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Figure 8. FT-IR spectrum of magnetitnono particlefunctionalized with amino propel -3-metoxysilan cotrining stonctactyltitanil .
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The study of XRD pattern of reformed nanomagnetitenith amino propyl silanewhich contains tytanyl aceyl

acetone.

Diffraction of X-ray (XRD) in the prepared samplashbeen shown in the diagram. The peaks created ctystal
structure of magnetite particles. The resulted fEguout of X-ray diffraction pattern conform to tivégures
presented for magnetite nanoparticles in the adjcnd it indicates that the magnetite reformet tytanyl acetyl
acetone groups has kept its upside down spinadtsteiFigure 9.

200+

20 ) 40 50 60 70

Position [2Theta]
Figure 9. XRD pattern of magnetitnonoparricle modified with amino propel silan containing stonat acetytitanil.

The study of TEM image of magnetite nanoparticles eformed with amino propyl silanewhich contains
tytanyl acetyl acetone.

To study the size of nanoparticles precisely, therascopic image of passing electron (TEM) of tesulted
combination has been studied which is shown in feidiD. TEM image of prepared nanoparticles shows tthe
shape of the particles arenearly spherical and e is extimated nearly 10-15 nanometers.

= |

Figure 10. TEM picture of magnetitnono particle modfied with amino propel silan containing stonat acgyl titanil .

The study of SEM image of the magnetite nanopartiels reformed with amino propyl silanewhich contains
tytanyl acetyl acetone.

To study morphology of the surface and structutatly of the magnetite nanoparticles, SEM meanstrelec
microscopic image was also studied. The SEM imddkeonanoparticles has been shown in Figure 11litasttbws

that the particles are spherical and conform tarif@oscopic image of passing electron.
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Figure 11. SEM picture of magnetitnono particle mdified with amino propel silan containing stonat aetyl titanil.
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