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Abstract—Zinc oxide was synthesized with ionic liquid tetramethylammonium glycine ([N,,,,][Gly]) and supramolec-
ular gel N-lauro-L-glutamic acid-di-n-butylamide (GP-1) as co-template by solvothermal method and characterized by
X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM) and UV-vis
diffuse reflectance spectrometer. The effects of templating agent dosage and aging time on the morphology, meso-
porous structure, and crystal phase of ZnO were investigated. The results demonstrate that the ionic liquid [N,,,][Gly]
and GP-1 organogel synergistically control the growth orientation of the crystal, and the morphology of ZnO varies with
the templating agent dosage and aging time. The as-synthesized samples were applied in the catalytic degradation of
Congo red under simulated solar light irradiation. In particular, the synthesized sample (MZ-3-8) with nanosheets mor-
phology exhibited the best catalytic performance with a degradation rate up to 98% for 90 min, clearly superior to com-
mercial ZnO and P-25. Furthermore, the catalyst can be cycled at least eight times with little loss of photocatalytic activity.
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INTRODUCTION

Dye wastewater is one of the leading industrial discharge waste-
waters, mainly containing refractory organic matters such as dyes
and dye intermediates. Although dyes are widely used in medi-
cine, food, and cosmetics, if not treated after discharge, they will
lead to severe environmental problems due to their toxic and bio-
refractory properties [1]. A variety of techniques currently have been
investigated for dyes removal, including adsorption [2], photocata-
lytic degradation [3], coagulation [4], and oxidation [5]. Among
these methods, semiconductor-mediated photocatalysis treatment
has a significant advantage to eliminate these contaminations in
water [6]. In the presence of the photocatalyst, organic contami-
nants are directly oxidized by photogenerated holes and degraded
into carbon dioxide and water to achieve degradation and purifi-
cation. At the same time, the photocatalytic material itself has no
loss.

As one of the important II-VI wide bandgap semiconductor
materials, Zinc oxide (ZnO) has outstanding physical and chemi-
cal properties, such as high chemical stability, excellent electrochemi-
cal coupling coefficient, low cost and good biocompatibility [7]. It
is considered a potential catalyst with good photodegradation activ-
ity for the degradation of organic pollutants in wastewater [8]. How-
ever, the rapid recombination rate of photogenerated electron-hole
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pairs and narrow light response range (only active under UV light)
limit its wide applications [9]. Many researches have been done to
enhance the photocatalytic activity of zinc oxide, especially to change
the structure of zinc oxide as a facile and high-efficiency method.
The structure of zinc oxide exists in the form of one-dimensional
(1D), two-dimensional (2D) and three-dimensional (3D) structures
[10,11]. The one-dimensional structure has various appearances
such as nanorods, needles, spirals, wires, tubes, and combs [12]. The
two-dimensional structure of zinc oxide includes nanosheets and
nanolayers [13]. The three-dimensional structure of zinc oxide mainly
manifests as flower-like, dandelion and snowflake [14]. Many physi-
cal characteristics of ZnO nanoparticles, such as the morphology
and size, can be finely controlled by different synthesis methods,
which have greatly influenced their properties [15]. In the synthe-
sis process of nanomaterials, introducing a template is usually used
to control the morphology and structure, and the controllable syn-
thesis of the material is realized by the structure inducing effect.
Ionic liquids (ILs) are salts composed of an organic cation and
an inorganic or organic anion. They possess excellent physical and
chemical properties such as low melting point, negligible vapor pres-
sure, mild reaction conditions and high thermal stability [16,17].
Tonic liquids can self-assemble into micelles in aqueous solvents and
be used as templates to prepare nanostructured materials. The nano-
particles tend to aggregate and form a specific spatial morphology
around these micelles, which functions like surfactants [9]. Du et
al. [18] produced a yolk-shell silica sphere consisting of a core and
an outer shell by a one-step process using a trisiloxane-tailed sur-
face active ionic liquid as a template, the particle size and shell thick-
ness improved with the increased ILs concentration. Thus, ILs are
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ideal templates for preparing ZnO materials with peculiar struc-
tures and unique properties [19,20].

