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Abstract 

In the present study, the synthesis of microporous zinc imidazolate nanoparticles was 

assessed with and without the presence of ibuprofen or 5-fluorouracil (5-FU) anticancer 

drug. The drugs loading was ensured by thermogravimetric analysis, nitrogen 

adsorption/desorption. The crystalline structure of the different prepared materials was 

monitored by using X-ray powder diffraction. Up to 5% loading (molar ratio of drug/Zn2+), 

there was no evidence of crystalline drugs in the XRD patterns, suggesting an optimized 

occupation of the ZIF-8 cells. The pattern of the samples remained identical with and 

without drug. Particle size ranging between 30 and 95 nm could be deduced according to 

the Scherrer equation. It was found to depend on the dilution of the reagents, but also on 

the presence of drugs in the synthesis medium. The morphology of the samples was 

presented by using scanning and transmission electron microscopies, confirming the size 

obtained using XRD. The presence of drugs induced a significant increase in the particle 

size of the synthesized materials; however, those sizes are still in range for drug delivery 

application (< 200 nm). The drugs@ZIF-8 nanoparticles were found to be hexagonal or 

cubic shaped, depending on the reaction duration. 
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1. Introduction 

MOFs are a new type of hybrid inorganic – organic materials composed of clusters (metal 

ions) linked by organic ligands, forming extended network structures. [1] Their intrinsic 

properties such as remarkable porosity, high thermal/chemical stability and structure 

tailorability offer a wide range of applications, e.g. gas capture/separation, catalysis, 

sensors, and healthcare. [2] With such special properties, MOFs are excellent 

nanomaterials for drug-delivery system in terms of storage, transport, and release of 

active ingredients or imaging agents. Since Férey and co-workers investigated the first 

study of iron-based MOFs for biomedical applications, [3] numerous works have been 

developed for significant extension of MOFs in healthcare. [2,4–7] Due to a mandatory 

requirement of biocompatible composition, the most common MOFs for applications in 

biomedicine are based on iron,[3,8–13] or recently Zr.[14] ZIFs, especially ZIF-8 is a 

special member (based on Zn) with specific thermal and chemical stability,[15] and used 

in various studies for drug delivery [16–18]. For biomedical applications, apart from the 

aforementioned properties, MOFs must adapt intravenous administration which requires 

particle size smaller than 200 nm to avoid embolism.[2] In particular, particle size in range 

of 1 – 100 nm is more preferable due to their unique physical characteristics making them 

advantageous as drug carriers, therapeutic and deep tissue contrast agents and sensitive 

probes.[19] Several methods have been used for MOFs preparation including 

hydro/solvothermal, conventional heating, microwave-assisted, electrochemical, 

mecanochemical, ionothermal, dry-gel conversion, and microfluidic syntheses. [13,20] 

Venna et al. studied the crystallinity of ZIF-8 as a function of time in conventional 

synthesis under magnetic bar stirring at room temperature (RT).[21] They found that the 

relative crystallinity was achieved after 24 h, and particle size at 1 h was around 250 nm 

while the size was doubled after 12 h. The surface area was around 800 m2 g-1 at 12 h. 

Zhuang et al. reported that uniform 70 nm particles with single-crystalline structure of 

fluorescein-encapsulated ZIF-8 can be obtained after 5 min of solvothermal synthesis in 

methanol at RT under stirring of magnetic bar.[22] In another work, Cravillon and co-

workers controlled the nano- and microcrystal formation of ZIF-8 by modulators such as 

sodium formate, 1-methylimidazole, and n-butylamine using conventional stirring at room 



temperature for 24 h.[23] A particle size of around 65 nm was observed in absence 

modulator, while it could go down to 10 nm in presence of n-butylamine. They also 

reported that stirring resulted in a wider range of particle size distribution compared to 

static conditions. 

