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ABSTRACT. Photocatalysis employing Metal-Organic Framework (MOF) material may degrade Rhodamin B pollutant. MOF 
photocatalytic activity can be adjusted by altering the ligands, metal ions, and modulators. This research aims to synthesize 
glycine-modulated zirconium perylene-based metal organic framework (Zr-PTCA-Gly) for Rhodamin B photocatalytic 
degradation under visible light irradiation. The activated Zr-PTCA-Gly 1:10 exhibits good catalytic activity to degrade 
Rhodamine B with a 95.8% degradation efficiency. 
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INTRODUCTION 

Dyes are widely employed in a variety of industries, 
including food processing, cosmetics, plastics, paper, 
and textiles. Some dyes have good water persistence 
but are often poisonous or carcinogenic, causing 
harm to ecosystems and human health (Decoste et al., 
2014). As a result, dye waste must be processed 
before it is released into the environment. 

Several technologies have been widely employed 
to degrade dye pollutants like advance oxidation 
processes (AOPs), including Fenton reactions 
(Nidheesh et al., 2013), photocatalysis (Adawiah et 
al., 2022; Zulys et al., 2022; Saridewi et la., 2022), 
ozonation (Hassan et al., 2017), sonolysis and its 
combinations (Joseph & Taufiq Yap, 2017). 
Photocatalysis is regarded as an opportune way for 
treating organic dye waste because it is a non-toxic 
and low-cost treatment technology. It transforms 
organic dye pollutants into less harmful molecules, 
carbon dioxide, and water, and it turns photons from 
solar energy into chemical energy (Jin et al., 2018; Li 
et al., 2020).   

Metal organic framework (MOF) is a group of 
porous materials made from metals and organic 
ligands which form a framework (Yuan et al., 2018). 
MOFs feature benefits over other types of 
semiconductor materials like metal oxide TiO2 and 
ZnO as photocatalysts that provide high degradation 
efficiency only in ultraviolet area, such as valence and 
conduction band gaps that can be altered by selecting 
the proper metals and organic ligands (Shen et al., 

2015). Building visible light-harvesting MOFs with 
photoactive metal ions or organic linkers improves 
photocatalytic activity. Organic linkers with numerous 
π-conjugated interactions have great potential as 
photosensitizers and can narrow the semiconductor 
band gap.  

Perylene-3,4,9,10-tetracarboxylic acid (PTCA) is an 
aromatic compound having numerous π-conjugated 
bonds and four carboxylate groups. It could be used 
as an organic linker in the synthesis of visible light-
responsive MOF-based photocatalysts. Batubara et al. 
(2019) reported a 2,6-naphthalene dicarboxylate 
(NDC)-based La-MOF with a band gap energy (Eg) of 
3.1 eV. Then, Zulys et al. (2021) produced La-MOFs 
based on the organic linker 3,4,9,10-perylene 
tetracarboxylic dianhydride (PTCDA) with a band gap 
energy (Eg) of 2.21 eV. It implies that the perylene-
based organic linker produced MOFs with the smaller 
energy band gap than NDC. 

Photoactive metals, on the other hand, boost the 
photocatalytic activity of MOFs, such as zirconium (Zr) 
metal in its oxide state, which is photoactive and 
responsive to visible light. Haryanto et al., (2021) 
discovered that UiO-66 has higher photocatalytic 
activity than Cu-BDC for the breakdown of methyl 
orange (MO) under visible and UV light. Because 
zirconium is a strong Lewis acid with a high affinity for 
oxygen, the resulting MOF will be stable due to the 
stable Zr-O bonds (Marshall et al., 2016). 
Ahmadijokani et al., (2022) observed that the 
zirconium metal-based MOF UiO-66 is very 
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appealing for wastewater treatment applications. The 
fascinating properties of UiO-66, such as high thermal 
stability, superior chemical resistance to several 
solvents, including benzene, acetone, alcohols, 
dimethylformamide, acidic and basic solution, 
excellent chemical stability against various conditions, 
such as air, water, and chloroform, and exceptional 
resistance to high external pressure, are primarily due 
to the Zr-O solid bond and high coordination number 
between the Zr clusters and organic ligands. Taddei et 
al., (2019) also discovered that the zirconium-based 
MOF UiO-66 degraded Rhodamin B. 

