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Article 

Preparation of Green Brucite [NixMg1-x(OH2)] 
Resulting from the Combination of Nickel Ions and 
Periclase (MgO) Applied against Yeast and Bacteria 

Cássio Siqueira 1, Aline B. Schons 1, Patricia Appelt 1, Weslei D. Silva 2, Nayara Balaba 1,  

Mário A. A. Cunha 2 and Fauze J. Anaissi 1,* 

1 Department of Chemistry, Universidade Estadual do Centro-Oeste, UNICENTRO, Alameda Elio Antonio 
Dalla Vecchia, 838, 85040-167, Guarapuava, PR, Brazil; cassiosiqueira19@gmail.com (C. S); 
aleschons239@hotmail.com (A. B. S); nayarabalaba20@gmail.br (N. B); patriciaappelt@unicentro.br (P. A); 
anaissi@unicentro.br (F. J. A) 

2 Department of Chemistry, Universidade Tecnológica Federal do Paraná, UTFPR, Via do Conhecimento, 
KM 01, Pato Branco, PR, Brazil; wesleisilva@alunos.utfpr.edu.br (W. D. S.); mcunha@utfpr.edu.br (M. A. A) 

* Correspondence: anaissi@unicentro.br 

Abstract: Magnesium oxide is typically white and can be colorized with transition metal insertion 
by doping or by adsorption. We present the preparation of green colored hydroxide by the 
adsorption of nickel ions by porous MgO. MgO was prepared by the colloidal starch suspension 
method and used to remove nickel ions from the aqueous solution. The oxides and hydroxides, 
before and after adsorption, were characterized by X-ray diffraction technical, and show that a phase 
change occurs, a transition from periclase (MgO) to brucite (Mg(OH)2) due to the interaction with 
nickel salts (acetate, chloride, and nitrate). The FTIR spectrum corroborates with the DRX data on 
the formation of brucite like crystal lattices. The new samples present a green color, indicative of the 
incorpo-ration of the Ni2+ ions. Mixed oxides in the form of brucite were used in microbiological 
tests and showed action against fungi and bacteria, with bactericidal, bacteriostatic, or fungistatic 
function. Green brucite (NixMg1-x(OH)2) can be used as an inorganic pigment in white or colorless 
paints with a special biocidal property. 

Keywords: periclase; green brucite; biocide; microbiology 
 

1. Introduction 

Usually in the field of inorganic pigments metal oxides are closely attached to the subject, may 
it be by researching to synthetize new pigments by combination of chromo-phore, usually metals, 
with diverse support structures, example metal oxides, new syn-thetic routes, or optimization of 
already know pigments properties [1,2]. 

Recently the compound MgO have attracted great attention of scientists for his properties of 
diverse nanostructures, high surface area and nontoxicity [3]. Thus, a vast number of applications are 
being explored on different fields such as catalysis [4], superconductor [5], biological activities [6–8], 
treatment of wastewater [9], pigments [3] and others more. One of the common ways of obtaining 
MgO is related to Mg(OH)2 calcination [10]. It is related on literature that MgO and Mg(OH)2 are 
interchangeable depending on the procedure of hydration or dehydration [11]. 

According to by Wang et al. [12] organic-inorganic pigments utilizing Mg(OH)2 pigment for 
modifying polymer silane and afterward grafting on cellulose fiber were explored. The study also 
comments on the Mg(OH)2 characteristics as flame retardant, low toxicity and cost, and smoke 
suppressing ability. In the work at Primo et al. [13] reported the search for new eco-friendly routes to 
synthetize zinc oxides as being related with the use of natural additives for their capabilities in 
reducing calcination temperature and complexing gelling. A natural additive utilized on the route 
was cassava starch, a biodegradable polysaccharide from renewable raw material sources, consisting 
of amylose and amylopectin molecules that are composed of D-glucose units [14].  
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Green is usually associated with nickel on octahedral sites as explained by Hajjajji et al. [15] when 
studying the synthesis of green olivine pigment (NiSiO4) utilizing industry waste. Lately, the 
inorganic pigment academia field are researching NIR reflective pigments for their cooling abilities, 
and applications focus on roof paint [16,17]. Zou et al. [18] explain the influence of high nickel 
concentration may result in to increase of absorbance at NIR, which is not favorable for cooling action, 
nevertheless, nickel is a low-cost metal used as chromophore. Thus, doping BaTi5O11 with <10% 
concentration of nickel and the results obtained displayed high NIR reflection. 

