
 

 
bcrec_20211_2024 Copyright © 2024, ISSN 1978-2993; CODEN: BCRECO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Available online at website: https://journal.bcrec.id/index.php/bcrec 

Heterobimetallic Zn2+/Co2+ Monocarboxylates as Precursors for 

ZnO Microparticles Doped with Cobalt and its Photocatalytic 

Activity in Methyl Orange Oxidation 
  

Hélder Inocêncio Ferreira Correa, Ralf Ricardo Ramalho Jr, Adhimar Flávio Oliveira,  

Fábio da Silva Lisboa* 

  
Physics and Chemistry Institute of the Federal University of Itajubá (IFQ/UNIFEI), BPS Avenue, 1303, ZIP Code 

37500-903, Itajubá-MG, Brazil. 

Bulletin of Chemical Reaction Engineering & Catalysis, 19 (4) 2024, 585-598 

 

Abstract 

In this work, zinc oxide microparticles doped with cobalt were prepared from two novel layered heterobimetallic 

monocarboxylates as precursors to obtain uniform shape and size oxide particles, aiming for a photocatalytic removal 

of methyl orange. Both monocarboxylates produced ZnO doped with Co2O3 after calcination at 700 or 900 °C, in 7 or 12 

hours. The particles formed by the laurate precursor presented rectangular prisms shaped, while those formed from 

stearate were sphere-like particles. All particles ranged from 0.1 to 0.9 μm size, with a direct bandgap of 2.2 to 2.6 eV 

and an indirect bandgap of 0.25 to 1.70 eV. The ZnO/Co prepared presented photocatalytic activity on methyl orange 

photodegradation. The solid prepared by the laurate precursor showed a photodegradation rate of 0.00185 min-1, while 

the one obtained from the stearate precursor presented a photodegradation rate of 0.00860 min-1, eight times greater. 

These results show that the material may be very useful in removing dyes from water samples. 
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1. Introduction  

Most organic components found in drinking 

water systems come from wastewater originating 

from industries and agriculture, and many of 

them have been described as hazardous to the 

environment. Some examples of those are dyes 

and pesticides, respectively [1]. Dyes are widely 

used in many industries; their production per year 

is more than 7 tons, which generates a massive 

concern about their presence in the environment, 

especially in water, where they can remain for 

long periods, and there are a lot of drawbacks to 

removing it [2]. For example, methyl orange (MO) 

* Corresponding Author. 

   Email: fabiolisboa@unifei.edu.br (F. S. Lisboa) 

is an azo dye very employed in the food, paper, and 

textile industries; besides the economic 

importance of MO, this organic compound has 

high toxicity and has no easy biodegradability; 

therefore, robust methods are required for its total 

removal from drinking water [3,4]. Considering 

the three types of treatment for wastewater, 

biological degradation, physical separation, and 

chemical process [2], the last one can promote the 

chemical decomposition of dyes by using 

heterogeneous photocatalysts, and this method 

has earned a considerable highlight nowadays [5].  

Solids with semiconductor behavior have 

been intensively prepared and studied as 

heterogeneous photocatalysts. Generally, these 

solids have metal ions, like Ti4+, Zn2+, Co2+, etc., in 
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their composition. Kaur et al. prepared nano 

powders of ZnO from an organic precursor of 

oxalate by decomposition method [3]. The authors 

found that the material was active in pH 9 under 

UV irradiation, with degradation varying from 

58.92 to 95.29% when the catalyst loading was 

raised because the increased active sites 

generated more hydroxyl radicals. Sha et al. 

worked with cobalt (Co) nanoparticles, and they 

obtained a rate constant equal to 2.444 min-1, 

exemplifying the high activity of the material in 

MO degradation [5]. Peerakiatkhajohn et al. 

doped the ZnO with Al, reducing the oxide band 

gap and promoting the MO degradation under 

visible light irradiation [4]. These three works 

summarize the proposal to obtain a material 

mainly composed of a semiconductor to be applied 

in dye photodegradation. For this reason, ZnO 

particles doped with Co2+ with controlled 

dimensions, sizes, and morphology, could have an 

interesting photocatalytic activity. This material 

could be synthesized by a precursor, such as a 

layered metal monocarboxylate with ions zinc and 

cobalt, because this material class has many 

applications, including acting as a template for 

mixed oxides synthesis [6].  

