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Abstract 

     The current study uses mesoporous silica magnetic Fe3O4@mSiO2 nanoparticles 

as core-shell materials to deliver the drug diphenhydramine (DPH). To investigate 

the DPH drug's adsorption behavior in aqueous solutions, the batch approach has been 

employed. The adsorption evaluations that were obtained were fitted with the 

Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich isotherms models. 

According to the results, the Freundlich model was the best fit for the data, and the 

type of adsorption process used was physical. After kinetic analysis, it was discovered 

that the data agreed quite well with the pseudo-second-order kinetic equation. The 

Fe3O4@mSiO2 carrier's DPH drug loading capacity and release kinetics were also 

examined. The calculated amount of DPH loaded on the sample was 13.33 mg 

drug/mg sample. The release profiles of the loaded Fe3O4@mSiO2 sample show that 

the DPH release percentage in the water and (phosphate buffer solution) PBS solution 

is 57.23 and 97.27%, respectively. The release kinetics was also studied  using three 

models: Korsmeyer-Peppas, first-order kinetic release, and Kopcha. The results 

indicate that the Kopcha model conforms more closely to the data release than other 

models. 

 

Keywords: Adsorption isotherm, Fe3O4@mSiO2, Mesoporous silica, DPH, Drug 

delivery. 

 

( في امتزاز وتحميل وحركية تحرر  mSiO4O3Fe@2استخدام سيليكا متوسطة المسام مغناطيسية  )
 دواء داي فنيل هايدرامين 

 

 *، انعام حسين علي  ايناس عبد الحسين خضير، سمير حكيم كريم
 قسم الكيمياء، كلية العلوم للبنات، جامعة بغداد، بغداد، العراق 

 
 الخلاصة 

دقائق نانوية مغناطيسية من سيليكا متوسطة المسام كمواد حاملة لدواء داي    في الدراسة الحالية   استخدم     
في الانظمة المائية بطريقة الدفعات. تم تطبيق معادلات    DPHفنيل هايدرامين. تم دراسة السلوك الامتزازي لدواء  

معادلة فرندلج الافضل تطابقا     كانت  لنتائجرادسكوفج ووفقا ل  -لج، تمكن و دوبنينامتزاز مثل لنكماير، فرند
مع وان عملية الامتزاز من النوع الفيزياوي. تم تحليل بيانات حركية الامتزاز وكانت متطابقة مع معادلة    للبيانات

فكانت    mSiO4O3Fe@2على سطح    DPHتحميل وحركية تحرر دواء     الدرجة الثانية الكاذبة. تم دراسة قابلية
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المتحرر من سطح    DPHبينما كانت نسبة   ملغم لكل ملغم من النموذج المحضر.   13.33كمية الدواء المحملة   
حركية تحرر الدواء تم دراستها   % علي التوالي, 97.27% و 57.23النموذج في الماء وفي محلول البفر هي 
. اثبتت النتائج  رر الدرجة الاولى و معادلة كوبجابيباس و حركية تح  -بأستخدام ثلاث معادلات هي: كورسماير

 ان معادلة كوبجا اعطت تطابقا مع بياتات تحرر الدواء اكثر من باقي المعادلات.
 

1. Introduction 

     The idea of drug delivery is the transfer, within a set amount of time, of a particular dosage 

of various medicinal products, such as genes, proteins, and drugs, to the target site in the body 

[1,2]. Moreover, drug carriers deliver lipophilic and hydrophilic medications to fulfill the 

system's intended use, improve the pharmacokinetic effect, and shield the medicinal agent from 

enzyme degradation [3,4]. Mesoporous silica is a novel drug carrier with exceptional 

characteristics, including biocompatibility, a high loading capacity owing to its large pore 

volume and specific surface area, and adjustable pore size [5-8]. Recently, there has been a 

growing interest in mesoporous silica core-shell nanocomposites. [9]. Combining them with a 

magnetic core not only provides assistance in controlling these carriers, but also allows 

mesoporous silica to construct effective vehicles. According to Yang et al. [10], mesoporous 

Fe3O4@mSiO2 core-shell nanocomposites (approximately 65 nm) loaded with doxorubicin 

(DOX) were synthesized using β-thiopropionate-polyethylene glycol (PEG) as the gatekeeper. 

