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Abstract:  

A UiO-66-type metal-organic framework (MOF) fabricated by titanium was 

successfully prepared via a facial modified post-grafting method. The as-prepared 

samples were characterized by X-ray photoelectron spectroscopy (XPS), X-ray 

diffraction (XRD), transmission electron microscopy (TEM), scanning electron 

microscopy (SEM), ultraviolet-visible adsorption spectroscopy (UV-vis), and 

photoluminescence spectroscopy (PL) techniques. The introduction of titanium enhanced 

the optical properties of UiO-66 via the formation of oxo-bridged hetero-Zr-Ti clusters, 

but leading to a sacrifice in crystallinity. The removal of methylene blue (MB) over these 

samples could be attributed to the dual function of the adsorption and photo-degradation 

mechanisms. The highest MB removal efficiency of 87.1% was achieved over 

UiO-66(1.25Ti) under simulated sun-light irradiation.  
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1. Introduction 

Metal-organic frameworks (MOFs), constructed from the assembly of metallic ions 

and organic ligands, are a new class of highly crystalline and porous material with an 

extended 3D network. MOFs have attracted tremendous interest due to their intriguing 

aesthetic structures and outstanding properties, such as high surface area, tunable 

crystalline structure and pore size, and functionality.1 Up to date, MOFs have been 

employed in a wide range of promising applications, such as catalysis,2, 3 gas 

storage/separation/adsorption,4-10 drug delivery,11, 12 pollutants removal,13-16 sensors,16-18 

and so on. Among these applications, catalysis has been particularly interesting and 

attracted increasing attention.  

Nowadays, photocatalysis has been the subject of a huge amount of studies related 

to air cleaning and water purification, because it offers a great potential for completely 

decomposing toxic chemicals,19 and thus fulfill our expectations to create a clean future 

in utilizing solar energy. MOFs have already been used for new heterogeneous 

photocatalytic materials owing to their ligand-to-metal charge transfer states,20, 21 and 

they exhibit superior performance to traditional photocatalyst systems.1, 16, 22-25 Especially, 

the band gap in MOFs is closely related to the HOMO–LUMO gap and the energy 

transfer can take place from the organic linker to the metal-oxo cluster within some 

MOFs under light illumination.22 The incorporation with photoactive species in MOFs is 

considered one of the effective ways to use the solar light, besides the modification of the 

metal ions or the organic ligands.26 The high photocatalytic activities not only lie in the 
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highly porous crystalline nature of the MOFs, but also because the narrow micro-pore 

distribution of MOFs may lead to the monodispersed photoactive species anchored on 

MOFs.21 Additionally, the MOFs can provide extra pathways for the migration of 

photo-induced electrons, and thus facilitate the charge carrier separation.1, 22, 25  

In recent years, much dye-containing wastewater was produced in textile, paper, and 

printing industries. Dyes are generally very stable to light and oxidation due to the 

complex aromatic molecular structures, but this causes damage to the environment and 

dramatically threatens human health.27-29 Therefore, the effective treatment of these 

wastewater is one of the most crucial problems before releasing them into the 

environment. Hitherto, various techniques have been explored to remove the dyes from 

wastewater, including adsorption,30 photo-degradation,31 flocculation,32 electrolysis,33 and 

biodegradation.34 Adsorption and photo-degradation are considered the most competitive 

techniques among all of these applications, because they have the advantages of low cost, 

high efficiency, and environment-friendly. The reported adsorbents,30, 35, 36 such as zeolite, 

activated carbon, have in common the big surface area and physical and chemical 

stability. On the other hand, numerous semiconductors have been employed as 

photocatalysts for the dye removal.37-39 However, the dye removal efficiency by 

adsorbents relies on their capacity and specific surface areas. The photodegradation 

efficiency mainly depends on the photocatalytic activities of photocatalysts, which is 

usually hindered by the agglomeration of the ultrafine powders 40. The combination of 

photodegradation with adsorption method should be one of the most promising ways to 
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enhance the dye removal efficiency, i.e., cooperating the photocatalysts on adsorbents 

without sacrificing their porous properties.  