Hence, nickel is a metal chromophore utilized on the production of diverse inorganic pigments, 
and MgO properties form a promisor supporting structure, and up to this date no NiMg(OH)2 
applications as a pigment were found on literature. Therefore, the objective of the paper is to 
synthesize NiMg(OH)2 green pigments and characterize these compounds evaluating the influence 
of precursor salt anion. 

2. Materials and Methods 

2.1. Synthesis of MgO from cassava starch 

The utilized MgO was synthesized by the same route of Balaba et al. [19], using cassava starch. 
Where the experimental procedure began with the extraction of starch (500 g) in 2.5 L of deionized 
water under agitation for 3 h followed by sieving. Then the synthesized starch (300 g) was added to 
a becker together with magnesium nitrate (64 g) and left to react for 20 min under agitation. This 
mixture was calcinated at 750 °C for 1 h with a heating ramp of 10 min-1. The white solid was 
pulverized using a pestle and mortar, and identified as MgOstarch or MgOst. 

 

2.2. Synthesis of NixMg1-x(OH)2 pigments 

The pigments were produced by combining the MgOst and nickel salts, being them nickel acetate 
tetrahydrate [Ni(C2H3O2)2.4H2O), P.A., Neon]; nickel chloride hexahydrate [Ni(Cl)2.6H2O), P.A., 
Neon]; nickel nitrate hexahydrate [Ni(NO3)2.6H2O), P.A., Neon]. The reaction medium was 60 mL of 
deionized water where blended MgO (1 g) and the respective nickel salt (10 ml, 0.5 M, stock solution) 
and thus agitated by magnetic stirrer bar for 30 min. Afterward, the precipitate was retrieved from 
the medium by centrifugation and washed with deionized water, and left to dry in a desiccator. The 
last step was the sieving of the powder in 250 mesh. The samples were named NiAc in reference to the 
acetate; NiCl for chloride; and NiNO3 for nitrate. 

2.3. Characterization of compounds 

The elemental composition of the structured MgOst and after adsorption of nickel were 
evaluated using an energy-dispersive X-ray spectrometer (EDX) (Shimadzu, Kyoto, Japan), model 
EDX-7000, containing an Rh tube, operating at 50 and 15 W. The crystalline structure and phase were 
characterized by X-ray diffractometry (XRD-D2 Phaser; Bruker, Billerica, MA, USA), with a copper 
cathode (λ = 1.5418 Å), 30 kV potential, 10 mA current, ranging between 10° and 80° (2θ) and with 
0.2 °/s increments.), the crystallographic charts used were from International Centre of Diffraction 
Data (ICDD). The morphology of the MgOst particulate and the samples after adsorption was 
examined with a scanning electron microscope (SEM - Hitachi TM 3000 XSTEAM2) with accelerating 
voltage 15 kV. Fourier transform infrared spectroscopy was performed in a Perkin Elmer Frontier de-
vice (Waltham, MA, USA). The samples were analyzed from Attenuated Total Reflectance (ATR) 
mode. The colorimetric analysis was performed on the MgOst and the green pig-ments in the form 
of powder, and after application on the colorless paint, a portable col-orimeter (3nh, model NR60CP) 
with a D65 light source. The data representative of colori-metric (CIEL*a*b*) analyses are: the L* 
parameter is the brightness and ranges from 0 to 100. The parameter a* represents the variation 
between red and green, where +a tends to red and −a* tends to green. The parameter b* is the variation 
between blue and yellow, where +b* tends to yellow and −b* tends to blue. The h* parameter refers 
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to the hue angle (tan−1 b*/a*). The value of C* is the chroma and represents the color saturation of the 
sam-ples [20]. 

