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SI-1: Material synthesis and characterization 

Synthesis of α-Li6[P2W18O62]: The preparation of Li6[P2W18O62] was similar to the reported 

procedure (1).  Lithium tungstate (Li2WO4, 153 g, 0.58 mol) was dissolved in boiling water 

(240 mL in a 1 L round-bottomed flask) and stirred for 30 min. Then, 320 g of 85% 

phosphoric acid (H3PO4) was added slowly. After refluxing for at least 12 h followed by 

cooling to 60 °C, lithium chloride (LiCl, 200 g) was added to the lukewarm solution, 

followed by refluxing for 6 h, yielding a precipitate. The precipitate was first recrystallized 

from methanol and then subsequently recrystallized from LiCl solution (3.28 M) and filtered 

to remove any white precipitate that remained. Further recrystallization from water may be 

required in order to obtain very pure single crystals. The isomeric purity was confirmed by 

using 31P-NMR (Figure S1-1), which showed a single peak at −13.03 ppm, consistent with 

the literature (1). 183W-NMR is also consistent with the formation of a Dawson-type 

polyoxometalate (Figure S1-2). 

 

Figure S1-1. The 31P-NMR spectrum (162 MHz) of Li6[P2W18O62] in D2O at 298 K. 
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Figure S1-2 183W NMR spectrum of 500 mM Li6[P2W18O62] in water recorded in 5 mm o.d. 

tubes at 25.0 MHz on a Bruker Ascend Aeon 600 MHz NMR spectrometer with a BBO probe 

head. Chemical shifts are referenced to 2 M Na2WO4 solution (δ = 0 ppm) according to the 

IUPAC recommendation.  
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SI-2: Cyclic voltammetry 

All the electrochemical data were collected using a Bio-logic SP-150 potentiostat. A thin 

layer electrochemical cell was used for cyclic voltammetry (CV) measurements (see Figure 

S2-1), to avoid any issues associated with the low diffusion coefficient of reduced Dawson-

type polyoxometalates such as [P2W18O62]6−. A glassy carbon button electrode (area = 0.071 

cm2) was used as working electrode, carbon felt was used as the counter electrode and 

Hg/HgSO4 (1 M H2SO4) was used as the reference electrode. A piece of porous carbon paper 

with the same diameter as the glassy carbon electrode was used as a thin diffusion layer, in 

order to serve as a conductive thin-layer diffusion matrix and hence to mitigate for the 

sluggish kinetic behaviour of polyoxometalates in aqueous solution that manifests due to their 

low diffusion coefficients.2 To obtain a quantitative analysis of these CV responses, the 

electrochemically-active area of this working electrode was calculated by the double layer 

capacitance method (see Figures S2-2 and S2-3).  All the solutions were degassed with Ar for 

at least half an hour before CVs were collected.  

 

Figure S2-1. Schematic of electrochemical cell set-up with a porous carbon paper diffusion 

thin layer. 
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Figure S2-2. Left: Cyclic voltammetry scanning at different scan rates in 1 M H2SO4 within 

the potential range −0.3 to 0 V vs. Hg/HgSO4 (1 M H2SO4). A glassy carbon electrode (area = 

0.071 cm2) was used as the working electrode, and carbon felt was used as the counter 

electrode. Right: Current density at a potential of −0.15 V vs. Hg/HgSO4 (1 M H2SO4) versus 

the scan rate. As no electrochemical redox reaction happens in this potential range, it is 

possible to calculate the double layer capacitance from the slope of this line as being 4 mF 

cm−2.  

 

 
 
 
 

Figure  

  

 

Figure S2-3. Left: Cyclic voltammetry scanning at different scan rates in 1 M H2SO4 within 

the potential range −0.3 to 0 V vs. Hg/HgSO4 (1 M H2SO4). A glassy carbon/Toray carbon 

paper electrode was used as the working electrode, and carbon felt was used as the counter 

electrode. Right: Current density at a potential of −0.15 V vs. Hg/HgSO4 (1 M H2SO4) versus 

the scan rate. As no electrochemical redox reaction happens in this potential range, it is 
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possible to calculate the double layer capacitance from the slope of this line as being around 

2.75 mF. Hence, the electrochemically-active area for this glassy carbon/Toray carbon paper 

electrode is (2.75 mF / 4 mF cm−2) = 0.688 cm2. 

 

 

 

Figure S2-4. Potentiostatic bulk electrolysis on the first wave in the CV of 20 mL 2 mM 

[P2W18O62]6−in pH 7.0 buffer solution (see Figure 1B in the main text). The left hand graph 

shows reduction at potential of 0.23 V vs. SHE and the right hand graph shows re-oxidation 

at 0.35 V vs. SHE. The theoretical amount of charge for a one-electron process is 3.86 C, and 

hence the processes occurring at pH 7 in Figure 1B (all of which are of the same size as this 

wave) can be considered one-electron processes.  

