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Abstract. Zirconia based metal-organic framework (Zr-MOF) is widely known as hydro-
stable and thermally stable MOF structures. However, general synthesis method of Zr-MOF
usually employed chloride-based materials to enhance overall crystallinity. The use of
chloride-based compounds may hinder the scale-up production of Zr-MOF as it generates
scheduled liquid waste and is generally corrosive. In this study, UiO-66, a Zr-MOF was
successfully synthesized for the first time without using chloride ions (CI) at room
temperature in an attempt for a “green” and facile synthesis. In this method, metal-organic
framework formation at various metal salt (Zr?*)-to-DMF ratio in with or without the
presence of ClI- as well as its effect on relative crystallinity of UiO-66 were investigated.
Decreasing the Zr?*-to-DMF ratio resulted in increased relative crystallinity (RC) regardless
of CI". All samples exhibited X-ray diffraction peaks corresponding to (111), (002) and (022)
reflection planes suggesting successful UiO-66 formation. Results obtained in this study
suggested that UiO-66 with lower RC exhibited highest photoreduction efficiency of Cr (1V)
at ca. 54 % in 5 ppm solution with reduction rate of 0.0028 min™. Higher RC value was
suggested to decrease overall active sites for photoreduction reaction to occur resulting in less
photoreduction efficiency.
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Introduction

Chromium released into the environment from industries are mainly in the form of
hexavalent chromium [Cr(VI)], known to be toxic and carcinogenic hence even a small
amount of Cr(VI) should be eliminated from industrial effluents. Method for mitigating
Cr(VI) includes adsorption, membrane filtration, ion-exchange, electrochemical and electrical
reduction [1-3]. Reduction reaction is also used especially in plating process of wastewater
treatment, whereby Cr(V1) is reduced to a less toxic and more benign Cr(l1l) using strong
acid [4]. Catalytic reduction of Cr(\V1) over a catalyst can also be applied and in recent years,
photocatalytic reduction of Cr(VI) had been actively investigated [4]. Upon illumination, a
photocatalyst can generate electron-hole pairs. If the photogenerated electrons have adequate
potential, they can be reduced from Cr(VI) to Cr(lll). Many attempts have been made for
Cr(VI) reduction over oxide semiconductors. Therefore, instead of using typical oxide
semiconductors like titanium dioxide or zinc oxide, Cr(VI) reduction on semiconducting and
highly porous metal-organic framework materials (MOFs) has gained considerable interests
in recent years [5-9].

MOFs are a class of commonly used metal-organic framework based porous and
crystalline materials with high surface area [8,10]. Owing to their distinct porosity and
adsorption ability, MOFs have drawn considerable interest in removing heavy metals [11]. In
addition, its dispersion ability in aqueous solution is also an added advantage in removing
ions in water; comparable to zeolitic materials such as MCM-41 and MCM-48 but with larger
pore size. Furthermore, the unique characteristics of MOFs has intrigued researchers to
explore on its ability as sensors of various materials such as small molecules, toxic gases and
heavy metal ions [12-14].

Ui0O-66 is classified as one of MOF materials consisting of 12 Zr-O molecule forming
[Zrs(OH)404]*** octahedrally arranged metal clusters, linked with 1,4-benzenedicarboxylic
acid as the organic bridging molecules giving them the high surface area and high thermal
stability properties [9]. Since the discovery, there are several less popular Zr-based MOFs
analogous due to their synthesis procedures complexity because of their vast organic linker
variations [9]. Zr-based MOFs are considered as reactivity semiconductor nanomaterials that
are humidity-stable and highly resistant to various solvents making them favourable as
support materials for many applications in fluid and corrosive environments. This is due to
highly energetic pseudo-ceramic zirconium oxide (Zr-O) bonds at ca. 753 kJ/mol compared
to other metal nodes in MOFs [8,15-20]. Presently, studies on UiO-66 as photocatalyst for
carbon dioxide capturing and utilisation, Cr(V1) capturing and reduction has been widely
explored [11].