Supramolecular gel is an essential kind of soft material, possess-
ing a 3D network assembled from low-molecular-weight gels [21,
22]. Since Shinkai first reported the supramolecular gels in 1998,
this soft material has had numerous potential applications in catal-
ysis [23], optoelectronics [24], biomedicine [25] and sensors [26]
owing to its unique properties. During the formation of supramo-
lecular gels, gelation occurs through intermolecular non-covalent
interactions, including hydrogen bonding, 77 stacking, van der
Waals forces and dipole and electrostatic interactions, thereby result-
ing in the formation of various nanoscale structures such as fibrils,
spirals, ribbons, tubes, layers [27,28]. The diversity of gel microstruc-
tures allows them to be utilized as templates to construct novel
nanostructures and functional materials, adjusting the shape and
size of nanomaterials such as silicon dioxide [29], titanium diox-
ide [30], gold and silver [31]. For example, Cui et al. [32] synthe-
sized »-ALO; with a worm-like mesoporous structure and high
specific surface area in GP-1/propylene glycol gel. However, to our
best knowledge, work on regulating the morphology of ZnO co-
templated by ionic liquids and supramolecular gels has rarely been
reported.

In this work, to overcome the complex reaction steps and harsh
synthesis conditions as well high cost in the conventional synthe-
sis methods of nano-ZnQ, a control strategy using ionic liquids and
supramolecular gels as co-template is proposed to control the crys-
tal growth and morphology. ZnO crystals with a series of novel
morphologies, including 2D nanosheets, 3D hydrangea flower-like
and 3D hexagonal pencil clusters, have been systematically and
successtully fabricated using the co-template method, fully present-
ing the role of the co-template in morphology control. The effects
of co-template and the aging time on the morphology and struc-
ture of the synthesized zinc oxide are investigated. Furthermore, we
present the microscopic mechanism of the synthesis of zinc oxide
via the co-template method. When used as photocatalysts for deg-
radation of Congo red solution under simulated solar light irradia-
tion, the as-synthesized zinc oxide products with different mor-
phologies exhibit enhanced photocatalytic activity and good recy-
cling performance. This co-template method provides us a com-
pelling synthesis of materials with novel morphologies.

EXPERIMENTAL SECTION

1. Materials

Tetramethyl ammonium glycinate ([N,,,,][Gly]) was purchased
from Lanzhou Institute of Chemical Physics (Lanzhou, China). N-
lauroyl-L-glutamic acid di-n-butylamide (GP-1) was bought from
Kishi-moto Sangyo Asia (Tokyo, Japan). Zn(OAc),-2H,0 was pro-
duced by Tianjin Yuanli Chemical Industry (Tianjin, China). Abso-
lute ethanol and Congo red were purchased from Tianjin Jiangtian
Chemical Technology Limited Company (Tianjin, China). All chem-
icals were analytic reagents and used directly without any pretreat-
ment. The molecular structures of GP-1 and [N, ,][Gly] are shown
below in Scheme 1.
2. Synthesis of ZnO within [N,;,][Gly]/GP-1 Co-template

In this study, zinc oxide was synthesized with an amino acid
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Scheme 1. Molecular structures of (a) N-lauroyl-L-glutamic acid di-
n-butylamide and (GP-1) and (b) Tetramethyl ammo-
nium glycinate ([N,;,,][Gly]).

ionic liquid [Ny,,,][Gly] and an organic supramolecular gelator GP-
1 as co-template via solvothermal method. In a typical procedure,
2.08 g Zn(OAc),-2H,0 and a certain amount of [N,,,][Gly] were
dissolved in 50 mL absolute ethanol-deionized water solution with
the molar ratio of 0.2 under stirring for 15 min at room tempera-
ture. And 4M NaOH was added to the solution at a 1 mL/min
rate under stirring until pH=12. Then, 0.83 g GP-1 was added to
the above-obtained solution, stirred until dissolved. The obtained
solution was transferred into a 100 mL stainless steel autoclave and
heat-treated at 140 °C for a certain time. After being finished, it was
taken out and cooled to room temperature. The reaction mixture
was centrifuged, washed with absolute ethanol and deionized water
several times, and dried at 60 °C under vacuum for 24 h to obtain
the white powder. Here the final samples are abbreviated as MZ-x-,
where x represents the molar ratio of [N},,,][Gly] to Zn(OAc),-
2H,0, t represents the aging time (h).
3. Degradation of Congo Red with the Synthesized ZnO as
Photocatalyst

