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Chemicals and reagents

Nickel (II) chloride (Alfa Aesar, B22085, 98%), cobalt (II) chloride (Fisher Scientific, 22643, 97%), 

urea (Fisher Scientific, 20885, 99%), n-butanol (Fisher Scientific, 71-36-3), dopamine hydrochloride 

(Sigma-Aldrich, 62-31-7, 98%), L-ascorbic acid (Sigma-Aldrich, 50-81-7, 99%), uric acid (Alfa 

Aesar, A13346, 99%), nafion D-520 dispersion (Alfa Aesar, 42118) and ethanol (Changshu 

Hongsheng Fine Chemical Co. Ltd., Analytical reagent grade) were used as procured. Deionized (DI) 

water (> 18 MΩ) was used all through the synthesis. 0.1 molar phosphate buffer solution of pH 7.2 

was used for the electrochemical studies.
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Volume of SolventSl
No

Butanol
(ml)

Water
(ml)

Solvent Volume 
Ratio 

(Butanol:Water)
Sample Code

1 0 75 0:1 SS 1

2 25 50 1:2 BS 1

3 30 45 1:1.5 BS 2

4 37.5 37.5 1:1 BS 3

5 45 30 1.5:1 BS 4

6 50 25 2:1 BS 5

7 75 0 1:0 SS 2

Table S1. The solvent volume ratio of n-butanol and water used for the synthesis of the samples and 

the corresponding sample codes.

Figure S1. The XRD spectra (A) and the corresponding SEM image (B) of SS 1 annealed at 500℃. 

The peaks with 2θ values 31.2°, 36.6°, 44.8°, 55.5°, 59.02° and 65° correspond to the planes (220), 

(311), (400), (422), (511) and (440) of nickel cobaltite (JCPDS 20-0781).1 The peak at 43.28° 

corresponds to the (200) plane of  NiO, which may be present in the system as a byproduct of 

annealing.2
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Figure S2. The SEM image corresponding to the EDAX analysis (A) and the corresponding spectra 
(B) for BS 3.

Figure S3. Elemental composition of the samples at varying solvent ratio. 

The samples SS 1, SS2, BS 1 and BS 2 contain almost equal amount of nickel and cobalt, whereas BS 

4 and BS 5 contain more amount of cobalt, which is in accordance with the colour in the optical 

images. 
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Figure S4. Normalized composition of nickel and cobalt atoms of samples SS 1, BS 1, BS 2, BS 3, BS 

4, BS 5 and SS 2. (A) Nickel normalized to cobalt atoms and (B) cobalt normalized to nickel atoms.

Figure S5. Normalized UV-Visible intensities of the samples SS 1, BS 1, BS 2, BS 3, BS 4, BS 5 and 

SS 2. (A) Nickel normalized to cobalt intensity and (B) cobalt normalized to nickel intensity.

The extraction of metal ions with the help of complexing agent urea at the n-butanol – water interface 

is investigated using UV-VIS spectroscopy. The concentrations of Ni and Co metal salts in water and 

complexing agent urea in n-butanol is maintained as per the reaction conditions of BS 1 to BS 5. The 

mixture is kept stirring for 2 hours at 70 ºC and the aqueous layer is analyzed for the concentrations of 

metal ions before and after stirring as shown in Figure S5. The composition of nickel is higher in the 
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samples BS 1 and BS 2, which are in the smaller ratios of n-butanol/water. However, the composition 

of cobalt is more in the samples BS 3, BS 4, and BS 5, which are in the larger ratios of n-

butanol/water. This indicates that the complexing nature of urea selectively changes with change in the 

aqueous organic phase ratio. As reported in literature, the participation of extractant at the water – oil 

interface on metal ion extraction has been investigated experimentally and using atomic molecular 

dynamic (MD) simulations.3 The MD simulations to investigate the role of urea in selective extraction 

of metal ions would give a better understanding on the reaction dynamics at interfaces. However, such 

investigation exceeds the scope of the current study but is the focus of future work.



S6

Figure S6. Deconvoluted XPS spectra of SS 1 (A1-A4), BS 1 (B1-B4), BS 2 (C1-C4), BS 4 (D1-D4), 

BS 5 (E1-E4) and SS 2 (F1-F4) samples.

The spectra show the presence of 2p1/2 and 2p3/2 states of both nickel and cobalt and metal-oxygen 

bond. The peaks around 856 eV  and 874 eV corresponds to the +3 and +2 oxidation states of nickel 
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and the peaks around 781 eV and 797 eV corresponds to the +3 and +2 oxidation states of cobalt, 

respectively.1,4 The rest of the marked peaks in the spectra correspond to the shakeup satellites.4 In the 

case of oxygen, the peak at 529 eV corresponds to the metal – oxygen bond, and the other less intense 

peaks arise due to the presence of hydroxyl groups or large number of defect sites with low oxygen co-

ordination in the samples.1

Sl No. Electrode Linear range (μM) LOD (μM) Reference

1 Pd-NP/RGO 1 - 150 0.233 S5

2 ERGO/Au 0.1 - 10 0.04 S6

3 p-GLY/GO 0.2 - 62 0.01 S7

4 ZnO NSB/GF 1 - 180 0.01 S8

5 SPCE/CQD 1 - 7 0.099 S9

6 GNP/PANI 3 - 115 0.8 S10

7 BS Flake 1 - 150 0.21 This work

Table S2. Comparison of the linear range and LOD of the BS Flake modified electrode with 

previously reported DA sensors.

Figure S7. The effect of (A) pH and (B) scan rate on the detection of dopamine.
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The effect of varying pH on the oxidation of DA has also been studied. It can be seen that the 

pH influences both the anodic peak current and the peak potential and hence serves as an important 

factor in the oxidation of DA. As seen in Figure, the increasing pH shifts the oxidation peak potential 

to lower values, confirming the involvement of the protons in the reaction.11 In the case of anodic peak 

current, there is a successive increase in the peak current corresponding to an increase in pH from 4 to 

7, followed by an eventual decrease. These results can be elucidated on the fact that lower pH 

generates more H+ ions, which in turn act as a hindrance for the diffusion of more positively charged 

DA to the electrode surface resulting in a lower current and increased potential. However, the 

increased pH more than 7 can retard the reaction by facilitating several other cyclisation and 

polymerization reactions at the electrode surface.12 Hence, owing to the better peak current and peak 

resolution, it can be concluded that pH 7.2 is the optimum pH for the detection of DA at nickel 

cobaltite modified electrodes, which very well matches with the body pH.

The impact of the scan rate on the peak current has also been examined. It is seen that both the 

anodic and cathodic peak currents increase consecutively with the scan rate from 10 mV to 100 mV. 

However, there is a slight shift in both the anodic and cathodic peak to positive and negative sides 

respectively, pointing to a quasireversible reaction.13 Moreover, the increased peak separation on 

moving to higher scan rates can also be observed, which can be due to the thin layer effect.14 An 

increased scan rate forbids the diffusion through the pores due to the inadequacy of sufficient time, 

thereby hindering the influence of thin layer. Thus, the oxidation occurs at a delayed potential, 

resulting in a greater peak separation.15 Furthermore, the calibration curve of anodic and cathodic peak 

current vs. (scan rate)1/2 gives a linear plot with R2 = 0.9947 and 0.9910 respectively, indicating a 

diffusion controlled redox reaction at the modified electrodes.16,17
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