Figure 1 shows the suggested schematic diagram of photocatalytic Cr(V1) reduction by
UiO-66 where 1,4-benzenedicarboxylic acid (H.BDC) or known as terephthalic acid (purple
sphere) and Zr-O (dark-blue sphere). Free electrons are needed for Cr(VI) reduction process
to occur on an oxide semiconductor. These can be generated by electrons excitation from the
valence band (VB) to the conduction band (CB) of the oxide upon photons (with energy
equal to or greater than the oxide band gap) absorption [17]. In this study, semiconducting
Ui0O-66 will likely undergo similar free-electrons generation process. However, free-electrons
will be generated from the highest occupied molecular orbital (HOMO) to the lowest
unoccupied molecular orbital (LUMO) [17]. In general, the energy level of organic linker in
MOF is regarded as HOMO, while redox potential energy level of Zr-O as metal oxide
cluster is regarded as LUMO [17]. Hence, excitation would likely to occur in the organic
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linkers. Unlike oxide semiconductors, MOFs are known to be a good adsorbent material thus
facilitating more Cr(VI) ions to be adsorbed on the pore surfaces. When illuminated, free
electrons from the MOFs may reduce the adsorbed Cr(V1) via electrons transfer resulting in
Cr(111) formation. Such synergistic effect may result in a higher efficiency material for Cr(VI)
removal from wastewater.

Figure 1. Suggested schematic diagram of the photocatalytic Cr(V1) reduction by
adsorption-photoreduction mechanism in UiO-66

However, the majority of synthesis methods in producing UiO-66 employed organic
solvents that served as modulators such as dimethylformamide (DMF) and hydrochloric acid
(HCI) that hindered their scale-up production due to sheer amount of scheduled liquid waste
generation and its high cost [21, 22]. Hence, to the best of our knowledge, all previous studies
used DMF in the presence of CI" ion in order to successfully obtain UiO-66 as shown in
Table 1 [20, 21, 23-29]. However, an initiative to substitute the use of DMF in synthesizing
UiO-66 by Venturi et al. exhibited successful formation of UiO-66 without DMF in the
synthesis system [30]. Thus, in this study, the method was further modified to focus on the
effect of CI" ion in the system for successful formation of UiO-66. Several studies reportedly
used hydrochloric acid (HCI) while others considered CI" ion in the metal salts used were
enough to cause UiO-66 crystallinity. DMF and HCI are both known as good
modulators/solvents to obtain better crystallinity and high surface area of MOF [22]. It was
reported that the increased crystallinity in MOFs causes surface area to decrease, as well as
the number of active sites on material, consequently affecting its catalytic activity [31].

Table 1. Previous study on UiO-66

References Yea_trs (.)f DMF Presence of Other solvents
publication Clion
Cavkaet. al. [21] 2008 v \ X
Cirujano et. al. [23] 2015 \/ \/ dichlorometane
Piscopo et. al. [24] 2015 \ \ Methanol
Lan et. al. [25] 2016 \ \ X
Zhang et. al. [20] 2017 V \ X
Caratelli et. al. [26] 2017 \/ \/ dichlorometane
Torbina et. al. [27] 2019 \ \ X
Liu et. al. [28] 2019 \ \ Acetic acid
This study 2021 \ X X
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Therefore, in this study, UiO-66 was synthesized with different metal salt/DMF ratios
and aging durations. The study of metal salts to organic linkers ratio and without CI" ion
(chloride-less) was carried out as an initiative to decrease the use of acid modulators. The
effect of these parameters on the resultant crystallinity of UiO-66 was also investigated.
Furthermore, UiO-66 synthesized without CI- used as photocatalyst for adsorption-
photoreduction of Cr(V1) ions from water were also elucidated in this study.

Methods and Materials

Materials. Zirconium (IV) oxynitrate hydrate (N2O7Zr, Fluka), terephthalic acid
(CgHeOs4, 1,4-benzenedicarboxylic acid, H.BDC, Merck, 98%), N, N-dimethylformamide
(DMF, Merck, 99.8%), hydrochloric acid (HCI, Fluka, 99%) and distilled deionized water
were used for the synthesis. Potassium dichromate (K2Cr.O7) was used for Cr (VI) solution.
All reagents were used in as-received condition without further purification.

Synthesis. UiO-66 was synthesized using reported methods with some modifications
[24,28]. Terephthalic acid was dissolved in DMF and sonicated for 10 minutes. Then,
zirconium salt was added to the organic solution with 0.099 mol of HCI and sonicated again
for several minutes. The resulting solution was placed into Teflon-lined stainless steel
autoclave, aged overnight and cooled to room temperature. The solution was centrifuged,
thoroughly washed with DMF and acetone then activated by heating at several drying
conditions in vacuo as shown in Table 2. The synthesis was repeated for chloride-less
synthesis omitting the addition of HCI with two-stages drying conditions. Water was not used
for washing all those samples to prevent the possibility of hydrolytic cleavage occurrence.
The resultant precipitates were dried in vacuo. The initial pH of the mixtures without using
HCI were less than 5.5 whereby above that will cause the organic linker molecule to be
released again into the solution and fail to form metal-organic framework structure [4,33].