The degradation of Congo red took place in a beaker under sim-
ulated solar light (300 W) at room temperature. In a typical run,
50 mg synthesized ZnO samples were dispersed into 100 mL of
Congo red aqueous solution with a concentration of 50 mg/L. Before
irradiation, the solution was stirred in dark conditions for 60 min
to reach an adsorption-desorption equilibrium. Next, 3 mL reac-
tion solution was taken out at intervals of 15 min and then centri-
fuged at 10,000 rpm for 5 min. Dye concentration was analyzed by
UV-vis spectrophotometer at 4,,,,=498 nm.
4. Characterization

N;, adsorption and desorption isotherms were measured at 77 K
by an ASAP analyzer (Tristar 3000, Micromeritics, USA). X-ray
powder diffraction (XRD) recorded the crystalline phase composi-
tions and crystallinity of ZnO on an XPert Pro diffractometer with
a Cu Ko radiation source (1=1.54056 A). The particle morphol-
ogy was observed by a JEM-2100F transmission electron micro-
scope (Japan). The microstructure of samples was characterized by
an S-4800 field emission scanning electron microscope (Hitachi,
Japan) with an accelerating voltage of 0.1-30 KV. The UV-vis dif-
fuse reflectance spectrums were obtained using a Shimadzu UV-
2550 spectrophotometer. Photoluminescence (PL) spectra were
obtained with a Xe lamp as the excitation light source at room tem-
perature using an FLS1000 fluorescent spectrometer (Edinburgh).
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Fig. 1. XRD patterns of samples synthesized at different dosages of
[Nuul[Glyl: (@) MZ-0.5-24, (b) MZ-1-24, (c) MZ-2-24, (d)
MZ-3-24.

RESULTS AND DISCUSSION

1. Effect of the amount of Ionic Liquids

The molar ratio of [N);,][Gly] to the zinc source increased from
0.5 to 3 while the aging time was uniformly set at 24 h. Fig. 1 shows
the XRD pattern of zinc oxide samples synthesized with increased
[Ny,,,][Gly] dosages. All the samples have prominent diffraction
peaks around 31.8°, 34.6°, 36.2°, 47.5°, 56.5°, 62.7°, 66.2°, 67.8° and
69.1° assigned to (100), (002), (101), (102), (110), (103), (200) and
(201) characteristic peaks, respectively. Compared with the stan-
dard diffraction pattern, it can be indexed to hexagonal wurtzite
ZnO structure (JCPDS: 36-1451). Besides, no other diffraction peaks
are observed, revealing the high purity of the product. For all sam-

Fig. 3. Typical TEM images of ZnO synthesized at different dos-
ages of [N},,,][Gly]: (a) MZ-0.5-24, (b) MZ-1-24, (c) MZ-2-
24, (d) MZ-3-24.

ples, the narrow full width-half maximum (FWHM) of (100), (002)
and (101) diffraction peaks indicates that the crystallinity is relatively
high. Additionally, the intensity of the diffraction peak gradually
decreases with the increase of ionic liquid [N,;,][Gly]. Based on the
above analysis, ZnO particles with higher purity and good crystal-
linity can be synthesized using [N,;,,][Gly] and GP-1 co-template.
To figure out the effect of co-template on the microstructure of
zinc oxide products, SEM and TEM observations were carried out
on samples synthesized with the increased [N;,,][Gly] dosages. It

