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 Abstract. This research is intended to synthesize Sn-ZIF-8 
with an environmentally friendly hydrothermal method by 
exploring the potential of the utilization of aqueous solvents 
as the main solvent.  Sn-ZIF-8 material has been successfully 
synthesized with water solvent at room temperature and has 
been characterized using XRD, FTIR, and SEM 
instrumentation to determine the extent of synthesis 
success. In this study, the use of Sn doping varied from 5, 
10, and 15%, while MeIM, NH4OH, and water precursors were 
kept constant. Instrumentation observations showed the 
XRD patterns of Sn-ZIF-8 compounds for percentages of 5, 
10, and 15% of Sn2+ displayed specific peaks of ZIF-8 at 2θ 
= 7.24°, 10.28°, 12.62°, 16.34°, and 17.92°. Meanwhile, the 
FTIR spectra of all synthesized solids presented the same 
functional group absorption peaks as the simulated ZIF-8 
solids. SEM observation revealed a regular crystal shape of 
Sn-ZIF-8 without any contaminant on its surface. The 
characterization results show no change in the basic structure 
and the addition of other structures from ZIF-8. The 
implication of this finding can be utilized as a reference 
source for synthesizing inorganic materials using eco-friendly 
stages without affecting the synthesized product. 
Keywords: Sn-ZIF-8, water solvent, eco-friendly, 
hydrothermal  

   

 
 

Introduction  

ZIF-8 comprises a Zn2+ metal cation coordinated with an organic 2-methylimidazole 

linker (Etxeberria, et al., 2020). There are numerous ways to prepare ZIF-8, all of which 

may impact its surface characteristics (Kenyotha, et al., 2020). Solvothermal and 

hydrothermal mainly were employed because they were straightforward and typically 

provided a large surface area (Lee, et al., 2015). In the solvothermal method, the solvents 

used are organic solvents such as methanol, N, N-dimethylformamide (DMF), N-methyl 

pyrrolidine, and N, N-diethyl formamide. However, the organic solvent is difficult to remove 

from the ZIF-8 pores. Whereas in the hydrothermal method, the solvent used is water. In 

recent years, the synthesis of ZIF-8 using aqueous solvents has attracted interest and has 

become an alternative approach. Using water as a solvent to dissolve precursors is 
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considered more practical. Water is a common solvent that is abundant, economical, and 

environmentally friendly (Kenyotha, et al., 2020). General organic compounds for 

solvothermal N, N-dimethylformamide (DMF), N-methyl pyrrolidine, and N-

diethylformamide are employed solvents. Methanol was used instead since the organic 

solvents were challenging to get out of the pores of ZIF-8, a more often used solvent for 

producing ZIF-8 (Kida, et al., 2013).  

The solvothermal approach can give ZIF-8 the desired qualities, but using too much 

organic solvent has drawbacks because it is expensive, combustible, poisonous, and bad 

for the environment. The green synthesis approach is therefore required to solve this issue. 

The synthesis of ZIF-8 using an aqueous solution has attracted interest recently and has 

developed into a different strategy known as the "water-based synthesis method." It can 

expressly refer to a synthesis process carried out in the water that was boiled above its 

normal boiling point and at autogenous pressure as a hydrothermal approach. The 2-

methylimidazole (MeIM) can be further coordinated with Zn2+ to generate a compound 

after being deprotonated by an aqueous solvent (water) in the water-based synthesis 

process (Hu, et al., 2018). Finally, we speculate that the new ZIF-8 might have a sort of 

"eco-label" thanks to its more environmentally friendly synthesis (García, et al., 2020).The 

synthesis of ZIF-8 with water solvent has a relatively large molar ratio of Zn2+ metal and 

imidazole ligand (1:70), so a method is needed to reduce the molar ratio of Zn2+ metal and 

imidazole ligand. Adding several basic amine compounds can act as deprotonating agents 

for organic ligands, reducing the use of organic ligands in the synthesis of ZIF-8. The amine 

base used is ammonium hydroxide (NH4OH), which functions as a deprotonating agent with 

a low molar ratio of Zn2+:MeIM (1:2) (García, et al., 2020).  