Table 2. Synthesis parameters of UiO-66 with or without CI-

Sample Dﬂ? cr duraﬁginm(gh) oy

. éJ('l()) 1:270 Yes 24 80°C, 6h

. éJ('Z()) 1:270 Yes 48 80°C, 6h
6:(;())' 1:200 No 24 90°C, 1h; 120°C, 5h
Uio66(4) 1:200 Yes 24 80°C, 6h
65(:3()3' 1:400 No 24 90°C, 1h; 120°C, 5h
66%())' 1:400 Yes 24 80°C, 6h

Structural Characterizations. X-ray diffraction (XRD) patterns were determined using
Shimadzu XRD-6000 at 30 kV, 20 mA, scan step of 0.02°, scan speed 3°/min at 20 = 5° — 45°
[34,35]. The primary particle size was estimated using Scherrer equation and Williamson and
Hall (WH) method. In WH method, the size broadening and strain broadening were taken
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into consideration. The uniform deformation model (UDM) model of WH plot can be
expressed as [36]:

B cos 6 =4C; sin 6 +kA/D 1)

where C; is the value of strain, B is the FWHM value in radian, 0 is the Bragg diffraction
angle in radian, K is a constant due to shape factor (0.9) and A is the wavelength of the
incident X-ray used (1.5406 A). B cos 0 as Y-axis is plotted against 4 sin 6 as X-axis, forming
linear Lorentzian profiles. The crystallite size is calculated using the value of the intercept
formed. Relative crystallinity (RC) values were calculated using the relative intensity of
highest sample taken as 100 %. Hitachi SU8020 Field Emission Scanning Electron
Microscopy (FESEM) was used to observe the morphology of samples at 15 kV acceleration
voltage. Thermogravimetric analysis (TGA) was done using Shimadzu DTG-60 at 10°C/min,
as nitrogen gas flow at 100 ml/ minute in Pt pans from 25°C to 900°C [35]. Fourier transform
infrared spectroscopy (FT-IR) analyses were done using IRPrestige-21 Shimadzu at 500 cm™
- 4000 cm™* wavenumber. Raman spectroscopy was carried out to identify the chemical
composition using RENISHAW in via Raman microscope with an excitation wavelength of
532 nm and 1% laser power. Nitrogen adsorption-desorption analysis was done using
Micromeritics ASAP2050XP at -196°C. Surface area, pore volume and pore size distribution
were estimated using BET and Langmuir method. Pore size distribution were determined
using both Horvath—Kawazoe (HK) method for micropore and BJH method for mesopore.
Prior to nitrogen adsorption, the samples were pre-treated by degassing at 150°C for 24 h.

Photoreduction of Cr(VI) ions from aqueous solution. Solution 1 of Cr(VI) was
prepared using potassium dichromate (K2Cr.Oy7) dissolved in deionized water to produce 100
ppm Cr(VI) solution with an initial pH of 4. Then, the Solution 1 was further diluted to 5 ppm
and pH was adjusted to 2 by adding HCI to produce Solution 2. Then, 0.05 g of UiO-66
powders were packed in a tea-bag and immersed in 25 ml of Solution 2. Before light
irradiation, UiO-66 in Solution 2 was left in the dark for ca. 30 mins to achieve adsorption—
desorption equilibrium. The solution was then exposed to UV light for 300 mins. The amount
of Cr(V1) left in Solution 2 (after photoreduction) was observed by taking out 5 ml of the
solution at 30 mins intervals. Then, the solution’s UV absorbance was measured at 350 nm
using UV-visible spectroscopy (Perkin Elmer Lambda 35). Excess electrons are needed for
complete reduction from Cr(VI) to Cr(l1l) ion as shown in the following equation [9]:

Cr,07% + 14H" + 68" — 2Cr** + 7H.0 (@)

The removal efficiency (E, %) was estimated according to equation:

E %=(Co-Ct)/Co x 100% 3)
where, Co and C; are the initial and final concentration of Cr(V1) ions in (mg/L), respectively.
The UV light (Hitachi F8T5-Black Light, 8 Watts) energy used was 3.4 eV, which is higher
than UiO-66 band gap (3.05 eV) [17]. Hence, photogenerated electrons can be expected. The
kinetic reaction was then calculated using the pseudo-first-order Langmuir Hinshelwood
model [37]:

R =-dC/dt = kt 4)

When the adsorption is weak, this can be expressed as:
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-In(C/Co) = kt (5)

where R is the photocatalytic reaction rate, k is the photocatalytic pseudo-first order reaction
rate constant, C is the concentration of Cr(VI) at the given time and Co is the initial
concentration of Cr(VI).