Fig. 2. Typical SEM images of ZnO synthesized at different dosages of [N,,,,][Gly]: (a) MZ-0.5-24, (b) MZ-1-24, (c) MZ-2-24, (d) MZ-3-24.
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is dlear that the morphology of the synthesized products varies with
the amount of ionic liquid. When the amount of [N;,,][Gly] is
low (Fig. 2(a), 3(a)), the products tend to exhibit a hexagonal pen-
cil cluster structure with a uniform thickness from the flower core
to the tail end. Increasing the molar ratio of [N;,,,][Gly] to zinc
source to 1.0 (Fig. 2(b), 3(b)), the hexagonal pencil clusters are
evenly distributed in all directions and become denser. Obviously,
the tail ends are hexagonal pyramids, wherein the hexagonal prisms
have a length of 3-5 pm and a radial dimension of 200-300 nm. A
small number of polygonal nanosheets appear when the molar
ratio of [N,;,][Gly] to the zinc source reaches 2.0 (Fig. 2(c), 3(c)),
and the obtained products show a pencil cluster structure with
some polygonal nanosheets on the surface. When the molar ratio

500nm

of [N};,,][Gly] to zinc source rises to 3.0 (Fig. 2(d), 3(d)), the prod-
ucts exhibit hydrangea flower morphology assembled from polyg-
onal nanosheets with a diameter of about 5 pm. In summary, the
amount of ionic liquid [N;;,][Gly] has a significant effect on the
microstructure of the product. By adjusting the ratio of [N,;,][Gly]
in the co-template, the morphology of zinc oxide can be trans-
formed between hexagonal pencil cluster and hydrangea flower
assembled with polygonal nanosheets.
2. Effect of the Aging Time

Based on the previous experiments, the effect of the aging time
was studied with the molar ratio of [N;;,][Gly] to zinc source kept
at 3.0. Fig. 4 shows the SEM images of zinc oxide products obtained
at different aging time. As depicted in Fig. 4(A), the product is

(@

Fig. 4. Typical SEM images of ZnO synthesized at different aging time: (A), (a) MZ-3-8, (B), (b) MZ-3-12, (C), (c) MZ-3-18, (D), (d) MZ-3-24.
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Fig. 5. N, adsorption/desorption isotherms (A) and pore size distributions (B) of ZnO synthesized. (a) MZ-3-8, (b) MZ-3-12, (c) MZ-3-18,

(d) MZ-3-24.

cluster-stacked with a plurality of irregular sheets when the aging
time is 8 h. As the reaction time is prolonged, the sheets begin to
appear angular shaped (Fig. 4(B), (b)) and the clusters are more
densely packed. When the aging time is 24 h, the product is struc-
turally completed and shows regular morphology of hydrangea
flower assembled with nanosheets (Fig. 4(D), (d)). The degree of
nucleation growth changes with the aging time, leading to the diver-
sity of ZnO morphology. Thus, the results demonstrate the aging
time has a great influence on the morphology of the sample.

Fig. 5 shows the N, isothermal adsorption-desorption curves of
the zinc oxide products obtained at different aging time and the
corresponding pore size distribution curves. The effects of the aging
time on the surface area and the pore structure of the product are
turther studied. Obviously, all the curves show the characteristics
of type IV isotherms, suggesting that the synthesized zinc oxide
has a distinct mesoporous structure, and a typical H4 type hystere-
sis loop is observed in the higher relative pressure region, corre-
sponding to the slit hole passage formed by the layered structure
stacking. All products have wide pore size distribution (2-140 nm),

Zn(OH),* ’ [Ny, ][Gly] /‘% GE-1

Fig. 6. Schematic mechanism of the formation of ZnO with co-template.