Other synthesis methods are important in order to control particle size, size distribution 

as well as morphology, all of which are crucial features of porous materials for catalytic 

reactions, adsorption and separation of molecules. Furthermore, nanocrystalline MOFs 

with high adsorption capacities are envisioned for biomedical applications. For these 

targets sonochemical and microwave-assisted (MW) methods have been applied.[20] 

MW-assisted method allows a direct interaction of the radiation with the solution/reactants 

and hence results in a very energy efficient method of heating. It is widely used for MOFs 

syntheses mainly focusing on the acceleration of the crystallization, the formation of 

nanoscale products, as well as improvement of product selectivity and purity.  

In sonochemical syntheses, the wavelength of ultrasound is much larger than molecular 

dimensions and thus there is no direct interaction between ultrasound and molecules 

responding for chemical reactions. However, high-energy ultrasound interacts with liquid 

resulting in the cyclic formation of tiny bubbles, growth, and collapse, which is so-called 

cavitation. The formation of cavitation leads to rapid release of energy with heating and 

cooling rate of > 1010 K s-1, temperature of ~ 5000 K, and pressure of ~ 1000 bar. In 

homogeneous liquid, chemical reactions can take place within cavity (extreme conditions) 

at the interface (intermediate temperature and pressure) or in the bulk media, where 

intense shear forces are present.[20] Sonochemistry was applied to the investigation of 

MOFs starting in 2008 but it is still largely unexplored. Compared to conventional heating, 

sonochemical synthesis not only can promote the formation of nucleation but also can 

help dispersing the nuclei in a homogeneous fashion.[20] 

In this study, we focused on the optimization of physicochemical parameters allowing for 

the synthesis of crystalline ZIF-8 nanoparticles. We varied the solution concentration, the 

molar ligand/metal ratio, the synthesis time and temperature as well as type of solvent. In 

a second step, we demonstrated that ibuprofen or 5-FU could be included in the cavities 

of ZIF-8 via one-pot synthesis. 



2. Experimental 

2. 1. Preparation of ZIF-8 and encapsulation of drugs in ZIF-8 nanoparticles 

ZIF-8 materials were mostly prepared by sonochemical method, in which four parameters 

were studied including synthesis time, temperature, concentration of precursors, and type 

of solvents. In a typical synthesis, each precursor, 0.94 g of zinc nitrate hexahydrate 

(Zn(NO3)2.6H2O, 98%, Sigma-Aldrich) and 3.3 g of 2-methylimidazole (99%, Sigma-

Aldrich), was dissolved separately in a beaker containing 20 mL of methanol (MeOH) and 

stirred for 15 min until it was completely soluble. The two beakers were then placed in 

water bath (30 oC) of an ultrasound instrument (FB15047, Fisher Scientific, ultrasound 

frequency 37 kHz, power consumption total 90 W) for 5 min. The 2-methylimidazole ligand 

solution was then quickly added to the zinc nitrate solution and the ultrasound was turned 

on for 60 min. Noted that the molar ratio of MeOH/Zn after mixing the two solutions was 

333. The milky solution was centrifugated at 10,000 rpm (Centrifuge 5804, Eppendorf) 

and washed thrice with 40 mL of methanol (100%, VWR Chemicals) for each. After 

washing the ZIF-8 product was dried at 80 oC for 12 h. For comparison purpose, one 

sample was prepared by the same condition but using conventional stirring with a 

magnetic bar for 2 h at 30 oC,. Using methanol solvent, the synthesis time was varied for 

5, 10, 15, 25, 60, and 120 min while the volume of methanol used was also changed to 

40, 60, and 80 mL resulted in eventual MeOH/Zn = 666, 999, and 1332, respectively. In 

addition, the syntheses were performed in other solvents including water, ethanol, 1-

propanol, and DMF. Volume of 40 mL solvent was used to dissolve each precursor, Zinc 

nitrate or 2-methyl imidazole and the synthesis was carried out at 60 min.  