Results and Discussion

Characterizations. UiO-66 produced without CI" gave higher yield at ca. 60% more
powder compared to other samples. Figure 2 shows the XRD patterns of UiO-66 (1) to UiO-
66 (6). All samples exhibited nine prominent peaks at 20 = 7.3°, 8.4°, 12°, 17°, 22.1°, 25.6°,
30.6°, 37.4° and 43.3° which corresponds to (111), (200), (220), (040), (511), (600), (711),
(751) and (400) crystal planes. The existence of these peaks with highest peak observed at
(111) plane of octahedral facets suggested successful formation of UiO-66 with octahedral
structure [21,32]. However, the samples synthesized using Cl; UiO-66 (1), UiO-66 (2), UiO-
66 (4) and UiO-66 (6) exhibited an additional reflection peak at 26 = 25.3° corresponding to
(101) crystal plane attributed to free, non-framework ZrO> phase [38].

Crystallinity in terms of relative crystallinity (RC) values were calculated with 100%
crystallinity referenced to sample UiO-66 (1) for having highest (111) reflection plane. Table
3 shows the crystallite size and RC of UiO-66 samples. UiO-66 (2), UiO-66 (3), UiO-66 (4),
Ui0-66 (5) and UiO-66 (6) have a RC of 66%, 56%, 73%, 50% and 96%, respectively. XRD
patterns of UiO-66 (1) and UiO-66 (2) that were aged at two different durations suggested
that aging at 24 h is sufficient for the formation of highly crystalline UiO-66. Even though,
XRD pattern suggested that aging for 24 h yielded higher crystallinity, it was reported that
the changes in UiO-66 main peak may vary and does not depend on the aging duration [32].
Therefore, samples that were prepared without Cl- (UiO-66 (3) and UiO-66 (5)) resulted in
lower RC value at ca. 56% and ca. 50%, respectively. This finding suggested that the
presence of CI" is important to improve crystallinity [27, 32].
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Figure 2. X-ray diffraction patterns of as-synthesized UiO-66

Table 3. Relative Crystallinity (RC) and crystallite size of the synthesized UiO-66

Crystallite size (nm) Crystallite size (nm)

UiO-66 Relative Cléré/stalhmty by Scherrer by WH plot
(RC) equation
1 100% 26 29
2 66% 19 20
3 56% 10 10
4 73% 22 24
5 50% 8 9
6 96% 23 26
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The primary crystallite size was calculated using Scherrer equation was at a range of
ca. 8 nm to 26 nm. The estimated crystallite size calculated shows a similar value with grain
observed in WH plot (Figure 3) with a range of ca. 9 nm to 29 nm. Samples without CI"; UiO-
66 (3) and UiO-66 (5) showed smallest crystalline sizes of 10 nm and 8 nm as well as low
crystallinity suggesting that the small particles formed loose agglomerations giving rise to
porous structure. However, the samples synthesized with CI°, which are UiO-66 (1), UiO-66
(2), Ui0-66 (4) and UiO-66 (6) exhibited larger primary crystallite sizes of ca. 26, 19, 22 and
23 nm, respectively. Thus, in the presence of CI™ bigger crystallites were observed while the
Zr?*/DMF ratio had no apparent effect on the crystallite size.
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Figure 3. The Williamson-Hall (W-H) plots of synthesized UiO-66
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Figure 4 shows FESEM images of dried UiO-66 (1), UiO-66 (3), UiO-66 (4) and UiO-
66 (6). UiO-66 was known to form octahedral structure but the cubic ingrown crystal was
also observed [32]. UiO-66 (1) shows cubic ingrown morphology with good crystallinity, as
reported in previous study [32]. Furthermore, UiO-66 (6) and UiO-66 (4) were expected to
produce a similar cubic ingrown structure as UiO-66 (1) but cubic ingrown shapes were not
defined as observed in UiO-66 (1). On the other hand, without CI- sample, UiO-66 (3)
exhibited agglomerations of cubic ingrown crystals but with less defined structure than in
sample with CI', UiO-66 (4). It was assumed that the primary crystal may agglomerate to
form porous structure as observed in FESEM. The FESEM images corresponds well to the
XRD results suggesting that Cl- affected the overall crystallinity of resultant UiO-66.
Structural results suggested that Zr>*/DMF ratio must be optimum in value so as not to be less
or more than 1:270 in UiO-66 (1) in order to obtain high UiO-66 crystallinity.