Layered metal monocarboxylates are 

commonly built by neutral layers of organic chains 

in all-trans conformation, and the carboxylate 

groups are coordinated in bridge-bidentate mode 

at the metallic centers [7]. They can be important 

in oil painting degradation studies, corrosion 

inhibitors, and as precursors of nanostructured 

oxides [8-10]. Mainly, obtaining oxides with 

specific and well-defined sizes and morphology is 

very important to enhance their catalytic, 

electrical, optical, and magnetic properties [11-

13]. For example, Saravanan et al. prepared ZnO 

by different methods using zinc acetate as a 

precursor and tested all products in photocatalytic 

degradation of dyes. They observed that the 

crystallite size directly affected the surface area 

and, consequently, the activity of these materials 

[14]. Sun et al. synthesized Co3O4 nanoparticles 

using a template precursor, obtained particles 

with high surface area and tested this material for 

CO oxidation. The catalysis of this material with 

uniform size and shape presented a conversion 

rate near 100% [15]. Thus, ZnO can have its band 

gap shifted to higher or lower energies with 

transition metal ions like Cu, Co, or Ni, and thus, 

its photocatalytic behavior is enhanced [16-19].  

Therefore, using metal monocarboxylates as 

oxide precursors can contribute to obtaining 

controlled particles of metal transition oxides; for 

that, the strategy can be using heavy metal 

carboxylates. So, different monocarboxylates can 

be prepared by combining metallic ions such as 

Mn2+, Fe2+, Co2+, Ni2+, Cu2+, and Zn2+ with long-

chain carboxylic acids, like lauric and stearic acids 

[20,21]. Also, it is possible to synthesize 

monocarboxylates with two different ions, 

originating a heterometallic monocarboxylate 

[22].  

In this work, we proposed the synthesis of two 

novel heteronuclear monocarboxylates with the 

metallic ions Zn2+ and Co2+ and their use to obtain 

oxides with controlled size and shape, using the 

monocarboxylates derivative from the acids lauric 

and stearic. Also, the mixed oxides generated in 

this study were applied to methyl orange dye 

oxidation to test its photocatalytic behavior.  

 

2. Materials and Methods 

2.1. Chemicals 

All reactants used in this work were 

commercially obtained and employed without 

further purification. The chemicals used to the 

synthesis and photodegradation studies were: 

lauric acid (Aldrich, 98%), stearic acid (Aldrich, 

98%), ethanol (VETEC, 99.5%), NaOH (Dinâmica, 

98%), distilled water, zinc chloride hexahydrate 

(Cromoline, 98%), Cobalt(II) chloride hexahydrate 

(Cromoline, 98%) and methyl orange (Dinâmica 

P.A.). 

 

2.2 Synthesis of the Monocarboxylates of Zinc 

and Cobalt Laurate (ZnCoL) and Zinc and Cobalt 

Stearate (ZnCoS) 

