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Experimental sec�on

Chemicals

Formamide (CH3NO), nitric acid (HNO3), hydrochloric acid (HCl), nickel nitrate hexahydrates 

(Ni(NO3)2.6H2O), chromium nitrate nonahydrate (Cr(NO3)3.9H2O), sodium nitrate (NaNO3), 

sodium hydroxide (NaOH), sodium orthovanadate (Na3VO4), and graphite flakes were purchased 

from Sigma Aldrich. All chemicals were used as received, and all aqueous solu�ons were prepared 

using decarbonated water.

Synthesis of NiCr-layered double hydroxide (NC-LDH) 

Scheme 1: Schema�c diagram of co-precipita�on method for the synthesis of NC–LDH.

The pris�ne NC-LDH was synthesized in the nitrate form using a conven�onal co-

precipita�on method (as shown in Scheme S1) at room temperature according to Rochelle 

protocol.1 The aqueous ca�onic solu�on A was prepared by (0.050 M) nickel nitrate and (0.025 
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M) chromium nitrate solu�ons, and the aqueous anionic solu�on B was prepared by mixing (1 M) 

sodium hydroxide and (1 M) sodium nitrate aqueous solu�ons. Subsequently, solu�ons A and B 

were mixed slowly (1 ml/min) into a three-necked flask with vigorous staring at room temperature. 

The pH of the resultant slurry was adjusted at 8.0 +/– 0.1 by the precise addi�on of solu�on B. 

Then the mixed solu�on was placed for aging at 65⁰ C for 3 days. This synthesis process was 

carried out under a CO2-free N2 atmosphere with decarbonated water at room temperature to 

avoid CO2 contamina�on in the LDH. A�er the aging process, the product was centrifuged at 7000 

rpm and washed thrice with decarbonated water. Finally, the resultant product was dried in a 

vacuum oven at 40⁰ C for 36 h to ensure the solid form of the NC-LDH sample.

Synthesis of la�ce-engineered 0D-2D-2D NCVG nanoarchitecture.

The aqueous suspension of exfoliated graphene oxide (GO) was prepared by modified 

Hummer’s method.2 The colloidal suspension of NC-LDH monolayers was achieved by the 

dispersion of pris�ne powder in formamide (1mg mL–1) under N2 flow. The exfolia�on and the 

type of electrosta�c charge of the NC-LDH and GO were confirmed by the Tyndall effect and zeta 

poten�al measurement (Fig. S1). The aqueous solu�on of POV anion was prepared by pH-

controlled hydrolysis of 0.2 M Na3VO4 at room temperature and adjus�ng the pH 5.5 with 0.2 M 

HNO3. The self-assembled NCVG nanoarchitectures were synthesized by rate-controlled 

simultaneous addi�on of the aqueous GO solu�on, POV anion solu�on and the colloidal 

suspension of exfoliated NC-LDH monolayers under constant s�rring at room temperature, as 

shown in the schema�c of the self-assembled 0D-2D-2D POV-NC-LDH-GO (NCVG) architecture 

synthesis in Scheme 1. As a result, immediate floccula�on occurred a�er mixing these solu�ons, 

indica�ng the rapid forma�on of NCVG nanoarchitecture. Restacked NCVG nanoarchitecture 
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precipitates were recovered by centrifuga�on at 7000 rpm, washed three �mes with formamide 

and absolute ethanol, and dried in a vacuum oven at 40 ̊C for 30 h. Several weight percentage of 

POV/GO components were es�mated at 2 wt% for NCVG-1, 4 wt% for NCVG-2, and 6 wt% for 

NCVG-3. The weight ra�o of NC-LDH to POV/GO was controlled to achieve the layer-by-layer 

staking structure of NCVG nanoarchitecture. The nanoarchitectures obtained are labelled as 

NCVG-1, NCVG-2 and NCVG-3, respec�vely. The NCV nanoarchitecture was also prepared 

separately with a molar ra�o of NC-LDH: POV adjusted to 1:1 and following the same procedure 

described. To avoid contamina�on of NC-LDH, NCV and NCVG nanoarchitecture from carbonate 

anions, all the reac�ons and processes in the present work were carried out with decarbonated 

water and under N2 atmosphere. The detailed synthesis process of NC-LDH and NCVG 

nanoarchitecture is provided in Suppor�ng Informa�on.

Characteriza�on

Powder X-ray diffrac�on (P-XRD) scans were performed with a Philips Xpert Pro diffractometer to 

study the crystal structure analysis of prepared nanoarchitecture. Fourier transform infrared 

spectroscopy (FTIR) absorp�on spectra were recorded on the VERTEX 80v spectrometer. The 

chemical bonding nature of NCVG nanoarchitecture was examined using VERTEX 80v 

spectrometer with a 532 nm excita�on wavelength. The surface morphology of NC-LDH, NCV and 

NCVG nanoarchitectures were monitored with field emission scanning electron microscopy

(FESEM, Hitachi SU8010). The stacking structure and chemical composi�on of the 

nanoarchitectures were probed with high-resolu�on transmission electron microscope/energy 

dispersive spectrometry (EDS)-elemental mapping analysis (HRTEM, JEOL JEM 2100F). X-ray 

photoelectron spectroscopy (XPS) survey and high-resolu�on scan were collected using a Thermo
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Fisher Scien�fic K-alpha spectrometer. Nitrogen sorp�on isotherms were recorded on the 

Micrometrics 3Flex surface characteriza�on analyzer. The prepared samples (NC-LDH, NCV,

NCVG-1, NCVG-2, and NCVG-3) were degassed at 120 ̊C for 5 hr prior to the analysis.

