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Abstract 

A two-dimensional zeolitic imidazolate framework with a leaf-like structure (ZIF-L) was synthesized in aqueous solution at 

room temperature with a molar ratio of Zn+2/Hmim (1: 8). Various triethylamine (TEA) concentrations were also used for the 

rapid production of ZIF-L. Different characterization techniques like X-ray diffraction (XRD), field emission scanning electron 

microscopy (FESEM), transmission electron microscopy (TEM) and thermogravimetric analysis (TGA) were performed to 

investigate the effect of base type additive triethylamine (TEA) on the crystal morphology, crystallinity, particle size and thermal 

stability of ZIF-L particles. From the experimental results, it was found that ZIF-L with a particle size of 5.3 μm was formed at 

TEA/total mole ratio of 0, but particle size was decreased when TEA/total mole ratio was increased up to 0.0003. The smallest 

ZIF-L particles obtained were 3 μm that showed excellent thermal stability. It can be concluded that this promising synthesis 

method with base-type additive would provide the new insights in the development of ZIFs materials in economical ways. 
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Abstrak 

Kerangka imidazolat zeolitik dua dimensi dengan struktur seperti daun (ZIF-L) telah disintesis dalam larutan akueus pada suhu 

bilik. Trietilamina (TEA) pelbagai kepekatan juga digunakan untuk penghasilan cepat ZIF-L. Teknik-teknik pencirian yang 

berbeza seperti pembelauan sinar-X (XRD), mikroskop imbasan elektron pancaran medan (FESEM), mikroskop transmisi 

elektron (TEM) dan analisis termogravimetri (TGA) telah dijalankan untuk menyiasat kesan jenis asas tambahan trietilamina 

(TEA) pada morfologi kristal, penghabluran, saiz zarah dan kestabilan haba zarah ZIF-L. Daripada keputusan eksperimen, ianya 

didapati bahawa ZIF-L dengan saiz zarah 5.3 μm terbentuk pada nisbah molekul TEA/jumlah 0, tetapi saiz zarah berkurangan 

apabila nisbah TEA/jumlah mol meningkat sehingga 0.0003. Partikel ZIF-L yang terkecil diperoleh adalah 3 μm yang 

menunjukkan kestabilan terma yang sangat baik. Sebagai kesimpulan, kaedah sintesis cepat ini berpotensi dengan bahan 

tambahan jenis asas akan memberikan gambaran baru dalam pembangunan bahan ZIF lebih ekonomik.  

  

Kata kunci:  kerangka imidazolat zeolitik, struktur seperti daun, asas-jenis bahan tambahan, pencirian, saiz zarah 
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Introduction 

Zeolitic imidazolate frameworks (ZIFs), a sub class of metal-organic frameworks (MOFs) have created great 

research interest due to their unique advantages for a variety of applications such as gas storage [1], gas separation, 

and adsorption [2], catalysis [3], and chemical sensing [4]. They have permanent zeolitic porous structure with 

uniform microporosity, tunable crystal surface and having exhibit excellent thermal and chemical stability [5]. ZIFs 

are made up of tetrahedral metal ions (Zn or Co) bridged by 2-methyl imidazole (Hmim) as an organic linker and 

possess highly order porous structure [6]. ZIFs can be produced using various processes such as the solvothermal, 

the microwave assisted solvothermal and aqueous room temperature synthesis process [7].  

 

Commonly solvothermal process and microwave-assisted solvothermal process are used to synthesize ZIFs as they 

produce better yield and smaller particle size [8-10]. A large variety of ZIFs with different crystal structure such as 

ZIF-21, ZIF-62, ZIF-11, ZIF-100, ZIF-95, ZIF-75 had been typically synthesized in organic solvents such as 

methanol (CH3OH), diethylformamide (DMF) and diethylformamide (DEF) [1, 11]. Nevertheless, high-energy 

demand, time consumption, and expensive and pollutant organic solvents limit the utilization of these processes 

[12]. Therefore, cost effective and environmentally friendly synthesis approach for ZIFs is crucial and major 

challenge for researchers. To overcome the issues, an aqueous room temperature synthesis process has been 

explored. 

 

Aqueous room temperature synthesis method had improved product yield with much shorter time compared to the 

synthesis processes developed in organic media. In addition, the product showed excellent thermal and chemical 

stabilities, and improved hydrothermal stability [8, 12]. The advantages of aqueous room temperature synthesis 

process such as low energy consumption, smaller particle size, shorter reaction time and higher yield have been 

successfully highlighted by various researchers [1, 2, 5, 7, 12-14].  Chen et al. [1], Low et al. [2], Zhong et al. [14] 

and Yao et al. [13] had successfully synthesized ZIF-L with a unique cushion-shaped cavity and leaf like structure 

from zinc nitrate hexahydrate and Hmim in deionized water at room temperature. They identified that molar ratio of 

Zn
+2

/Hmim was the key synthesis parameter to produce leak like structure of ZIF. Although, they have produced 

leaf- like structure but particles size was bigger and longer time for synthesis was required.  