Furthermore, adding a modulator such as glycine, 
proline, phenylalanine, or benzoic acid to the MOF 
can improve its catalytic activity (Chambers et al., 
2017; Gutov et al., 2016; Hasan, 2015). MOFs with 
high crystallinity, small particle sizes, and high porosity 
can be produced by amino acid modulation, which is 
desirable in dye catalytic photodegradation. Gutov et 
al., (2016) created a high porosity MOF by 
synthesizing amino acid-modified Zr-MOF. They 
reduced crystal defects, which were the primary causes 
of recombination throughout the photocatalysis 
process. Lin et al., (2018) found that UiO-66 
derivatives made with amine (NH2)-containing ligan 
greatly increased acid dye adsorption capacity and 
photocatalytic activity when exposed to visible light. 
Then, Dong et al., (2017) found that using glycine as 
a modulator enhances the activity and catalytic 
stability of MOF MIL-53 (Fe) because carboxylate and 
amine functional groups can bind metal ions. 
Adawiah et al., (2022) also reported that glycine-
modified Cr-PTC-Gly removes methylene blue via 
adsorption and photocatalytic mechanisms that are 
greater than Cr-PTC.  

The porosity and surface area of MOF are critical 
in its use. However, these pores can be filled with 
solvents with a high boiling point, such as 
dimethylformamide (DMF), diethyl formamide (DEF), 
or dimethyl sulfoxide (DMSO), which are commonly 
utilized in the synthesis of MOFs (Bae et al., 2018). 
Therefore, the solvent-exchange approach was used 
to release trapped solvent molecules in the MOF 
system.  

Based on literature studies, the modulation of Zr-
MOF using glycine and activated that MOF by solvent-
exchange method to enhance its photocatalytic activity 
under visible light irradiation has never been carried 
out. As a result, this work aims to fabricate zirconium 
metal-based MOF (Zr-MOF) with PTCA ligands and 
modulated by glycine amino acids to obtain 
photoactive MOF for rhodamin B degradation under 
visible light irradiation. The synthesized Zr-PTC-Gly 
was then activated using the solvent-exchange method 
to assess the influence of activation on the structure, 
morphology, and photocatalytic activity of MOF in the 
degradation of rhodamine B.  
 
 

EXPERIMENTAL SECTION 
Materials 

The materials used in this study were ZrCl4 (Merck), 
Perylene-3,4,9,10 tetracarboxylic dianhydride (Sigma-
Aldrich), Glycine (Sigma-Aldrich), NaOH (Merck), 
Na2SO4 (Merck), HCl (Merck), N,N-
dimethylformamide (Merck), Dichloromethane (DCM), 
ethanol (Merck), methanol (Merck), distilled water, 
Rhodamin B (Merck).  

 

Preparation of Perylene-3,4,9,10-Tetracarboxylic Acid 
(PTCA) 

Perylene-3,4,9,10-tetracarboxylic dianhydride 
(PTCDA) (0.2 g, 0.5 mmol) was dissolved in 20 mL 
NaOH 5% and magnetically stirred for 1 h at 70 °C to 
obtain a yellow suspension. Furthermore, HCl 2M was 
added until the pH was 3-4. Then, the red precipitate 
was filtered and washed with distilled water and 
ethanol until it was neutral pH. The final red precipitate 
was dried at room temperature overnight, and 
analyzed using FTIR. 

 

Fabrication of Zr-PTCA-Gly 
A concentrated HCl (0.05 mL), 5 mL DMF, ZrCl4 

anhydrous (0.1398 g, 0.6 mmol, 1 eq), and glycine 
solution (0.2252 g, 3.0 mmol, 5 eq and 0.4504, 6.0 
mmol, 10 eq) were put into the 50 mL pyrex vials. 
Then, the mixture was sonicated for 5 min. After that, 
PTCA (0.6 mmol, 0.2569 g, 1 eq in 5 mL DMF) was 
added to the mixture. Furthermore, the mixture was 
sonicated for 5 min and heated at 120 °C for 24 h. 
The obtained glycine-modulated Zr-MOF (Zr-PTC-Gly) 
was filtrated and washed using 10 mL of DMF and 10 
mL of water-methanol (9:1 v/v). Furthermore, Zr-PTC-
Gly was dried at 70 °C overnight. Finally, Zr-PTC-Gly 
was activated with dichloromethane and dried at 120 
°C for 24 hours. The final product was designed as Zr-
PTC-Gly-(1:5) and Zr-PTC-Gly (1:10) for the 5 eq and 
10 eq glycine in 2 mL of distilled water, respectively. 