The synthesis of the two novel 

monocarboxylates, laurate and stearate of Zn2+ 

and Co2+, followed the same steps and quantities 

for both compounds and was based on the 

synthesis described by Lisboa et al. with few 

modifications [21]. The first step consisted of 

preparing the monocarboxylate salt of sodium 

(sodium laurate/sodium stearate) and for that, 

3.46×10-2 mol of lauric acid or stearic acid was 

completely dissolved in 20 mL of ethanol at 40 °C 

under magnetic stirring (800 rpm). Then, to 

neutralize the acid solution previously prepared 

(under heating and magnetic stirring), 3.46×10-2 

mol of NaOH was added. To this system, 50 mL of 

distilled water was added until the neutralization 

reaction completely dissolved the white solid. The 

second step was the addition of the metallic salts 

to the solution to form Zn2+ and Co2+ laurate and 

stearate. For that, a solution prepared with 

1.15×10-2 mol of ZnCl2.6H2O and 0.58×10-2 mol of 

CoCl2.6H2O in 50 mL of distilled water was added 

slowly (30 drops per minute), to the sodium 

monocarboxylate solution, under heating and 

magnetic stirring (40 °C and 800 rpm). After the 

complete addition of the salt solution, the heating 

was cessed, and the system was maintained under 

magnetic stirring (800 rpm) for 2 hours. The 

purple solids obtained were washed with acetone 

10 times, followed by washing with distilled water 

2 times, and dried at 60 °C for 48 hours.  
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2.3. Synthesis of the ZnO Particles Doped with 

Cobalt 

The ZnO particles were obtained by 

calcination of the monocarboxylates in a muffle 

oven (EDG F-3000 10 P) at 700 and 900 °C for 7 

and 12 hours. The calcination procedure was 

made by a heating curve with 1.0 g of each sample 

accommodated in alumina crucibles, from room 

temperature (about 30 °C) to 150 °C at a rate of 5 

°C per minute, keeping at 150 °C for 30 minutes 

and then increasing it 5 °C per minute until the 

desired final temperature (700 or 900 °C) and time 

(7 or 12 hours). 

 

2.4. Characterization and Equipment 

The FTIR-ATR (Fourier Transform Infrared 

Spectroscopy with attenuated total reflectance) 

spectra were recorded in a Perkin Elmer 

Spectrum 100 instrument, equipped with a 

diamond crystal ATR module, in the range of 650-

4000 cm-1, resolution of 4 cm-1 and 16 scans. The 

X-ray diffractograms were obtained in a Malvern 

Panalytical X’Pert PRO equipped with cooper 

target (kα = 1.5404 Å) at the following conditions: 

current of 30 mA, voltage of 40 kV, step of 0.02º, 

time per step of 0.5 seconds, and scan range from 

3 to 70º of 2θ degrees. Thermogravimetric 

analyses (TGA) were made in a Mettler Toledo 

equipment, model TG 50, with oxygen flow (50 

mL.min-1) from 30 to 1000 °C and a heating rate 

of 10 °C.minute-1. The scanning electron 

microscope (SEM) images were obtained in a 

MIRA-3 FEG-SEM Tescan microscope. The grain 

sizes were determined by analyzing SEM images 

using ImageJ software. The diffuse reflectance of 

UV-Vis measurements was carried out using a 

BLACK-COMET-SR spectrometer from 200 to 

1080 nm, equipped with a Sl1 halogen light source 

visible and NIR emitting lengths between 350 and 

2500 nm, and DP-400-UVVIS-SR optical fiber for 

reflectance measurements. To estimate the 

samples' direct and indirect optical bandgap (Eg) 

transitions, we employ the Kubelka-Munk (KM) 

method in combination with the Tauc plot. This 

method is based on Equation (1), as applied in 

studies by Azab et al., Toledo et al., and Patel et 

al. [23-25]. 

 

𝐹(𝑅) ≡
(1−𝑅)2

2𝑅
=

𝐾

𝑆
=

𝐵(ℎ𝜈− 𝐸𝑔)
𝑛

ℎ𝜈
     (1) 

 

where, 𝐾 and 𝑆 are the coefficients of absorption 

and scattering, ℎ is the Planck constant, 𝜈 is the 

frequency, and 𝑛 describes the type of electronic 

transition between energy levels. 