Electrochemical measurement (three-electrode system)

The electrochemical performance of NC-LDH, NCV and NCVG nanoachitecture electrodes were 

measured using ZIVE SP1 electrochemical worksta�on in the three-electrode system that includes 

a working electrode (NC-LDH/NCV/NCVG), reference electrode (Hg/HgO) and counter electrode 

(Pt mesh). The 2M KOH was used as an aqueous electrolyte. Prepara�on of the working electrode 

procedure is as follows, 85 % ac�ve material (NC-LDH/NCV/NCVG/AC), 10% acetylene black and 

5% polyvinylidene difluoride were mixed in N-methylpyrrolidone and grounded for 45 minutes to 

became homogeneous slurry. Further, the homogeneous slurry was coated on Ni foam using the 

doctor blade method and dried in the oven at 70 ̊ for 3 hr. The electrochemical performances 

were probed using cyclic voltammetry (CV), galvanosta�c charge-discharge (GCD) and 

electrochemical impedance spectroscopy (EIS) techniques.

Calcula�ons for surface capaci�ve and diffusion-controlled charge contribu�on:

The total charge �� accumulated on the electrode material 

�� = �� + ��        (S1)

where, �� and �� are the surface capaci�ve and diffusion-controlled charges, respec�vely. The 

total charge �� can be calculated as

�� = ∫ � �� = ∫ �
��

�
=

���� ����� ��� �� �����

������� ��� ����
         (S2)
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Therefore, if we plot different �� versus different scan rates ν, �� and constant can be obtained 

through linear curve fi�ng and extrapola�on. Then �� can be calculated as

�� = �����.
�

√�
= ��(�) − ��          (S3)

Then, ��  (C g–1) plo�ed against the inverse of √�. The ��, which are just the y-axis intercept, 

were produced a�er extrapola�ng the parameters. 

The specific capacity was calculated from the discharge curve using the following formulae:

�������� �������� =
�×∆�

�
     (C g–1)                   (S4)

�������� ����������� = ��� =
�������� ��������

∆�(�)
  (F g–1)        (S5)

where I is the applied current density ( A g–1), ∆� is the discharge �me (s), m is the mass of the 

ac�ve materials (g), ∆� is the poten�al window (V). 

���������� ���������� =
������ �������� ������ �����������

������ ������ ������ ��������
=

���������� ����������

������� �������
          (S6)

Where tcharge and tdischarge represent the �me dura�on of charging and discharging. Icharge and 

Idischarge represent the charging and discharging current. 

Fabrica�on of hybrid aqueous and solid-state supercapacitor devices

To prepare an aqueous asymmetric device (NCVG-2//KOH//AC), the NCVG-2 nanoachitecture was 

used as the posi�ve electrode and the AC as the nega�ve electrode. The aqueous 2M KOH was 

used as an electrolyte. The solid-state device (NCVG-2//PV-KOH//AC) was assembled using 

posi�ve (NCVG-2) and nega�ve (AC) electrodes with PVA-KOH gel electrolyte. The PVA-KOH gel 

electrolyte was prepared by following procedure: 3g of polyvinylalcohol (PVA) was dissolved in 30 
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mL of deionized water under hea�ng at 70C̊ with constant s�rring and then allowed to cool to

room temperature. Subsequently, 15 mL of aqueous 2M KOH solu�on was slowly added into the 

PVA solu�on with con�nuous s�rring un�l the forma�on of a clear, viscous solu�on.

The op�mal mass ra�o of the posi�ve and nega�ve electrodes was obtained by the charge 

balance (Q+ = Q–) equa�on

��

��
= 
�� × ∆��

��× ∆��
  (S7)

where, mp or mn, Cp or Cn and Vp or Vp are the mass, specific capacitance, and poten�al window 

of the posi�ve and nega�ve electrodes. The obtained mass ra�o of posi�ve to nega�ve electrodes

is 0.23. 

The specific capacitance (Ccd, F g–1), specific energy (Ed, Wh kg–1), and specific power (Pd, kW kg–

1) of the aqueous and solid-state asymmetric supercapacitor devices were calculated using the 

following equa�ons

�������� ����������� =
�×∆�

� ×∆�
       (S8)

� =
�.�×��� ×(∆�)

�

�.�
            (S9)                                 

� =
�×�.�

∆�
             (S10)
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Fig. S1 Tyndall effect photograph of (a) NC-LDH, (b) GO and (c) Zeta poten�al curve of NC-LDH 

and GO nanosheets colloidal suspension.



