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Abstract: This work describes the synthesis of functionalireth oxide through surface modification of magoétbn

oxide with tailor-made phenyl-phosphonic acid. Iroride were synthesized by precipitation method“gneen”

conditions, using water as solvent, and by themeglomposition. The surface modification process a@seved using
ultrasonic bath. FT-IR and TGA studies indicatet thaenyl-phosphonic acid binds on iron oxides padfty through
bidentate bonding mode. They are considered addamzgerials, innovative and with promising applieas in many
areas such as: optical, catalysis, electrical, @gichl, energy, environment, biology or medicine.
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1. Introduction and the condensation of P-OH groups with surface
hydroxyl groups Fe-OH. The ease of formation and
tability of M(Fe)—O—P bond is well described itetature
@5]. The surface modification of some transitiomagtal
oxides with bi-functional organo-phosphorous caugpli
agents is also studied. Surface modification of me#ig

The tendency of organophosphonic acids to for
monolayers on metal oxide surfaces [1-4] and the
significant resistance to homo-condensation anddiysis
[5,6] make them particularly interesting candiddtessuch | _ .
oxidized surface functionalization. The grafting offon oxides by alkyl phosphonates have also beediext
phosphonic acid compounds was studied on several m y some researchers . [20-22_,26,27Il'he §urfac_e
oxides, including iron oxide [7]. Organophosphoru odlflcatlon of FgO; parucle_s W!th phqsphgmc acids
compounds (as phosphate, phosphonate or phosphin RO(OHY) is qurr(_antly attracting increasing interest for
derivatives) offer a promising alternative in thaipling of ~umerous applications.
organic components to metal oxides [8]. The exoepti
binding properties of phosphonic acids to oxidefasgs

have attracted much attention. Many examples afjengic 2. Experimental

nanoparticles (NPs) using phosphonate terminated )

molecules have recently appeared in the literaffve 2.1. Materials

example the case of gamma,B¢ [maghemite] and RO, ) )
[magnetite]) [9-12]. This includes also metallicP$| The reagents: phenyl-phosphonic acid (PPA)

which are usually surrounded by an oxidized lagenong ~ CeHsP(O) (OH) (Fluka), vinyl-phosphonic acid (VPA)
inorganic NPs, those based on superparamagnetic irgzHsPOs (Merk) etidronic acid @HgO;P; (Sigma Aldrich),

oxide are intensively studied because of their wiege of Undecenyl-phosphonic ~acid (SP-61-003)
applications, including their important use as cast CH=CHICHJsPO(OH), (Cédriclombard) (Specific
agents in magnetic resonance imaging (MRI) [Seirface- Polymers- http://www.specificpolymers.fr/), silica

functionalized magnetic nanostructures are espgciafmesostructured (MCM-41  type-Mobil Composition  of
important because of their potential biomedicaMatter No. 41) (Sigma Aldrich), controlled pore gga
applications like in vitro cell separation, in viorug CPG75C, 75 angstrom, 37-74 pm, 20 GM (Millipore),
delivery, MRI contrast and hyperthermia treatmerit gron(lll) acetylacetonate and water were used astased.
cancer cells [14-19]. For in vivo and in vitro ajgptions,

the optimized attachment of biomolecules on magneti  2-2- Methods

nanoparticle surface plays a crucial role in their

applicability. To date few studies have dealt with the  Jasco FT-IR 4200 Spectrometer, KBr support was
chemistry area of phosphonic acids binding on toa | USed for recording the spectra. _