The study's findings indicated that the medium pH, concentration, and packaging of β-

thiopropionate-PEG were the main factors controlling drug release. The introduction of folic 

acid (FA) to the shell-core Fe3O4@mSiO2-DOX@-Se-Se-FA demonstrated effective 

doxorubicin (DOX) encapsulation [11]. The addition of FA enhanced both cell uptake and 

release. Madrid et al. [12] used both hydrothermal and sol-gel methods to make 

Fe3O4@mSiO2 nanocomposites with different shell thicknesses. The drug ibuprofen was used 

to assess the efficacy of intake and liberation. This study revealed a relationship between 

surface area, load of drugs, and outer shell thickness. Jiang et al. [13] mixed 

Fe3O4@mSiO2@LDH NPs and chose layered double hydroxide (LDH) to control how fast the 

particles could be released. These MNPs were found to exhibit reasonable loading proportions, 

and for better 72 hours, the release rates of methotrexate MTX-loaded MNPs were adjusted 

based on the pH level. To increase stability, Cicily [14] prepared mesoporous core-shell 

Fe3O4@mSiO2 nanoparticles by applying surfactants as a template in the sol-gel process and 

using them as additives in a carbonyl iron-based magnetorheological system. Iranpour et al. 

[15] designed a novel drug delivery system utilizing magnetized mesoporous silica core-shell 

nanoparticles (SPION@MSNs), where gold gatekeepers prevented the escape of doxorubicin 

(DOX) at physiological pH. They created mesoporous silica nanoparticles with or without a 

magnetic core using a hydrothermal process, which they then used as norfloxacin (NFX) 

carriers. Batch experiments have been used to study the kinetics of NFX release. In all cases, 

the localization of NFX on the exterior surface of the nanoparticles led to the rapid extraction 

of more than 55% of the antibiotic within the first five minutes [16]. The goal of this study is 

to use magnetic Fe3O4 that has already been made as the core and mesoporous silica mSiO2 as 

the shell (Fe3O4@mSiO2) to look into how DPH drugs are absorbed from water solutions and 

how well they can be loaded onto the Fe3O4@mSiO2 carrier. The drugs will then be released 

in vitro. 

 

2. Experimental  

2.1. Chemicals   

     The Iraqi state company of vegetable oils provided the template, carbomidopropyl betaine 

(CABP), as well as the silica precursor form, sodium silicate (14% NaOH, 27% SiO2). The 

antibiotic Diphenhydramine (DPH) was provided by DSM with a purity 98%), M.wt. 255.355 



Hussein et al.                                        Iraqi Journal of Science, 2025, Vol. 66, No. 7, pp: 2657-2668 

 

2659 

g/mol, λmax = 221 nm, in a water-based solution, as seen in Figure 1, which also illustrates its 

structure.  

 

O

N

 
Figure 1:  UV-Vis absorption spectra (a) for the chemical structure (b) for DPH 

 

2.2. Preparation of adsorbent 

     The method previously reported [17] is similar to the procedure for preparing magnetite 

Fe3O4 and the Fe3O4@mSiO2 adsorbent. Magnetic Fe3O4 was prepared as follows: 0.9 g of urea 

(BDH:England: 99%), was dissolved in 60 mL of mixed solvent (2:58 mL of water and 

ethylene glycol) (HIMEDIA; 99%) and FeCl3.6H2O (0.54 g) (HIMEDIA: 98%) was added with 

stirring at 40 °C until totally dissolved. The mixture was poured into a 100-mL Teflon-line 

autoclave, heated it to 200 °C, and preserved it for 24 hours. After cooling, the mixture was 

centrifuged, separated, washed, and dried at 80 °C for 6 hours in an oven. Preparation of 

Fe3O4@mSiO2 was done by weighting Fe3O4 (10 mg), which was dispersed in ethanol (50 mL) 

under ultrasonic agitation. The Fe3O4 was separated and mixed with CABP surfactant (12 g), 

H2SO4 (17 mL, 1.0 M), and water (150 mL). Sodium silicate (3.5 g) dissolved in distilled water 

(150 mL) was added to the mixture drop-by-drop from the burette for 3 hours. The solution 

was left at room temperature for one day, and then the precipitate formed was recovered by 

filtration and washed with distilled water. The precipitate was dried at 80 °C for 2 hours and 

calcined at 600°C for 5 hours. 