Table 1. Pore parameters of the products synthesized ZnO at dif-

ferent aging time
Sample SBET (mZ/ g) Dpore (nm) Vpore (Cms/ g)
MZ-3-8 4.82 48.73 0.05
MZ-3-12 3.92 52.72 0.05
MZ-3-18 3.85 62.19 0.06
MZ-3-24 234 67.07 0.04

the pore structure is irregular and there are a number of large pores
attributed to the free accumulation of zinc oxide flakes. With the in-
crease of the aging time, the size of the nanosheet gradually expands,
the specific surface area (Table 1) is slightly reduced, and the aver-
age pore diameter gradually becomes more immense. In particu-
lar, the aging time has no significant effect on the pore volume of
the product.
3. Mechanism of ZnO Synthesis within the Co-template
Based on the above results, we propose the growth and forma-
tion mechanism of the co-template-induced synthesis of hexagonal

) 0}
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pencil clusters and hydrangea flower-like zinc oxide. When zinc
source slowly dissociates in sodium hydroxide solution (pH=12),
the Zn* primarily forms Zn(OH);" initial grains (Fig. 6(a)) com-
bined with OH™ by hydrolysis. The chemical reaction can be for-
mulated as [33,34]:

Zn(CH,COO0), +NaOH - Zn(OH);

After the ionic liquid is added to the system, the cation of the
ionic liquid can be stably adsorbed on the surface of the negatively
charged Zn(OH);™ grain to form [N,;,,][Gly]-Zn-OH complex.
The ionic liquid can affect the growth rate of the crystal via hydro-
gen bonding-co- 7 7rinteraction, and induce the preferential growth
of the ZnO nudleus in a certain direction, which plays the role of
the soft template. GP-1 self-assembles to form fiber structure, the
[Ny1,1][Gly]-Zn-OH complex is arranged along the surface of the
GP-1 fiber under strong intermolecular hydrogen bonding (Fig.
6(b)). When the proportion of [N;;,][Gly] in the co-template is
relatively low, the ZnO nanocrystals are arranged along the long
and dense GP-1 fibers and preferentially grow to form hexagonal
pencil-shaped zinc oxide (Fig. 6(c)). When the ratio of [N,,,][Gly]
is relatively high, GP-1 fibers are shorter and more dispersed. Mean-
while, more Zn(OH);™ adsorb [N;;,][Gly] to form polygonal flakes
of zinc oxide (Fig. 6(d)). Then zinc oxide begins to self-assemble
with Oswald ripening. As ZnO crystals radially grow layer by layer,
hexagonal nanopencils or nanosheets that are growing or have
stopped growing on the outside will limit the growth of the inner
nanocrystals to some extent, and the distance between the crys-
tals gradually shrinks. Eventually, a hexagonal pencil cluster (Fig.
6(e)) or hydrangea flower-like zinc oxide (Fig. 6(f)) with regular mor-
phology is formed. Ionic liquid-supramolecular gel as co-template
induces the synthesis of ZnO nanomaterials, and plays an import-
ant role in inducing ZnO crystal orientation growth and construct-
ing final morphology [35,36].

4. Optical Properties of ZnO with Different Morphologies

Fig. 7 shows UV-vis DRS absorption spectra (a) and Taucs plot
(b) of ZnO with different morphologies. The band gap energy (E,)
is calculated by the following formula [37,38]:

Z. Lietal.
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Fig. 8. PL spectra of ZnO with different morphologies.

ahv=A(hv- Eg)"/2 1

where « is the absorbance, h1is photon energy, h is Plancks con-
stant, A is the proportion constant, n is assumed to be 1 and E,
is the band gap. The calculated band gap values of MZ-3-8, MZ-
3-24 and MZ-1-24 are 3.16eV, 321 eV and 322 eV, respectively.
These results are in good agreement with the value reported in
other literature [39]. Compared with MZ-3-24 and MZ-1-24, the
absorption edge of MZ-3-8 gradually shifts to the distribution wave-
length in the visible region, and the optical band gap decreases,
which means that the photocatalytic performance of MZ-3-8 is
enhanced.