oxide surface [23, 24]. This field involves botheth Thermal analysis TG-DTG-DTA (Thermogravimetry
coordination of the phosphoryl oxygen to Lewis asigts ©F TGA) was carried out by changing the temperature
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between 20°C and 900°C, by using a 851-LF 11004bfett Unfortunately, the absorption bands in this regiwa too
Toledo apparatus in air flow. It has a sensibibfyl pg. poorly defined to clearly identify them and evefifua
The maximum amount of the sample wich could bdetermine the way the bifunctional molecules biodhe
measured is 5 g. surface. In this spectrum, very weak C—H asymmeinid
EDX characterizations were made using a Jeol JSBymmetric stretching vibration bands can also beeoked
6400 X- ray microanalizor EXL Il System Link Analyal around 3052 cil. The bands in the regions of 888.059 cm
with a detector of 133 eV. 11147.44 crtand 1637 cit, were attributed to stretching
and vibrations of the Fe-O-Fe group, and the one at
Grafting of phenyl phosphonic acid on 3741.23 crit was attributed to Fe—O-P indicating the
nanocomposites containing iron oxide grafting of the phosphonic acid on the,B¢ The band
ascribed to superficial Fe—O vibrations appeared at
In a flask Berzelius 0.5 g nanocomposites contginin692.32 cm’. The FT-IR spectrum also shows a band at:
iron oxide were dispersed in 50 ml water. Then thigp = 1033.66 cril. These values are indicatives of
mixture was added dropwise to a solution which aimetd  weakly organized monolayers. Based on all thesaltees
0.55 g phenyl-phosphonic acid (PPA) in 50 ml wader we can confirm the grafting of the phosphonic amidthe
20-30 minutes. The reaction mass in the flask vilasved Fe,O; (Fig.1). The TGA spectra (Fig.2) showed that
under stirring for 15-20 hours. At the end of tlyateesis, compounds C5, respectively C7, are more stablen(to
the reaction mixture was filtered in vacuo, resigtin a lose mass). The compound C7 it is the most stahdeita
precipitate. The synthesized compounds were laftydor loses very little mass, about 0.1% , while the couomal C5
3 days in niche, to dryness (C1@PPA, C2@PPAoses about 3.68%. The compound C5 lost up ta’@00

C3@PPA). about 2.54% LD, and in the range 226-3€7 about
1.14% vinyl-phosphonic acid.
Grafted iron oxides with phosphonic acids in The compound C6 is unstable and it loses mass
ultrasonic bath continuous up to 15%C, about 15.8 %, after which the rate

of decomposition decreases and at the temperatiire o
In a Berzelius flask containing 50 mL water, 0.5 ®17°C it loses about 3.6% . From temperature 320,

iron oxide nanoparticles obtained by precipitatinathod, it is possible to form new links Me-O. On TG curite
were dispersed. Then the corresponding amount ef thegisters a growth from mass of about 0.38 % up to
phosphonic compound dissolved in 50 mL water waedd temperature 394C.
dropwise to the mixture (0.55 g phenyl-phosphori a
resulting the compound C4; 0.4g vinyl-phosphonidéd ac
resulting the compound C5; 0.7 g etidronic acidultesy
the compound C6; 0.003 g SP-61-003 undecenyl
phosphonic acid resulting the compound C7). Thetiaa
was carried out in the ultrasonic bath, over aqaedf time
of 15-20 minutes. The resulting mixture was leftden
stirring for 12-15 hours. Passed this time, thectiea
mixture was filtered through a fluted filter, reting in a
dark brown precipitate, while the filtrate is clearhe
precipitate was dried 3 days at room temperature.

4. Conclusions

The grafting of the surface of iron oxide particles
under “green” conditions, was investigated by FTdRd
TGA. The compounds synthesized in the present \aoek
new materials. Moreover, in our work, the ultrasobath
was used for the first time for obtaining such mats.
After TGA analysis it was proved that the proced$s o
grafting takes place with a higher yield for thenpmunds
that break down easier. Based on FT-IR analysis, th
grafting of phosphonic acid on f& was confirmed.

3. Results and Discussion
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Figure 1. The characteristic FT-IR spectrum fosslaf synthesized graftingof acid phenyl phosphtimed-eO; (C4)
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Figure 2. TGA spectra of C4-C7 compounds
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