Recently, MOFs have been investigated as selective dye adsorbents because of their 

high specific surface area and uniform but tunable pore size.13, 15, 41, 42 In addition, noble 

metals and some semiconductors have been incorporated into MOFs for certain 

photocatalytic reactions, such as dual modification of CdS and MoS2 with UiO-66 for 

photocatalytic H2 production,1 Pd@UiO-66(NH2) nanocomposite on the reduction of 

Cr(VI) to Cr(III) under mild conditions, etc..22 UiO-66 is a zirconium containing MOF, 

and it behaves as an excellent photoactive species carrier due to its highly stable, 

adjustable and photoactive properties. Toward this end, we herein report the synthesis of 

titanium cooperated with UiO-66 (UiO-66(Ti)) via a facial modified post-grafting method. 

The photocatalytic performance of the as-synthesized UiO-66(Ti) nanocomposites was 

evaluated using the removal of methylene blue (MB) under the simulated sun-light 

irradiation. 

 

2. Experimental 

 

2.1 Materials 

Zirconyl chloride octahydrate (ZrOCl2·8H2O, 98%), 1,4-benzenedicarboxylic acid 

(PTA), isopropanol, triethylamine, and tetrabutyl titanate (Ti(OBu)4) were ordered from 

Aladdin and used as received. Reagent-grade methanol, N,N-dimethylformamide (DMF), 

hydrochloric acid (HCl, 37 wt%), and toluene were obtained from common commercial 
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sources and used as received.  

2.2 Synthesis of UiO-66 

Sample UiO-66 was synthesized via the procedures reported in the literatures.22, 41, 43 

In a typical synthesis, 0.326 g of ZrOCl2·8H2O and 0.169 g of 1,4-benzenedicarboxylic 

acid were dissolved in 50 mL DMF with the assistance of ultrasonication. Subsequently, 

0.5 mL HCl was added drop-wisely to the above obtained solution, which was then 

sealed in a 100 mL Teflon-lined pressure vessel for 24 h at 120 °C. After cooling to room 

temperature, the resulting solid was purified with methanol for several times, followed by 

drying under vacuum for 24 h at 100 °C. 

2.3 Fabrication of UiO-66 with Titanium (Ti) (UiO-66(Ti)) 

The UiO-66(Ti) nanocomposites were synthesized via a modified post-grafting 

method according to the following procedures.43, 44 Firstly, appropriate amount of 

Ti(OBu)4 was mixed with the as-prepared UiO-66 in toluene, and then the mixture was 

heated at 100 °C for 24 h under N2 flow. After that, the obtained sample was washed with 

toluene for several times and dried in air. UiO-66(Ti) samples with various Ti/Zr molar 

ratios were prepared, and they were denoted as UiO-66(nTi) (n=0.25:1, 0.5:1, 0.75:1, 1:1, 

1.25:1, and 1.5:1), respectively.  

2.4 Characterization 

X-ray photoelectron spectroscopy (XPS) spectra were recorded on a PHI 5000 

VersaProbe photoelectron spectrometer with monochromatic Al Kα radiation operated at 

150 W. The shift of the binding energy due to the surface electrostatic charging was 

corrected using the C1s as an internal standard at 284.6 eV. 

X-ray diffraction (XRD) was performed on a Rigaku Smartlab TM 9KW 

diffractometer between 5 to 50° with Cu Kα (λ=0.154059 nm) at 40 kV and 100 mA.  

The specific surface area was obtained using a Micromeritics 3Flex. The samples were 

heated at 150 °C for 4 h prior to each test. 

The morphological properties of the prepared samples were imaged by scanning 
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electron microscope (SEM, JSM-6360LV) operated at 15 kV. 

The transmission electron microscopy (TEM) was observed on a HT7700 

microscope with an accelerating voltage of 200 kV. The particles were dispersed in the 

mixture of ethanol and water, followed by being deposited on a carbon-film supported 

copper grid and air dried prior the measurement.  