ZIF-8 can be modified by adding metal ions (Doping) to improve performance. Doping 

is a synthetic process that is carried out by mixing the precursors used in a certain 

composition ratio to improve the performance of ZIF-8. The addition of Sn doping in this 

synthesis is not to replace all of Zn2+ ions with Sn2+, but Sn2+ ions will replace some Zn2+ 

ions in the ZIF-8 structure, thus damage or changes in the ZIF-8 structure caused by the 

presence of Sn metal ions can be avoided. Sn metal has a d10 electron configuration, where 

the structural and physicochemical properties d10 are interesting and important because its 

applications can be developed in nanotechnology and catalyst materials compared to Zn. 

Zn2+ is an example of a divalent d-block transition metal with a d10 electron configuration. 

A special property of d transition metals is their ability to form complexes with ligands, 

both anions and neutral molecules, which can act as free electron donor (Tanaka and 

Miyashita, 2017).  

Based on these principles, this research aims to synthesize Sn-ZIF-8 using water as a 

solvent, and the overall synthesis stage was carried out at room temperature. The 

utilization of the mechanism is considered an eco-friendly method. Furthermore, as a 

deprotonating agent, the addition of NH4OH is carried out at the synthesis stage. The 

advantage of this research is to explore the effect of Sn metal addition in the synthesis of 

ZIF-8 on its structure through the green synthesis method.  Besides a contribution to the 

environment, the use of this method is considered effective in increasing the adsorption 

capacity and catalytic activity of the material, as previously Reported by (Yang, et. al, 

2014).  

 

Methods  

The materials utilized for the synthesis of Sn-ZIF-8 were ammonium hydroxide, zinc 

nitrate, 2-methylimidazole, tin (II) chloride obtained from Merck-Germany, while distilled 

water was produced in the laboratory using a water rain distiller (Iwaki). Instrumentation 

analysis was conducted to confirm the formation of ZIF-8, Zn-ZIF-8, and Sn-ZIF-8, the 

instrumentation used were X-ray diffraction (Shimadzu XD 610), Fourier-transform infrared 
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spectroscopy (IRXross-Shimadzu), and morphological analysis using a scanning electron 

microscope (JEOL JSM-6510LA). 

Zeolitic Imidazole Framework-8 doped with Sn metal ions was synthesized by 

hydrothermal and adding ammonium hydroxide and a metal/ligand ratio (Sn2+/MeIM) of 

1:4 at room temperature using a modified method. Sn-ZIF-8 was synthesized by dissolving 

Zink Nitrate and tin (II) chloride in 9.0 mL of distilled water and 0.986 g of MeIM dissolved 

in 6.3 mL of NH4OH. The compositions of mixing each precursor are shown in Table 1. The 

combination of zinc nitrate with SnCl2 is intended to encourage competition between Zn2+ 

and Sn2+ in their interaction with the MeIM ligand. Meanwhile, the dissolution of MeIM in 

NH4OH and water was meant to deprotonate MeIM, hence the reaction between the ligand 

and metal ions (Grimmett, 1997) as shown in Figure 1. The amount of SnCl2 added was 5, 

10 and 15% of the amount of Zn(NO3)2.6H2O precursor used. Each solution was stirred to 

obtain a homogeneous solution. Then, the two solutions were mixed and stirred with a 

magnetic stirrer for 10 minutes at room temperature. The application of room temperature 

conditions is performed with the consideration that the ZIF-8 formation reaction can 

proceed under these circumstances, these results are in accordance with previous reports 

by (Bustamante, Fernández and Zamaro, 2014). The precipitate formed was then decanted 

and washed with distilled water for 72 hours each to dissolve the remaining ammonium 

hydroxide.  