 

2.4. Microbiological testing 

2.4.1. Minimal Inhibitory Concentration (MIC) 

The test was performed according to the Clinical and Laboratory Standards Institute (CLSI) 
standards [21,22], with the precursor salt magnesium oxide and the products obtained from the 
syntheses, nickel-doped magnesium oxide, having three different anions: acetate, chloride and 
nitrate. The strains tested were the yeast Candida albicans (ATCC 10231); and the bacteria 
Staphylococcus aureus (ATCC 25923); Escherichia coli (ATCC 25922) and Salmonella gallinarum (ATCC 
9184). 

The microorganisms were adjusted on the McFarland scale using the spectrophotometer at a 
wavelength of 625 nm at a concentration of 1.5 x 108 CFU mL-1 (McFarland scale). Stock solutions 
were prepared at a ratio of 1.25 μg.μL-1 (m/V) of the compounds in 10% DMSO, a previously tested 
concentration that does not interfere with the cytotoxicity of the microorganisms. The procedure was 
carried out in duplicate with a 96-well plate, and the compounds were tested at concentrations from 
0.625 to 0.0048 μg.μL-1, by serial microdilution. The compounds were added (100 μL) in the specific 
culture medium for each microorganism, homogenized, then the inoculum (20 μL) was added, and 
the plate was incubated for 24 h at 37 °C (bacteria) and 48 h at 28 °C (yeast). The positive controls 
used were chloramphenicol (1.2 mg.mL-1 for bacteria) and fluconazole (100 mg.mL-1 for yeast); the 
negative controls were the solvent DMSO 10% and growth control, which is only the culture medium. 
After the incubation time, an alcoholic solution of the dye TTC (0.12% m/v - 2,3,5-
triphenyltetrazolium chloride) was added to all wells, and the plates were incubated again for 
another two hours. The minimum inhibitory concentration (MIC) was read for each microorganism 
and compost tested. 

2.4.2. Minimal Bactericidal or Fungicidal Concentration (MBC/MFC) 

The test MBC or MFC, were performed after the MIC reading, following the procedure 
recommended by Clinical and Laboratory Standards Institute (CLSI)[21,22]. In this case, the wells 
that showed inhibition values in the MIC test were transferred to a Petri plate containing the 
corresponding culture medium (Mueller-Hinton agar for bacteria; Sabourand dextrose agar for 
yeasts). Then the plate was incubated for the time required for each microorganism, and after that, it 
was verified if there was growth or no growth of colonies, allowing us to characterize the compost as 
bacteriostatic/fungiostatic or bactericidal/fungicidal. 

3. Results 

3.1. Characterization 

3.1.1. Chemical analysis of samples by EDXRF 

The composition of the samples, with respect to the percentage of nickel, was estimated by 
chemical analysis by energy dispersive X-ray fluorescence, and the results are in Table 1. The results 
point to a gradual increase in the number of nickel ions incorporated by MgO, this fact being 
associated with the solubility of the precursor salts. According to Handbook [23], section 4 - 
Properties of the Elements and Inorganic Compounds; nickel(II) nitrate hexahydrate has a solubility 
of 99.2g/100 mL H2O (number #1886); is more soluble than nickel(II) chloride hexahydrate that 
presents solubility of 67.5g/100 mL H2O (#1874), and the latter is more soluble than nickel(II) acetate 
tetrahydrate that has solubility of 16g/100 mL H2O (#1864). 
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Table 1. EDXRF element analysis. 

Nickel precursor salt Mg (%) Ni (%) Estimated composition 

MgOst 99.841 - [Mg0.99O] 
Acetate 90.867 8.789 [Ni0.087Mg0.91(OH)2]ace 

Chloride 90.784 9.050 [Ni0.090Mg0.91(OH)2]chl 
Nitrate 90.342 9.437 [Ni0.094Mg0.90(OH)2]nit 

The interaction of the periclase phase with nickel(II) ions results in the formation of the brucite 
phase (Eq. 1); whose estimated composition is presented in Table 1.  