 

   

Figure S2-5. Potentiostatic bulk electrolysis on the first two waves in the CV of 20 mL 2 mM 

[P2W18O62]6−in pH 7.0 buffer solution (see Figure 1B in the main text). The left hand graph 
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shows reduction at potential of 0.03 V vs. SHE and the right hand graph shows re-oxidation 

at 0.35 V vs. SHE. The theoretical amount of charge for a one-electron process is 3.86 C, and 

hence two electrons are being added to (and then removed from) the polyoxometalate anions 

at these potentials. Hence both of these first two waves in Figure 1B (and by extension the 

other waves at pH 7, all of which are of the same size as these waves) can be considered one-

electron processes.  

 

 

 

Figure S2-6. UV-vis spectroscopy (JASCO V-670 spectrophotometer) of the reduction of 

[P2W18O62]6− in H2O by different numbers of electrons per anion. 2 mM Li6[P2W18O62] in 

H2O was reduced galvanostatically by 1-, 2-, 3- and 4-electrons respectively, as described in 

SI-3. The samples were then diluted with degassed water to give solutions of concentration 

0.02 mM, and UV-vis spectra were obtained on these diluted samples in a sealed quartz glass 

cuvette with an optical path length of 10 mm. The spike at about 800 nm is due to a change of 

the light source. 
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Figure S2-7 CVs of a 2 mM solution of Li6[P2W18O62] in 1 M Li2SO4 (pH 7, black line), in 1 

M Li2SO4/H2SO4 (pH 4, red line) and in 1 M H2SO4 (blue line). The scan rate was 10 mV s-1. 
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SI-3: Flow-cell system for reduction/oxidation of Li6[P2W18O62] 

The flow cell system comprised a mixture of commercially available and custom-made 

components. The electrodes undertaking reduction and oxidation of solutions of 

Li6[P2W18O62] were assembled as follows. POCO graphite plates (thickness 3 mm, channel 

width = 0.16 cm, channel depth = 0.2 cm, landing between channels = 0.08 cm) were 

supplied by balticFuelCells GmbH and were pre-treated by heating with HNO3 at 80 °C for 1 

h. Three layers of Toray carbon paper (TCP-H-60, supplied by Fuel Cell Etc.) were pre-

treated by soaking in H2SO4:HNO3, 3:1 v/v, for 3 h. These components were used as the 

electrodes for reduction and oxidation of solutions of Li6[P2W18O62]. Stainless steel plates 

were used as the current collectors on this side of the cell.  

 

The Nafion membrane was pre-treated according to previously published protocols (3 ). 

Nafion films were boiled in 3% H2O2 at 80 °C, washed with distilled water, immersed in 1 M 

H2SO4 at 80 °C, and finally washed with distilled water. Each step was 1 hour long. The 

electrodes performing the oxygen and hydrogen evolution reactions were prepared as follows. 

One layer of Toray carbon paper and an iridium oxide-coated membrane (Nafion 115, one 

side coated, supplied by Ion Power) was used as the oxygen evolution reaction catalyst and 

one layer of Toray carbon and a Pt mesh was used for the hydrogen evolution reaction. The 

current collectors for these were 12.96 cm2 Ti blocks with interdigitated flow channels 

(thickness 3 mm, channel width = 0.16 cm, channel depth = 0.2 cm, landing between 

channels = 0.08 cm) supplied by balticFuelCells GmbH.     

 

Flow cell endplates were machined from metallic aluminium and PTFE for both sides of the 

flow cells. Eight bolts (M6 × 60 mm Full Thread Hexagon Bolts, RS-Components, UK) were 

tightened to a torque of 6 Nm to complete the cell assembly, and PTFE tubing was used to 
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transport electrolyte into and out of the flow cell.  Peristaltic pumps were used to circulate the 

fluids at a rate of 100 mL min−1 so as to minimise mass transport overpotentials. All the 

electrochemical data were collected using a Bio-logic SP-150 potentiostat with a modular 

booster unit (20 A). Redox reactions were then performed whilst keeping the 

polyoxometalate solution under an atmosphere of Ar. 

 

Such a device has a very low ohmic polarization resistance of only around 20 mΩ. The high-

speed circulating fluids minimise the mass transport overpotentials inherent with such 

polyoxometalates. Since the reduction of these polyoxometalate anions happens at only 

slightly less cathodic potentials than hydrogen evolution, a galvanostatic electrolysis method 

with a suitable current density was applied to reduce the polyoxometalate solution without 

causing excessive hydrogen evolution. Conventional (static) electrochemical cells with 

potentiostatic methods were found to lead to depletion of the polyoxometalate at the electrode 

and therefore gave rise to large hydrogen evolution currents. Meanwhile, static 

electrochemical cells with galvanostatic methods had resistances that were too high (usually 

at least several dozen ohms) for the polarization potential to be sufficiently controlled. The 

voltage plateaus in the potential vs. charge curves during the reduction (and oxidation) 

processes correspond to the thermodynamic potentials for the different redox reactions of the 

polyoxometalates.  
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Table S3-1. Comparison of the number of electrons that can be stored in Li6[P2W18O62] at 

different concentrations in H2O. In all cases, the number of electrons used to initially reduce 

the Li6[P2W18O62] was set at 18 per polyoxometalate molecule. 