Figure 5 shows the thermal stability of UiO-66 (1), UiO-66 (3), UiO-66 (4) and UiO-
66 (6). All of the samples decomposed in three-stages of weight loss. The first weight loss
was at ca. less than 10 % before 100°C due to solvent’s evaporation. Then, between 100°C
and 300°C, second weight loss at ca. 30 % occurred due to loss of water molecules
physisorbed in the structure. Third weight loss occurred at 600 °C at ca. 25 % mass reduction
due to the decomposition of organic molecules, which left ZrO: as final residual oxides [21].

} L)
. 3 x:

s R

. \‘,_ 1E
. ~7

Figure 4. FESEM images of UiO-66 a) UiO-66 (1) b) UiO-66 (3) ¢) UiO-66 (4) and
d) UiO-66 (6)
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Figure 5. Thermal stability of UiO-66 (1), UiO-66 (3), UiO-66 (4) and UiO-66 (6)

Figure 6 shows that FT-IR spectra exhibited characteristic peaks attributable to the
vibration of C—H bonds in aromatic compound at frequencies of 2972 cm, 2879 cm™ and
1880 cm™ were observed. The vibration of C-O bonds was observed as two strong peaks at
1087 cm™!, 1045 cm™! and one weaker peak at 1379 cm™ originating from terephthalic acid.
The adsorption band at 655 cm™ corresponds to Zr-O stretching frequency as reported [20,
21, 27, 39]. As observed in Figure 7, UiO-66 synthesized in this study exhibited Raman shift
at 863 cm™, 1140 cm™?, 1430 cm™, 1450 cm™ and 1615 cm™ which corresponds to UiO-66
structure in previous study [40].
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Figure 6. FT-IR spectra of synthesized UiO-66
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Figure 7. Representative Raman spectrum of synthesized UiO-66 (4)
Porosity characteristics. Porosity characteristics such as size and surface also

influence the accessibility of reactants to the active sites and the ability of diffusing products
back into bulk fluid. Figure 8 shows a representative adsorption-desorption isotherm of as-
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synthesized, non-activated UiO-66 (5) prepared without CI". The insets are median pore size
distribution determined by Horvath-Kawazoe (HK) and Barret-Joyner- Halenda (BJH)
method. The adsorption isotherm of UiO-66 (5) exhibited the combination of Type 1b and
type Vb with the presence of hysteresis loop at the desorption branch suggesting the dual
nature of microporous and mesoporous material. Unlike typical UiO-66 materials that
exhibited purely Type 1a isotherm of microporous structure, the samples prepared in this
study exhibited Type 1b structure suggesting that a stable and undistorted formation of
monolayer range on the walls of wider micropore (cooperative filling). The surface area
estimated using BET and Langmuir was at ca. 400 m?/g. In general, metal-organic framework
materials give Type IVb with hysteresis of H2 loop observed for adsorption by network-
percolation effect [41]. The blue inset shows the median pore size distribution (PSD) centered
at ca. 0.7 nm determined by HK method in agreement with the concept of wider micropore
filling observed for Type 1b isotherm. The brown inset represents median pore size
distribution by the BJH method for mesopore centered at ca. 3.5 nm suggesting the presence
of wider mesoporous compared to typical mesoporous materials at ca. 2 - 3 nm [42]. It can be
assumed that other synthesized UiO-66 has a lower pore size, surface area and concentration
of active sites compared to UiO-66 (5).
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Figure 8. N2 adsorption isotherm and pore size distribution (inset) of a representative
Ui0-66 (5)

Photoreduction of Cr(VI) ion from aqueous solution. Figure 9 (a) shows the removal
of Cr(V1) ion in the presence of UiO-66 (1), UiO-66 (4) and UiO-66 (5). These three samples
were selected due to their variety of RC values being highest, medium and lowest.
Photoreduction efficiency as shown in Figure 9 a) suggested that lower RC exhibited highest
removal of Cr(VI) ion. UiO-66 (1) removed ca. 12 % of Cr(VI), UiO-66 (4) 27 % and UiO-
66 (5) 54 % even after 5 hours of UV irradiation. The increase in Cr(VI) removal efficiency
was suggested due to the decrease in particle size and crystallinity of UiO-66. UiO-66
crystallinity reduction resulted in an increase in amorphous structure and surface area [42].
This increase leads to increment of active sites on the surface to catalyze photoreduction [39].
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The photoreduction active sites in amorphous structure are zirconium oxide clusters which
provides wider contact area for the reaction to occur [31].