Encapsulation of Ibuprofen (IBU) or 5-Fluorouracil (5-FU) in ZIF-8 structure was 

performed by one-pot synthesis in which a given amount of drug (Ibuprofen 98%, Sigma-

Aldrich) or 5-Fluorouracil, 99%, Sigma-Aldrich) was added together with 2-

methylimidazole when preparing the solution of organic ligand. Molar ratio of drug per 

Zn2+ were 2.5 or 5% for IBU and 5% for 5-FU and the samples were denoted 2.5% 

IBU@ZIF-8, 5% IBU@ZIF-8, and 5% 5-FU@ZIF-8, respectively. 

2.2. Characterization of the materials 



X-ray diffraction (XRD) measurement was conducted using D8 Advance Diffractometer 

(Bruker AXS, Germany, CuKα radiation and a Ni filter). The patterns were recorded in 2θ 

range of 2 – 40o with an angular step size of 0.0105o and counting time per step was 1 s. 

Particle size and cell parameter were average values calculated for the first five peaks of 

XRD pattern, using equation (1) and (2), respectively. 

𝜏 =
଴.ଽఒ

ఉ௖௢௦ఏ
          (Eq. 1) 

𝑎 =  𝑑௛௞௟√ℎଶ + 𝑘ଶ + 𝑙ଶ (Cubic structure)     (Eq. 2) 

𝑑 =
ఒ

ଶ௦௜௡ఏ
         (Eq. 3) 

Where 𝜏 is mean size, λ is X-ray wave-length, β is the full width half maximum intensity 

(FWHM), and θ is the Bragg angle, hkl are Miller indices of planes. 

Morphology of ZIF-8 was analyzed by scanning electron microscope (SEM) and 

transmission electron microscope (TEM) using a Hitachi S2600N microscope (Hitachi, 

Japan) JEOL 1200 EX2 microscope (Hitachi, Japan), respectively. For TEM analysis, fine 

powder of materials was suspended in ethanol and the suspension was then dropped 

wise on a Cu grid and dried at 100 oC before doing the analyses. In both cases of SEM 

and TEM, the particle size distributions were determined by ImageJ software with data 

measured over 150 particles.  

Textural properties of ZIF-8 materials were determined by nitrogen adsorption and 

desorption at -196 oC using Micromeritics Tristar instrument. Prior to analysis, 50 mg of 

sample was degassed at 100 oC for 8 h. The specific surface area was calculated using 

BET model in relative pressure range of 0.01 – 0.1 p/p° while the pore volume and the 

external surface area were assessed using t-plot method.  

TGA Thermal gravimetric measurements were analyzed using a TA Instruments SDT 

Q600 Thermal Gravimetric Analyzer. Approximately 10 mg of the sample was used for 

each analysis. The experiment was performed in temperature range from 40 to 900oC 

with a ramping rate 10oC min-1 under 60 mL min-1 of N2. 

 



3. Results and Discussion 

The synthesis conditions of ZIF-8 were optimized based on the literature as there are still 

issues on the best conditions required producing high yields of ZIF-8 with optimum 

textural and morphological properties.[24,25] Even though the synthesis conditions could 

be modified upon the addition of drugs in the synthesis medium, we first focused on the 

synthesis of pure ZIF-8. We first assessed the influence of the experimental conditions, 

more precisely, stirring, reagents concentration, and reaction medium and time. In Figure 

1, the XRD patterns of synthesized ZIF-8 are compared in the case of magnetic and 

ultrasound stirring for two hours of reaction. 

 

Figure 1. XRD patterns of ZIF-8 nanoparticles prepared by (top) magnetic stirring, 

(bottom) ultrasound medium. 

The diffractograms look very similar, with a good accordance with former published XRD 

patterns for ZIF-8. [26] The morphology of the obtained nanoparticles is also very similar, 

as seen in Figure 2. The particle size is narrow in both cases, which suggest 

homogeneous reaction conditions. It can be deduced that, when possible, ultrasound 

method should be preferred, due to a shorter time of reaction. We therefore decided to 

only focus on ultrasound synthesis reactions optimization. 