 

2.5. Photodegradation of Methyl Orange (MO) 

The photodegradation experiments were 

conducted in a dark chamber containing a lamp 
with visible light irradiation (60 W; 12 V). The 

spectra were collected in a Kasvi 

spectrophotometer, model K-37, in a range of 190 

to 600 nm, at 35 °C, every 15 minutes. Initially, a 

pre-concentration time of 30 minutes was 

conceived because of the possible adsorption of 

MO on the solid surface. In this stage, the 

irradiation lamp was turned off. So, after this 

period, the lamp was turned on, and the 

photodegradation experiments started. The 

procedure consisted of using 7.5 mL of a solution 

of methyl orange in an initial concentration of 

1.0×10-3 mol.L-1 in the presence of 13 mg of the 

photocatalysts, ZnO/Co calcinated at 700 °C for 12 

hours. The systems remained in magnetic 

agitation (800 rpm) at intervals of 15 minutes, and 

spectra were collected after the total solid 

sedimentation by centrifugation at 3000 rpm. A 

control experiment was conducted to verify the 

photodegradation of the MO promoted only by the 

irradiation of the visible light, at the same 

conditions, except that the photocatalyst was not 

present in this experiment. 

 

3. Results and Discussion  

3.1  Characterization of Zinc Cobalt Laurate 

(ZnCoL) and Zinc Cobalt Stearate (ZnCoS) 

The X-ray data of the synthesized 

monocarboxylates showed an expected profile of a 

layered material, in which it is possible to observe 

the basal planes in a range of 3 until 20° of 2θ, as 

seen in Figure 1. Black line for laurate of Zn2+ and 

Co2+ (ZnCoL) and red line for stearate of Zn2+ and 

Co2+ (ZnCoS). The basal spacing observed for each 

compound was 30.55 Å and 42.24 Å, respectively, 

which means that the layered structure for both 

materials consisted of double layers of the organic 

moiety coordinated to the metal ions centers 

[8,21,26]. 

Figure 1. Diffraction profiles of the synthesized 

monocarboxylates of Zn2+ and Co2+: ZnCoL (black 

line) and ZnCoS (red line). 
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Monocarboxylate OH CH COO- PB CH2 Δυ 

ZnCoL - 2917 / 2849 1536 (as) 

1397 (s) 

1197 - 1320 722 125 

ZnCoS 3460 2919 / 2850 1555 (as) 

1411 (s) 

1200 - 1330 720 144 

Both compounds' FTIR spectra (Figure 2) 

presented the characteristic bands expected for 

monocarboxylates coordinated with metallic ions. 

It is possible to observe the main bands for each 

monocarboxylate, that can be assigned to the 

groups: CH of methyl and methylene groups in the 

region 2850 to 2950 cm-1; the asymmetric and 

symmetric modes for COO-, around 1590 and 1390 

cm-1, respectively; the progression bands (PB) in 

the region of 1300 cm-1 and the rocking mode of 

CH2 in 720 cm-1. These last two groups, PB and 

ρCH2, denote that the organic chains are in all-

trans conformation, and the values observed for 

the difference between the asymmetric and 

symmetric stretching of the carboxylate groups, 

Δυ ≈ 120 - 140 cm-1, suggest a bridge bidentate 

coordination mode of the COO-1 to the metallic 

centers [7,8,27,28]. So, the layered structures are 

formed by double layers of organic chains in all-

trans conformation, linked by the carboxylic 

groups coordinated to the metallic centers. Table 

1 presents the resume of bands observed for each 

spectrum. 

The SEM analysis showed plate-like 

morphology, with irregular edges, as seen in the 

micrographs in Figure 3. For the compound 

ZnCoL, the plates presented particles of about 3 

times lower sizes than those presented for ZnCoS. 

The morphology was similar to those obtained by 

Gnen et al. [29]. Therefore, the XRPD, FTIR, and 

SEM results confirmed the formation of the 

laurate and stearate of Zn2+ and Co2+ ions. 

