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Experimental Section 

Characterization Techniques  

The phase composition was analyzed by X-ray diffraction (XRD) measurements by using 

a Rigaku D/max-2550 instrument equipped with a Cu-Kα radiation source (λ=1.5418 Å). The 

chemical compositions and bond characters were characterized by X-ray photoelectron 

spectroscopy (XPS) spectra recorded on AXIS Ultra DLD spectrometer (Kratos Analytical) under 

ultrahigh vacuum (<10-8 Torr) and by using a monochromatic Al Kα radiations. Raman spectra 

were recorded on Renishaw in Via-reflex spectrometer. Static water contact angles (WCA) were 

measured by making thin film of material at simple glass slide. WCA was measured at room 

temperature by using VCA Optima, AST Products, Inc., USA. FE-SEM images were taken by 

using JEOL JEM model 2100F Microscope.  

 

Result and Discussion Section 

 

Limit of detection (LOD) and limit of quantification (LOQ)  

 

Limit of detection (LOD) calculated by using equation S1.  

LOD = F x SD/b……………………………………….. (S1) 

Where 

F: Factor of 3.3, SD: Standard deviation of the blank, standard deviation of the ordinate intercept, or 

residual standard deviation of the linear regression, b: Slope of the regression line.  

 

LOQ = 10 × standard deviation of the lower point (σ)/slop of the line…………………….. (S2) 

 



 

 

 

Figure S1. Low- and high-resolution SEM images of SP (A-C), CB (D), SC (E & F), HC (G & H) 

and NC@HC (I) showing homogenous and uniform formation of SP with interconnected 

holes, CB with juicy vesicles, SC with cubic morphology and HC with open pore holes 

containing building blocks over a wide range with uniformity and homogeneity. Image H 

and I shows the NC wrapped HC.   

 

 

 

 

 

 

 



 

 

 

 

Figure S2.  (A) Microscopic images of bare and coated LP electrode. SEM image showing uniform 

coating of SC over the tip of the LP electrode.  

 

 



 

 

 

Figure S3. (A-E) XRD diffraction patterns of SP, CB, SC, HC and NC@HC, respectively. (F) 

Raman spectra of NC@HC with inset showing Raman active modes (Ag+2Bg).  



 

 

 

 

Figure S4. Raman spectra of NC@HC (red line) and NC (black line) with D and G band positions. 

Inset table shows a clear negative shift in D and a positive shift in G band in case of 

NC@HC.  

 

 

 

 

 

 



 

 

Figure S5. (A) XPS survey spectra showing the formation of NC@HC. High resolution XPS 

spectra of Cu (B) and presence of O (inset of B), further confirm the formation of CuO. 

The presence of C (C) and N (D) with deconvoluted peaks confirm their presence at the 

surface of HC shape CuO.  

 

 

 

 

 



 

 

 

Figure S6.  (A) N2 adsorption isotherm of SP, SC, HC and NC@HC nanoparticles, whereas inset 

table shows their pore vole. (B) Pore volume versus pore diameter graph derived from A.  

 

 

Figure S7.  TGA curves of the NC@HC conducted in N2 atmosphere within temperature range 

of 30–550 °C.  

 



 

 

 

Figure S8. CV graph of bare LP, SP, CB, SC, HC and NC@HC electrode towards 2mM of [Fe 

(CN)6]
4-/3-.  

 

 



 

 

 

Figure S9. (A) DPV response of NC@HC electrode towards simultaneous monitoring of UA and 

Xn with increasing concentrations (2, 4, 6, 8 and 10 μM) in 0.1 M PBS (pH: 7.0). (B) linear 

plot derived from (A). (C) pH versus peak current and (D) pH versus peak potential 

behaviour of NC@HC electrode in 0.1 M PBS containing 2 μM of both UA and Xn.  

 



 

 

 

Figure S10. Raman spectra of NC@HC material exposed with three different pH including 

3.0,5.0, 7.0 and 9.0 of PBS.  
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Figure S11. DPV response of NC@HC electrode towards 10 µM of UA and Xn in 0.1 M PBS 

(pH: 7.0) with varying (A) ratio of HC to NC and (B) loading weight of NC@HC at LP 

electrode.  

 

 

 



 

 

Figure S12. (A) CV patterns of NC@HC electrode towards 5 μM of UA and Xn in 0.1 M PBS 

with different scan rates (50-500 mV/s).  Graph (B) and (C) shows relation between scan 

rate versus peak current and square root of scan rate versus peak current, respectively. 

Graph (D) and (E) shows the relation between natural log of scan rate versus natural log of 

peak current and natural log of scan rate versus peak potential, respectively.    