Fig. 8 shows PL spectra of the ZnO with different morpholo-
gies. It is clear that the spectra of the ZnO with different morphol-
ogies are similar. A violet-blue emission band at about 395 nm and
414 nm, and a blue-green emission at about 470 nm are observed
[40,41]. It can also be seen from Fig. 8 that the emission intensity
for MZ-3-8 is higher than that of MZ-3-24 and MZ-1-24. The
improvement of the PL intensity of MZ-3-8 is due to the increase
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Fig. 7. UV-vis DRS absorption spectra (a) and Tauc’s plot (b) of ZnO with different morphologies.
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Fig. 9. Degradation of Congo Red catalyzed by ZnO with different
morphologies and P25.

of oxygen vacancy and/or crystal defect, which is in favor of pho-
tocatalytic reaction [42,43].
5. Photocatalytic Behavior

The photocatalytic activity of as-fabricated ZnO products was
evaluated by the degradation of Congo red solution under simu-
lated solar light irradiation. Fig. 9 shows the simulated solar light
degradation activity of MZ-3-8, MZ-3-24, MZ-1-24, commercial
ZnO and P-25. Samples MZ-3-8, MZ-3-24 and MZ-1-24 corre-
spond to nanosheets, hydrangea flower-like and hexagonal pencil
clustered zinc oxide, respectively. It is clear that all the samples
reach an adsorption-desorption equilibrium when the irradiation
time is 60 min (Fig. 9). The result demonstrates that all ZnO materi-
als prepared by ionic liquid-supramolecular gel co-template exhibit
excellent catalytic performance under simulated solar light irradia-
tion, obviously superior to commercial zinc oxide and P-25 (Table
2). Indeed, MZ-3-8 exhibits comparable Congo red degradation
performance in contrast to that of most reported ZnO compos-
ites. Among them, zinc oxide nanosheets (sample MZ-3-8) are
found to be the most active in the degradation, evidenced by the
fact that the degradation rate reaches 98% for 90 min. However,
the degradation rate of the commercially ZnO and P-25 degra-
dation rate is only about 50% in the same condition. In addition,
Fig. S1 demonstrates the degradation performance of MZ-3-12

80 -

60

40

Congo red rernoval(%)

20

0 L | 1 1 | 1 | 1

1 2 3 4 5 6 7 8
Number of cycles

Fig. 10. Cyclic performance of ZnO (Sample MZ-3-8) in the degrada-
tion of Congo Red: ([Congo red]=50 mg/L, [ZnO]=0.5 g/L).

and MZ-3-18 on Congo red under simulated solar light. Both
MZ-3-12 and MZ-3-18 show modest degradation rates of 97%
at the same amount of catalysts compared with MZ-3-8 and MZ-
3-24.

It is known that the photocatalytic redox reaction mainly takes
place on the surface of the photocatalysts. The photocatalytic effi-
ciency is closely related to the absorption intensity in the visible
and near-ultraviolet light region. Since the ZnO nanosheets (sam-
ple MZ-3-8) have the smallest particle size, more electron holes
are generated under irradiation with the increased absorption area.
The electron holes migrate to the surface of ZnO nanosheets and
then form hydroxyl radicals, adsorbing more anionic dye Congo
red onto the surface of the photocatalyst, resulting in the enhance-
ment of the degradation rate. Photocatalytic mechanism for the
degradation of Congo red is presented in Fig. S2.

6. Reusability of ZnO Catalysts

To consider the chemical stability and reproducibility of the cat-
alyst is of great significance in its practical application. The stability
and reusability of the prepared ZnO catalyst for Congo red degra-
dation under simulated solar light irradiation were investigated. MZ-
3-8 was selected as the sample for the reusability experiment. As
displayed in Fig. 10, MZ-3-8 shows the best catalytic performance

Table 2. Degradation of Congo red catalyzed by the prepared samples and other reported ZnO materials

Sample C, (mg/L) m (mg) t (min) Degradation rate Reference
MZ-3-8 50 50 90 98% This work
MZ-3-24 50 50 135 96% This work
MZ-1-24 50 50 135 92% This work
ZnO 50 50 40 22% [44]
ZnO/Zeolite 10 200 60 97.16% [45]
ZnO/rGO 10 200 60 97.96% [46]
ZnO/ZrO,/MMT 10 50 30 92% [47]
PAn/ZnO 50 100 30 67% [48]
P-25 50 50 135 54% This work