 

3.2 Characterization of the ZnO Doped with Co2+ 

(ZnO/Co) Obtained from the Precursors: Zinc 

Cobalt Laurate (ZnCoL) and Zinc Cobalt Stearate 

(ZnCoS) 

The products obtained after the calcination of 

the monocarboxylates precursors at 700 and 900 

°C in 7 and 12 hours, did not present the phases 

of ZnCoL or ZnCoS, as seen in Figure 4. In Figures 

Table 1. Vibrational modes (cm-1) observed in the spectra of the monocarboxylates synthesized. 

Figure 2. FTIR spectra obtained for the 

monocarboxylates of Zn2+ and Co2+: ZnCoL (black 

line) and ZnCoS (red line). 

Figure 3. Micrographs of the synthesized 

monocarboxylates: a) ZnCoL and b) ZnCoS. 

Magnification of 10.000x for each compound. 



 

 

 

Bulletin of Chemical Reaction Engineering & Catalysis, 19 (4), 2024, 589 

Copyright © 2024, ISSN 1978-2993 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4a and 4b, it is presented ZnCoL and ZnCoS, 

respectively, converted in ZnO (ICDD card No. 4-

5-4711) due to peaks in the region between 30 and 

70° of 2θ, characteristic of wurtzite, assigned with 

an asterisk (*) [29]. Also, the diffractograms 

showed the presence of CoO (ICDD card No. 98-

002-8506), as can be observed by the peak near 40° 

(2 θ), which refers to the plane (311) assigned by a 

(♦) [15,30-32]. In Figure 4a (black line), it is also 

possible to observe a phase attributed to the 

presence of a layered double hydroxy salt 

Zn2Co3(OH)102H2O (JCPDS 21-1477) [31].  

The micrographs obtained by SEM for the 

ZnO/Co synthesized from the precursors ZnCoL 

and ZnCoS are shown in Figures 5 and 6. The EDX 

analysis for all solids presented a Zn:Co ratio near 

9.3, and the elementary maps showed good 

distribution for zinc, cobalt, and oxygen for all 

samples (see Supporting Information, Figures S1 

and S2, respectively). Figure 5 shows that the 

morphology changed from plaques (see Figure 3) 

to quasi-rectangular prisms for the ZnO/Co 

calcinated at 700 °C in 7 or 12 hours (Figure 5a). 

In Figure 5b, the images obtained with a 

magnification of 100kx for the ZnO/Co calcinated 

at 900 °C for 7 hours, showed that the morphology 

was concentric plaques. 

In Figure 6, the morphology of the calcination 

products of ZnCoS were more similar to irregular 

spheres than those formed by ZnCoL. We believe 

that the formation of oxide particles must pass a 

decomposition route, creating a reverse micellar 

phase of monocarboxylates, as reported in the 

literature [33,34]. Thus, the formation of the 

Figure 4. XRPD profile of the products of calcination of ZnCoL (a) at 700 °C - 7 hours (black line); 700 °C - 

12 hours (red line); 900 °C - 7 hours (blue line); 900 °C - 12 hours (green line), and ZnCoS (b) at 700 °C - 7 

hours (black line); 700 °C - 12 hours (red line); 900 °C - 7 hours (blue line); 900 °C - 12 hours (green line). 

Figure 5. Micrographs of the ZnO/Co from calcination of ZnCoL 
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reverse micellar phase suffers a great influence on 

the organic chain present in the structure of the 

monocarboxylates. Additionally, the size of the 

stearate groups (18 carbon) in the carboxylate 

ZnCoS is greater than the size of the laurate 

groups (12 carbon) in the ZnCoL. This creates 

more intense intermolecular interactions between 

the layers to form mesophases [35,36] before the 

fusion step of each compound during the heat, 

providing greater protection to the oxide core, 

avoiding particles coalescence, forming particles 

with smaller sizes, as can be seen in Figures 7e – 

7h [37,38]. 

