
ISSN 2320-5407                               International Journal of Advanced Research (2015), Volume 3, Issue 7, 185-194 

185 

 

                                                   Journal homepage: http://www.journalijar.com                 INTERNATIONAL JOURNAL 

                                                                                                                           OF ADVANCED RESEARCH 

                                                                                                                               

RESEARCH ARTICLE 

 

Photo induced interaction between magnetite Fe3O4 nanoparticles and Cisplatin anticancer 

drug 
 

Maged El-Kemary
1,*

, Tarek Fayed, 
2
, Eman A khalil

1,2
, 

1. Nanotechnology center, Faculty of Science, Kafrelsheikh University, 33516 KafrElSheikh, Egypt 

2. Chemistry Department, Faculty of Science, Tanta University, Tanta, Egypt 

            

Manuscript Info                  Abstract  

 
Manuscript History: 
 

Received: 22 May 2015 

Final Accepted: 19 June 2015 

Published Online: July 2015                                        

 
Key words:  

 
Environmental, Brucellosis, 

Patients, Rose Bengal test, Culture. 

 

*Corresponding Author 

 

Maged El-Kemary 

Synthesis of magnetite (Fe3O4) nanoparticles (NPs) by simple preparation 

method. The structure of the synthesized Fe3O4 NPs is investigated by X-ray 

diffraction, fourier transform infrared (FT-IR) spectroscopy, thermal 

gravimetric analysis (TGA), and transmission electron microscopy (TEM). 

The results showed the crystallinity of Fe3O4 NP with a spherical shape. The 

synthesized Fe3O4 NPs have a diameter of ~ 14.8 nm. 
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INTRODUCTION 

 

Magnetic and superparamagnetic NPs have been considered as effective contrast agents [1–3], which have been 

used as nanocarriers for specific delivery of chemotherapy agents [4–6].  Magnetite is an important type of magnetic 

material, having a cubic inverse spinel structure, and has been the subject of increasing attention because of its use 

in magnetic recording tape, [7] ferrofluid, [8] catalysts,[9] and biomedical applications, such as magnetic resonance 

[10,11],  bioseparation,[12,13] drug targeting, [14,15]  and hyperthermia  [13–16]. The magnetite can be synthesized 

by various methods, including: ultrasound irradiation [17], sol-gel [18], thermal decomposition [19–24] and co-

precipitation [25-31]. Thermal decomposition and co-precipitation are most commonly used. Cisplatin is a platinum-

based molecule widely used in the treatment of various forms of cancer in humans. At this study showing the effect 

of adding magnetite nanoparticles with different concentrations. studing type of reaction is also included. 

 

2.Experimental 
2.1. Chemicals 

Ferric chloride hexahydrated 99% (FeCl3.6H2O), ferrous chloride tetra hydrated 99% (FeCl2.4H2O), ammonia 

solution 32% (NH4OH), ethanol 99%, and cisplatin (WAKO Japan 99%). All chemicals are of reagent grade and 

used without further purification. Water used in experiments was purified with Millipore system. 
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Scheme (1) Cisplatin anticancer drug. 

  

2.2.a Preparation of magnetite nanoparticles Fe3O4: 

For the synthesis of pure Fe3O4 nanoparticles, 1.99 gm of FeCl2.4H2O and 3.24 gm of FeCl3 with a molar ratio 1:2 

respictevly were dissolved in 50 ml of distilled water. 30 ml of NH4OH 32% was also dissolved in 50 ml of distilled 

water. In order to uniform mixing of the particles, both the solutions were allowed to stir for about half an hour. 

Then, the NH4OH solution was added drop wise into the first solution till pH = 9. After the required pH is reached, 

the solution was kept under stirring. Then the solution was kept under sonication for about half an hour and the 

precipitates were obtained by repeated cycles of centrifuging in distilled water. The obtained precipitate was dried at 

120º C for about 2 hrs and then grinded. The chemical reaction for Fe3O4 formation may be written as; 

Fe
2+ 

+ Fe
3+

 + 8OH
-
 →Fe3O4 + 4H2O 

2.2.b Sample preparation for fluorescence measurement 

Stock solution of cisplatin anticancer drug 41 x10
-3

 M in dimethyl sulfoxide, and of Fe3O4 0.86 x 10
-5

 M were 

prepared. Different concentrations of magnetite nanoparticles were obtained by taking 1, 2, 3, 4, 5ml of stock 

solution diluted to 10 ml to give ( 0.86, 1.72, 2.58, 3.44, 4.30) x 10
-4

 M respectively. 1ml of cisplatin stock solution 

sonicacted for 2 min with different concentration of Fe3O4 nanoparticles ,respectively and measured by UV-visible 

absorption and emission techniques.  

