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S1. Raman analysis of bioderived carbon samples

Fig. S1 Raman spectra of bioderived carbon samples (C-1, C-2, C-3 and C-4)

Raman spectroscopy is used to resolve the graphitization degree, which is a key factor in 

determining the electrical properties of carbon materials. As per literature, the Raman spectra 

indicate the degree of graphitization (ID/IG) is the peak intensity ratio of the D-band and G-band 

of carbon materials. The D-band intensity designates the number of defects in the carbon 

material, which are treated as an active site for the adsorption phenomenon and resemble sp3 

hybridization. The G-band, on the other hand, corresponds to sp2 hybridization, thereby 

exhibiting the carbon materials graphitic properties that are advantageous for improving its 

electrical conductivity.  Fig. S1. reveals the ratio of ID/IG for C-1, C-2, C-3, and C-4 are 1.01, 

1.00, 0.93, and 1.01 respectively, which suggests the amorphous nature of synthesized carbon 

material. As amorphous carbon does not have the same electrical conductivity as graphitic 



carbon, it is considerably easier for amorphous carbon materials to acquire a large surface area. 

The ID/IG value for C-3 is the smallest among the rest of the samples and offers fewer active sites 

but perhaps strong electrical conductivity. The highest ID/IG values were found for the C-1 and 

C-4 samples representing a higher number of active sites and probably lower electrical 

conductivity.The ID/IG value of the C-2 was balanced, indicating an equilibrium between active 

site quantities and electrical conductivity for offering enough active sites for the adsorption of 

ions1.



S2. Phase identification and crystallinity of ZnO samples

Fig. S2 XRD spectra of hydrothermally prepared ZnO samples (Z-1, Z-2, Z-3 and 

Z-4)

The crystallinity and structural orientations of the synthesized ZnO nanostructures were 

probed with XRD analysis. The nanostructures of ZnO were investigated through a range of 2 = 

20-80°.Fig. S2 illustrates the diffractograms of ZnO nanostructures manufactured by the 

hydrothermal strategy for 3 h at 90 °C with and without the aid of surfactants denoted as Z-1, Z-

2, Z-3, and Z-4 respectively. No other peaks of impurities were revealed in the diffraction 

patterns of ZnO. The diffraction peaks at angle 

2correspond to planes (100), (002), (101), 

(102), (110), (103), (200), (112), and (201) and can be indexed as wurtzite hexagonal crystal 

structure and well matched with JCPDS card no. 36-14512–4.

The average crystallite size for different samples of ZnO nanostructures was estimated by 
using the Debye Scherrer equation as shown below, 



𝐷 =  
𝐾𝜆

𝛽𝐶𝑜𝑠𝜃
……………(1)

Where, ‘’is full width at half maximum (FWHM) in radians of the diffraction peak 2‘’ is 

wavelength = 1.54 Å (Cu-Kα), and ‘’ is the Bragg’s angle. The calculated crystallite size of the 

ZnO samples was in the range of 47.04 - 58.19 nm. The smallest crystallite size was found for Z-

2 accompanied by Z-4, Z-3, and Z-2 respectively which builds them as a favorite contender for 

biomedical applications.

S3. Functional moieties and chemical structure of carbon and ZnO samples

Fig. S3 (a) FT-IR spectra of carbon samples (C-1, C-2, C-3 and C-4)



Fig. S3(b) FT-IR spectra of ZnO samples (Z-1, Z-2, Z-3 and Z-4)

A Fourier transform infrared spectroscopy (FT-IR) technique reviews ideas regarding 

surface functionalities and chemical structure of the bioderived carbon samples as shown in Fig. 

S3 (a). The intense vibrational bands of O-H, C-H, and C=C are observed in all four variations of 

carbon samples C-1, C-2, C-3, and C-4. The band at 3642 cm-1 is assigned to the O-H stretching 

vibrations of a hydroxyl group of the adsorbed water molecules on the carbon material probably 

while handling the sample to scan the FT-IR spectrum. The weak band at 2500 cm-1 exhibits the 

C-H asymmetric vibrations of hydrocarbon groups. The band at 1472 cm-1 can be attributed to 

C=C stretching vibrations. The appearance of broad band around 1500 cm-1 in the FT-IR spectra 

shows a high degree of aromatization in the carbon samples due to the presence of larger 

aromatic moieties (C=C) in the carbon structure. The bands detected between 1100 cm-1 and 400 

cm-1   may be ascribed to the C-C, C-N, and C-O stretching. The weak band around 2500 cm-1 in 



the spectrum is due to the carbonization of bioderived carbon materials at high temperatures lead 

to the evaporation of volatile compounds results collapsing of the carbon framework. Similarly, 

Fig. S3 (b) shows the FT-IR spectra of pure ZnO and surfactant modified ZnO nanostructures. 

