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Abstract 

 
The potential for bio-inspired conversion of CO2 to single phase Hydrozincite Zn5(CO3)2(OH)6 
was confirmed for the first time in this contribution utilising aqueous extracts of Zea Mays var. 

saccharata (ZMS). The latter has been a successful chelating/reduction agent. Under 
ambient circumstances (room temperature & atmospheric pressure), this novel method 
produced single phase crystalline Hydrozincite Zn5(CO3)2(OH)6 with an average crystallite 
size of 38.5 nm. Furthermore, by including carbonate, this process provides a possible route 
for CO2 capture. 
 
The UV-VIS-DRS, PL, FT-IR, XRD, and SEM-EDS studies sustained the potential of the bio-
engineered nanoscaled Hydrozincite Zn5(CO3)2(OH)6 as a high reflecting material (Diffuse 
reflectance >85%) & an effective blue luminescence (MaxEmission  457.3 nm). 
Electrochemical properties were investigated in 1 M NaOH electrolyte using cyclic 
voltammetry (CV) and electrochemical impedance spectroscopy (EIS). CV studies 
demonstrated a significant increase in current response with distinct Faradaic peaks at +0.07 
V, +0.18 V, and -0.16 V (vs Ag|AgCl), confirming electrocatalytic activity of the 
nanoparticles. This was further corroborated by EIS, which showed a substantial reduction in 
charge transfer resistance (Rct) from 845.84 kΩ for the bare glassy carbon electrode (GCE) 
to 94.30 kΩ for the Zn5(CO3)2(OH)6 modified GCE, indicating significantly improved charge 
transfer kinetics.  
 
These results demonstrate a scalable bio-engineering route for synthesizing single phase 
crystalline hydrozincite Zn5(CO3)2(OH)6 nanoparticles with favorable opto-electrochemical 
properties, positioning them as promising candidates for applications in CO2 conversion, 
optoelectronics & catalysis. 
 

Keywords: CO2 sequestration, Hydrozincite, Zea mays, Green chemistry, Nanomaterials, 
Electrocatalysis, Decarbonization, bio-inspired synthesis  
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1. Introduction 

 

Global warming, characterized by the sustained increase in Earth’s temperature, is a 
significant global concern. This temperature rise is mainly attributed to the greenhouse 
effect, which is a consequence of elevated concentrations of carbon dioxide (CO2), 
chlorofluorocarbons (CFCs), methane, and other atmospheric pollutants collectively 
denoted as greenhouse gases (GHGs). 
 
These gases absorb the infrared radiation emitted from the Earth’s surface and prevent it 
from being radiated back into space. As a result of such a radiation trapping, the Earth’s 
average surface temperature continues to rise [1-3]. According to the Intergovernmental 
Panel on Climate Change (IPCC) Sixth Assessment Report (AR6) [4], the global temperature 
had already increased by 1.1 ºC above pre-industrial levels by year 2020. To curb the 
continued rise in global temperatures and remain below 1.5 ºC, GHG emissions particularly 
CO2 must be halved by the year 2030. Mitigation strategies to curb atmospheric carbon 
dioxide include, but are not limited to CO2 sequestration, carbon capture and storage 
(CCS) technologies, and broader decarbonization initiatives aimed at reducing emissions 
across energy, industry and transportation sectors [4-6]. 
 
CO2 sequestration is the process of capturing and storing atmospheric CO2 to reduce its 
presence or concentration [7]. This can be achieved through several pathways, primarily 
involving the capture of CO2 emissions directly from industrial or energy related sources, 
followed by long-term or permanent storage. The first method is geological storage, where 
captured CO2 is stored underground in unused oil tanks, saline aquifers, or deep into the 
underground rock formations [8-9]. The second method or pathway is ocean storage, in 
which CO2 is injected into deep oceans waters where it dissolves and becomes trapped 
[10-11]. The third method is mineral carbonation, where CO2 chemically reacts with naturally 
occurring minerals and metals to form long term stable carbonates & related hydrated 
compounds [12]. 
 