 
 

Zr-PTCA-Gly Characterization 
The obtained Zr-PTCA-Gly MOF was characterized 

using FTIR Prestige-21 Shimadzu with KBr pellet for the 
background measurement and wavenumber range of 
4000–400 cm−1. The PXRD Shimadzu XRD 7000 
Maxima-X (Cu-Kα radiation (λ = 1.5418 Å) with the 
scan rate of 2º min−1 at room temperature on the 2θ 
angle of 2º–80º. The UV-Vis Spectrophotometer 
Agilent Carry 60 with BaSO4 as a reference at 200-
800 nm. The FESEM-EDS analysis using FEI Quanta 
650. The Brunauer-Emmett-Teller (BET) method on a 
Micromeritics TriStar II Surface Area and Porosity. 
Thermogravimetric analysis (TGA-DTA) using TGA 
Q50 V20.13 Build 39 at the heating rate of 10 ºC 
min−1 under an air atmosphere. As well as multi-pulse 
amperometry (MPA) analysis using fluorine-doped Tin 
Oxide glass (FTO glass) working electrodes, Ag/AgCl 
comparison electrodes, and Pt supporting electrodes, 
with Na2SO4 0.1 M electrolyte. 
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Zr-PTCA-Gly Photocatalytic Activity Test  
Zr-PTCA-Gly MOF (30, 45 and 50 mg) was 

dispersed into 50 mL of Rhodamin B solution (10 
ppm). Then, the mixture was stirred at 300 rpm at 
room temperature and left for 30 minutes in dark 
conditions to achieve adsorption-desorption 
equilibrium. Furthermore, the suspension was 
irradiated with a 250-watt mercury lamp as a visible 
light source for 2 hrs. Then, 2 mL of suspension was 
taken and centrifuged. The RhB absorbance was 
measured using a UV-Vis spectrophotometer at 555 
nm. The degradation efficiency and degradation 
capacity of RhB was calculated using equation 1. 

 

DE (%) = 
(Ao−At)

Ao
 x 100%    (1) 

DC (mg/g) = DE x Co x 
V

m
   (2) 

 

Where DE is degradation efficiency (%), DC is 
degaration capacity (mg/g), Ao and At are the initial 
absorbance and absorbance at a given reaction time, 
Co is the initial RhB concentration, V is RhB volume (L) 
and m is MOF dosage (g). 
 
RESULT AND DISCUSSION 

FTIR spectrum showed a very sharp absorption 
peak at 1026 cm-1, which indicates a CO-O-CO 
stretching of the PTCDA (Figure 1). The shift peak from 
1776 cm-1 to 1700 cm-1 confirmed a difference in the 
stretching vibration of C=O between PTCDA and 
PTCA. The absorption peak shift to a lower 
wavenumber indicates a change in the bond length or 
interaction with different side atoms of the carboxyl 
group in PTCDA and PTCA. In addition, in the PTCA 
spectrum, a widening absorption peak at 2998 cm-1 
indicates vibration of the O-H stretching of the 
carboxylic acid group. 

Figure 2 demonstrates a shift of the C=O 
vibrational absorption band in PTCA from 1693 cm-1 
to 1776 cm-1 (Zr-PTCA) and 1694 cm-1 (Zr-PTCA-Gly). 
It implies that a new bond between zirconium metal 
and ligands was formed. In addition, a band at 1026 
cm-1 is attributed to the interaction of the COO- with 
Zr. A band at 3550 cm-1 revealed N-H stretching 
vibration in Zr-PTC-Gly before activation. However, in 
activated Zr-PTC-Gly, the probability of its peak is 
covered by the O-H stretching denoted by the 
presence of a band at 3000-3550 cm-1, suggesting 
stretching -OH stretching of H2O. It is confirmed by the 
peak at 3200-3550 cm-1 in activated Zr-PTCA-Gly, 
which is wider than the non-activated Zr-PTC-Gly. Due 
to DMF, solvents that may be trapped in the Zr-PTC-
Gly pore or coordinated bound to the framework and 
cover the active site of the MOF are no longer present. 