 

Figure 2. SEM images of the materials prepared using (top) magnetic stirring, (bottom) 

ultrasound medium. (Right) Higher magnification of Figures 2a and 2c. 

Additionally, it must be noted that ZIF-8 can also be synthesized by mechanical 

synthesis.[27] However, ball milling induced irreversible trapping of iodine species which 

is not the topic of our study. Lee et al. prepared ZIF-8 by six different methods including 

solvothermal, microwave-assisted, sonochemical, mechanochemical, dry-gel and 

microfluidic method.[24] When comparing the catalytic activity of the ZIF-8 for the 

Knoevengel condensation reaction, they found that the catalysts prepared by dry-gel and 

sonochemical routes exhibited superior performance due to their significantly smaller 

particle sizes than those of other methods. However, the catalyst prepared by the 

sonochemical route in that study showed a particle size of 300 – 500 nm, which was 

probably not suitable for medicine applications. 

3.2. Synthesis time for ultrasound method 

Ultrasound syntheses were performed using different reaction duration, up to two hours. 

The obtained materials were characterized by powder X-ray diffraction. The results are 

presented in Figure 3. 
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Figure 3. XRD patterns of ZIF-8 nanoparticles prepared using different reaction times. 

It can be seen that after 5 minutes, ZIF-8 has already formed, as the usual XRD pattern 

of ZIF-8 is displayed.[26] Increasing the reaction duration leads to more intensive 

diffraction peaks but narrower full width half maximum (FMHW), suggesting larger particle 

size. However, we focused on a reaction time of 60 minutes due to a plateau in yield at 

this duration (~30%). Increasing the reaction time allows for the production of larger 

nanoparticles which are less suitable for drug release applications. Indeed, in Figure 4, 

the SEM pictures of the materials prepared with increasing reaction times are shown. 

Whereas the particle size averages 240 nm when the reaction time is set to 10 minutes, 

it increases up to 330 nm for 120 minutes of reaction duration (Figure 2d).  



 

Figure 4. Scanning Electron Microscopy of ZIF-8 nanoparticles prepared with different 

synthesis duration at increasing magnification from left to right. 

However, these sizes are still too large as compared to the optimal particle size for in vivo 

drug release, typically around 150 nm. We therefore studied the influence of the reagents 

dilution on the particle size distribution. In Figure 5a, we reported the XRD of the ZIF-8 

nanoparticles obtained using different dilutions ratios. 

3.3. Influence of dilution on the ZIF-8 particle size. 

Increasing the dilution, through the methanol/Zn molar ratio, leads to a decrease of the 

height of the diffraction peaks. Indeed, at low dilution (methanol/Zn = 333), the obtained 



diffractogram shows intense peaks, compared to higher dilutions. It would seem wise to 

choose this particular dilution; however, the yield increases when the dilution factor 

increases as shown in Figure 5b. 

  

 

Figure 5. (a) XRD patterns for ZIF-8 nanoparticles using different dilution ratios; (b) Yield 

versus reagents dilution factor. 

Electron microscopies reveal the occurrence of hexagonal or cubic-shaped nanoparticles 

differing in size, according to the dilution factor (Figure 6). 



 

Figure 6. (left) Scanning and (right) transmission electron microscopy of ZIF-8 

nanoparticles for different dilution ratios. (a) Dilution ratio = 333; (b) Dilution ratio = 666; 

(c) Dilution ratio = 999; (d) Dilution ratio = 1332. 



This trend was confirmed by plotting the average particle size obtained using the Sherrer 

equation on the XRD patterns of Figure 5 versus the dilution ratio (Figure 7). These 

consistent results confirm the influence of dilution to provide small ZIF-8 nanoparticles. 