In this study, we validate the mineral carbonation as a CO2 capture strategy by converting 
it to nano-scaled Hydrozincite Zn5(CO3)2(OH)6, via a bio-engineering approach. This method 
utilizes natural plant extracts as effective chelating agents, building upon previous 
demonstrations of this technique for nano-scaled carbonates [13]. 
 

The targeted compound, a hydrated form related to smithsonite (ZnCO3), potentially 
exhibits broader multi-functionality. In contrast to hydrozincite Zn5(CO3)2(OH)6, smithsonite is 
often found as a secondary mineral in the oxidation zones of zinc ore deposits (Fig.1.a). It 
can also be observed in sedimentary deposits and as a direct oxidation product of 
sphalerite. (ZnCO3) is an inorganic compound occurring naturally in various mineral phases, 
primarily as smithsonite which is the most stable crystalline form (Fig.1.b) [14-15]. 
 

 
Fig.1: Typical ore crystals of bulk (a) Smithsonite (ZnCO3) & (b) its hydrated form hydrozincite  
Zn5(CO3 )2(OH)6 [15]. 
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The technological applications of bulk smithsonite are relatively limited. Actually, the main 
technological usage of smithsonite is as a significant source of zinc, which is utilised in 
batteries, alloys, and galvanising. It is pivotal in the processing of minerals, especially in the 
flotation of zinc ores, where new methods of separation using reagents are explored [14]. 
These include but are not limited to collectors, depressants, and activators.  
 
In its hydrated form, smithsonite i.e. Hydrozincite (Zn5(CO3)2(OH)6), is likely to exhibit 
additional peculiar physical-chemical properties as it is demonstrated in section 2. Certainly, 
nanomaterials with a size range of 1-100 nm, exhibit size, shape, surface & interface effects 
[13, 16-19]. This includes quantum confinement, phonons confinement, breaking of the 3-D 
crystallographic symmetry & therefore an enhanced catalytic activity [17, 19]. Nano-scaled 
Zn5(CO3)2(OH)6 has been identified as a promising substitute for antimony trioxide in flame 
retardant flexible poly(vinyl chloride) [20]. Likewise, porous Zn5(CO3)2(OH)6 has shown 
potential as a novel anode material for advanced lithium-ion batteries [21]. 
 
While the synthesis of nano-scaled Zn5(CO3)2(OH)6 is limited, nano-scaled ZnCO3 was 
successfully engineered using a variety of physical & chemical methodologies [18, 20-25]. 
This includes hydrothermal, thermal decomposition, micro-emulsion, solid state reaction, 
among others.  
 
Within this contribution, an outright green novel bio-engineering approach for the 
biosynthesis of single phase crystalline nano-scaled hydrozincite Zn5(CO3)2(OH)6 is validated 
using H2O as the unique solvent and natural extract of ZMS (Fig.2) as an effective chelating 
agent with ZnCl2 and CO2 as Zn & CO3 sources respectively. Besides the major pivotal aspect 
of converting CO2 to functional compound, this green bio-inspired technique has the 
following benefits over conventional physical and chemical approaches: 
  
(i) Minute energy input if, any, 
(ii) No vacuum required, 
(iii) The bio-engineering phase takes place within mild conditions (Patm, TRoom Temperature), 
(iv) No catalyst required, 
(v) No harsh-reducing agents, 
(vi) green reducing agents from the Zea Mays’ phyto-compounds, 
(vii) The bio-engineering is possible with Zea Mays’ but not limited to as likely, any natural 

extract with similar phyto-compounds would be as effective, 
(viii) No harmful waste, 
(ix) No rivalry with the food industry because the phyto-compounds come from non-

food sources like the cob portion that is not human consumable, 
(x) No critical or supercritical CO2 usage conditions, 
 