 

2.3. Adsorption study 

     Using 100 mL of an aqueous solution with different concentrations of DPH (2, 8, 14, 20, 

26, 32, 38, 44, and 50 mg/L) and the adsorbent Fe3O4@mSiO2 (0.06 g), the adsorption isotherm 

was evaluated. To achieve equilibrium, the DPH-Fe3O4@mSiO2 mixture system underwent 

vigorous shaking for 110 minutes. Then, the DPH solution (2 mL) was taken out and 

centrifuged for 15 minutes to find out how concentrated the DPH solution was before and after 

adsorption. This was done by measuring the UV-Vis absorption value at λmax 221 nm. The 

following equation was used to calculate how much DPH was adsorbed: 

 

𝑞𝑒 =  
(𝐶0 −  𝐶𝑒) 𝑉

𝑤
                                               … … . . (1) 

 

Where, C0 is the initial DPH concentration (mg L-1), Ce is the concentration at equilibrium, v 

is the volume of DPH solution (L), and W (g) is the adsorbent's weight. Furthermore, qe 

represents the equilibrium adsorption of DPH on the unit mass of the adsorbent. The removal 

percentage, or R%, was calculated using the following formula: 

(a) (b) 
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                                                        𝑅% =
𝐶0−𝐶𝑒

𝐶0
× 100                                                … … . (2) 

2.4. Drug loading  

     By applying a modified method described in the literature [13], the DPH loading capacity 

of the prepared Fe3O4@mSiO2 was tested; Fe3O4@m-SiO2 (30 mg) was transferred into a 

container containing DPH medication solution (5 mL of 100 mg/mL), and the mixture was 

stirred for 24 hours. After that, the precipitate was separated by centrifuging it for 15 minutes 

and drying in an oven for 24 hours at 60 °C. 

 

2.5. In vitro drug-release  

     The DPH-Fe3O4@mSiO2 sample (30 mg) has been placed in water (100 mL) or PBS (pH = 

7.4) with a stirrer at 37.5 °C. One mL of aliquots was taken from the solution at time intervals, 

and the quantity of DPH released has been estimated using the aliquots' UV-Vis absorption 

spectra. 

 

3. Results and discussion 

3.1. Adsorption study   

3.1.1. Effect of equilibrium time and dosage of adsorbent  

     The influence of equilibrium time and adsorbent dose on DPH adsorption on 

Fe3O4@mSiO2 was investigated for DPH solutions containing 20 mg L-1 and at 298 K (Figure 

2).  

 

 
Figure 2: Relationship of (a) qe with equilibrium time (b) R% with adsorbent dose (wt) at 100 

minutes for DPH adsorption at 298 K 

 

     Adsorption increases gradually as contact time is increased to one hundred minutes; 

therefore, the time of 100 minutes is fixed as the optimum contact time. To study the impact of 

adsorbent weight, different amounts of adsorbent (0.01, 0.02, 0.03, 0.04, 0.05, 0.06, and 0.07 

g per 100 mL) were added to the test solution over a 100-minute period of time. The drug's 

percentage removal (R%) increases as the adsorbent dosage increases, but beyond a value of 

0.06 g, the degree of removal approaches a maximum. This is most likely because of the 

increased availability of exchangeable sites or the increased surface area where adsorption 

occurs; this could also be attributed to adsorbent aggregation and the increased availability of 

surface active sites caused by the raised dose [18-19]. As a result, 0.06 g of adsorbent was used 

in all subsequent experiments. 
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3.1.2. Adsorption isotherm  