Figure 3 shows that the difference in the PTCA, Zr-
PTCA and Zr-PTCA-Gly XRD diffraction. It illustrates 
that Zr-PTCA-Gly is already formed. The peak at 2θ = 
12.35° and 27.33° in PTCA is still present on non-
modulated Zr-MOF with a slight shift. It is estimated 
that the MOF washing process has not been clean. The 
Zr-PTCA, Zr-PTCA-Gly (1:5) and Zr-PTCA-Gly (1:10) 
XRD diffraction accomplished not vary significantly, 
but there was a slight shift (Figure 3a). New peaks 
appeared on Zr-PTCA-Gly (1:5) and Zr-PTCA-Gly 
(1:10), indicating a new bond formed between the 
glycine modulator and Zr-PTCA. Zr-PTCA-Gly (1:10) 
XRD diffraction reveals peaks at 2θ = 7.15°; 13.97°; 
15.59°; 19.01°; 22.25°; 24.20°; 25.58°; 27.21°; 
28.83°; 29.56°; 35.08°; 41.80° (Figure 3b). There 
were no significant differences in diffraction patterns 
between Zr-PTCA-Gly (1:10) before and after 
activation, indicating that the activation treatment did 
not change the structure of the Zr-PTCA-Gly (1:10).

  

 

Figure 1. FTIR spectrum of PTCDA and PTCA 
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(a) (b) 

Figure 2. FTIR spectrum of (a) non-activated material and (b) activated material 

 

  
(a) (b) 

Figure 3. XRD diffraction patter of (a) PTCA, Zr-PTCA, Zr-PTCA-Gly 1:5 and Zr-PTCA-Gly 1:10; (b) Zr-PTCA-Gly 
1:10 activated and non-activated 
 

 
(a)        (b) 

Figure 4. Adsorption-desorption isotherm graph of (a) non-activated Zr-PTCA-Gly 1:10; and (b) activated Zr-
PTCA-Gly 1:10 
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Figure 4 showed that the non-activated Zr-PTCA-
Gly (1:10) follows the pattern of the type IV adsorption 
isotherm curve shape. Type IV adsorption isotherms 
indicate that the material is mesoporous. There is a 
hysteresis or gap between the adsorption and 
desorption lines. However, the type of isotherm of 
activated Zr-PTCA-Gly (1:10) is unknown because the 
data needs to be representative. 

The largest pore size distribution for non-activated 
and activated Zr-PTCA-Gly (1:10) about 2-4 nm. The 
obtained surface area is 13.874 m2/g and 1.568 m2/g 
for non-activated and activated Zr-PTCA-Gly (1:10). 
Compared to UiO-66, a Zirconium metal-based MOF 
with H2BDC ligands, synthesized Zr-MOF in this study 
has a relatively very small surface area. It is estimated 
that due to the impurity of the sample and the 
formation of MOF crystal defect. The activated Zr-
PTCA-Gly-10 has a smaller surface area than non-
activated Zr-MOF. It may occur if the degassing 
temperature of the material used during the 
measurement is too high. In dye photocatalysis 
degradation, the material's surface area and pore size 
play an important role (Kudo and Miseki, 2009). It is 
related to the porosity and surface area function both 
in the adsorption mechanism and in the photocatalysis 
process. The greater the surface area, the more active 
sites play a role in photocatalysis. Therefore, a large 
surface area can increase photocatalytic activity in dye 
degradation. 

The thermogravimetric analysis (TGA) shows an 
initial weight loss in the 50-160 °C temperature range 
of 4.796%, indicating the break of the bond with H2O 
and the possible presence of DMF solvents (Figure 5). 

Furthermore,  it lost weight in the range of 160-275 
°C, as much as 11.56%. This decrease occurs due to 
the release of the amino acid glycine, which has a 
boiling point of 240.9 °C.  In the temperature range 
of 275-450 °C,  there  is  a weight loss of 20.24%. 
Then the temperature range of 450-500 °C loses 
weight of about 8.423% is suspected to be the 
decomposed temperature of the MOF. The TGA-DTG 
chart above shows that the unactivated Zr-PTCA-Gly 
(1:10 24h) is thermally stable at a temperature range 
of 200-300 °C. 