Korean J. Chem. Eng.(Vol. 39, No. 12)
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Fig. 11. XRD patterns and SEM images of ZnO (a) MZ-3-8, (b) eight recycling experiments of MZ-3-8 for Congo red degradation.

with a degradation rate near 100%. The degradation rate of Congo
red remains at about 95%, and the degradation rate does not de-
crease significantly after eight cycles. The remarkable results indi-
cate that MZ-3-8 possesses good catalytic stability. XRD and SEM
were used to characterize MZ-3-8 after the reusability test. As shown
in Fig. 11, the crystal structure of MZ-3-8 remains unchanged
after recycling experiments and there is no significant change in
the morphology between the eighth reused sample and the fresh
one.

CONCLUSIONS

We developed a facile, mild, and versatile strategy to synthesize
zinc oxide with specific morphology. For the first time, hydrangea
flower-like and hexagonal pencil-clustered zinc oxide were synthe-
sized using [N,,,,][Gly] and GP-1 as the co-template. [N,,,][Gly]
can affect the growth rate of the crystals via H-bonding-co-p-p inter-
action and induce the preferential growth of the ZnO nucleus in a
certain direction. GP-1 molecules self-assemble to form a fiber net-
work structure, and [N,,][Gly]-Zn-OH complexes are arranged
along the surface of GP-1 fibers with strong intermolecular hydro-
gen bonding. Additionally, ZnO with different morphology has an
effect on photocatalytic activity. MZ-3-8 with nanosheets morphol-
ogy displays excellent catalytic performance with a degradation rate
near 100% for 90 min, obviously superior to commercial ZnO and
P-25. Furthermore, the catalyst can be reused several times with a
slight loss of photocatalytic activity. The catalyst possesses wide
application prospects in the fields of photocatalysis and environ-
mental protection.

SUPPORTING INFORMATION
Additional information as noted in the text. This information is
available via the Internet at http://www.springer.com/chemistry/
journal/11814.
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1.0 ; Photocatalytic Degradation Mechanism of Congo Red Cata-
lyzed by ZnO
. +m;g}§ Fig. S2 shows the photocatalysis mechanism of ZnO. ZnO is
Q8T : stimulated by simulated solar light irradiation, and a valence band
electron (VB) transfers to the conduction band (CB), leaving a hole
0.6 L in the valence band (Eq. (1)). The electrons in ZnO conductivity
o band react with molecular oxygen to produce superoxide radical
© anion (Eq. (2)). The holes at ZnO valence band can oxidize adsorbed
0.4 water or hydroxide ions to hydroxyl radicals (Egs. (3) and (4)).
The superoxide radical anion and hydroxyl radical are used for the
0.2
Table S1. Degradation of Congo red catalyzed by the prepared sam-
ples
0'0 M 1 : 2 1 " 1 n :
0 50 100 150 200 Sample  C, (mg/L) m(mg) t(min) Degradation
Time (min) rate
Fig. S1. Degradation of Congo red catalyzed by ZnO synthesized MZ-3-12 >0 >0 135 7%
at different aging time. MZ-3-18 50 50 135 97%
0,
v A < o Congo Red
2
X A :
> \/ “ Conduction Band NI
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Fig. $2. Mechanism of photocatalytic degradation of Congo red by ZnO.
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Fig. $3. Degradation of Congo red.

degradation of Cong red (Eq. (5)) [1,2].
ZnO +h (solar - like light) > ecp+hyy
et+0,->0,
hyz+H,0>H +0OH"
hyz+OH —OH’

0, +OH"+Congo Red — Degraded products

@
@
©)
©)
®)

According to the reported literatures [3-5], Congo red reacts with
superoxide radical anion and hydroxide radical, and it is most likely
that Congo red undergoes asymmetric cleavage to produce (4-
amino-3-diazenylnaphthalene)-1-sodium sulfonate (2 molecules)
and benzene (1 molecule) (Fig. S3). The intermediate product forms
small molecule benzene derivatives by cleavage of the benzene ring,
C single bond S bond from aromatic ring, C single bond N and C
single bond C bond cleavage, N double bond N cleavage.
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