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S13.  Chronoamperograms current response of NC@HC electrode towards (A) 50 μM of 

UA and (B) 05 μM of Xn at an applied potential of 0.58 and 0.88 V(vs. Ag|AgCl), 

respectively.  

 



 

Figure S14. Amperometric selective current response of NC@HC towards 60 μM of UA (first 3 

spikes only), in the presence 100μM of potentially interfering species at an applied 

potential of 0.58 V(vs.Ag|AgCl).  

 

 

 

 

 

 



 

 

 

 

Figure S15. Amperometric selective current response of NC@HC towards 05 μM of Xn (first 

spikes only), in the presence 100μM of potentially interfering species at an applied 

potential of 0.58 and 0.88 V(vs.Ag|AgCl).  

 

 

 

 

 

 

 



 

Figure S16. DPV selective response of NC@HC towards (A) constant concertation of UA (2 µM) 

and increasing concentration of Xn (2-10 µM), and (B) constant concertation of Xn (2 µM) 

and increasing concentration of UA (2-10 µM).  

 

 

 

Table S1. Comparison in limit of detection and linear range of various sensors developed for UA 

and Xn with our designed NC@HC sensor.  

Sr. No Electrode Linear range 

(µM) 

Limit of 

detection (µM) 

Ref. 

1 Poly(L- arginine)@graphene 

composite film electrode 

UA= 0.1- 10 

XA= 0.1- 10 

UA= 0.05 

XA= 0.05 

S 1 

2 Poly( L-methionine)/GCE  UA= 0.02 -0.1 

XA= 0.02 -0.1 

UA= 0.0074 

XA= 0.004  

S 2 

3 1BCP/GCE UA= 0.5 - 120 

XA= 0.1 -100 

UA= 0.2 

XA= 0.06 

S 3 

4 Ru (DMSO)4Cl2 Nafion 

membrane electrode 

UA= 100 - 700 

XA= 50 - 500 

UA= 0.372 

XA= 2.35 

S 4 



5 Poly (pyrocatechol violet)@ 

MWCNT composite film 

electrode  

UA= 0.3- 80 

XA= 0.1-100 

UA= 0.16 

XA= 0.05 

S 5 

6 2p-ATD@GCE UA= 10 - 100 

XA= 10 - 100 

UA= 0.19 

XA= 0.59 

S 6 

7 3PDAox-PTCA@GCE UA= 1.8 - 238 

XA= 5.1 - 289 

UA= 0.6 

XA= 1.7 

S 7 

8 4NSPE UA= 2 - 40 

XA= 2 - 40 

UA= 0.42 

XA= 0.07 

S 8 

9 5P6-TG/GCE UA= 2-1600 

XA= 1-500 

UA= 0.06 

XA= 0.3 

S 9 

10 6NG/GCE UA= 9-1000 

XA= 8-800 

UA= 0.33 

XA= 0.083 

S 10 

11 Co-CeO2/GCE UA= 1-2200 

XA= 0.1 -1000 

UA= 0.12 

XA= 0.096 

S 11 

12 4B-PGE UA= 3-21 

XA= 8 -36 

UA= 0.17 

XA= 0.4 

S 12 

13 HAD/ErGO/GCE UA= 5-1000 

XA= 5 -300 

UA= 0.08 

XA= 0.1 

S 13 

14 NC@HC  UA= 50-1050 

XA= 05-90 

UA= 0.017 

XA= 0.004 

This 

work 

 
1BCP = Poly (bromocresol purple) 
2p-ATD = 2- amino thiadiazole  

3PDAox-PTCA = polymer dopamine oxidase-3,4,9,10 perylenetetracarboxylic acid 
4NSPE = Nontronitecoated screen printed electrode 
5P6-TG = Purine based polymer 
6NG = sulfonic group functionalized nitrogen doped graphene 

 

 

 

Table S2. Determination of UA from real time serum sample of gout patient using developed 

NC@HC electrode at room conditions in 0.1 M PBS through amperometric current 

response. 



 

Real Sample Calibrated 

Concentration 

Amperometric 

Current (µA) of 

standard (25 

µM) sample at 

0.62 V 

Measured 

Current (µA) 

with Real Urine 

Sample 

Respective 

Concentration 

(µM) 

Serum 0.020 to 0.025 

mM 

56.4 66.18 29.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3. Determination of Xn from real time human urine sample using developed NC@HC 

electrode at room conditions in 0.1 M PBS through amperometric current response. 

 

Real Sample Calibrated 

Concentration 

Amperometric 

Current (µA) of 

standard (20 

µM) sample at 

0.85 V 

Measured 

Current (µA) 

with Real Urine 

Sample 

Respective 

Concentration 

(µM) 

Urine 0.02 to 0.025 

mM 

109.11 101.26 18.5 
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