2.3 Equipment 

Thermal gravimetric analysis (TGA) curve of the air dried precursor was obtained with a 

thermogravimetriy-differential thermal analyzer (Shimadzu TGA-50), using platinum crucible with 2.1 mg of the 

precursor sample under a continuous nitrogen flow (15 ml/ min), at a heating rate of 10 °C/min. UV-visible 

absorption spectra were measured on a Shimadzu UV-2450 spectrophotometer. Fluorescence spectra were recorded 

on a Shimadzu RF-5301PC spectrofluorometer. The Fourier- transform infrared (FTIR) spectra were measured with 

a JASCO spectrometer 4100 using the KBr pellet technique. The X-ray diffraction (XRD) measurements were 

recorded by an X- ray diffractometer Shimadzu XRD-6000, equipped with CuKα radiation (λ = 1.54056 Å). The 

morphological feature of the Fe3O4 nanoparticles was observed by a scanning electron microscope ( FESEM, JEOL, 

JSM-6360 LA, the samples were coated with gold), Transmission electron micrographs (TEM) were obtained using 

Tecnai G20, Super twin, double tilt, FEI, Nertherland operating at an accelerating voltage of 200 kV.  

 

3.Results and discussion  
Characterization of synthesized nanoparticles Fe3O4 NPs: 

Formation mechanism of magnetite  nanoparticles: 

 

Magnetite nanoparticles were synthesized as shown in Scheme (2). Fe
+2

 and Fe
+3

 are hydrolyzed and 

converted to hydroxide compounds. The hydroxide compounds have been crystallized to Fe3O4 slowly by 

addition of strong base, and the combination between hydroxides by molar ratio 1:2, respectively. 
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Scheme (2) Formation mechanism of Fe3O4 nanopaticles. 

 

Structure characterization: 

Xray analysis: 

Figure (1) shows XRD pattern of MNP .the pattern confirms the major composition of magnetite, the sites of the 

diffraction peaks are 30
0
, 35.24

0
, 42.9

0
, 53.9

0
, 57

0
, and 62.8

0
. Which are the same as the reference for standard 

sample [32], and relative to those from the JCPDS card (19-0629) for magnetite synthesis. Wide peaks are related to 

the small size of particles. The diffraction peaks are broadened owing to small crystallite size all the observed 

diffraction peaks could be indexed by cubic structure of Fe3O4.  

The crystallite size calculated from the FWHM(full width and half maximum) by applying Debye-Scherrer 

formula[33] eqn (1) was found to be 16.64 nm. The most intense peak (311) was used for the crystallite size 

evaluation. 

  

𝐷ℎ𝑘𝑙 = 0.9/(𝛽 cos⁡𝜃 )                                                                        (1) 

Where β is the full-width at half-maximum, the wavelength λ = 0.154056 nm, θ is the half diffraction angle of 2θ. 

 

Fig (1) XRD image of the investigated magnetite nanoparticles. 
 TEM and SEM analysis 
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     The size and morphology of the Fe3O4 were characterized by TEM and SEM. Fig. 2a, 2b Images show spherical 

shape of magnetite nanoparticles with size from 10nm to 20nm as the following table .the size calculated by Debye-

Scherrer equation( 16.64 nm) is in the range which calculated by TEM analysis. 

 

 

Fig (2) shows SEM image of investigated Fe3O4 nanoparticles(a), TEM image(b). 

 

Table (1) different size and number of particles of the investigated Fe3O4 NPs. 

Size / nm Number of particles 

10.1 2 

14.8 4 

18.5 2 

20.3 2 

Thermal gravimetric analysis 

Figure (3) shows thermal gravimetric analysis of magnetite nanoparticles. The figure shows low weight 

loss percent ratio ≈ 3.6% which refers to high stability and purification of the magnetite nanoparticles. This little 

loss in weight due to the humidity or ammonia adsorbed on the surface of MNP.  
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Fig (3) Thermal gravimetric analysis of Fe3O4 nanoparticles. 

FTIR spectra analysis 

Figure (4) shows the FTIR spectra of the magnetite nanoparticles. The spectra shows strong absorption 

bands around 585 cm
−1

charecterized for Fe
+3

-O
-2

 and weak band around 426 cm
-1 

corresponding to Fe
+2

-O
-2

. 

These corroborate that the main phase of as-prepared particles is magnetite [34]. The absorption band at 1622 

cm
−1

 refers to the vibration of remainder H2O in the sample [35]. 

 

Fig (4) FTIR spectra of Fe3O4 nanoparticles. 

Absorption Spectra  

Figure (5) shows the absorption spectrum of cisplatin of concentration (41x10
-3

 M) in the absence and presence of 

different concentrations of Fe3O4 in dimethylsulphoxide DMSO at room temperature with an incident absorption 

spectrum of cisplatin anticancer drug. It is apparent that upon adding different concentration of Fe3O4 within ranges 

(0 – 4.30 x10
-4

 M) to cisplatin leads to a consistent enhancement without any shift of the absorbance. This influence 

is probably due to the adsorption of some drug molecules on the surface of the Fe3O4and formation of the ground 

state complex located at 285 nm. 