 

3.3 UV-vis Diffuse Reflectance Spectroscopy 

Figure 8 illustrates the adjustments of diffuse 

reflectance in the UV-vis range for ZnO samples 

doped with cobalt, synthesized by different 

precursors, calcination temperatures, and times. 

Table 2 presents the results for direct and indirect 

band gap adjustments according to the precursor, 

calcination time, and temperature. Although the 

values of the indirect band gap are smaller, an 

additional phonon presence is required, in 

addition to the photon, for electronic transition in 

the indirect gap. On the other hand, the direct 

transition is statistically more feasible, as it only 

requires the presence of a photon [39]. 

According to the calcination treatment and 

precursor, our results indicate that the direct 

optical gap was approximately 2.4 eV with a 

variation of 0.2 eV. The literature shows that the 

optical gap for pure ZnO is around 3.1 eV [40,41]. 

Alternatively, for CoO the optical gap is less than 

or equal to 2 eV, depending on the preparation 

methodology [42,43]. The results show that the 

cobalt doping reduced the direct optical gap in the 

samples. These findings are consistent with 

Kimura et al. who sintered samples at 600 and 950 

°C for 24 hours in a quartz glass tube [44]. They 

found that the direct gap of the ZnO-CoO alloy 

decreases as the CoO content increases and 

reaches 2.19 eV in the 20 mol% CoO sample. 

Figure 6. Micrographs of the ZnO/Co from calcination of ZnCoS at 700 °C for 12 hours (a) and 900 °C for 

7 hours (b). Micrographs of the ZnO/Co in (c) and (d) refers to the ampliation at 100kx to detach the 

irregular spheres. 
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Figure 7. Particle sizes determined for the ZnO/Co obtained from ZnCoL (a – d) and ZnCoS (e – h). 

Figure 8. KM Model applied to diffuse reflectance data for samples prepared using precursor (a) ZnCoL 

for direct band gap, (b) ZnCoL for indirect band gap, (c) ZnCoS for direct band gap, and (d) ZnCoS for 

indirect band gap. The graphs indicate the number of hours and the sample calcination temperature. 



 

 

 

Bulletin of Chemical Reaction Engineering & Catalysis, 19 (4), 2024, 592 

Copyright © 2024, ISSN 1978-2993 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Precursor Time (h) Temperature (ºC) 𝐸g(𝑒𝑉) direct 𝐸g(𝑒𝑉) indirect 

ZnCoS 7.0 700 2.4±0.2 1.24±0.01 

ZnCoS 7.0 900 2.6±0.2 1.70±0.03 

ZnCoS 12.0 700 2.7±0.1 1.44±0.01 

ZnCoS 12.0 900 2.4±0.1 1.16±0.01 

ZnCoL 7.0 700 2.2±0.3 0.25±0.05 

ZnCoL 7.0 900 2.4±0.2 1.45±0.03 

ZnCoL 12.0 700 2.4±0.1 0.55±0.07 

ZnCoL 12.0 900 2.4±0.2 1.51±0.01 

Although there is a significant band-gap variation 

in the samples with lower CoO content, it becomes 

smaller in the high-CoO concentration samples. 

Indeed, the reduction in the optical gap is 

significant for the photodegradation of chemical 

contaminants in water, as it allows radiation 

absorption in the higher-intensity region of the 

solar spectrum. This, in turn, enables a more 

efficient photodegradation process for water 

decontamination. 

 

3.4 Methyl Orange Photodegradation 

Experiments 

The control experiment did not present MO 

photodegradation (see Supporting Information 

(SI) S3). However, both synthesized materials 

presented photodegradation activity on methyl 

orange under UV-visible light, as can be seen in 

Figures 9a and 9b. After a first step (30 minutes) 

with the UV-vis lamp turned off, to exclude any 

possible adsorption process, the lamp was turned 

on to initiate the photodegradation of MO (Figure 

9c). Despite both oxides being active on MO 

photodegradation, the curve for the ZnO/Co 

prepared from the laurate precursor, ZnCoL, 

showed a kp equal to 0.00185 min-1 (Figure 9d), a 

slower photodegradation process than that 

observed for the ZnO/Co obtained from the 

stearate precursor, ZnCoS, which was equal to 

0.00860 min-1 (Figure 9e). Both values are similar, 

Table 2. Parameters obtained through the KM method. The columns indicate the precursors, calcination 

time and temperature, and the values of direct and indirect band gaps. 

