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Abstract 

We use two kinds of ZIF-8 crystals in the different external surface areas to examine the adsorption performance 

for three kinds of dye (Rhodamine B -RB, methyl orange -MO, and methylene blue -MB). A t-plot method was used 

to determine the external surface area for these samples. By establishing the trend lines from dye adsorption 

capacities versus external surface area, it was suggested that the RB and MO covered only on external surface 

area, while MB adsorbed both inside the structure of ZIF-8 and on the outer surface. Moreover, the detailed 

adsorption of three dyes on the sorbent can be simulated by this method. As a result, the RB and MO occupied 4.7 

and 7.9 nm2 of the external surface for each molecule, respectively while that of MB included both inside the ZIF-

8 structure, at a loading of 0.11 molecule per unit cell, and on the external surface with 2.3 nm2/molecule).  

Keywords t-plot method, external surface area, external and internal adsorption 

INTRODUCTION 
As known, some dyes such as RB, MO, and MB are often studied to examine the capacity of adsorbent 

(Adeyemo et al., 2017; Feng et al., 2016; G. Li et al., 2019; T. T. Li et al., 2018). However, the 

adsorptive behavior inside or outer of these agents on MOFs materials seems not clear because the 

size of dyes is larger than that of MOFs.  Regarding to this problem, Li has reported an important 

result about the adsorption of the dyes on ZIF-8 (G. Li et al., 2019; Y. Li et al., 2016a). The adsorption 

value of RB (21.4 mg/g) and MO (9.2 mg/g) may occur on the external surface area (Haque et al., 

2010; He et al., 2014). In contrast, this is not correct for MB and needs more information to identify 

the external surface area in this case (Haque et al., 2011; Shi et al., 2016). Thus, since RB and MO 

only absorb on the external surface of the ZIF-8 crystals, this method can be used to estimate the 

external surface again when knowing the RB and MO adsorption capacity. In general, this work 

demonstrated that dye adsorption inside the structure and on the external surface area was directly 

stimulated by the graph of adsorption capacity versus the external surface area of the ZIF-8 

particles. The method also can be extended using an easy way to estimate the external surface area 

of ZIF-8 based on a simple dye adsorption process for RB and MO. 

 

EXPERIMENTAL SECTION 
In a typical synthesis, the sample the US1 (smaller external surface area) was prepared for mixing 

Zn:Hmim: NH3:H2O ratio of 1:2:32:372 (Pan et al., 2011). The mixture was sonicated for 10 min to 

produce the US1 which was collected by centrifugation and washed with deionized water, and 

ethanol (95 vol %) until the pH level of the last supernatant reached 7 and final overnight drying at 

90oC. On the other hand, the US2 (larger external surface area) sample was synthesized by adding 
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surfactant (Pluronic® P-127, Sigma-Aldrich) in the same as described above. A mixture having a 

Zn:Hmim: NH3:P-127:H2O ratio of 1:2:8:0.01:316 was formulated and allowed to react for ten 

minutes in the ultrasonic bath. The resulting powders were collected, washed, and dried as 

described above, followed by another 3h at 140oC. Herein, two samples (US1 and US2) are similar 

procedures of synthesis but US2 was added co-polymer P-127 where can find a higher value of 

external surface area.  

 

Dye adsorption experiments  

The concentration range of the aqueous dye solution employed for MO and RB was 10-50 mg/L, 

while that for MB was 10-100 mg/L. In a typical test, 10 mg of ZIF-8 was added to 10 mL of dye 

solution in a vial with a cap. The capped vial was stirred at room temperature (2h for MO and RB, 

48h for MB) until equilibrium was reached [1]. Afterward, the clear supernatant was collected by 

syringe filter (PTFE, hydrophobic, 0.22µm), and its absorbance was measured by a UV-vis 

spectrometer (SCINCO S-3100). 