     The isotherms of four adsorption theories, Langmuir (Equation 3), Freundlich (Equation 4), 

Temkin (Equation 5), and Dubinin-Radushkevich (Equation 6), have been displayed (Figuer7) 

using an ordinary straight line formula, and the associated adsorption parameters have been 

determined from the corresponding plots: 

 
𝐶𝑒

𝑞𝑒
=  

1

𝐾𝐿 . 𝑞𝑚
+

𝐶𝑒

𝑞𝑚
                                                                 … … … (3) 

 

ln 𝑞𝑒 = ln 𝐾𝑓 +
1

𝑛
 𝑙𝑛𝐶𝑒                                                                . . … . (4) 

 

𝑞𝑒 = 𝐵 ln 𝐾𝑇 + 𝐵 ln 𝐶𝑒                                                                  … … (5) 

 

lnqe  = (lnqm − βє2)                                                              … … . (6) 

 

     Where B = RT / b and b is an equilibrium constant, β is connected to mean adsorption energy 

E (J/mol) via the formula E = (-2 β)-0.5, and ε is the Polanyi potential defined as ε = RT ln (1+ 

1/Ce). The constants KL, qm, KF, 1/n, B, Kt, and β are associated with the Timken constant, the 

maximum amount of adsorption that may occur, the quantity of adsorption that can occur, the 

intensity of adsorption, and the Langmuir adsorption equilibrium constant. Table 1 contains 

the values obtained for the parameters. 

 

 

 
Figure 3: The plots of a) Langmuir, b) Freundlich, c) Temkin, d)  Dubinin-Radushkevich 

models at 293 K 
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Table 1: The four models' parameters for DPH adsorption on Fe3O4@mSiO2 

Langmuir 
qm  (mg/g) KL  (mg/l)-1

 RL R2 

59.52 0.114 0.149 0.9399 

Freundlich 
1/n Kf  (L. g-1) R2 

0.669 2.190 0.9678 

 

Temkin, 

B (L/mg) KT(J/mol) R2 

10.505 2.022 0.9206 

Dubinin-Radushkevich 
Β (mol2 J-2) qm   (mg/g) E (kJ/mol) R2 

-3×10-6 38.97 0.40 0.8654 

  

Results of Table 1 indicate that R2 values were high for the three isotherms (Langmuir, 

Freundlich, and Temkin), but the isotherm is best fitted by the Freundlich model, which may 

be appropriate for describing the loading of DPH on Fe3O4@mSiO2. The drug may absorb 

more favorably when 1/n is less than 1. When n falls between 1 and 10, as well as 1/n between 

0 and 1, it means that the conditions of heterogeneity and positive cooperativeness are met [20]. 

The Dubinin-Radushkevich isotherm for the DPH drug adsorption process on Fe3O4@mSiO2 

yields an E value of 0.04 kJ/mol. This value, being lower than 8 kJ/mol, indicates that the 

adsorption process is of the physical adsorption type [21]. 

 

3.1.3. Adsorption kinetic 

     Three of the most popular kinetic models are utilized to analyze the adsorption kinetic 

behavior of the DPH drug onto Fe3O4@mSiO2 at 298 K: pseudo first order of Lagergren 

(equation 7), the pseudo-second order equation (Equation 8) and the intraparticle diffusion 

equation (Equation 9). Table 2 and Figure 4 illustrate the outcomes of these equations. 

 

                                         ln(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘1𝑡                                                             … . (7) 

 

                                            
𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 + (

1

𝑞𝑒
) 𝑡                                                                … … … … (8) 

 

𝑞𝑡 =  𝑘𝐷 𝑡0.5 + 𝐶                                                       … … … … … (9) 

 