MgO (periclase phase) + Ni2+(aq)  NixMg1-x(OH)2 (brucite phase)  (1) 

3.1.2. Structural analysis by X-ray diffraction (XDR) 

The structural analysis of the synthetized MgO (Figure 1) identifies the periclase phase of MgO 
(ICDD: 01-075-0447) characterized by its face-center cubic configuration and peaks (111), (200), (220), 
(311) and (222) [24,25]. 

 

Figure 1. XDR of synthetized MgO, and NixMg1-x(OH)2 the sequence order of precursor salt is (a) 
acetate (b) chloride (c) nitrate. Also were presented the XDR patterns of periclase, brucite and β-
Ni(OH)2 from the ICDD database. 

As shown in Figure 1a–c, the identified peaks of NixMg1-x(OH)2 compound X-ray dif-
fractogram were (001), (100), (101), (102), (110), (111), (103), (200) and (201), being this crystalline 
phase determined as brucite, a hexagonal arrangement of Mg(OH)2 (ICDD: 00-044-1482) [5,25,26]. 
Moreover, β-Ni(OH)2 is isostructural to Mg(OH)2 with the brucite like crystal lattice [5,27]. 

3.1.3. Morphological characteristics by scanning electronic microscopy (SEM) 

The morphological study of the piments is presented in Figure 2. It’s possible to relate to 
literature already reported grain morphology configuration of Mg(OH)2 [28]. Hence, on the Figure 2 
(a-b) the acetate pigment presented less porous compared to the other precursor salts. Highlighting, 
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in Figure 2 (c2), the chloride compound presented this needle-like shapes that can be attributed to 
Mg(OH)2 [29]. 

 
Figure 2. SEM imagens of pigments at 30 μm and 20 μm. (a) MgOst; (b) Acetate; (c) chloride; (d) nitrate. 

3.1.4. Fourier transform infrared spectroscopy (FTIR) 

The infrared spectrum (Figure 3) identified the stretching of hydroxyl ν(OH) at 3691 cm-1 and 
the wide band 3358 cm-1 [25,27] for all compounds. The bands at spectrum (Figure 3a) at 1582 and 
1398 cm-1 are from the symmetrical and asymmetrical ν(COO-) [30,31]. Now in Spectrum (Figure 3b), 
bands at 1652 and 1443 cm-1 correspond to the ν(OH) of water molecule physiosorbed in the lattice 
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[6,25]. For the compound synthetized by nitrate the band of vibration modes of ν(NO3) interlayered 
are shown in the spectrum (Figure 3c), at 1384 cm-1, and the other two bands at 1509 and 1323 cm-1 
are associated to metal coordinated nitrate [31]. 

 
Figure 3. FTIR spectrum. (a) acetate (b) chloride (c) nitrate. 

3.1.5. Colorimetric analysis and spectroscopy VIS-NIR 

According to the absorbance electronic spectra in Figure 4a, the identified energy bands for the 
powder NixMg1-x(OH)2 were at 678 nm and 745 nm. Also, reflectance bands Figure 4b are at 530 and 
883 nm. Correlating the absorbance bands to the Laporte transitions from ground state [3A2g 1Eg] 
and [3A2g3T1g(F)] of nickel [15,32,33]. 
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Figure 4. Electronic spectrum of absorbance and reflectance of solids. (a-b) powder pigments; (c-d) 
dispersed on colorless paint. 

As a result of precursor salt on the reflectance Figure 4b the acetate displays less reflectance at 
band 530 nm but more intense band at 883 nm when compared to chlorine precursor pigment. The 
nitrate precursors demonstrated less band reflection intensity of the series. 

The paint dispersed pigments electronic spectra as shown at Figure 4b,c present the same 
transitions as of the powder counterparts. The behavior of the pigment of nitrate as precursor convey 
more absorbance on the paint and consequently less reflectance. On the contrary, acetate and chloride 
increase the paint reflectance, being the acetate the more reflective in paint. 