 

Figure 7. Average particle size obtained using the Scherrer equation applied on Figure 5 

versus the dilution factor. 

Additionally, we performed nitrogen adsorption on these materials to reveal the 

differences in terms of textural properties. As the particle size is modified, it can be 

expected to notice differences in terms of external surface extent and interparticular 

porosity. The corresponding sorption isotherms are presented in Figure 8. They exhibit a 

similar shape, typically, a type I sorption isotherm, attributed to microporous materials, as 

usually found for ZIF-8 materials. The specific surface areas, derived using the t-plot 

method yielded similar results confirming that the size of the nanoparticles had little 

influence on the specific surface area (between 1680 and 1780 m2.g-1). It can be deduced 

that most the surface is located in the microporosity of the materials, rather than 

developed in the external surface, despite the fact that the particles are in the nanoscale 

range. 

A difference can be noticed between these sorption isotherms, which concerns the high 

relative pressure range. As the dilution factor increases, a hysteresis loop develops and 

become very large for the highest dilution factor used (methanol/Zn ratio = 1332). 
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Figure 8. Sorption isotherms of nitrogen performed at 77K on the ZIF-8 materials 

prepared with different dilution factors. 

3.4. Solvent nature influence 

In our study, we first decided to use pure methanol as solvent as some authors proved it 

appropriate. [28] Even being investigated longer than one decade, the synthesis of ZIF-8 

is still interesting due to the influence of various parameters on the properties of the final 

products. Recently, Malekmohammadi et al. studied the impact of the solvent and 

ligand/metal molar ratio on the final characteristics of the synthesized ZIF-8 structures 

using conventional synthesis protocols at either room temperature or 130oC.[29] They 

stated that methanol solvent easily resulted in pure phase of ZIF-8 while mixture of 

MeOH/water led to pure structure of ZIF-8 only at room temperature and ligand/metal 

molar ratio of 4. 

Zhang et al. followed four protocols reported from recent literature to obtained four 

samples of ZIF-8 with different crystallinity and studied their stability in water at room 

temperature.[30] They found that all samples were not stable, got dissolved in water to 



form zinc and imidazolate ions. The residual solid collected by filtration remained as ZIF-

8 but the ones recovered by evaporation at 40°C forms 

a new phase of a crystalline structure with a dense, 

leaf-like morphology. 

Using our optimized parameters, we varied the nature 

of solvent to confirm these results. Our results are 

presented in Figure 9. They are in line with the results 

published by Bustamante et al.[28] Aliphatic alcohols 

allows the formation of ZIF-8 nanoparticles as can be 

seen by XRD, SEM and further confirmed by nitrogen 

adsorption. Indeed, the XRD patterns exhibit the 

peaks usually observed for this material whereas type 

I sorption isotherms are found in these three cases. In 

the case of DMF, the peaks observed in the XRD 

pattern are broadened and they are not very intense. 

The nitrogen amount adsorbed at saturation is rather 

poor which suggests that the porosity of the material 

prepared using DMF as solvent is disrupted. In 

contrast, when water is used under the same 

synthesis conditions, the ZIF-8 phase is not obtained 

at all. 

3.5. Drugs encapsulation in ZIF-8 nanoparticles. 

Kaur et al. used one-pot synthesis to trap 6-

mercaptopurine into cages of ZIF-8 prepared by 

conventional stirring for 5 min in the presence of 

DMSO.[31] They found that the presence of drug 6-

mercaptopurine resulted in an increase of particle 

size compared to the bare ZIF-8 (200 nm vs 80 nm). 

In addition, they also reported the presence of 

Figure 9. (a) XRD patterns of ZIF-8 

prepared in different solvents, (b) 

Nitrogen sorption isotherms, (c) SEM 

images of ZIF-8 prepared in a) water, 

b) Ethanol, c) 1-Propanol, and d) 

DMF. 



unknown impurity phase identified from XRD patterns. 