Table 1. The precursor quantities used in Synthesis of Sn-ZIF-8 
Codes SnCl2 

(%) 

Zn(NO3)2 .6H2O 

(g) 

MeIM 

(g) 

SnCl2 

(g) 

NH4OH 

(mL) 

Water 

(mL) 

Z1 5 0.8478 0.986 0,0446 6.3 9.0 

Z2 10 0,8032 0.986 0,0892 6.3 9.0 

Z3 15 0,7586 0.986 0,1338 6.3 9.0 

 

 
 

Figure 1. Reaction mechanism of Sn-ZIF-8 formation in aqueous solvent 
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The precipitate was dried under vacuum at 90°C for 4 hours and then dried in an 

oven at 100°C for 6 hours. The solids obtained are denoted according to the amount of Sn 

added in the synthesis, namely Sn-ZIF-8 (5%), Sn-ZIF-8 (10%), and Sn-ZIF-8 (15%). The 

overall scheme of work for this research is shown in Figure 2. 

 

 

 
Figure 2. Overall research schematic work steps 

 

XRD characterized the obtained Sn-ZIF-8 samples. ± 0.5 gram of Sn-ZIF-8 was 

taken and placed in the sample holder. The sample was then irradiated with a Cu Kα light 

source (λ = 1.54056 Å) at 40 kV and 30 mA with a 2θ scale of 5 – 40° and a scan speed 

of 0.020°/sec. The data obtained are d spacing, 2θ, and the intensity of the diffraction 

peaks from the sample. After the characterization data is obtained, the data is matched 

with the reference data. A functional group analysis of Sn-ZIF-8 was conducted using FTIR. 

The Sn-ZIF-8 sample was mixed in KBr with a sample ratio of KBr = 1: 99. The sample 

and KBr were mixed and pounded with agate mortar and then molded into pellets by 

compressing using hydraulic pressure. The formed pellet is placed in a sample holder, and 

the spectra are recorded in the wave number region 4000 – 400 cm-1 with a spectral 

separation of 4 cm-1. 

  

Results and Discussion  

 

Synthesized processes and products  

 

Sn-ZIF-8 material was synthesized with the precursor zinc nitrate hexahydrate 

(Zn(NO3)2.6H2O) as a metal Zn2+ source, 2-methylimidazole (MeIm) as an organic ligand 

source, and SnCl2 as a metal ion doping. The synthesis of Sn-ZIF-8 was started by 

dissolving Zn(NO3)2.6H2O with SnCl2 in water as a solvent. SnCl2 variations used were (5, 

10, and 15%). Mixing Zn(NO3)2.6H2O with SnCl2 aims to create competition between Zn2+ 

and Sn2+ in their interactions with MeIm ligands. This mixing produces a colorless solution. 

Then, 2-methylimidazole is dissolved in NH4OH to produce a colorless solution elsewhere. 

The mixing aims to cause deprotonation of MeIm. Next, the two solutions were mixed and 

stirred with a magnetic stirrer for 10 minutes at room temperature to produce a 

homogeneous mixture and a cloudy white solution, indicating a reaction between the 

protonated ligand and the metal ions. The stirred solution is allowed to stand until it 

produces a precipitate. ZIF-8 crystallizes quickly at room temperature, and this process is 

anticipated to continue as the solid product is recovered via centrifugation. During the 

crystallization process, fast nucleation and slow crystal development are necessary to 

manufacture nano sized ZIF-8 (García, et al., 2020).  
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 The resulting precipitate is then decanted so that it is separated from the first 

filtrate. After the decantation process, the solids obtained were washed. Washing was 

carried out by immersing the solids in water and leaving them for 72 hours, with the water 

changing every 24 hours (Fajri, et al., 2021). The washing process aims to remove the 

residual ammonium hydroxide trapped in the ZIF-8 framework, doped with Sn metal. After 

washing with water, the solids were dried using an oven at 90°C for 4 hours. Drying aims 

to increase the porosity of the synthesized solids by removing residual solvents that are 

still trapped in the pores of the solids. After that, the solid was dried again using an oven 

at 100°C for 6 hours. After drying, the Sn-ZIF-8 solid changes color from cloudy white to 

light yellow. Even with varying levels of Sn metal addition, there is no discernible difference 

in the color and texture of the Sn-ZIF-8 material formed. The uniformity of color and 

texture across a range of Sn concentrations indicates that the ZIF-8 lattice is not 

considerably disrupted by Sn inclusion (Sayed, Soliman and Abdelhamid, 2024). The light 

yellow solid produced is the result of the reaction of Zn2+ and/or Sn2+ metals with MeIm 

ligands (Park, et al., 2006).  