The Brunauer–Emmett–Teller surface areas (SBET) were collected by N2 adsorption 

isotherm using a Micromeritics 3Flex analyzer (Micromeritics Instrument Corporation, 

Norcross, GA, USA) at 77 K.   

Ultraviolet-visible (UV-vis) absorbance spectra were collected on a Lambda 950 

UV-vis-NIR spectrophotometer over a range of 250-700 nm.  

The photoluminescence (PL) spectra were recorded on a Hitachi F-4600 FL 

fluorescence spectrophotometer at room temperature using Hg-Cd laser as an excitation 

light source. The excitation wavelength is 300 nm. 

2.5 Photocatalytic measurement 

The removal of a model pollutant methylene blue (MB) was investigated over the 

UiO-66(Ti) nanocomposites under a 250 W Xe lamp. In a typical process, a sample (50 

mg) was first well dispersed in 50 mL MB solution (10 mg/L), followed by the exposure 

to the simulated sun light under continues stirring. Once the light illumination began, 

3.5 mL of each sample was collected from the suspension solution at an interval of 

10 min. After the catalyst was separated by a syringe filter (0.45 μm), the relative 

concentration of the supernatant solution was determined by the UV-vis absorbance at 

572 nm. 

 

3. Results and discussion 

 

Figure 1 presents the XRD patterns of the UiO-66 and UiO-66(Ti) nanocomposite. 

UiO-66 exhibited a similar XRD pattern as reported in the literature.45, 46 All the 
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UiO-66(Ti) nanocomposites possess similar XRD patterns as UiO-66, which indicates 

that the framework of UiO-66 is not altered with the introduction of titanium. However, 

no diffraction peaks belonged to titanium species could be observed even at a higher Ti 

concentration. Meanwhile, the diffraction peak at 2θ at around 7.3° shifts to a lower value 

as the Ti/Zr increases. These features imply that the titanium species are not simply 

grafted or encaged in the UiO-66 framework. Instead, the titanium species might be 

cooperated with Zr to the formation of oxo-bridged hetero-Zr-Ti clusters, which act as the 

skeleton of the UiO-66(Ti) framework.43, 45-47 Particularly, when the molar ratio of Zr to 

Ti is 1/1, most of the characteristic peaks assigned to UiO-66 disappeared, indicating the 

loss of its well-ordered porous structure. Such phenomena suggest the shrinking of the 

crystal lattice because of the partial substitution of larger Zr in Zr-O oxo-clusters by 

smaller Ti43. The imbalance atom size of the Zr and Ti would not result in the uniform 

porous structures. However, the characteristics peaks of UiO-66 reappear when the molar 

ratio of Ti/Zr is 1.5/1. This suggests that most of the Zr would be substituted by the 

titanium species, which lead to the reformation of the UiO-66 framework with Ti-O 

clusters as the skeleton.  
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Figure 1. XRD patterns of UiO-66 and UiO-66(Ti) with various Ti/Zr molar ratios. 

 

The X-ray photoelectron spectroscopy (XPS) is a highly sensitive technique to 

explore the chemical changes in the element surroundings. The XPS spectra of the 

elements of interest, i.e., Zr 3d, Ti 2p, and O 1s, are shown in Figure 2. Figure 2(a) 

presents the survey scan of the UiO-66 and UiO-66(Ti) nanocomposites. As shown in 

Figure 2(a), new peaks associated with Ti 2p appeared in the XPS spectrum of the 

UiO-66(Ti) nanocomposites, and their relative peak intensities to that of Zr 3p increased 

with an increasing Ti content. These observations confirmed that the titanium moieties 

were successfully incorporated into UiO-66. In addition, the surface Ti/Zr molar ratios 

obtained by the XPS technique are presented in Table 1. It seems that the surface Ti/Zr 

molar ratios is higher than that of the bulk UiO-66(nTi). To be noted, the XPS is a highly 

surface sensitive instrument, the surface Ti/Zr molar ratios presented here is different 

from that of the bulk materials. These information also indicate that the Ti(OBu)4 was 

easy to incorporate with the surface of the UiO-66. According to the high resolution scan 

spectra of Zr, Ti, and O atoms presented in Figure 2(b)-(d), the binding energies of Zr 3d, 

Ti 2p, and O 1s shift to lower values as the concentration of Ti increases in the 

nanocomposites, suggesting the changes in the chemical environments of these elements. 