Regarding the benefit (vi), it should be noted that the Zea mays cob is the source of the 
natural extract used to reduce the zinc precursor in this study (Fig.2).  Indeed, the Zea mays 
cob, often considered a by-product in maize processing, is currently underutilized. However, 
it has a significant concentration of bioactive substances, including but not limited to 
phenolic acids, anthocyanins, and bioactive oligosaccharides [26-29]. Furthermore, it has 
been shown that Zea mays cob can be used as a substrate to produce citric acid [30]. As 
in previous studies, such phyto-compounds from various plants were demonstrated to be 
effective chelating /reducing agents for the bio-engineering of various nanomaterials [31-
41] including from Zea Mays [42].   
 
2. Experiments, results and discussions 

 

2.1. Synthesis & methodology 

 
Analytical grade (purity ≥ 99 %) chemicals and reagents were sourced from Sigma-Aldrich 
and used as received: carbon black, ethanol, N-methyl-2-pyrrolidone (NMP), polyvinylidene 
fluoride (PVDF), sodium hydroxide (NaOH), and zinc chloride (ZnCl2). High purity (≥99.99%) 
CO2 (g) was procured from Afrox. Ultrapure water (18.2 MΩ cm) was utilized in all 
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experiments to uphold uniformity. The extract of ZMS was prepared following previously 
reported methods [42, 43], with minor modifications. The overall green synthesis process, 
from extract preparation to nanoparticle synthesis is schematically depicted in Fig.3. Fresh 
sweet corn was procured, and the husks and silk were removed. The corn cobs were 
thoroughly washed and cut into smaller pieces, which were then immersed in deionized 
water and heated at 80 ºC for 1 hour. After cooling to room temperature, the mixture was 
filtered through Whatman No. 1 filter paper, and the resulting filtrate was collected for use 
as a reducing and caping agent in nanoparticle synthesis. 
 
For the green synthesis of the targeted Zn5(CO3)2(OH)6 & ZnCO3 nanoparticles, 3g of ZnCl2 
was added to 200 mL of the prepared ZMS extract, and the mixture was vigorously stirred to 
ensure complete dissolution. The pH was adjusted to 7 using 1 M NaOH, and the mixture was 
left under continuous stirring for 24 hours at ambient temperature. Subsequently, CO2 gas 
was bubbled into the solution for 30 minutes, after which stirring was continued for an 
additional 24 hours to allow complete reaction. The resulting precipitate was collected by 
centrifugation, washed sequentially with ethanol, and deionized water to remove impurities, 
and dried at 35°C for 12 hours to obtain a dry powder. 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2: Schematic representation of a typical Zea mays plant & its major constituents [16]. 
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Fig.3: Schematic representation of the bio-inspired synthesis of ZnCO3 nanoparticles using Zea 

Mays saccharata extract. 
 
 

2.2: Materials and characterization: 

 

The scanning electron microscopy (SEM) investigations were conducted on a Verios 5 XHR 
SEM unit. The UV–VIS–NIR diffuse reflectance studies were acquired using an Ocean Optics 
unit within the spectral range of 250–1100 nm. As a standard reference for reflectance 
measurements, ­ BaSO4 standard was used. With an optical bandgap of ∼ 6 eV, ­ BaSO4 
exhibits a low absorption extending to the UV band correlated to an elevated UV–VIS and 
NIR reflectance. The Luminescence measurements were recorded using a fibre-optics linked 
Ocean Optics system consisting of a UV light-emitting diode source coupled to a high 
sensitivity QE Pro-FL spectrophotometer. The excitation wavelength was fixed at 240 nm. The 
X-rays Diffraction measurements were carried out with a Bruker D8 equipped with a copper 
sealed tube x-ray source producing Cu - K1 radiation at the wavelength of 1.5406 Å from a 
generator operating at 40 keV and 40 mA (operating in a Θ–2Θ configuration). The 
scanning rate was 0.03° per minute from 20° to 85°. The Diffraction patterns were interpreted 
using MAUD software. The Thermal Gravimetry Analysis (TGA) and Differential Scanning 
Calorimetry (DSC) experiments were performed using a Mettler Toledo TGA/DSC 1 Stare 
System analyser with a horizontal reaction chamber. About 10–20 mg of sample were 
placed in a cylindrical ­ Al2O3 crucible. The TGA furnace was constantly purged with Ar gas. 
The samples were annealed from 25 to 900 °C at a heating rate of 10 °C/min in a stream of 
N2 or Ar “reactive gas” provided directly above the sample with a flow rate of 50 mL min−1. 
A baseline, obtained under the same conditions with an empty ­ Al2O3 crucible, was 
subtracted from the measured thermograms.  
 