The sharp absorption band detected in the region from 450 cm-1 to 520 cm-1 resembles the 

standard characteristic band of ZnO due to the Zn-O stretching vibrations of ZnO nanostructures. 

The intense absorption band of Zn-O stretching vibrations was observed in the Z-3 sample 

followed by Z-2, Z-1, and Z-4 respectively. However, in FT-IR spectra the less intense peaks 

observed around 1500 cm-1 to 1650 cm-1 in our study belong to H-O-H bond vibrations. 

S4. Elemental composition and chemical study of C-2 and Z-2 samples

Fig. S4(A) XPS spectrum of C-2 sample, (a) Survey scan spectra of C-2 sample (b) 

Narrow scan spectra of ‘C’ element (c) Narrow scan spectra of ‘O’ element 



Fig. S4 (B)  XPS spectrum of Z-2 sample, (a) Survey scan spectra of Z-2 sample (b) 

Narrow scan spectra of ‘Zn’ element (c) Narrow scan spectra of ‘O’ element 

X-ray Photoelectron Spectroscopy (XPS) was used to determine the chemical 

composition of samples of C-2 and Z-2, as shown in Fig. S4 (a) and (b). The C-2 sample's XPS 

spectra is shown in Fig S4 (a) while the Fig. S4 (b) represents XPS spectra of Z-2 sample.



S5. Surface morphological study of all carbon and ZnO samples

Fig. S5 (a) SEM images of carbon samples (C-1, C-2, C-3 and C-4)

The surface morphologies of bioderived carbon (C-1, C-2, C-3 and C-4) and surfactants-

assisted ZnO samples (Z-1, Z-2, Z-3 and Z-4) with different magnifications were examined by 

usingthe SEM technique. The carbon prepared from Argyreia Sharadchandrajii (A. S.) plant 

employing different surfactants exhibited distinct morphologies as shown inFig. S5 (a). The 



sheets-like morphology with pores on the surface of the C-1 sample was observed. As the 

surfactants changes, there is a change in the morphology with mesoporous structure. Also, as the 

change in a surfactant, two-dimensional sheets like morphology appeared. Among all these 

samples C-2 shows a highly porous structure with some voids. Hence, it will be beneficial for 

biomedical applications.



Fig. S5 (b) SEM images of ZnO samples (Z-1, Z-2, Z-3 and Z-4)

Again, Fig. S5 (b) shows the SEM images of zinc oxide nanostructures synthesized by 

the hydrothermal method. It showed the one-dimensional rod-like morphology was observed in 

all the ZnO samples. As a change in the surfactants, there is a change in the aspect ratio of the 

nanorods was witnessed in all the samples.  The image depicts that the use of different 

surfactants offers different morphology from elongated nanorods to shorten nanorods. The 

variation detected in the ZnO nanostructures was surfactant-dependent. In Z-1_(c) the rods were 

elongated and thin compared to other surfactant-boosted samples. With the use of surfactant 

CTAB in Z-2_(c) the rods get shortened with an increase in breadth of rods, the same followed in 

Z-3_(c) sample of PVP-assisted ZnO. In Z-4_(c), the PEG-assisted ZnO samples the rods get 

agglomerated with a decrease in the size of rods with an increased breadth, which outcomes in 

the increase in surface area of rods. Among all the samples, Z-2 presented a long length with a 

diameter of a few nanometers in size and was randomly oriented with uniform dimensions all 

over the sample. Hence, increases the surface area of the sample which will be helpful in the 

enhancement of the biomedical application. 



S6. BET analysis of all carbon and ZnO samples

Fig. S6 (a) Nitrogen adsorption-desorption isotherms and pore size distribution graphs of 

carbon samples (C-1, C-2, C-3 and C-4)



BET analysis was performed to study the textural characteristics like specific surface area 

(SSA) and porosity of bioderived carbon. The SSA is one of the crucial aspects of the carbon 

material for assessing it as an adsorbent material in biomedical applications. Fig. S6 (a) reveals 

the N2 adsorption-desorption isotherms of pure bioderived carbon material with three different 

surfactant assistant carbon contents designated as C-1, C-2, C-3, and C-4. In accordance with the 

IUPAC (1985) nomenclature the typical type II and IV, isotherm curves as manifested in Fig. S6 

(a) resemble the presence of mesoporous structures5,6.With the variation of carbon content, the 