Binding energy depends on shielding effect caused by the electron density around atoms. 

Hence, the drop in the binding energy of Zr 3d and Ti 2p could be attributed to the 

enhanced electron density around Zr and Ti atoms, which might result from the weaker 

electronegativity of the strong interaction between Zr and Ti. Moreover, the binding 

energy of O 1s in UiO-66(Ti) could be deconvoluted into three peaks centered at 530.9, 

530.1, and 529.3 eV by Gaussian fitting, which corresponds to the contributions from the 

surface adsorbed hydroxyl groups, Zr-O,47, 48 and Ti-O,49, 50 respectively. The decreased 

binding energy of O 1s with increasing Ti contents could also be explained by the 

enhanced electron density around the O atoms. All these features imply that the titanium 
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moieties be introduced to the framework of UiO-66 as electron donor via the formation of 

oxo-bridged hetero-Zr-Ti clusters.43, 45-47 

Table 1. Surface molar ratios of Ti/Zr in UiO-66(nTi). 

Samples Ti (At%) Zr (At%) 
Surface Ti/Zr 

molar ratios 

UiO-66 0 6.35 0 

UiO-66(0.25Ti) 2.40 5.09 0.47 

UiO-66(1Ti) 5.94 4.67 1.27 

UiO-66(1.25Ti) 5.79 4.36 1.32 
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Figure 2. XPS spectra of (a) survey scan of UiO-66 and UiO-66(Ti) nanocomposites and 

the narrow scan in the (b) Zr 3d, (c) Ti 2p, and (d) O 1s regions. 

 

The textural morphology of UiO-66 and the selected UiO-66(1Ti) nanocomposite 

were investigated by SEM and TEM, and the observations are displayed in Figure 3. 

Obviously, the as-prepared UiO-66 presents spherical agglomerations instead of small 

crystals because of the smaller modulator concentrations compared with that reported in 

the literature.51 UiO-66(1Ti) retained the similar morphology as UiO-66. Furthermore, no 

obvious differences of the morphologies could be observed from the TEM images. These 

observations suggest that Ti was truly incorporated into the UiO-66 framework to replace 

Zr as skeleton. This is in good agreement with the XRD (Figure 1) and XPS (Figure 2) 

results. 
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Figure 3. SEM images of (a) UiO-66, (b) UiO-66(1Ti), and TEM images of (c) UiO-66, 

(d) UiO-66(1Ti). 

 

In addition, the porosity of UiO-66 and UiO-66(Ti) was also investigated by the 

BET analysis, and the results are displayed in Table 2. The specific surface area (SBET) of 

UiO-66 is 889.6 m2g-1, and the SBET of UiO-66(Ti) first decrease and then increase with 

an increasing Ti concentration, and UiO-66(1Ti) presents the lowest SBET of 419.1 m2g-1. 

The decreased SBET indicates that the pores in the UiO-(Ti) nanocomposites are smaller 

than the parent UiO-66. The lowest SBET of UiO-66(1Ti) can be attributed to its poorest 

crystallinity. When Ti/Zr is larger than 1/1, the slightly increased SBET could be attributed 

to the reformation of the uniform framework with Ti-O clusters as the skeleton. 