Figure 6 revealed that the morphology of Zr-MOF, 
both modulated and unmodulated, resembles a rod 
with a size of about 1 micron for non-modulated and 
5 microns for modulated. The morphology of 
unmodulated Zr-MOF is less consistent than the 
modulated Zr-MOF (Zr-PTCA-Gly-10). Using a 
modulator can improve the morphology of the Zr-
PTCA. Zr-PTCA contains the most elements, C 
(62.1%), followed by Zr (21.8%), then O (16.1%). 
Meanwhile, Zr-PTCA-Gly (1:10 24h) contains the most 
elements, namely C (74.2%), Zr (14.2%), O (11.6%), 
and N (0.0%), which indicates that the amino acid 
glycine binds to Zr-PTCA. The percent weight (%wt) of 
the Nitrogen (N) is small because it is likely that 
measurements are only carried out on one side where 
there is little modulation, so it does not represent the 
full distribution. However, the mapping analysis 
showed that the N element is actually contained in the 
modulated Zr-PTC structure (Figure 6). The lowering 
of Zr and O components indicates the possibility of 
missing ligand defects and missing cluster defects due 
to modulation. 

 

 

Figure 5. TGA curve of non-activated Zr-PTCA-Gly 1:10 
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Figure 6. FESEM-EDS images dan element mapping (A) non modulated-Zr MOF and 
(B) glycine modulated-Zr-MOF 

 

  
(a) (b) 

 
(c) 

Figure 7. Diagram of bandgap energy (Eg) of activated Zr-MOF (a) non-modulated Zr-MOF; (b) Zr-PTCA-
Gly 1:5; and (c) Zr-PTCA-Gly 1:10 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 8. Multi Pulse Amperometry graph of (a-c) non-activated Zr-MOF; and (d-f) activated Zr-MOF 
 
UV DRS analysis data was employed to measure 

the bandgap energy of activated Zr-MOF using 
Kubelka Munk-Tauc Plot equation (Makula et al., 
2018). Activated Zr-MOF provide a lowering in band 
gap energy that is proportional to the addition of the 
modulator mole ratio, namely 1.8150 eV (Zr-PTCA), 
1.7428 eV (Zr-PTCA-Gly (1:5) and 1.7236 eV (Zr-
PTCA-Gly (1:10) (Figure 7). The three activated Zr-
MOF produced have a relatively small band gap 
energy. It implies that activated Zr-MOF has the 
potential to evolve a visible light-responsive 
photocatalyst material. Photoresponsive materials 
create an electric current when exposed to light in the 
Multi Pulse Amperometry  (MPA)  characterization 
(Figure 8).  Visible  light is used in this study. When the 

energy of the light is equivalent to the band gap 
energy of the material, leading electrons and holes to 
form  as a  result of electron excitation from the 
valence band to the conduction band (Saravanan et 
al., 2017). The  electron-hole  pair can be kept in 
place  to  carry out the redox process. The electrons 
will  then  flow to the system's  electrodes, generating 
a current that can be measured using the sensor. 
Assume  that  all  pairs  of  electrons  and  holes  in 
the material immediately recombine following 
stimulation. In that instance, there is no flow of 
electrons in the system, and the electric  current cannot 
be read. The current generated in this system is 
determined by the efficiency of generating electron 
and hole pairs in the semiconductor. 
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(a) (b) 

Figure 9. Rhodamin B degradation efficiency of (a) non-activated materials and activated materials 

Figure 9a shows that the modulated Zr-MOF 
exhibited no photocatalytic activity. The fluctuating 
degradation efficiency confirmed it. On the other 
hand,  the  photocatalytic activity of non-modulated 
Zr-MOF (Zr-PTCA) is better than modulated Zr-MOF 
(Zr-PTC-Gly) with degradation efficiency of 64.78% 
and 42.16%, respectively (Figure 9a). It is because 
non-activated MOF tends to be less stable when 
exposed to light, so it undergoes desorption, as shown 
in Figure 8, which tends to decrease its current density. 
Meanwhile, after activation, the modulated Zr-MOF 
tended to have a greater degradation than the non-
modulated Zr-MOF. Zr-PTC-Gly (1:5) and Zr-PTC-Gly 
(1:10) achieved 88% and 92% degradation efficiency 
within 90 minutes. Due to before activation, MOF has 
more NH2 groups from DMF than after activation. This 
group may affect the photocatalytic process and lower 
the band gap energy, increasing the degradation 
compared to after activation.  