The colorimetric analysis utilizing CieL*a*b* color space is displayed in Table 2 for the powder 
pigments. From the data, it was observed that despite the different precursor salts, the samples did 
not show significant discrepancies between the Cie L*a*b* values. All the samples maintained the 
values in the quadrants green (-a*) and yellow (-b*). Similarly, there was no significant difference 
between the ∆E color difference values, which were ~ 17. 

Table 2. Colorimetric analysis of powder pigments. 

Sample L* a* b* C* h* ∆E Software color 

MgO 67.65 0.84 3.13 3.24 104.98 - 

Acetate 54.02 -8.56 7.61 11.45 138.34 17.15 

Chloride 54.28 -9.39 6.46 11.40 145.48 17.16 

Nitrate 54.35 -9.03 6.96 11.40 142.37 17.00 
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For application as a microbiological action, the pigments were dispersed in colorless 
paint and applied to paper. The test specimens were also evaluated according to the Cie 
L*a*b* metrics (Table 3) and were also applied to plaster blocks (Table 4) for comparison 
purposes. After the dispersion, the L* values increased due to the interference of the color 
of the paper and plaster. For the pigments on paper, the discrepancy color was observed 
for the Chloride pigment (NiCl), the ∆E showed a lower value compared to the colorless 
paint. For the samples dispersed in colorless paint and in the blocks, the lowest color 
variation was for the Nitrate pigment with a value ~ 8.5. 

Table 3. Colorimetric analysis of dispersed on paper with colorless paint pigments. 

Sample L* a* b* C* h* ∆E Software color 

Colorless 
paint 

65.04 -0.95 2.91 3.06 108.14 - 

MgO 78.49 0.54 4.42 4.45 96.90 13.62 

Acetate 70.60 -13.07 10.67 16.87 140.77 15.43 

Chloride 64.59 -9.20 7.64 11.96 140.31 9.52 

Nitrate 72.36 -12.22 11.13 16.53 137.68 15.75 

Table 4. Colorimetric analysis of dispersed on plaster block with colorless paint pigments. 

Sample L* a* b* C* h* ∆E Software color 

Colorless 
paint 

88.00 -0.06 4.37 4.37 90.34 - 

MgO 86.99 0.53 4.42 4.45 96.90 1.17 

Acetate 82.87 -7.48 10.65 13.01 125.07 11.00 

Chloride 83.46 -6.77 9.07 11.31 126.75 9.37 

 

Nitrate 85.49 -5.83 10.03 11.60 120.16 8.46 

 

The Figure 5, show the comparation between the powder pigments in relation the white pigment 
MgOst Thus, it is that acetate and chloride are approximate on the color space, differing for small a* 
and b* values, in contrast the nitrate varies great amount on the a* and b* by reducing these values, 
resulting in a less green and yellow pigment. 
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Figure 5. Cie L*a*b* space powder pigment, after and before adsorption nickel with salt of (a) acetate 
(NiAc); (b) chloride; (NiCl) and (c) nitrate (NiNO3). 

3.2. Microbiological tests (MIC, MBC and MFC) 

In general, the microbiological tests showed good results for the compounds; all oxides 
presented antimicrobial activity at the concentrations studied, showing that they can be used as 
antimicrobial agents.  

According to Table 5, the same MIC value (0.625 μg.μL-1) was found for Gram-positive strain of 
S. aureus and for Gram-negative strain of S. gallinarum, showing that the results encompassed a 
potential broad spectrum of activity. 

For E.coli, the results were similar for the compounds MgOst, NiAc and NiNO3, exhibiting MIC 
equal to 0.625 μg.μL-1. The compost NiCl showed better activity, having a minimum inhibitory 
concentration of 0.312 μg.μL-1, this can be explained by the difference in the chloride anion present 
in the structure of the compost, as already referenced in the literature [34,35]. 

Table 5. MIC test results for bacteria and yeast (in μg.μL-1). 