Zheng et al. used a one-pot synthesis to encapsulate the anticancer drug doxorubicin 

(DOX) using the conventional stirring method with H2O as solvent which is questioning, 

according to our findings on the difficulty to prepare ZIF-8 using water as solvent.[17] 

Although they did not mention about any impurity, the XRD patterns were close to the 

one reported by Kaur et al.[31] They also found that the presence of drug DOX led to an 

increase of the particle size compared to pristine ZIF-8 (100 ±30  230 ±150 nm). Other 

recent works related the use of ZIF-8 as carrier for drug delivery. For instance, Liedana 

successfully encapsulated caffeine in ZIF-8 nanoparticles, with loadings as high as 35 wt 

%. [32] It can be thought that a part of such a high amount is located on the external 

surface of ZIF-8 nanoparticles as crystalline clusters of drug. In our case, we focused on 

small amounts loaded, up to 5 mol %, to avoid any side crystalline formation of drugs in 

the synthesis medium. In Figure 10, the thermal analyses of the different materials are 

presented. 

 

Figure10. Thermal analyses of the different materials performed under nitrogen; (left) full 

TGA curves, (right) inset at low temperature. 

When focusing on the pure drugs, the weight losses observed are consistent with the 

Ibuprofen vaporizing temperature, 157°C and the 5-FU decomposition temperature which 

is 283°C. When comparing the TGA traces drugs@ZIF-8 nanoparticles with that obtained 

with pure ZIF-8, different traces are observed. This is the confirmation that drugs are 
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included in ZIF-8. 5-Fluorouracil being hydrophilic, a water loss can be observed up to 

150°C. This can be better observed in Figure 10 right, where an inset of Figure 10 left is 

displayed. This weight loss does not exist in the case of pure ZIF-8, known to be 

hydrophobic, but also in the case of ibuprofen@ZIF-8, as ibuprofen is also known to be 

hydrophobic. The presence of drugs in the ZIF-8 cavities can also be deduced from the 

weight losses observed at higher temperatures. In the case of 5-FU, a clear sub-step can 

be distinguished between 400 and 45°C. Its extent is ~3.5 wt %, which is consistent with 

the nominal insertion of 5 mol% of 5-FU in the material. Comparing pure 5-FU with the 

encapsulated 5-FU in terms of stability, it can be noticed that the encapsulation plays a 

stabilizing role towards the decomposition of the encapsulated species. Indeed, the 

decomposition commences at 100°C higher in the case of 5-FU@ZIF-8 nanoparticles. 

Focusing on ibuprofen@ZIF-8 nanoparticles, it can be noted that the trace is very close 

to that of pure ZIF-8 at low temperature (below 200°C). At higher temperature, 

ibuprofen@ZIF-8 is more stable, likely due to the reciprocal stabilization between 

ibuprofen and ZIF-8 which could originate from the pi-stacking between host and guest 

species. It has been shown in other systems.[33] The ibuprofen weight loss is more 

complex to define. By comparison with the trace obtained with pure ZIF-8, it can be 

deduced that it happens between 250°C and 300°C, that is where the traces are not 

parallel, suggesting the occurrence of different decomposition processes. 

In Figure 11, the XRD patterns of the materials prepared including ibuprofen and 5-FU 

drugs in the synthesis medium are shown. When comparing with the XRD pattern 

obtained with pure ZIF-8, similar patterns were obtained in the case of drugs@ZIF-8. The 

same number of peaks were obtained and the relative peaks intensities are also identical. 

The only difference is the cell parameter which has increased when drugs were included 

in the ZIF-8 structure. More precisely, the cell parameter varied from a = 16.981 Å up to 

a = 16.992 Å when 2.5 mol % ibuprofen was included in the structure of ZIF-8.  



5 10 15 20 25 30 35 40

a = 16.995

a = 16.998

a = 16.992

5% 5-FU@ZIF-8

5% IBU@ZIF-8

 

 

2.5% IBU@ZIF-8

In
te

ns
ity

 / 
a.

u.