The activated Zr-PTCA-Gly 1:5 exhibited the 
highest photocatalytic activity with increasing 
degradation efficiency of 45% after 90 min of light 
irradiation (Figure 9). It was due to the higher 
adsorption of RhB molecules on activated Zr-PTCA-Gly 

1:10 than Zr-PTCA-Gly 1:5, which was confirmed 
under dark conditions. The high RhB molecules 
adsorbed on the surface of Zr-PTCA-Gly 1:10 lead to 
a decrease in photocatalytic activity by inhibiting the 
light hitting the surface of Zr-PTCA-Gly 1:10 and 
reducing the electron excitation process on the surface 
of Zr-PTCA-Gly 1:10, which results in a decrease in 
the formation of radical species that play an essential 
role in the photocatalytic degradation of RhB. 
However, in this work, activated Zr-PTCA-Gly 1:10 
was employed for the following analysis because it 
exhibited the highest degradation efficiency of RhB 
both via adsorption and photocatalytic mechanism. 

Figure 10 demonstrates that the Zr-PTC-Gly-10 
MOF gave a percentage RhB degradation efficiency of 
95.8%, 94.5%, and 94% or a degradation capacity of 
15.96 mg/g, 7.87 mg/g, and 7.83 mg/g for MOF 
doses of 30 mg, 45 mg, and 60 mg, respectively. Zr-
PTCA-Gly 1:10 dosage of 30 mg exhibited the highest 
photocatalytic degradation efficiency as it obtained the 
highest RhB degradation via the photocatalytic 
degradation mechanism, which was 37%. At MOF 
amounts of 45 and 60 mg, RhB degradation was 
mainly  influenced  by  the  adsorption  ability of  MOF.   

 

 

Figure 10. RhB degradation efficiency in various dosage of activated Zr-PTC-Gly (1:10) 
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Figure 11. Energy diagram of activated Zr PTCA Gly 1:10 
 

The higher the dose of MOF added into the RhB 
solution, the more MOF particles adsorbed RhB. On 
the other hand, there was a decline in RhB 
degradation efficiency by 60 mg MOF at 120 minutes 
of irradiation. The increase in MOF dosage caused the 
MOF particles to agglomerate so that the MOF active 
sites were close together and inhibited the degradation 
of RhB. 

Photocatalysis must have a band gap energy that 
approximates the required energy level for the desired 
redox reaction. The redox potential must be converted 
to Normal Hydrogen Electrode (NHE) before it is 
employed to estimate the energy diagram. The 
voltammetry cyclic analysis outcomes demonstrate the 
activated Zr PTCA Gly 1:10 energy diagram (Figure 
11). Figure 11 exhibited that the redox species that 
play a role in degradation are O2/•O2

- and OH-

/•OH. The reduction potential of O2/•O2
- is -0.33V, 

and the oxidation potential of OH-/•OH is 2.38V. 
These potential values must be met to generate radical 
species and then react to dye to obtain degraded 
products. Therefore, the oxidation potential of Zr-MOF 
should be more positive than 2.38 V, and the 
reduction potential of Zr-MOF should be more 
negative than -0.33 V. Figure 11 demonstrates that 
the OH-/OH• reaction cannot occur because the Zr-
MOF oxidation potential (HOMO) value is not more 
positive than the OH-/OH• potential. Hence, the 
energy is insufficient to oxidize OH- to OH•. Therefore, 
the degradation process is estimated to affect 
superoxide free radicals (•O2

-) originating from the 
O2/•O2

- reduction reaction because the reduction 
potential (LUMO) of Zr-MOF is more negative than the 
reduction potential of O2/•O2

-. The degradation of 
Rhodamine B dye by Zr-MOF affects excited electrons, 
which produce a radical source originating from O2 + 
e- → •O2- which will then react with H+ ions to form 
HOO• and finally create OH• radicals for Rhodamine 
degradation B. 

 
CONCLUSION 

The solvothermal method successfully synthesized 
the glycine-modulated Zr-MOF (Zr-PTC-Gly) with 
lower band gap energy than Zr-PTC. The activation 

treatment eliminated the trapped solvent molecule, 
preserving the MOF morphology and structure. The 
activation treatment enhances the glycine-modulated 
Zr-MOF (Zr-PTC-Glyy-10) photocatalytic activity in 
RhB degradation, where the optimum MOF dosage is 
45 mg for 90 min. 
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