The electrochemical measurements were obtained from a Metrohm Autolab PGSTAT 302 
Potentiostat driven by Nova 2.1 software. A three-electrode arrangement was used 
comprising of modified and unmodified glassy carbon electrode (GCE) as the working 
electrode, platinum wire counter electrode, and a reference electrode of silver-silver 
chloride (Ag/AgCl) in saturated potassium chloride. For the electrode preparation, the GCE 
was sequentially polished using 1 µm, 0.5 µm, and 0.3 µm aqueous alumina slurries on a 
micro-cloth pad, followed by a gentle rinse with deionized water. To ensure complete 
removal of surface-bound particulates, the electrode was ultrasonically cleaned in absolute 
ethanol for 5 minutes and then in distilled water for an additional 5 minutes. A composite 
consisting of 80 wt% Zn5(CO3)2(OH)6 nanoparticles, 10 wt% carbon black, and 10 wt% of PVDF 
was prepared by grinding the components to uniformity using a pestle and mortar. The 

Zea mays saccharata (ZMS)  ZMS+ dH2O Heat at 80C/1h  ZMS extract 
 +3g ZnCl2 +  

pH Adjustment 

 

 24h stirring CO2 Bubbling 

(30min dH2O 
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Centrifuge 

+washing 

+Heating 

(60C) 

  

Nano-ZnCO3  
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ground mixture was collected in a vial, and a few microliters of NMP were added. The 
suspension was sonicated for 2 hours to form a homogeneous paste. Finally, approximately 
5µL of the resulting paste was drop-cast onto the electrode surface and dried at 35°C for 2 
minutes to produce the modified working electrodes [44]. 
 
2.3 Elemental studies: 
 

Fig.4 displays the Energy Dispersive X-rays Spectroscopy (EDS) of the bio-engineered 
particles. Besides the Zn, O, and C, likely related to the elemental composition of the 
hydrozincite Zn5(CO3)2(OH)6 particles, there are several additional contaminants including 
Cl, P and F. While P originate prospectively from the Mays natural extract, Cl is likely to 
originate from the ZnCl2 precursor with a potential F as a contaminant. 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.4: Typical Energy Dispersive X-rays Spectroscopy spectrum of the synthesized 
nanoparticles of ZnCO3 & Zn5(CO3 )2(OH)6. 
 

 