 

Table 2. Specific surface areas of UiO-66 and UiO-66(Ti) nanocomposites. 
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Sample SBET (m2 g-1) 
UiO-66 889.6 

UiO-66(0.25Ti) 710.4 
UiO-66(0.5Ti) 626.3 

UiO-66(0.75Ti) 608.3 
UiO-66(1Ti) 419.1 

UiO-66(1.25Ti) 451.2 
UiO-66(1.5Ti) 590.4 

 

The UV-visible absorption spectra are presented in Figure 4(a). UiO-66 shows two 

UV absorption peaks located at ca. 263 and 292 nm, which are ascribed to the UV 

adsorption of Zr-O oxo-clusters and the ligand-based adsorption influenced by the nearby 

metal centers, respectively. 43 However, these two peaks become broader and more 

intense after the titanium was incorporated into UiO-66. In addition, the UV-vis 

absorption edges of the as-prepared UiO-66(Ti) nanocomposites are shifted to longer 

wavelengths compared with that of UiO-66. The absorption bands seen in the near-visible 

and visible regions in UiO-66(Ti) are mainly attributed to the ligand-to-metal charge 

transfer.52, 53 The red-shift of the UV-vis absorption edge implies the decrease in the band 

gap after the introduction of titanium species. The indirect band gap (Eg) values of 

UiO-66 and the UiO-66(Ti) are estimated by the Tauc equation (αhν=A(hν-Eg)2) (Figure 

4(b)) using the UV-vis absorption data.54-56 By extrapolating the linear portion of the (αhν) 

1/2 versus hν curves to the X-axis, the indirect Eg values could be obtained. Results 

showed that the introduction of titanium species decreased the band gap of UiO-66. Thus, 

it is in favor of the ligand-to-metal charge transfer. This also supports that the titanium 

species behave as the electron donor in the UiO-66(Ti) nanocomposites. Based on these 

information, the energy level for the CB of the UiO-66(Ti) should be higher than that of 

the UiO-66, which is reported to be around ca. -0.09V (vs. NHE).57 Furthermore, the light 

absorption of UiO-66(Ti) extends to the visible-light region with increasing Ti contents. 

Particularly, UiO-66(1.25Ti) shows the highest light absorption intensity in the 
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visible-light region, but the visible-light absorbance for UiO-66(1.5Ti) decreases 

significantly. The optical properties in the visible-light region strongly depended on the 

quantities of structural defects.58, 59 According to the XRD patterns (Figure 1), 

UiO-66(1Ti) and UiO-66(1.25Ti) possess the lower crystallinity compared with other 

Ti/Zr molar ratios, thus lead to the formation of a larger amount of structural defects. This 

might be the reason that UiO-66(1Ti) and UiO-66(1.25Ti) own the better visible-light 

absorption properties. The crystallinity of UiO-66 was regenerated when the Ti/Zr was up 

to 1.5/1, suggesting that there were less amount of defects in UiO-66(1.5Ti). This might 

be the reason for the drop in its optical properties in the visible-light region.  
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Figure 4. (a) UV-vis absorption spectra and (b) optical band gap determination by Tauc 

plot of UiO-66 and the UiO-66(Ti) nanocomposites with various Ti/Zr molar ratios. 

The PL spectra of UiO-66 and the UiO-66(Ti) nanocomposites with various Ti/Zr 

molar ratios are shown in Figure 5. The PL intensities of UiO-66(Ti) nanocomposites 

decrease with increasing Ti contents except for UiO-66(1.5Ti). Moreover, the PL 

intensities became more intense after the introduction of titanium in the UiO-66 

framework except for UiO-66(1Ti) and UiO-66(1.25Ti). The increased PL intensities can 

be ascribed to the high concentration of the photo-produced electron-hole pairs originated 

from the introduction of the titanium species. However, the weaker PL intensity of the 

UiO-66(1Ti) and UiO-66(1.25Ti) could be attributed to the structural defects stem from 

their lower crystallinity. The weaker PL intensity, the longer lifetime of the 

photo-generated electron-holes. The structural defects in the UiO-66(1Ti) and 

UiO-66(1.25Ti) can provide extra pathways for the migration of photo-generated 

electrons, thus facilitate the electron holes separation, and these lead to the longer 

lifetime of the photo-generated electron-holes. The enhanced optical properties are 

expected to improve the photocatalytic performance of UiO-66(Ti) toward a target 
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reaction. 