     The pseudo-first order model (min-1) has a rate constant k1, while the pseudo-second order 

model (mg.min-1) has a rate constant k2. Here, qe represents the adsorption capacity (mg.g-1) at 

equilibrium, and qt represents time t. The initial adsorption rate in this case is h = k2 qe
2. The 

intercept is denoted by C, and the intrapartical diffusion rate constant is given by kD (mg g-1 

min-1/2). Together with the h value, which is given in Table 2, the constants qe, k1, k2, and kD 

are computed using the values of the slopes and intercepts of the linear plots of the three 

equations (Figure 4). 
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Figure 4:  Kinetics applying models (a) pseudo-first order (b) pseudo-second order (c) 

intraparticle diffusion 

 

     According to the correlation coefficient (R2) values in Table, the adsorption follows the 

pseudo-second-order model. The plot of the intra-particle diffusion model also reveals a higher 

drug absorption rate in the first linear portion and a lower rate in the second linear portion, 

likely due to diffusion through tiny pores and the subsequent attainment of equilibrium. The 

figure for the intra-particle diffusion model also shows that the straight line at extrapolation 

did not reach the origin. This means that other steps besides the intraparticle diffusion step have 

a big effect on the rate [22,23]. 

 

 

 

 

 

 

y = -0.0411x + 2.4467
R² = 0.969

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

0 20 40 60 80 100
Ln

(q
e
-q

t)

time (min)(a)

y = 0.0402x + 0.2287
R² = 0.998

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

0 20 40 60 80 100 120

t/
q

t

time (min)(b)

y = 0.8997x + 15.223
R² = 0.9727

17

18

19

20

21

22

23

24

25

0 2 4 6 8 10 12

q
t

t 1/2(c)



Hussein et al.                                        Iraqi Journal of Science, 2025, Vol. 66, No. 7, pp: 2657-2668 

 

2664 

Table 2: Kinetic parameters for adsorption of DPH drug on Fe3O4 @mSiO2 at 298K 

qe 

(mg/g) 

(exp.) 

First order Second order 
Intrapartical   

diffusion 

qe(calc) 

(mg/g) 

K1 

(min-1) 
R2 

qe(calc) 

(mg/g) 

K2 

mg g-1 

min-1
 

h 

(  (mg g-1min-1) 
R2 

KD 

(mg g1min-1/2) R2 

23.73 11.54 0.041 0.969 25 7.01×10-3 4.38 0.998 1.049 0.972 

  

3.2. Study the loading and release of the drug DPH 

The equation that follows has been used to calculate the quantity of drugs loaded [24].   

 

                 𝐿𝑜𝑎𝑑𝑖𝑛𝑔  (𝑚𝑔𝑑𝑟𝑢𝑔  / 𝑚𝑔𝑠𝑎𝑚𝑝𝑙𝑒) =
𝑚(𝐷𝑃𝐻 .𝑜𝑟𝑖𝑔)−𝑚(𝐷𝑃𝐻.𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛)

𝑚 (𝑠𝑎𝑚𝑝𝑙𝑒) 
… … . . (10)      

 

       The original amount of DPH drug in 5 mL of solution represents (mDPH orig) while its 

amount in the solution after impregnation for 24 hours is mDPHsolution and msample is the weight 

of the Fe3O4@mSiO2 sample. The DPH loading in the samples was calculated to be 13.33 mg 

drug/mg sample. Our adsorbent's loading capacity is equivalent to that of other adsorbents-

drug reported [13,25]. Figure 5 exhibits the release characteristics of the loaded Fe3O4@mSiO2 

sample in water and a PBS solution for a period of 90 minutes. Using absorption spectra, the 

amount of DPH released in the PBS and water solution was calculated.  It is evident that after 

90 minutes, the Fe3O4@mSiO2 sample released roughly 57.23 and 97.27% of the DPH drug in 

water and PBS solution, respectively. Additionally, the prepared sample Fe3O4@mSiO2's 

porous external surface initially releases DPH at a rapid rate for the first 60 minutes in water 

media and 40 minutes in PBS medium, before a progressive release rate takes effect. The strong 

capillary force could be the cause of the drug's weak release within the mesoporous material.  