2.4 Crystallographic investigations: 

 
Fig.5 reports the Room temperature X-rays Diffraction pattern of the bio-engineered 
particles Zn5(CO3)2(OH)6 within the angular range of 10-75 Deg. The XRD pattern is 
characterized by a limited number of Bragg diffraction peaks which reflects a 
crystallographic symmetry. The major Bragg peaks are centered at 2 of 12.78, 28.14, 33.35, 
59.20 & 69.86 Deg. This pattern is in line with highly textured (401) trigonal structure 
Hydrozincite Zn5(OH)6(CO3)2 (JCPDS No. 01-072-1100). Hydrozincite, Zn₅(CO₃)₂(OH)₆, has a 
monoclinic crystal structure (C2/m space group), featuring layers built from zinc octahedra 
and tetrahedra, with lattice parameters of  a ≈ 13.6Å, b ≈ 6.3Å, c ≈ 5.4 Å, and β ≈ 95.8° 
[45]. Within the experimental error bar, these values are in agreement with those derived 
from the Rietveldt analysis of the experimental XRD pattern of Fig.5.  The derived values are 
 a  = 13.64A    b  = 6.31A,   c = 5.42 A and β = 95.85°.  In addition, the various Bragg peaks 
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are significantly broad reflecting the nano-scale size of the diffracting nano-crystals. with 
crystals’ average size of about Ø  38.5 nm. This low value is in support of the nano-scaled 
configuration of the bio-engineered Zn₅(CO₃)₂(OH)₆ crystals (Ø <100 nm). As a pre-
conclusion within this section, it is safe concluding on the single phase Hydrozincite 
Zn5(OH)6(CO3)2 bio-engineered particles & their nano-scale configuration.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5: (a) Room temperature X-rays Diffraction pattern of the bio-engineered nanoparticles, 
(b) Crystallographic unit cell of hydrozincite, Zn5(CO3)2(OH)6 (JCPDS No. 01-072-1100) [46]. 
 
2.5 Vibrational (FTIR) investigations 
 

Fig.6 displays the Fourier Transform InfraRed /Attenuated Total Reflection (FTIR-ATR) spectrum 
within the spectral range of 400-4000cm-1. Several vibrational modes are observed. They are 
centered at about 707.8, 832.2, 1024.3, 1385.6, 1360,11495.5, 2051.4, 2287.6, and 3344.7cm-

1. The vibrational modes at 1495.5, 1385.6, and 1360 cm−1 are ascribed to the ν3 (CO3)2– 
antisymmetric stretching modes in hydrozincite. The band at 832 cm−1 is assigned to the ν2 
bending mode for carbonate [47, 48]. The bands are observed for the carbonate ν4 in 
phase bending modes at 707 cm−1 [17]. The bands at 1045 and 949 cm−1are assigned to the 
-OH bending mode [18, 49]. Once again, and as a pre-conclusion within this section, it is 
safe concluding on the Hydrozincite Zn5(OH)6(CO3)2 nature of the bio-engineered particles.   
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Fig.6: Room temperature ATR-FTIR spectrum of the bio-engineered nanoparticles 
highlighting their hydrozincite Zn5(CO3)2(OH)6 nature. 
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Fig.7: (a) Diffuse Reflectance, (b) its corresponding Tauc F(R) plot & (c) room temperature 
photoluminescence spectrum of the bio-engineered hydrozincite Zn5(CO3)2(OH)6 
nanoparticles. 
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2.6 Optical investigations 
 

Fig.7 displays the Diffuse Reflectance Scattering (a) and the (b) Tau F(R) corresponding plot 
of the bio-engineered hydrozincite Zn5(CO3)2(OH)6 nano-scaled powder. One can notice 
that the nanopowder is significantly reflective in the VIS, NIR & likely in the IR. The 
corresponding reflectivity within the NIR & IR spectral range is above 95% (Fig.7.a) which 
makes it a likely potential radiative cooling compound. Using the Tauc approximation, the 
optical band gap (Eg) was evaluated using the expression of (hv)2 = A(hv - Eg) [50], where 
 is the absorption coefficient, hv is the photon energy in Eg (eV) is the direct band gap and 
A is a constant. Yet this approximation is valid for semiconducting materials, it is used to 
appreciate the bandgap value & its nature (direct or indirect) for a variety of other 
compounds including Hydrozincite. In this case, the deduced bandgap value is about 2.761 
eV (Fig.7.b). This value is far below of those reported in the literature so far. Indeed, this 
bandgap value which is assigned to the optical transitions of the excitonic states in 
hydrozincite is found to be within the range of 3.1eV-4.9eV [51, 52]. The derived value from 
the Tauc approximation of 2.761eV is not consistent with those reported in the literature. 
Henceforward, it is prudent considering the cut-off wavelength of 350.1 nm as likely to be 
the bandgap equivalent. The corresponding bandgap Eg = Ecutoff = 1240/cutoff  3.542 eV. 
  