Figure 9. Photodegradation experiments of methyl orange dye. a) UV-Vis absorbance spectra of MO 

versus time applying the ZnO/Co obtained from ZnCoL as precursor, b) UV-Vis absorbance spectra of MO 

versus time applying the ZnO/Co obtained from ZnCoS as precursor; c) Ct/C0 curves for MO degradation, 

black line: ZnO/Co obtained from ZnCoL as precursor and red line: ZnO/Co obtained from ZnCoS as 

precursor; d and e) ln Ct/C0 versus time (ln (Ct/C0) = -kpt) of the materials ZnO/Co obtained from ZnCoL 

and ZnO/Co obtained from ZnCoS, respectively. 
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but a little faster, than the one obtained by Dey 

and Das (2020), 0.00323 min-1, using CdS 

nanocrystals, lower than the obtained for pure 

ZnO by Kaur and Singhal, which was 0.0573 min-

1 (under UV light), and very near to those reported 

by Barick et al., 0.002 min-1 for ZnO doped with Co 

(under UV light) [45-47]. These last authors also 

reported the decrease in MO photodegradation 

occurred when they doped the ZnO with Mn2+, 

Co2+, Ni2+, and Cu2+ because the presence of these 

transition ions promotes the recombination of 

electrons and holes, resulting in less radical 

hydroxyl availability for MO degradation [47,48]. 

Comparing the two materials prepared, the 

one produced from the ZnCoS showed a faster 

photodegradation rate than the material 

generated from the ZnCoL. Considering the band 

gap obtained for each material (see Table 2), the 

photocatalytic activity could have values of 

degradation rate very close for both solids because 

the direct and the indirect gaps are very similar. 

Also, the Zn/Co/O ratio and distribution (see 

Figures S1 and S2) were almost the same for each 

solid. Therefore, since the morphology of these two 

ZnO/Co materials were different, prisms-like and 

sphere-like, the surface activity can lead to the 

photodegradation rates observed [48-53].  

Besides the spherical morphology, the 

ZnO/Co from ZnCoS calcination also presented the 

smallest particle sizes (Figure 7). Tripathy et al. 

synthesized porous spherical ZnO with rapid 

activity in MO photodegradation formed by 

nanosheets [53]. The surface exposure in spherical 

morphology can enhance the radical hydroxyl 

generation (OH•) during the photocatalysis, 

because this shape favors the interaction between 

the ZnO/Co particles and UV-visible light, 

resulting in radical formation and has a more 

exposed surface, what turns more effective to 

interact with water molecules that gives origin at 

the OH• and superoxide, that acts in the dye 

degradation [52-55]. So, this turns the ZnO/Co 

originated from ZnCoS more promising than the 

ZnO/Co obtained from ZnCoL. 

 

4. Conclusions 

The zinc oxide doped with cobalt (ZnO/Co) 

produced by saturated monocarboxylates as 

precursors (laurate and stearate) presented 

different morphology and photocatalytic rates on 

methyl orange photodegradation. The longer 

carbonic chain from stearate preferred the 

spherical morphology for particles of ZnO/Co, and 

consequently, this material had the faster 

photodegradation rate for MO. The material 

presented good activity compared to similar solids 

in the literature, being active under visible light 

irradiation. Thus, using monocarboxylates as 

templates for mixed oxide obtention, with 

application in water treatment for dye removal, is 

very plausible and leverages the reuse of matrices 

containing cobalt and monocarboxylate waste. 
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