   

 
Figure 5: The release profile of DPH-loaded Fe3O4@mSiO2 in (a) water, (b) PBS at 37 °C 

 

3.3. Kinetic of drug releasing 

     Three models were fitted to the data of in vitro drug release in order to explore the kinetics 

of drug release from the carrier: Korsmeyer-Peppas, first-order kinetic release, and Kopcha. 

 

                                                        
𝑀𝑡

𝑀∞
= 𝑘𝐾−𝑃 𝑡𝑛                                                  … … … … … (11) 

                                                       
𝑀𝑡

𝑀∞
= 1 − 𝑒−𝑘𝑡 …                                               … … . … . . (12) 

𝑀𝑡 = 𝐴𝑡0.5 + 𝐵𝑡                                                 … … … . … . (13) 
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     The Korsmeyer-Peppas [27] model is the first one [equation (11)] [24]. 𝑀𝑡 is the amount of 

drugs released at time 𝑡 in minutes, 𝑀∞ is the amount of drugs loaded into mSiO2 particles, 𝑘K-

P is the kinetic constant for the host-guest pair, and n is the shape of the host and how the drugs 

are released. The second model is first order kinetic release model [28] (eq.12) where 𝑘 is the 

first order rate constant. The third model, known as the Kopcha model [29], represents the 

contributions of erosion (B) and diffusion (A). The primary property of a drug delivery system 

that characterizes it is kinetics is drug release, which establishes the drug release mechanism. 

In this study, Korsmeyer - Peppas,  psedo First-order and Kopcha  Kinetics models of DPH 

drug release from of the carrier; Fe3O4@mSiO2were studied by fitting the in vitro drug  release 

data. The obtained kinetic curves in water and PBS were presented in Figures 6 and 7. The 

Kinetic parameters determined from the slope and intercept of the three models in water and 

PBS media are listed in Table 3.   

 

 

 
Figure 6: The linear plots of (a) Korsmeyer-Peppas, (b) pseudo-first order, (c) Kopcha order 

model kinetics releasing model for the DPH drug in water 
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Figure 7: The linear plots of (a) Korsmeyer – Peppas, (b) pseudo-first order, (c) Kopcha order 

model kinetics releasing model for the DPH drug in PBS 

 

Table 3: The estimated parameters for the kinetic release of DPH drug-loaded Fe3O4@mSiO2 

in water and PBS media 

Model Korsmeyer-Peppas Pseudo-first order Kopcha Model 

parameters n K1 R2 K R2 A B R2 

(PBS) 0.3979 0.188 0.9361 0.0083 0.6826 0.6166 -0.0218 0.9739 

(Water) 0.618 0.055 0.9010 0.020 0.987 0.167 0.005 0.849 

 

DPH-Fe3O4@mSiO2 carrier release kinetics show that the kopcha and Korsmeyer-Peppas 

models in PBS media and the pseudo-first-order model in water media have a high value of R2. 

The results of Table 3 indicate that the Kopcha model conforms more closely to the data release 

than other models. In PBS media, the values of n (the Korsmeyer-Peppas constant) are less 

than 0.43 for the drug-carrier systems, showing a Fickian diffusion release. However, in water 

media, the values are 0.43 < n < 0.85, showing that the release is an anomalous diffusion 

release. The ratio of A to B determines the primary release mechanism in kopcha. When A/B 

is greater than 1, diffusion controls the primary release mechanism, and when A/B is less than 

1, erosion controls it. When the release mechanism is set to 1, diffusion and erosion coexist 

[30]. In this study, the drug release in both media exhibits an A/B value greater than 1, 

indicating that diffusion controls the release mechanism. 

 

4. Conclusion 

     According to the study's previous outcomes, the Freundlich model best described the data, 

and Fe3O4/mSiO2 nanoparticles were an efficient adsorbent for the adsorptive removal of DPH 

drugs from aqueous solutions. The loading study found that 97.27% of the drug that was loaded 

in PBS solution was released. This means that it is a good DPH drug carrier, with a capacity of 

13.33 mg drug/mg sample. Drug release kinetics demonstrates that diffusion controls the 
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release mechanism, and that the Kopcha model matches the data release more closely than 

other models. 
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