 

Figure 5. PL spectra of UiO-66 and the UiO-66(Ti) nanocomposites with various Ti/Zr 

molar ratios. 

The removal of MB was selected as a model reaction to examine the adsorption and 

photocatalytic activities of the UiO-66(Ti) nanocomposites. The reaction system was first 

equilibrium for 80 min before it was transferred to the simulated sun light. The MB 

removal efficiency was estimated by the 100(1-C/C0)%, where C0 and C is the initial and 

actual MB concentration in the reaction system.60 The result is shown in Figure 6. The 

MB adsorption over all the samples could achieve to equilibrium in 80 min. In detail, the 

MB removal efficiency in the first 30 min is very high, but it slightly decreased as the 

adsorption time goes, and there is no further adsorption after 60 min. UiO-66 presents the 

estimated MB removal efficiency of ca. 46.3% in 80 min without simulated sun light 
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i.e., electrostatic interaction between the dyes and UiO-66.13, 15 The MB removal 

efficiency over the UiO-66(Ti) first decreased and then increased with increasing Ti 
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contents. These are in consistent with the SBET results (Table 2), and the UiO-66(1Ti) with 

the lowest SBET possesses the poorest MB removal efficiency. 

 

 

Figure 6. (a)Adsorption performance of UiO-66 and the UiO-66(Ti) nanocomposites with 

equilibrium time online and (b) MB removal efficiency of the samples after equilibrium 

for 80 min without simulated sun-light irradiation. 
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After the reaction system was equilibrium for 80 min, it was then exposed to the 

simulated sun-light. The photodegradation efficiency was estimated by 100(1- C/C80)%, 

where C80 is the MB concentration after equilibrium for 80 min in the reaction system. 

The photodegradation efficiencies over different samples are illustrated in Figure 7. The 

self-photosensitization of the organic dyes often happens under the light irradiation, and it 

matters little to the photocatalytic activity.61, 62 It can be observed from Figure 7 that the 

UiO-66 barely shows any photocatalytic activity, therefore, the self-photosensitization of 

the methylene blue was not considered here. However, the incorporation with titanium 

could enhance its MB photodegradation efficiency greatly. The best MB degradation 

efficiency of 82.2% could be achieved over UiO-66(1.25Ti), which owns the strongest 

visible light absorption intensity (Figure 4) and the longest lifetime of the 

photo-generated electron-holes (Figure 5).  
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Figure 7. (a) Photocatalytic activity of UiO-66 and the UiO-66(Ti) nanocomposites 

with irradiation time online and (b) MB removal efficiency with simulated sun-light 

irradiation for 80 min. 

The overall MB removal efficiency over the UiO-66 and UiO-66(Ti) were estimated 

by 100(1-C/C0)%, and the results are shown in Figure 8. It is seen that the MB removal 

over the UiO-66(Ti) nanocomposites can be attributed to the effect of concurrent 

photo-degradation plus the absorption mechanism. Meanwhile, the photodegradation 

mechanism plays the major role in the MB removal. The best overall MB removal 

efficiency could be achieved to 87.1% over UiO-66(1.25Ti). 
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Figure 8. (a) Overall MB removal performance of the UiO-66 and UiO-66(Ti) 

nanocomposites with time online and (b) the overall MB removal efficiency with 

photocatalysts in the reaction system for 160 min. . 

It has been widely investigated that the photodegradation of MB were strongly 

depended on the hydroxyl radicals (•OH) and superoxide (•O2
−) in the reaction system.63 
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In order to clarify the photocatalytic mechanism of UiO-66(Ti), trapping experiments of 

radicals and superoxide were used to detect the main active species in the photocatalytic 

process.54, 61, 64 1 mM isopropanol was added into the reaction system as the radical 

scavenger, and 1mM triethylamine was used to trap the superoxide. The catalytic results 

were presented in Figure 9(a). Apparently, the MB photodegradation efficiency with the 

isopropanol or triethylamine was inferior to the reaction system without the radical 

scavenger. This suggests that the radicals and superoxide were the main active species in 

this photocatalytic system. The possible organic dye degradation mechanism over the 

UiO-66(Ti) could be proposed as follow equations, and the detailed mechanism is 

summarized in Figure 9(b). 