 

FINDINGS AND DISCUSSION 
Calculated external surface area 

Nitrogen isotherm measurements were conducted by using Micromeritics ASAP 2010, after 

vacuum activation at 120oC for 4h to determine the porosity and surface properties. The N2 

adsorption isotherm (Figure 1-1) of US1 is confirmed on Type I of microporous contribution, while 

that of US2 exhibits a narrow hysteresis loop at high relative pressure, indicating the existence of 

inter-particle meso- and macropores (Peng et al., 2021). From these adsorption isotherms, the 

texture properties of the two ZIF-8 samples were calculated and listed in Table 1. Especially, t-plot 

method was applied for US1 and US2, using the Harkins-Jura equation from N2 sorption data in a 

thickness range of 3 to 8 Å (shown in Figure 1-2), for calculating the micro/mesopore volume and 

the external surface area. The intercept from the t-plot lines gives microporous volume while the 

slope is relative to the external surface area. In addition, the intercept of the dashed line with the y-

axis provides an estimate for the total porous volume. These volumes are converted to the surface 

area under the setting program beforehand. Therefore, the external surface area (related to non-

microporous) was calculated by extraction between the total surface and the microporous surface 

area. Moreover, the slope of the t-plot line US2 was 6.2 times higher than that of US1, matching the 

increased value of external surface area from US2 compared to US1 shown in Table 1. Clearly, under 

the procedure above, two samples of ZIF-8 with different external surface areas with a pure phase 

of two samples (shown in adding information) have been successfully obtained. 

 

 
Figure 1. N2 adsorption-desorption isotherm and t-plots line of US1 and US2 
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Table 1. Recipe and texture properties of US1 and US2 

 

Experimental adsorption capacity 

To calculate the amount of dye adsorbed inside the ZIF-8 structure and outer surface, trend lines of 

dye adsorption capacities versus external surface area were set up using experimental results for 

US1 and US2, as shown in Figure 2. The capacity of the internal structure is estimated by the 

intercept while the slope supplies that on the external surface area. The fact that RB and MO lines 

pass through the origin is evident that the RB and MO dye were only uptaken by the presence of 

external surface area. Therefore, the RB and MO covered the external surface area and had no entry 

to the ZIF-8 structure. In contrast, the MB line informs that this dye adsorbed both inside the ZIF-8 

structure (showed by a considerable intercept) and on the external surface area. The detailed 

calculation of adsorption capacity adsorbs on the sorbent using related data from this method is 

performed below and listed in Table 2. 

 

 
Figure 2. Adsorption capacities of three dyes versus external surface area. Related linear fit 

models are shown for each case 

 

From Figure 2, the number of dye molecules adsorbed on the external surface area, Nex 

(molecules/nm2) was obtained by the following equation: 

Nex =10^18⁄(q_ex/(1000*M)*N) 

Where sex is a value from the slopes of trend lines of dye adsorption capacities versus external 
surface area (mg/m2), N is Avogadro’s number (6.023 x1023 molecules.mol-1), and M is the 
molecular weight of dye (g/mol). The calculated results are then converted to the number of 
molecules per unit surface area. Moreover, the coverage adsorption for three dyes on the external 
surface area was detailed in supporting information. 
 
On the other hand, the number of dye molecules adsorbed inside each unit cell of ZIF-8 (Nin) was 
calculated by this equation: 
Nin =(q_i⁄((M*1000)))/(1⁄〖MW〗_(ZIF-8) )*12   

 
 

Zn: NH3:P-
127:H2O 

Ratio 

Duration 
(min) 

SBET 
(m2/g) 

Surface 
area 
Micro 

(m2/g) 

External  
surface area  

(m2/g) 

Volume 
Micro/mesopore 

(cm3/g) 

Particle 
size 
(nm) 

US1 1:32:0:372 10 1285 1261 24 0.59/0.02 2.0 x 103 

US2 1:8:0.01:316 10 891 745 146 0.34/0.15 50-100 
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Where qi (mg/g) is the value of intercept given by trend lines of dye adsorption capacities versus 
external surface area (Figure 2), MWZIF-8 is the molecular weight of ZIF-8 (formula of Zn(MeIM)2, 
277.6 g.mol-1), and every ZIF-8 unit cell consists of 12 zinc atoms[4]. Therefore, only MB is 
considered to adsorb inside the structure in a large amount (13.0 mg/g), which can be calculated 
to be 0.11 molecules per unit cell.  
 