BET SSA of carbon material increased from 136.95 m2/g of C-3 carbon sample to 171.22 m2/g 

(C-4), 189.33 m2/g (C-1), and 409.61 m2/g (C-2) respectively. The extortionate SSA correlates to 

the high adsorption properties of the carbon material7.Amongst all C-2 exhibits a high SSA 

which shows outstanding results in biomedical applications. Additionally, the average pore size 

distribution of C-1, C-2, C-3, and C-4 samples are 16.67 nm, 14.29 nm, 16.85 nm, and 19.14 nm 

respectively, which confirms the mesoporous nature of carbon as the average pore size lies 

below the 50 nm. Our affirmed results are in excellent compliance with the above assumptions as 

the SSA increases particle size decreases and the adsorption properties increase which outcomes 

great antioxidant activity, antimicrobial activity, anticancer activity as well as drug loading and 

release study in our case of biomedical applications. 





Fig. S6 (b) Nitrogen adsorption-desorption isotherms and pore size distribution graphs of 

ZnO samples (Z-1, Z-2, Z-3 and Z-4)

The pore size distribution and SSA of ZnO and surfactant assisted ZnO was further 

affirmed by N2 adsorption-desorption isotherms (Fig. S6 (b)). The Fig. S6 (b)depicts the nitrogen 

adsorption and desorption isotherms, which exhibits the type IV isotherm and pore size 

distribution curves of the ZnO and surfactant molded ZnO respectively. The type IV isotherms 

indicate the presence of mesoporous (2-50 nm in pore size) nature of ZnO nanostructures in 

accord with the IUPAC (International Union of Pure and Applied Chemistry) nomenclature8,9. 

The SSA of all variations of Z-1, Z-2, Z-3, and Z-4 was found to be 181.27 m2/g, 256.88 m2/g, 

237.41 m2/g, 215.20 m2/g, and respectively. The pore size distributions of Z-1, Z-2, Z-3, and Z-4 

samples were observed to be 32.64 nm, 17.14 nm, 25.08 nm, and 27.22 nm, respectively. The 

highest SSA was attributed to the Z-2 sample, CTAB modified ZnO leading to major surface 

active sites, which results in an increase in the adsorption nature of synthesized material. 

Prominently, the synthesized ZnO nanostructures have shown SSA which succeeds the 

synthesized ZnO nanorods to have an optimistic high adsorption capacity of the drug in drug 

loading and release study, and in the study of bioactivities like antioxidant, antimicrobial and 

anticancer.

S7. Assessment of antioxidant activity by DPPH scavenging assay

The assessment of the antioxidant activity using DPPH as depicted in Fig. S7 (a).In this study, 

free radicals have been scavenged by all bioderived carbon samples.In between the carbon 

samples, C-2 sample demonstrated higher antioxidant activity (60.57 %) as compared to C-4 

(52.93 %), C-3 (52.37 %) and C-1 (52.37 %) samples. Also, the hydrothermally synthesized ZnO 

nanorods implemented superior antioxidant activity as revealed in Fig. S6 (b). The antioxidant 

activity was found to be 40.12 %.44.54 %, 41.73 %, 43.61 % for Z-1, Z-2, Z-3 and Z-4 samples 

respectively. Out of these samples, the Z-2 sample overcomes the highest antioxidant activity in 

comparison with different ZnO series. 



Fig. S7 (a) Antioxidant activity graph of C-1, C-2, C-3 and C-4 samples in comparison with 
standard ascorbic acid



Fig. S7 (b) Antioxidant activity graph of Z-1, Z-2, Z-3, and Z-4 samples in comparison with 
standard ascorbic acid

S8. Assessment of Anti-microbial activity

The antimicrobial characteristics of synthesizedmesoporous carbon and ZnO samples 

demonstrated intriguing efficacy against gram-positive and gram-negative pathogens but lack 

antifungal capabilities as displayed in Fig S8 (a) and (b) respectively. The zone of inhibition of 

all carbon and ZnO samples against bacterial/fungal species is described in Tables S1 and S2 

respectively. Also, the antimicrobial activity of synthesizedmesoporous carbon and ZnO samples 

as shown in Fig. S8 (c) and Fig. 8 respectively.  