 

As it is observed from the UV-vis absorption of the UiO-66 and UiO-66(Ti) 

presented in Figure 4, the addition of Ti in the UiO-66 could enhance its optical 

properties by narrowing its band gap to less than 3.2 eV. The illumination of UiO-66(Ti) 

by simulated sun-light irradiation with energy equal to or greater than its band gap can 

excites electrons (e-) from the HOMO energy level to the LUMO energy level and 

produces holes (h+) in the valence band. The photo-generated electrons (e-) in LUMO can 

be trapped by the dissolved molecular oxygen in the reaction system to form superoxide 

(•O2
−), which will react with H+ in the water to form hydroxyl radicals (•OH). 

Meanwhile, the photo-induced positive holes (h+) in the HOMO bands can directly 

interact with the active OH groups in surface adsorbed water (H2O) to produce the 

hydroxyl radicals (•OH). The formed hydroxyl radicals (•OH) possess strong oxidation 

ability. In the next step, the organic pollutants can be concurrently degraded to CO2, H2O 

and other intermediates during the photolysis process by interacting with the hydroxyl 

radicals (•OH) or superoxide (•O2
−). 
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Figure 9. (a) Photodegradation efficiency of MB over UiO-66(1.25Ti) in the reaction 

system with and without scavengers under UV-vis light irradiation, (b) scheme of the 

proposed photocatalysis mechanism. 

Based on the XPS, XRD, SEM and TEM characterizations of the UiO-66 and 

UiO-66(Ti), the addition of Ti can narrow the band gap of UiO-66, and this is majorly 

attributed to the electron donor properties of Ti. These result in the enhanced light 

absorption properties of the UiO-66(Ti) (Figure 4). A higher UV-vis light absorption 

intensity of a photocatalyst is expected to supply more photo-generated electrons and 

holes, which will be benefit for the photocatalytic activity. These are the reasons why the 
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photocatalytic activities of UiO-66(Ti) presented in Figure 7 follow the order of the 

UV-vis adsorption intensities shown in Figure 4. On the other hand, the crystallinity of 

the UiO-66 is decreased after the incorporation with Ti because of the mismatch atom 

size of the Zr and Ti. The non-uniform porous properties can lead to numerous structural 

defects of the UiO-66(Ti), which can provide extra migration pathways for the 

photo-generated electron-holes. This will prolong the lifetime of the photo-generated 

electron-holes (Figure 5), leading to an enhancement of the photocatalytic performance 

(Figure 7). Meanwhile, non-uniform porous structures will sacrifice the SBET. The higher 

SBET is beneficial for the MB adsorption (Figure 6). From the overall MB remove 

efficiency presented in Figure 8, the MB removal over UiO-66(Ti) nanocomposites could 

be attributed to the results of adsorption as well as the photodegradation mechanisms.  

 

 

4. Conclusion  

 

In summary, a new type titanium fabricated MOF was synthesized using UiO-66 as 

the substrate (UiO-66(Ti)) via a facial approach. The titanium behaved as the electron 

donor via the formation of oxo-bridged hetero-Zr-Ti clusters, and thus leads to enhanced 

optical properties compared to the parent UiO-66. However, the UiO-66(Ti) 

nanocomposites exhibited lower surface area. The removal of MB over the UiO-66(Ti) 

nanocomposites could be attributed to the synergetic effects of light absorption intensity, 

efficient separation of the photo-generated electron-hole pairs as well as their porous 

properties. The highest MB removal efficiency of ca. 87.1% over UiO-66(1.25Ti) could 

be achieved. This work provides a new approach to remove organic pollutants via the 

cooperation of adsorption and photo-degradation mechanisms by exploring new types of 
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photocatalysts with large specific surface areas.   
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