 

Controlling crystal growth and morphology of synthesized ZIFs is also another important and research feature for 

large-scale productions. It is easy to fabricate thin mixed matrix membrane with smaller particle size and 

subsequently high adsorption capacity was achieved due to smaller pores [2]. Crystal growth is highly dependent on 

ligand to metal ratio as excess amount of ligand could limit the linkage with metal ions, subsequently reduce the 

yield [8, 12]. The amount of organic ligand can be significantly reduced by the addition of modulating agent (base-

type additive) in the ZIF synthesis solution that can ease the ligand-metal interaction [11, 15, 16]. Subsequently, it 

gives rapid interaction between metal ion and ligand and produce smaller crystals in shorter time with low metal to 

ligand ratio. Among base type additives, triethylamine (TEA) has shown excellent compatibility with various 

organic ligands [7, 13, 17]. ZIF-8 nanoparticles were previously produced using TEA as a deprotonation agent at a 

relatively low ratio of Zn
+2

/Hmim (1:16) [7]. To the best of our knowledge, no research has been reported to use 

TEA as an additive during synthesis of ZIF-L to reduce particle size, shorter synthesis time with lower cost and 

develop green synthesis process. Hence, the present work investigates the synthesis of ZIF-L at aqueous room 

temperature with various concentrations of TEA in the synthesis mixture. The effect of various concentration of 

TEA on the particle size, crystal growth and thermal stability were investigated and discussed in details. Such 

developments will undoubtedly lead to better understanding of ZIF crystallization mechanisms and facilitate the 

development of ZIF-L for large-scale applications. 

 

Materials and Methods 

Materials 

Materials used to synthesize ZIF-L were zinc nitrate hexahydrate (Zn (NO3)2.6H2O, 99% purity), Organic linker, 2-

methylimidazole (Hmim, 99% purity), base-type additive triethylamine (TEA, 99.5% purity), purchased from 

Sigma-Aldrich. No further purification was needed for all chemicals. 
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Synthesis of ZIF-L 

The molar ratio of Zn
+2

 and Hmim (1:8) was used during synthesis of ZIF-L in basic solution. The synthesis of ZIF-

L was described in literature [1, 2, 7] but some changes were made to enhance the yield as well as reduce the time 

for synthesis. Typically, 2.95 g (1.98 mmol) of Zn (NO3)2.6H2O and 6.5 g (15.83 mmol) of Hmim was dissolved in 

200 mL deionized water respectively. The appropriate amount of TEA was added to Hmim solution as a 

deprotonation agent (Table 1), and then the aqueous solution of zinc nitrate was added into the aqueous solution of 

Hmim under stirring. The mixture was stirred at room temperature for 60 minutes. The product was obtained by 

repeated centrifugation (10000 rpm for 10 minutes) and washed by deionized water to remove residual chemicals, 

and then dried in an oven at 60 °C for 12 hours. The yield of the product was calculated using equation (1). 

 

          
                        

                           
                                                                                                              (1) 

 

 

Table 1.  Different volume of TEA for synthesis of ZIF-L 

Sample Name TEA/Total Mole TEA Volume (ml) 

A0 0 0 

A1 0.0002 0.5 

A2 0.0003 1 

A3 0.0004 1.5 

 

Characterization 

The field emission scanning electron microscopy (FESEM) images were taken using a Hitachi SU 8020 

microscope. The X-ray diffraction (XRD) analysis was performed on a Rigaku smart lab diffractometer using CuKα 

radiation at 40 KV and 30 mA in the 2Ө range of 3-100°. Thermogravimetric analysis (TGA, Q 500, TA 

Instrument, USA) was used to check the thermal stability of the synthesized samples at different TEA loading. TGA 

records the weight changes of sample when heated from 30 to 900°C at the heating rate of 10°C/min under nitrogen 

atmosphere. The transmission electron microscopy (TEM) images were taken using Hitachi, HT7700 microscope. 

Samples were prepared by dispersing ZIF-L powder into concentrated ethanol solution. A drop of ethanol was used 

for the dispersion of ZIF-L onto carbon-coated copper grids operating at 120 KV. All the characterization were 

carried out at Central Lab UTM, Johor Bahru, Malaysia. 