Table 2. Adsorption capacity of dyes in US1 and US2 

aDye molecule 
weight (g/mol)  

Sample 
Adsorption 

capacity  
(mg/g) 

Intercept 
(mg/g) 

Nin, internal 
adsorption 

(#/unit 
cell) 

Slop 
(mg/m2) 

Nex, external 
adsorption 

(#/nm2) 

RB: 479 
US1 4.1 

-0.01 -6x10-5 0.17 0.21 
US2 25.0 

MO: 327 
US1 1.7 

0.048 4x10-4 0.07 0.13 
US2 10.1 

MB: 320 
US1 18.5 

13.0 0.11 0.23 0.43 
US2 46.6 

 
Adding Information 
Characterizations of two ZIF-8 crystals 
Two samples were characterized by some physical techniques to confirm the pure phase 
and morphologies of ZIF-8 such as Powder X-ray diffraction (PXRD) patterns and field 
emission scanning electron microscopy (FE-SEM). The XRD were recorded between 5o and 
40o using a Cu Kα radiation (40 mA and 40 kV) source on a D8 Advance Bruker powder 
diffractometer at a scan rate of 5o/min and a step size of 0.03o and the SEM were observed 
on a JEOL JSM-7600F operated at 10kV. Both US1 and US2 exhibit a pure phase ZIF-8 as 
verified by comparing the XRD peaks (Figure 3-1) to the literature (Butova et al., 2016; Lee et 
al., 2015; Peng et al., 2021; Seoane et al., 2012; Zhou et al., 2017). From the SEM images, the shape 
of US1 crystals is truncated cubic with a uniform particle size of ~2.0 µm, while US2 obtained 
crystals with a size in the range of 50-100 nm as shown in Figure 3-2 and Figure 3-3, 
respectively(Fan et al., 2014; Xing et al., 2014). The nanocrystal one is expecting a larger 
external surface which can enhance dye adsorption compared to microcrystal samples (Y. Li 
et al., 2016b; Tanaka et al., 2013). 
 

 
Figure 3. (1) XRD patterns, SEM images of (2) US1 and (3) US2 

 
Calculation of the coverage adsorption on external surface area 
The coverage of dye adsorption in the external surface area (C) is calculated by this equation: 

C= Nex x Adye 
Where Nex is the amount of dye molecules adsorbed on the external surface area, 
(molecules/nm2) and Adye is the maximum area of dye molecules was calculated by using the 
longest two dimensions of the molecular structure(Han et al., 2017). As results from Table 2, the 
coverage of three dyes on the external surface area increased in order MO < MB < RB.  
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Table 2. Calculation of the coverage of dye adsorption 
 

Dye Dye molecule size (nm) 

Adye, Molecule 

Area 

(nm2) 

C, 

Coverage 

(%) 

RB 1.59 x 1.18 x 0.56 1.88 39.5 

MO 1.31 x 0.55 x 0.18 0.72 9.4 

MB 1.39 x 0.50 x 0.43 0.69 29.7 

 

CONCLUSIONS 
In conclusion, we set up a new simple method to calculate three kinds of Dye which adsorption to 

ZIF-8. It was found that the size of dye molecules is strongly affected by the adsorbed process.  

Based on the flexible structure of ZIF-8, the number of dye molecules should be calculated in detail 

outside the structure of the adsorbent through the liner method. It is necessary to study more for 

dye both adsorbed outer and inside the structure of ZIF-8. This work aims to open new ways to 

deeply understand the adsorption studies under the effect of particle sizes and external surface 

area. 
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