Drying is carried out at 100°C because this temperature is the boiling point of water 

solvent and can produce high crystallinity. Sn-ZIF-8 solid, after drying, changed color from 

cloudy white to light yellow. The resulting light yellow solid is the product of the reaction 

of Zn2+ and Sn2+ metals with MeIm ligands (Parkash, 2020). The mass of Sn-ZIF-8 solids 

that have been synthesized with water solvents has decreased along with the increase in 

the number of Sn metal ions added. The resulting decrease in mass (as shown in Figure 3) 

is probably caused by the lower reactivity of Sn2+ metal compared to Zn2+ thus the reaction 

occurred between MeIm ligand with Sn2+ is fewer than with Zn2+ (Kotz, et al., 2010). The 

addition of metal ions in ZIF-8 crystals may slow down the formation of precipitates during 

synthesis. Moreover, the addition of excessive metal ions in the synthesis of ZIF-8 could 

damage the structure of ZIF-8. Even when doped with metals like Sn, the ZIF-8 structure 

is guaranteed to remain intact thanks to the synthesis techniques used, which include 

solvothermal and hydrothermal procedures (Pan, et al., 2023).  

 

 
Figure 3. Graph of solid mass versus percentage of Sn2+ metal doping 

 

X-ray diffraction analysis 

X-ray diffraction characterization was conducted to determine the crystallinity, 

structure, and purity level of the synthesized Sn-ZIF-8 solids. The synthesized Sn-ZIF-8 

(5, 10, and 15%) solid diffractogram was compared with the ZIF-8 reference diffractogram 

Mohammadi and Nakhaei synthesized (2023). As shown in the Figure 4, the solid X-ray 
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diffraction patterns synthesized by 5% Sn-ZIF-8 showed characteristic peaks at 2θ = 7.24°, 

10.28°, 12.62°, 16.34° and 17.92°. This is in accordance with the reference diffractogram 

(Mohammadi & Nakhaei, 2023).  which has characteristic peaks at 2θ = 7.2o, 10.3o, 12.5o, 

16.4o and 18.0o. This indicates that Sn-ZIF-8 has been successfully synthesized. All Sn-

ZIF-8 (10 and 15%) diffractograms also showed characteristic peaks that were not much 

different from the reference. The diffractogram of Sn-ZIF-8 with Sn2+ doping variations 

showed no new peaks. This indicates that Sn2+ has succeeded in replacing a small part of 

Zn2+ in ZIF-8 and does not affect the structure of ZIF-8 (Schejn, 2015). 

The crystallinity of each solid produced can be seen from the peak intensity level 

shown, especially the intensity at 7° peak. At 2θ of 7°, the highest intensity is owned by 

Sn-ZIF-8 5% at 2θ = 7.24°. Whereas in Sn-ZIF-8 (10 and 15%), the peak intensity is at 

2θ = 7.20° and 7.22°, it is assumed that ZIF-8 synthesized with the addition of Sn metal 

has the highest degree of crystallinity (Wang, et al., 2020). This indicates that the addition 

of Sn2+ metal can replace a small portion of Zn2+ (Yuliantika, 2016). Doping Sn metal ions 

in the synthesis does not change the framework structure of ZIF-8 itself. Instead, there is 

only a change in peak intensity represented by the XRD diffractogram. The difference in 

peak intensity indicates that there are different levels of crystallinity. The crystallinity 

increases as the amount of Sn metal added increases.  

 

 
Figure 4. Diffractogram of Sn-ZIF-8 

 

 

FTIR analysis was conducted to identify the functional groups present in the 

synthesized solids. Characterization processes were conducted in the wavelength range 

between 400-4000 cm-1. Based on research that has been reported by Mohammadi and 

Nakhaei., (2023), the ZIF-8 spectra has a characteristic peak or absorption at wave number 

422, 760, 997, 1146, 1586; 1682, 2930, and 3130 cm-1.  