9

Fig. S2 FE-SEM image of GO.
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Fig. S3 TEM image of NCV nanohybrid.
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Fig. S4 (a) N2 adsorp�on-desorp�on isotherms and (b) Pore size distribu�on curves calculated 

using the BJH equa�on for GO; in (a) closed and opened symbols represent the adsorp�on and 

desorp�on data, respec�vely.
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Fig. S5 N2 adsorp�on-desorp�on isotherm and pore size distribu�on plot of NCVG-1 (le�) and 

NCVG-3 (right) nanoarchiteures.
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Fig. S6 The cyclic voltammetry curves of pris�ne (a) NC–LDH, (b) NCV, (c) NCVG-1 and (d) NCVG-

3 nanoarchitecture electrodes.
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Fig. S7 The GCD curves of pris�ne (a) NC–LDH, (b) NCV, (c) NCVG-1 and (d) NCVG-3 

nanoarchitecture electrodes.
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Fig. S8 Cyclic stability of pris�ne NC–LDH (orange), NCV (green) and NCVG-2 (pink) 

nanoarchitecture at 5 A g–1 current density. Coulombic efficiency of NCVG-2 (blue) 

nanoarchitecture.
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Fig. S9 Capacity of an NCVG-2 electrode cycled at various current densi�es: 2, 4, 6, 10, and 16 A 

g–1.
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Fig. S10 (a) XRD pa�ern and (b) FESEM image of NCVG-2 nanoarchitecture a�er cycling stability 

(5000 GCD cycle). 
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Fig. S11 (a) XPS survey spectrum of NCVG-2 nanoarchitecture. High resolu�on (b) Ni 2p, (c) Cr 

2p, (d) V 2p, (e) O 1s, and (f) C 1s XPS spectra of NCMo-2 architecture.
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Fig. S12 The CV curves of HASSC at different voltage windows (0-1.7V).
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Fig. S13 (a) The CV curves of HASSC at different bending angles (0-165 ̊ ). (b) Capacitance reten�on 

of HASSC versus bending angles (0-165 ̊) at scan rates 100 mV s–1. (c) Digital photograph of HASSC 

in different bending anagles of (i) 0,̊  (ii) 40,̊ (iii) 90,̊ and (iii) 165.̊
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Table S1. Comparison of LDH-based materials.

Materials Electrolyte/Current collector Specific Capacitance /Capacity Stability retention

(Cyclic number)

Ref.

NiCo-LDH-210 3M KOH/Nickel foam 2203.6 F g–1 @ 2 A g–1 97.4% (2000) 3

CoAl LDH 6M KOH/ Nickel foam 983.1 F g–1 @ 1 A g–1 88.84% (5000) 4

Ni-Co LDH/STSC-0-800 1M KOH/ Nickel foam 992.2 F g–1 @ 1 A g–1 60% (5000) 5

NiCoFe-LDH 1 M KOH/Nickel foam 1990 F g–1 @ 1 A g–1 84.8 % (5000) 6

CuCo-LDH 1 M KOH/Nickel foam 787 F g–1@ 1 A g–1 82.46% (10000) 7

NiCo-LDH@MOF 2M KOH/Nickel foam 723 C g–1 @ 1 A g–1 72.5% (5000) 8

Co,Mn-LDH@NF 3 M KOH/ Nickel foam 2422 F g–1 @ 1 A g–1 86.5% (3000) 9

NiCo-LDH/10 3 M KOH/Nickel foam 1272 C g–1 @ 2 A g–1 103.9% (5000) 10

NiMn-LDH (Ov-LDH) 2M KOH/Nickel foam 1183 F g–1 @ 1 A g–1 95 % (5000) 11

NiCo-LDH@PANI@CC 2M KOH/Carbon cloth 1835 F g–1 @ 1 A g–1 78% (3000) 12

CoNi-LDH/NiCo2S4/RGO 2 M KOH/ Nickel foam 1846.66 F g–1 @ 1 A g–1 93.57% (5000) 13

RGO/NiCo2S4/NiMo-LDH 3 M KOH/ Nickel foam 1346 F g–1 @ 1 A g–1 - 14

Mo-NiS2@NiCo-LDH 6 M KOH /Nickel foam 2604.8 F g–1 @ 1 A g–1 - 15

rGO@CoNi2S4@NiCo LDH 2M KOH/Nickel foam 1310 C g–1 @ 1 A g–1 77% (5000) 16

CF@NiCoZn-LDH/Co9S8-QD 3M KOH/ Nickel foam 2504 F g–1 @ 1 A g–1 95.3% (8000) 17

CC@NiCo2Alx-LDH 1M KOH/ Carbon cloth 865 F g–1 @ 1 A g–1 97.3% (12000) 18

POV-NiCr-LDH-GO 2M KOH/ Nickel foam 1441 C g–1 (2620 F g–1) @ 1 A g–1 91% (7000) Present work
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