The values obtained in this study were considerably small as compared to UiO-66
produced using CI" as reported before, with the removal efficiency of 5 ppm Cr(V1) ion at ca.
45% and above achieved in 45 minutes [7]. Nevertheless, in this study, the formation of UiO-
66 without using CI is new and can be considered as sustainable approach in the attempt of
cost reduction and upscaling the production of MOFs.

The larger contact areas and more active sites may be provided by amorphous particles
agglomerating with irregular porous structures as suggested by FESEM images obtained in
this study [31,43]. In general, strategic approaches to enlarge the surface area of the
adsorbent and thereby improve the efficiency of photoreduction requires the reduction of
particle size [31]. This finding suggested that lower RC exhibited higher photoreduction of
Cr(VI). Moreover, the results obtained in this study was in good agreement to UiO-66 (5)
prepared without CI- achieving 54 % photoreduction efficiency. Moreover, the sample
exhibited ca. 50 % of Cr(VI) ions reduction achieved at ca. 180 min after UV exposure.
Thereafter, additional 4% decrease was observed from 180 to 300 min. However, for UiO-66
(1) and UiO-66 (4) photoreduction occurred at a very slow rate with overall photoreduction
efficiency of ca. 25 % and ca. 10 %.

Figure 9 b) shows the UV-Vis results of UiO-66 (5) taken at 30 mins time interval.
The absorbance peak corresponding to Cr(VI) ions was observed at ca. 350 nm. The
reduction in peak intensity from 0 — 300 mins suggested that Cr(VI) ions were successfully
removed from the solution by photoreduction. In order to ensure that reduction occur by
photoreduction, UiO-66 (5) samples in Solution 2 was left in the dark for 300 mins as shown
in Figure 9 c) exhibiting ca. 5 % in removal efficiency, suggesting that the reduction in
Cr(IV) ion using samples in this study occurred purely by photoreduction. The removal
efficiency of Cr(VI) in dark experiment occurred purely by adsorption and was negligible.

Therefore, it can be concluded that the Cr(VI) removal was carried out via
photoreduction for free electrons generation to initiate reduction from Cr(1V) to Cr(lll). This
was not caused by adsorption alone as it was inadequate for efficient removal. Nevertheless,
much ought to be investigated in order to further understand the synergistic effect of both
processes on UiO-66.

Figure 10 shows the graph of —In(C/Co) vs. time. The inset are k values and R? values
for Cr(VI) ions. The values of photocatalytic pseudo-first-order reaction rate constant (k) and
the correlation coefficient of determination (R?) were calculated. The value of k is the slope
of the linear fit. Also, the value of RZ must be close to 1, indicating that the model is suitable
for illustrating Cr(VI) kinetics. Based on the value of k obtained in Figure 10, the
photocatalytic activity of UiO-66 (4) is almost three times higher at k = 0.0011 min than
Ui0-66 (1) with k value of 0.0004 mint. However, UiO-66 (5) with the lowest RC shows the
highest value of k compared to other UiO-66 samples. These results suggested that the
pseudo-first-order Cr(\V1) reaction rate constant increases when the RC decreases.
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Figure 9. Photoreduction efficiency of Cr(VI) ion by UiO-66 b) UV-Vis result of UiO-66
(5) and c¢) removal efficiency of Cr(VI1) by UiO-66 (5) in dark
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Figure 10. Graph of —In(C/C,) vs. time and the reduction rate contants for UiO-66 (1),
UiO-66 (4) and UiO-66 (5)

Conclusion

Ui0O-66 with varying RC were successfully synthesized with or without CI- at different
aging and drying conditions. Crystallinity was improved by adding Cl". However, results
suggested that for photoreduction removal efficiency requires lower crystallinity. It was
suggested that lower crystallinity can lead to a higher surface area which may increase the
active sites catalyzing the photoreduction reaction on the material’s surface. Nevertheless, the
sample had to be illuminated as to induce photogenerated electrons for the reduction of
Cr(VI) to take place. While the efficiency could be further improved, synthesizing UiO-66
without using HCI is a high yielding new and sustainable approach in the attempt to scale-up
production of MOFs and reduction of byproducts.
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