 

Results and Discussion 

Figure 1 shows the XRD pattern of various synthesized samples of ZIF-L. The intensity of the peaks was in good 

agreement with the previous works [1,2]. In the first attempt (Figure 1, sample A0), ZIF-L was synthesized in zinc 

salt and Hmim aqueous solution at room temperature with no addition of TEA. After continues stirring the synthesis 

solution turned cloudy that shows the occurrence of reaction between reactants. FESEM image (Figure 2a) also 

confirm the leaf-like structure of ZIF-L. However, longer time of synthesis (4 hours) was required due to low 

reaction rate and insufficient deprotonation of Hmim. When the small amount of TEA (0.5 ml and 1ml) (TEA/total 

mole ratio = 0.0002, 0.0003) was added in the synthesis solution, surprisingly, ZIF-L particles were formed after 60 

minutes (Figure 1, sample A1, A2). Furthermore, their FESEM images confirmed the leaf-like particles with 2D 

crystalline structure (Figure 2b, 2c). The possible reason was the fast deprotonation of Hmim to produce more 

reactive sites for reaction with Zn
+2

 [18–20]. Thus, ZIF-L was successfully synthesized in shorter time with high 

yield (Table 2). 
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Figure 1.   XRD pattern of synthesized ZIF-L samples with different TEA/total mole ratio: A0 (0), A1 (0.0002), A2 

(0.0003) and A3 (0.0004) 

 

Further increase in TEA/total mole ratio up to 0.0004 was not favorable for the formation of ZIF-L, as particles 

started to break up (Figure 2d). Higher TEA/total mole ratio increased the reaction rate by rapid deprotonation of 

Hmim, lead to break down the leaf-like structure. The series of FESEM images were used to estimate particle size. 

It was identified that particle size decreased from 5.3 to 3 μm when TEA/total mole ratio was increased from 0 to 

0.0003 as shown in Table 2 and Figure 2a – c. 

 

Table 2.  Yield and particle size of ZIF-L 

Sample Name Yield 

(%) 

Particle Size 

(μm) 

A0 80 5.3 

A1 90 3.2 

A2 90 3 
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Figure 2.  FESEM images of the synthesized ZIF-L samples at different TEA/total mole ratio: (a) A0 (0), (b) A1 

(0.0002), (c) A2 (0.0003) and (d) A3 (0.0004) 

 

The structure of ZIF-L was further confirmed by the transmission electron microscopy (TEM) images (Figure 3) 

that well agreed with the above FESEM images. Two samples of ZIF-L with maximum and minimum particle size 

were selected for this analysis. These TEM images clearly identified the 2D leaf-like structure of ZIF-L without 

TEA (Figure 3a, TEA/total mole = 0) and with the addition of TEA (Figure 3b, TEA/total mole = 0.0003). 

 

       

Figure 3.  TEM images of the synthesized ZIF-L samples at different TEA/total mole ratio: (a) A0 (0) and (b) A2 

(0.0003) 

 

The thermal stability of the synthesized products of ZIF-L was also measured by thermogravimetric analysis (TGA) 

in which the mass of the product was monitored as a function of temperature as shown in Figure 4. We reported the 

higher thermal stability of products compared to previous work [1, 2]. Sudden weight loss started around 255°C was 

due to the decomposition of organic linkers and ZIF-L crystal structure. 
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Figure 4.  Thermal stability of synthesized ZIF-L samples with weight loss profile at different temperature and 

TEA/ total mole ratio: A0 (0) and A2 (0.0003) 

 

Further confirmation of thermal stability was done by calculating the peaks at different temperature on derivative of 

the weight loss curves (Figure 5). The highest derivative peak was obtained around 255 °C indicated the point of 

greatest rate of change on the weight loss curve and was due to the structural decomposition ZIF-L. It could be 

concluded that thermal stability was not reduced due to the addition of TEA during synthesis process.  

 

 

Figure 5.  Thermal stability of synthesized ZIF-L samples with derivative of weight loss profile at different 

temperatures TEA/ total mole ratio: A0 (0) and A2 (0.0003) 

 

 

Conclusion 

In this study, ZIF-L with leaf like structure was rapidly synthesized in an aqueous solution at ambient temperature 

with smaller particle size and high thermal stability. The Zn
+2

/Hmim ratio of 8 was used with various concentration 

of TEA. The addition of TEA was very important for the rapid synthesis of ZIF-L as it deprotonated the organic 

ligand.  The particle size was also decreased from 5.3 to 3 μm as the TEA/total mole ratio increased from 0 to 

0.0003. However, an excessive TEA would break down the particles due to more rapid reaction. In addition, ZIF-L 

particles showed excellent thermally stability around 255 °C. We expect this new synthesis approach with low 
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reagent ratio and base type additive will undoubtedly provide a better understanding of morphology control of ZIFs 

during synthesis and thus reduce the production cost for industrial applications.  
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