 
 

Fig (5) Absorption spectra of cisplatin drug  in absence and presence of Fe3O4 NPs with incident absorption 

spectrum of cispaltin drug. 

  The equilibrium for the association of cisplatin with Fe3O4 can be expressed as: 



ISSN 2320-5407                               International Journal of Advanced Research (2015), Volume 3, Issue 7, 185-194 

190 

 

𝐶𝐼𝑆 + 𝐹𝑒3𝑂4  
𝐾𝑎𝑝𝑝
   𝐶𝐼𝑆 . . . . . 𝐹𝑒3𝑂4                              (2) 

Where K represents the apparent association constant which defined as: 

𝐾 =
𝐶𝐼𝑆 . . . . . 𝐹𝑒3𝑂4

 𝐶𝐼𝑆 [𝐹𝑒3𝑂4]
                                                              (3) 

K value can be obtained by Benesi and Hildebrand equation[36] : 
1

𝐴𝑜𝑏𝑠 − 𝐴𝑜
=

1

𝐴𝐶 − 𝐴𝑜
+

1

𝐾𝑎𝑝𝑝  𝐴𝐶−𝐴𝑜 [𝐹𝑒3𝑂4]
                                      (4) 

 Where Ao and Ac are the absorbances of cisplatin and the complex at 285nm. Aobs is the observed absorbance of the 

solution containing different concentrations of Fe3O4 NP. 

Figure (6) depicts a linear plot of 1/ (Aobs–Ao) as a function of reciprocal concentration of Fe3O4. The 

estimated value of the association constant (Kapp) determined from this linear plot is 4x10
2
 M

 -1 
with a good 

correlation coefficient (R
2
= 0.99477). 

 
Fig (6) plot of 1/ (Ac-Ao) versus the reciprocal concentration of Fe3O4. 

 

Fluorescence quenching studies 

Figure (7) shows the emission spectra of cisplatin in absence and presence of different concentrations of Fe3O4 

nanoparticles. Upon addition of Fe3O4 nanoparticles, the flourescence intensity of cisplatin decreases, however no 

new emission band was detected, indicating the absence of exciplex formation. 
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Fig (7) Fluorescence quenching of cisplatin in presence and absence of  Fe3O4 (λex=285 nm). 

The second-order quenching rate constant kq was determined from the well-known Stern–Volmer (SV) equation (5) 

𝐼𝑜 𝐼 = 1 + 𝐾𝑆𝑉 𝑄 = 𝐾𝑞𝜏𝑜 [𝑄]                                                               (5)  

Where Io and I are the relative fluorescence intensities of cisplatin drug in absence and presence of 

quencher concentration [Q], and Ksv is Stern-Volmer constant. kq is the second order quenching rate constant and o 

is the fluorescence lifetime of the fluorophore in the absence of quencher. 

A linear plot of Io/I versus quencher concentration is shown in Fig (8) and from the slope of plot, KSV was 

found to be 3.922x10
2
 M

−1
. Their values are close to that determined from the absorption spectra. 

The values of quenching rate constant (kq) are determined from KSV value using Ksv = kqo. At room 

temperature, the observed fluorescence lifetime of cisplatin is τo = 2.03 ns [37]. Therefore, according to equation 

(5), the estimated kq value equals to1.93x10
11

 M
−1

s
−1

. The higher quenching rate constant values suggesting that the 

quenching is static in nature. 

 

 
Fig (8) Stern-Volmer plot for cisplatin (41x 10

-3
 M) in presence and absence of Fe3O4 nanoparticles (λex=285 nm) 

 

Binding constant and binding sites   

      The static quenching can be a valuable source for determination the binding constant (K) resulted from the 

formation of ground state complex between the fluorophore (cisplatin drug) and the quencher (Fe3O4 NP) by using 

the method of linear regression according to the relation [38]: 
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𝑙𝑜𝑔  
𝐼0−𝐼

𝐼
 = log𝐾 + 𝑛𝑙𝑜𝑔[𝑄]                                                      (6) 

Where n is the number of binding sites and K is the binding constant between cisplatin and Fe3O4 NP. Figure (9) 

shows linear regression analysis of log [(I0 −I)/I] versus log [Q] on the basis of relation (6) leads to estimation of K 

value from the slope and intercept  of the plot. From the data, we observed that the value of n almost close to 1, and 

it indicates that there is only one type of interaction between cisplatin and Fe3O4 NP. It is apparent that the values of 

binding constant obtained from the fluorescence data matches well with that determined from the absorption data. 

The good agreement between these values of binding constant highlighted the validity of assumption proposed for 

the association between cisplatin and Fe3O4 NP.  

  
Fig (9) The plot of log [(I0 −I)/I] versus log [Q] for cisplatin quenching by Fe3O4 NP. 
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