Fig. S8 (a) Inhibitory effect of C-1, C-2, C-3 and C-4 samples by agar well diffusion method 
on different microbes (zone of inhibition in cm)



Fig. S8 (b) Inhibitory effect of Z-1, Z-2, Z-3, and Z-4 samples by agar well diffusion method 
on different microbes (zone of inhibition in cm)



Fig. S8 (c) Standard of all bacterial/fungal species treated against 100 mg of C-1, C-2, C-3 

and C-4 samples



S9. EDAX analysis of C-1, C-2, C-3, and C-4 samples

Fig. S9 EDAX spectra of C-1, C-2, C-3 and C-4 samples

We performed EDAX spectra of the C-1, C-2, C-3, and C-4 samples to verify the 

chemical composition of the samples. The C-1, C-2, C-3, and C-4 samples are not chemically 

different from one another; instead, they differ in the morphologies that have been modified by 

surfactants and in other aspects, especially specific surface area, porosity as well adsorption in 

biomedical applications, etc.



S10. GCMS analysis of Argyreia sharadchandrajii biomass

Based on GC-MS analysis, seven compounds from the methanolic extract of Argyreia 

sharadchandrajii were successfully identified (Table S3). The compounds were identified based 

on the retention time, base m/z, molecular weight, peak area, and molecular formula. The most 

abundant compounds were n- Hexadecanoic acid (37.03%), followed by Octadecanoic acid 

(25.08%), Neopytadiene (6.69%), Diethyl phthalate (4.49%), Hexadecanoic acid, methyl ester 

(2.62%), 1-Nonadecene (1.02%) and one unknown compound (20.16%) (Supplementary 

material, GCMS). A thorough literature search in online databases such as Web of Science, 

PubChem, Scopus, and PubMed was conducted to assess the reported biological activity of the 

identified compounds. Several studies have reported the biological activities of the identified 

compounds, n-hexadecanoic acids (5) (Fatty acid) showed antioxidant, anti-inflammatory, 

hypocholesterolemic, and nematicide10,11. For the first time, K Zahara reported the presence of 

Octadecenoic acid (Z) (2) (Natural product), methyl ester in the hexane extract of B. bipinnata 

leaves exhibited antibacterial activity12. Neophytadiene (3) (Natural product), which seems to 

be involved in the antibacterial activity, was found in the Buxus macowanii plant extract by 

GCMS analysis, as stated by B. Ngobeni13. Diethyl phthalate (4) (Phthalate ester) can be a 

strong antibacterial agent, according to PREMJANU N14. AMUDHA P claimed unique 

phytocompounds found in E. acoroides include 1-nonadecene (6) (Natural product), n-

tetracosanol-1, which has antioxidant properties, and triacontane, which has antibacterial, anti-

diabetic, and anticancer properties15.



Table S1: Effect of C-1, C-2, C-3, and C-4 bioderived carbon samples on growth inhibition 

of bacterial/fungal species

Sr. No. Name of the  

bacteria/fungus

Sample code Zone of inhibition 

(cm)

1. S. aureus C-1 NA

C-2 2.2

C-3 1.2

C-4 NA

2. B. subtilis C-1 NA

C-2 2.3

C-3 1.1

C-4 NA

3. E. coli C-1 NA

C-2 2

C-3 NA

C-4 1.2

4. C. albicans C-1 NA

C-2 NA

C-3 NA

C-4 NA



Table S2: Effect of Z-1, Z-2, Z-3, and Z-4 hydrothermally synthesized ZnO samples 

on growth inhibition of bacterial/fungal species

Sr. No. Name of the  

bacteria/fungus

Sample code Zone of inhibition 

(cm)

1. S. aureus Z-1 1.3

Z-2 2.4

Z-3 NA

Z-4               1.8

2. B. subtilis Z-1 1.2

Z-2 2.2

Z-3 NA

Z-4               1.6

3. E. coli Z-1 1.2

Z-2 2.6

Z-3 NA

Z-4 1.7

4. C. albicans Z-1 NA

Z-2 NA

Z-3 NA

Z-4 NA



Table S3: Chemical compounds from the methanolic extract of Argyreia sharadchandrajii 

identified by using the GC-MS technique.

Peak# R. 
Time

(min)

Phytochemical Compound 

name

Molecular

formula

Base m/z Area

%

Molecular

weight

1 35.090 n -Hexadecanoic acid (1) C16H32O2 73.00 37.03 256

2 38.753 Octadecanoic acid (2) C18 H36 O2 57.05 25.08 284

3 32.782 Neophytadiene (3) C20 H38 95.10 6.69 278

4 25.644 Diethyl phthalate (4) C12 H14 O4 149.00 4.49 222

5 33.756 Hexadecanoic acid, methyl 

ester (5) 

C17 H34 O2 74.05 2.62 270

6 30.967 1-Nonadecene (6) C19 H38 83.10 1.02 266
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