Sample S. aureus E. coli S. gallinarum C. albicans 

MgO 0.625 (bc) 0.625 (bs) 0.625 (bs) * 
NixMg1-x(OH)2(Ac.) 0.625 (bc) 0.625 (bs) 0.625 (bs) 0.625 (fs) 
NixMg1-x(OH)2(Cl) 0.625 (bc) 0.312 (bs) 0.625 (bs) * 

NixMg1-x(OH)2(NO3) 0.625 (bc) 0.625 (bs) 0.625 (bc) 0.625 (fs) 
Legend: (bc) bactericidal, (bs) bacteriostatic, (fs) fungistatic. *Did not exhibit activity at the concentrations tested. 

In the MBC assay for S. aureus, all compounds exhibited bactericidal potential at a concentration 
of 0.625 μg.μL-1 (Table 4); however, for E. coli, all compounds were bacteriostatic at this same 
concentration, except for the compound NiCl, which had bacteriostatic action at a concentration of 
0.312 μg.μL-1. For the bacteria S. gallinarum the compounds inhibited growth at the concentration of 
0.625 μg.μL-1 being bacteriostatic, except for NiNO3 which had a bactericidal effect at the concentration 
cited. 

For the yeast Candida albicans, the compounds containing acetate counter-ion NiAc and nitrate 
NiNO3 were the only ones in the series that inhibited the growth of the microorganisms at a 
concentration of 0.625 μg.μL-1, respectively. However, in the MFC assay, colonies occurred after 
incubation, so they were considered fungistatic compounds.  

It is noted that the compounds present better activity for bacteria than for the fungus tested. The 
bactericidal effect of the four compounds against the S. aureus strain stands out, highlighting greater 
inhibition against the Gram-positive strain. Among the compounds studied, NiNO3 stands out, which 
showed activity against the four microorganisms studied, having biocide action against Gram-
positive S. aureus and Gram-negative S. gallinarum, biostatic action on E.coli and also fungistatic action 
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against the yeast C. albicans, demonstrating the greatest inhibition potential among the four 
compounds tested. 

4. Discussion 

A simple route for the synthesis of green pigments from nickel and magnesium oxide based on 
solution-base hydroxide formation. As presented by the XRD, Figure 2, the structural crystalline 
phase identified was the brucite of Mg(OH)2. Furthermore, β-Ni(OH)2 is isostructural to Mg(OH)2 
[6,27]. The FTIR spectra (Figure 5), demonstrates that the compounds are a solid solution of NixMg1-

x(OH)2 because the band 3691 cm-1 is correlating to the metal-O less covalency interaction, compared 
to β-Ni(OH)2, in which directly influences the O-H bond, in way it becomes less polarized with more 
concentration of Mg in the lattice, shifting the ν(OH) band to higher wavenumbers [27]. Hence, the 
difference on electronegativity of Mg [1,2] and Ni [1,8] possibilities the exchange of Mg for Ni in the 
crystalline structure [27]. 

Brucite is the mineral form of magnesium hydroxide [Mg(OH)2]. It is associated as a product of 
modification of the periclase phase found in marble [14]. Synthetic brucite is mainly used as a 
precursor to magnesia (MgO), an important refractory insulator [36]. It can be used as a flame 
retardant because it decomposes thermally and releases water in a similar way to aluminum 
hydroxide and mixtures of Huntite and Hydromagnesite. 

The impact of the precursor salts on the characterization of the compounds were analyzes. The 
acetate anion influences the crystalline lattice, producing a more amorphous compound [26] as is 
document in literature for the β-Ni(OH)2 , and shown on the diffractogram Figure 2a, this being the 
resulting intercalation of the anion to the hexagonal structure [5,26]. Also is notable the appearance 
of the shoulder on peak at 2θ = 18° attributed to the shift on the (001) plane from the acetate 
intercalation [5,31]. Relating to the XRD data the FTIR bands, Figure 5a, at 1568 cm-1 and 1391 cm-1 
identifying ν(COO-) symmetric and asymmetric vibration modes [30,31], reinforcing the evidence of 
intercalation of the acetate anion on the structure. Synthesis utilizing nitrate nickel salt interfered as 
well on the crystallinity of the material, with the appearance of a shoulder on the 2θ = 18° peak, Figure 
2c being this related to the presence of NO3-, agreeing with the FTIR spectrum band of 1384 cm-1, 
Figure 5c, that are typical of Dh3 symmetry of free NO3- on the interlayer of the lamellar structure 
[31]. The chloride precursor produced the more crystalline compound when comparing the 100% 
peak at 2θ = 37° intensity and shape with the other precursors salts, Figure (b). 