Figure 5, illustrates that the sharp absorption band in the region of wave number 421 

cm-1 indicates a Zn-N stretching vibration, which indicates that in the ZIF-8 sample, a bond 

is formed between zinc and nitrogen, which originates from the reaction of zinc nitrate and 

2-methylimidazole ligand. The peak at 600 cm-1 signifies the presence of Sn-O bonds, 

which is important in confirming that Sn was successfully incorporated into the ZIF-8 

framework. This addition of tin metal has the potential to enhance the catalytic activity of 
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Sn-ZIF-8 materials, given the role of tin in various catalytic reactions, including in organic 

oxidation and degradation reactions (Ahmad, et al., 2024). The region of wave numbers 

994 cm-1 and 1145 cm-1 indicates the presence of C-N stretching vibrations. Besides that, 

stretching C=N appears in the wave number region of 1580 cm-1. Furthermore, in the wave 

number area around 1682 cm-1. It shows a C=C stretching vibration. Moreover, wave 

number 2930 cm-1 indicates the presence of C-H sp3 bonds, and wave number 3130 cm-1 

indicates the presence of C-H sp2 bonds (Pangastuti, et al., 2015).  

 

 

 
Figure 5. FTIR Spectra of ZIF-8 Synthezed 

 

FTIR results of 5% synthesized Sn-ZIF-8 showed no new absorption peaks in the FTIR 

spectra. Overall, the FTIR analysis results showed the functional groups' suitability in the 

synthesized 5% Sn-ZIF-8 solid material without new absorption bands. Adding Sn2+ to ZIF-

8 causes a slight shift or decrease in peak intensity at several wave numbers. However, 

this did not affect the appearance of the absorption band from the synthesized functional 

group (Fajri, et al., 2022). This strengthens the results of the XRD characterization, 

namely, Sn metal doping using the hydrothermal method on ZIF-8 has been successful and 

does not damage the structure of ZIF-8. Overall, this FTIR analysis provides evidence that 

the Sn-ZIF-8 material has a stable structure, with appropriate modification through tin 

addition. These FTIR spectra provide important insights into the interactions between tin 

and imidazole groups in the ZIF-8 framework, as well as showing that the material has 

potential for applications in various fields (Sarwar,  et al., 2023).  

 

Surface Morphology 

SEM analysis was performed to determine the surface morphology of the 

synthesized Sn-ZIF-8 material. An essential method for examining the microstructure of 

Sn-ZIF-8, a metal-organic framework (MOF) with special characteristics, is scanning 

electron microscopy (Talukder, et al., 2024). SEM is appropriate for researching the 

morphology and composition of ZIF-8 materials because it offers high-resolution pictures 

and enables elemental analysis The surface morphology of the synthesized Sn-ZIF-8 

samples with different magnifications is shown in Figure 6. Based on the picture, it shows 

that Sn-ZIF-8 has a regular structure, and there are no small particles attached. These 

box-shaped crystals are similar to crystals that have sodalite topology type with 
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micrometer size (Yang, et al., 2014). Figure 7 (a) (b) Illustrations that, and it also made 

the Sn-ZIF-8’s diameter size more uniform (Mustaqim, et al., 2018). Because of its large 

specific surface area and porosity, ZIF-8 has a strong framework that enables it to hold 

various metal ions without undergoing appreciable structural alterations (Li,  et al., 2024).  

 
 

  

  
 
Figure 6. SEM of Sn-ZIF-8 at 6000× (a), 10000× (b), 15000×  (c) and 20000× (d) 

magnification. 

 
 

Conclusion  

 

The synthesis of Sn-ZIF-8 material using an eco-friendly method has been 

successfully synthesized. This is shown through several stages of XRD and FTIR 

characterization that have been performed. The characterization results show no change 

in the basic structure and the addition of other structures from ZIF-8. The implication of 

this finding can be utilized as a reference source for synthesizing inorganic materials using 

eco-friendly stages without affecting the synthesized product. 
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