2 / Degree

ZIF-8
Cell parameter a = 16.981

 

Figure 11. XRD patterns of ZIF-8 and drugs@ZIF-8 materials. 

This suggests that to accommodate guests in its cavity, ZIF-8 suffered a slight 

enlargement of its cell dimensions. Increasing the proportion of drugs, up to 5 mol %, the 

cell parameters are further increased up to 16.998 Å which is consistent with our former 

findings. Additionally, no extra peaks can be evidenced in the XRD patterns, confirming 



that the drugs were introduced as molecular entities, rather than agglomerated in the 

cavities but also on the external surface of ZIF-8. [34] 

The influence of the 

encapsulation of drugs in ZIF-6 

can be also seen by electron 

microscopies. In Figure 12, we 

gathered the obtained pictures 

corresponding to the different 

materials. It can be noted that 

the inclusions of drugs lead to 

very homogeneous hexagonal-

shaped nano-particles. 

Interestingly, the mean particle 

size increased, compared to 

pure ZIF-8 nanoparticles. This is 

in good accordance with former 

studies. [17,31] Additionally, 

increasing the amount of 

ibuprofen in ZIF-8 nanoparticles 

increased the particle size of the 

corresponding material. 

Another evidence of the 

inclusion of drugs in ZIF-8 nanoparticles can be discussed, based on the nitrogen sorption 

isotherms. They have been plotted in Figure 13. As the amount of drugs encapsulated is 

moderate, their influence is rather on the sorption isotherms. It can be noted that these 

sorption isotherms belong to the type I, which indicates that the microporosity of the 

original ZIF-8 material is preserved to a large extent. The specific surface area of the 

different materials are reported in Table 1. A clear decrease can be noticed and it can be 

related to the amount of drug encapsulated in the materials. Indeed, the specific surface 

areas are reported as per gram of material which includes the weight of drug. The 

Figure 12. Electron microscopies for the 

drugs@ZIF-8 nanoparticles (left) SEM; (right) TEM. 



difference between the specific surface area of pure ZIF-8 and 5% ibuprofen@ZIF-8 is 

close to 5% which corresponds to the weight of ibuprofen introduced. It can therefore be 

concluded that ibuprofen and 5-FU could be encapsulated in ZIF-8 nanoparticles, while 

preserving the microporosity, accessible to other processes, such as solvents, or 

simulated body fluids. 
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Figure 13. Nitrogen sorption isotherms performed on the drugs@ZIF-8 nanoparticles. 

Table 1. Textural properties of the drugs@ZIF-8 materials 

Material SBET / m2 g-1 Vmicro / cm3 g-1 Vtotal / cm3 g-1 
ZIF-8 1832 0.654 0.839 
2.5% IBU@ZIF-8 1754 0.638 0.727 
5% IBU@ZIF-8 1708 0.669 0.670 
5% IBU@ZIF-8 1743 0.667 0.676 

 

4. Conclusion. 

In this study, we first assessed the synthesis of ZIF-8 nanoparticles by evaluating the 

influence of key parameters, such as stirring, reaction time, solvent or dilution. It was 

shown that using ultrasound, the reaction time was highly reduced while preserving the 



structural and textural properties of ZIF-8 nanoparticles. It was also shown that adjusting 

the dilution ratio could be a simple way of reducing the mean particle size, which is 

essential for in vivo applications. Using the optimized parameters defined in this paper, 

we achieved the one-pot synthesis of ibuprofen@ZIF-8 and 5-FU@ZIF-8 nanoparticles. 

We ensured that adding the drugs to the reaction medium did not deny our former 

conclusions. Even though the particle size was enlarged when including the drugs, the 

nanoparticles thus prepared are in the nanosize domain. We are currently performing 

drug release in water and simulated body fluids with the same materials, before moving 

to other pharmaceuticals of interest. 
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