A morphological analysis, Figure 3, of the NixMg1-x(OH)2 compounds exhibit the granular 
arrangement of Mg(OH)2 [28]. Worth noting, the needle shape morphologies highlighted on Figure 
4, for chloride precursor compound, can correlate to formation of 1D-like structure from the 
hexagonal configuration already discussed in literature [9,37] . Hao et al. [37] explains that the 
mechanism for formation of nanotubes follows the pathway of ionization of Mg to Mg+2, and the 
results of utilizing NaCl as electrolyte offered more efficiency in the formation for said morphology 
when comparing to NaAc. Therefore, the exchange of Ni for Mg on the lattice of the structure allied 
with the anion chloride maybe the responsible for this morphology appearance.  

After examining the electronic spectra, Figure X, we can now again relate to the structure of the 
pigments, as explained by Qi et al. [33] the brucite β-Ni(OH)2 the optical properties are based on the 
metal d-d orbitals of nickel, considering that it is surrounded by six O in a typical octahedral 
configuration, endorsing the Ni exchange with Mg at the structure.  

The color of the pigments was characterized utilizing the Cie L*a*b*. Subsequently, MgO is a 
white powder [38], the explanation is the Mg having no free electron to excite to 3s orbital after losing 
the two 3s electrons to form Mg-O bond, and the pigments present negative a*, at Cie L*a*b* color 
space this relates to intensity of green, thus confirming the Ni as the chromophore. 

Regarding the application, some works, such as Balaba et al. (2023) [6], show that MgO has 
antimicrobial activity at a concentration of 400 μg.mL-1 for S. aureus, E. coli and C. albicans; in 
comparison with this work, NixMg1-x(OH)2(Cl) stands out, which had an inhibition at a concentration 
of 0.312 μg.μL-1, showing a better bacteriostatic action for Gram-negative bacteria. This is considered 
a good result because the inhibition of Gram-negative bacteria is more complex. 
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Studies such as Murtaza et al. (2023) [39] and Liao et al. (2023) [34] show that MgO has better 
efficiency when combined with other compounds and still has a wide range of applications, such as 
an alternative therapeutic approach or for the treatment of plants with bacterial infections. In the 
work of Nguyen et al. (2018) [41] on the study of the activity of the MgO compost, the inhibition 
activity was 1.0 mg.mL-1 for E. coli, 0.7 mg.mL-1 for S. aureus and 1.2 mg.mL-1 for C. albicans, 
respectively. When these values are compared with the data obtained in this work, it is observed that 
the MIC values were lower and that there is no need for such a high concentration to inhibit microbial 
growth, mainly considering that the doping with Ni and the anion of the compost interfere in the 
microbial inhibition activity, improving cytotoxic activity. For NPs (nanoparticles) of Ni(OH)2, the 
inhibition reaches 5 mg.ml-1, shown in the work of Chaudhari et al. (2022) [42]. 

5. Conclusions 

The preparation of magnesium oxide by the colloidal starch suspension method leads to the 
formation of the periclase phase (MgO), a white oxide. When in contact with water, it undergoes self-
hydrolysis and generates the brucite phase (Mg(OH)2), with a tendency to remove metallic ions from 
wastewater. Each metal has a characteristic color, in the case of nickel ions the green color. In this 
way, the removal of metal ions results in inorganic pigments with special characteristics, in addition 
to color. Among the properties we can highlight the use as catalysts, photocatalysts, biocides, 
oxidizing or reducing agents, among others. Expanding the reuse of the product resulting from the 
treatment of water contaminated with metal ions. 
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