As a pre-conclusion, the bandgap of the bio-engineered Hydrozincite Zn5(OH)6(CO3)2 is 
wide; 3.542eV, making it a potential candidate for UV-light applications. 
 

In this regard, room temperature photoluminescence investigations were carried out. Fig7.c. 
displays such a response within the spectral range of 300-1000 nm. More accurately, the 
emission of the bio-engineered nano-scaled Hydrozincite exhibits a single blue emission 
centred at about MaxEmission  457.3 nm. Compared to the intrinsic photoluminescence of 
ZnO which is centred at about 380nm, this blue emission is relatively broad  125.8nm.  This 
emission has been observed by Mao et al. [53]. Such an emission of the bio-engineered 
hydrozincite Zn5(CO3)2(OH)6 nano-scaled powder may be attributed to native crystal 
defects like Oxygen vacancies (VO) and Zinc interstitials (Zni). In the absence of yellow 
orange emissions, one could safely conclude on the absence of excess oxygen. 
 
2.7 Electrochemistry investigations 
 
Cyclic voltammetry CV) studies were conducted to establish the electrochemical 
properties of the bio-engineered nanoparticles of hydrozincite Zn5(CO3)2(OH)6. The study 
was conducted in 1 M NaOH as supporting electrolyte at a scan rate of 25 mV/s, within a 
potential window of -0.4 to 0.6 V vs Ag|AgCl (in 3 M KCl). The results, presented in Fig.8.a 
show that bare GCE exhibited a featureless voltammogram, indicative of the absence of 
significant Faradaic processes. Upon modification with the bio-engineered nanoparticles of 
hydrozincite Zn5(CO3)2(OH)6, an enhanced current response was observed, coupled with 
distinct Faradaic activity characterized by two anodic peaks at +0.07 V and +0.18 V (vs 
Ag|AgCl), and a cathodic peak at -0.16V (vs Ag/AgCl). Consistent with previous studies on 
Zn electrodes in alkaline media [54-55]. the two anodic peaks may be attributed to 
sequential oxidation of Zn-based surface species, such as Zn(OH)2 to Zn(OH)4 (Eq. 1), 
followed by the possible formation of hydrated zinc oxide complexes ZnOa(OH)b as OH- 
species are depleted at the electrode surface (Eq. 2). The cathodic peak is then attributed 
to the reduction of Zn(OH)42- to metallic Zn (Eq. 3). 
 𝑍𝑛(ܱܪ)2 + −ܪ2ܱ  ⇌ 𝑍𝑛(ܱܪ)42− + 2݁−  (1) 𝑍𝑛(ܱܪ)2  ⇌ 𝑍𝑛 ௔ܱ(ܱܪ)௕ + 2ܱܪܿ + 𝑛݁−   (2) 𝑍𝑛(ܱܪ)42− + 2݁−  ⇌ 𝑍𝑛0 +  (3)    −ܪ4ܱ

 
The CV performance of the bio-engineered nanoparticles of hydrozincite Zn5(CO3)2(OH)6-
modified electrode at varying scan rates (5 – 100 mV/s) is shown in Fig.8.b. At lower scan 
rates (5 – 25 mV/s), broader and less resolved anodic peaks were observed, suggesting 
diffusion-controlled process. At higher scan rates (50 – 100 mV/s), the peaks became sharper 
and shifted in potential, reflecting faster electron transfer kinetics [56]. The corresponding 
linear plot of anodic peak current (Ipa) versus the square root of scan rate (v)1/2 is shown in 
Figure 5c, confirming diffusion-controlled redox behavior in accordance with the Randles-
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Sevcik model [57-58]. Electrochemical impedance spectroscopy (EIS) was used to 
investigate the charge transfer properties of the bio-engineered nanoparticles of 
hydrozincite Zn5(CO3)2(OH)6. The studies were conducted in 1 M NaO supporting electrolyte 
over a frequency range of 0.1 – 100 kHz. 
The Nyquist plots obtained are presented in Fig.8.c, with the insert representing the Randles 
equivalent circuit diagram used to fit the data. The circuit includes solution resistance (Rs), 
charge transfer resistance (Rct), and a constant phase element (Q, modelled as admittance 
Yo with exponent n) representing non-ideal capacitive behavior. A summary of the fitted 
impedance data is shown in Table 1. Bare GCE exhibited a large semicircle with Rct value of 
845.84 kΩ, indicative of a likely sluggish electron transfer. After modification with the bio-
engineered nanoparticles of hydrozincite Zn5(CO3)2(OH)6, the semicircles diameters 
decreased significantly yielding lower Rct value of 94.30 kΩ, demonstrating enhanced 
electron transport. These findings correlate well with the enhanced current response 
observed in the CV experiments. The constant phase element exponent, n, provides insights 
into surface characteristics values closer to 1 indicate a more ideal capacitive interface 
and smoother surface morphology, whereas lower n values reflect greater surface 
roughness and heterogeneous charge distribution. 
 
Similarly, Yo is often associated with increased capacitance but must be interpreted in 
conjunction with n, as a high Yo value combined with low n may indicate surface disorder 
rather than efficient charge storage or charge transfer properties [59]. For the bio-
engineered nanoparticles of hydrozincite Zn5(CO3)2(OH)6modified GCE, the admittance 
(Yo) was estimated at 18.11 µΩ-1sn with n = 0.83. 
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Fig.8: The C-V performance of the modified electrode of the bio-engineered nanoparticles 
of hydrozincite Zn5(CO3)2(OH)6 at varying scan rates (5 – 100 mV/s). 
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Table 1: Summary of the fitted impedance data for the bare GCE and ZnCO3NPs modified 
GCE 1M NaOH supporting electrolyte. The values in brackets represent the percentage 
errors of the data fitting. 
 
Electrode Rs  kΩ  Rct  kΩ  Q Chi-square 

Yo  µΩ-1sn) n 

GCE 0.454 

(0.49) 

845.84 

(6.16) 

6.87 

(0.732) 

0.763 0.02752 

GCE/ZnCO3NPs 0.522 

(0.89) 

94.30 

(5.04) 

18.11 

(1.87) 

0.831 0.13216 

 
 
 
3. Conclusion 

Within this contribution, it was validated for the first time the possibility of bio-inspired 
conversion of CO2 to single phase Hydrozincite Zn5(CO3)2(OH)6 using aqueous extracts of 
Zea Mays var. saccharata (ZMS). This latter has acted as an effective chelating/reduction 
agent. This innovative approach yielded crystalline hydrozincite Zn5(CO3)2(OH)6 with an 
average crystallite size of 38.5 nm under ambient conditions (Room temperature & 
Atmospheric pressure). Additionally, this method offers a potential pathway for CO2 capture 
through carbonate incorporation. The Hydrozincite Zn5(CO3)2(OH)6 exhibited sound optical 
properties (High reflective response & Blue photoluminescence). Furthermore, a glassy 
carbon electrode (GCE) modified with the synthesized Hydrozincite Zn5(CO3)2(OH)6 
demonstrated superior electrochemical properties evidenced by increased current 
response in CV and reduced charge transfer resistance in EIS compared to bare GCE. These 
findings suggest that the conversion of CO2 to Hydrozincite Zn5(CO3)2(OH)6 synthesized by 
this bio-engineering approach hold strong potential for advanced electrochemical 
applications, including energy storage, supercapacitors, and sensors, with the added 
benefit of contributing to CO2 mitigation strategies. 
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