Conc. Li6[P2W18O62] (mM) 2 5 10 25 50 100 

Volume (mL) 25 25 25 25 25 25 

Current density (mA cm-2) 2 5 10 25 50 50 

Coulombic efficiency (%) 22.2 45.3 57.8 82.8 89.9 94.3 

Number of electrons stored per cluster 4.0 8.2 10.4 14.8 16.5 17.2 
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Figure S3-1. Reduction-oxidation curves at different concentrations corresponding to the 

data in Table S3-1. The charges on the x-axes have been converted to a number of electrons 

per polyoxometalate anion present. These experiments were performed under an atmosphere 

of Ar.  
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Figure S3-2. Reduction-oxidation curves of 25 mL of a 100 mM solution of [P2W18O62]6− in 

H2O, showing oxidation/reduction by various numbers of electrons. The charges on the x-

axes have been converted to a number of electrons per polyoxometalate anion present. 
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Figure S3-3. The 32-electron reduction curve of 25 mL of a 100 mM solution of 

[P2W18O62]6−. The inset for the reduction curve shows where appreciable hydrogen evolution 

begins 
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Figure S3-4. The corresponding re-oxidation curve of the above reduction process from 

Figure S3-3.   
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SI-4: Gas chromatography analysis during reduction of 

Li6[P2W18O62] by various amounts 

Gas chromatography (GC) headspace analysis was performed using an Agilent Technologies 

7890A GC system by direct injection of gas from the headspace of the polyoxometalate 

holding tank into the GC using a gas-tight syringe. The column used was a 30 metre-long 

0.320 mm widebore HP-molesieve column (Agilent). The GC oven temperature was set to 27 

ºC and the carrier gas was Ar. The front inlet was set to 100 °C. The GC system was 

calibrated for O2 and H2 using certified standards of these gases at a range of volume % in 

argon (0.5% - 10%) supplied by CK Gas Products Limited (UK). Linear fits of volume % vs. 

peak area were obtained, which allowed peak areas to be converted into volume % of H2 in 

the holding tank headspace. Charges passed were converted into expected volume % of 

hydrogen detected by converting charges to an expected number of moles of H2 (by dividing 

by 2F, where F is the Faraday constant), and then taking the volume of 1 mole of an ideal gas 

at room temperature and pressure to be 24.06 L. Faradaic efficiencies were then calculated by 

taking the ratio of the charge passed in order to generate the H2 and that detected by gas 

chromatography. 
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Figure S4-1. Gas chromatography as performed during the 18 electron per polyoxometalate 

molecule reduction of 25 mL of 5 mM Li6[P2W18O62] in H2O. 

 

 

Figure S4-2. Gas chromatography as performed during the 18 electron per polyoxometalate 

molecule reduction of 25 mL of 50 mM Li6[P2W18O62] in H2O.  
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SI-5: Gas chromatography analysis during redox cycling of 

Li6[P2W18O62] 

Gas chromatography was performed as above on the headspace of the polyoxometalate 

holding tank during redox cycling of the polyoxometalate as per Figure 2E in the main text. 

 
Figure S5-1. Gas chromatography as performed during the multiple redox cycling (by 18 

electrons per polyoxometalate molecule) of 25 mL 0.05 M Li6[P2W18O62] in 1 M H2SO4.  
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Figure S5-2. The electrochemical re-oxidation of the polyoxometalate solution that was 

reduced in Figure S5-1. The charge extracted during the re-oxidation was 2051 C, compared 

to 2171 C consumed in the original reduction, equating to a coulombic efficiency for 

polyoxometalate reduction and re-oxidation of 94.5%. Meanwhile, a Faradaic efficiency for 

hydrogen production of 4.8% was obtained (Figure S5-1), which matches well with the 

charge “missing” from the electrochemical re-oxidation process.  
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SI-6: Mass spectroscopy on [P2W18O62]6− after redox cycling 

The structural stability of Li6[P2W18O62] after redox cycling was investigated by mass 

spectroscopy which was collected by using a Bruker MS MaXis Impact instrument supplied 

by Bruker Daltonics Ltd. The detector was a time-of-flight, micro-channel plate detector and 

all data were processed using the Bruker Daltonics Data Analysis 4.1 software, whilst 

simulated isotope patterns were investigated using Bruker Isotope Pattern software and 

Molecular Weight Calculator 6.45. The calibration solution used was Agilent ESI L low 

concentration tuning mix solution, product No. G1969 - 85000, enabling calibration between 

approximately 50 m/z and 3200 m/z.  This solution was diluted 10:1 with acetonitrile. 

Samples were introduced into the MS at a dry gas temperature of 180 °C. The ion polarity for 

all recorded MS scans was negative, with the voltage of the capillary tip set at 4500 V, end 

plate offset at −500 V, funnel 1 RF at 400 Vpp and funnel 2 RF at 400 Vpp, hexapole RF at 

200 Vpp, ion energy 5.0 eV, collision energy at 5 eV, collision cell RF at 1500 Vpp, transfer 

time at 100.0 μs, and the pre-pulse storage time at 10.0 μs.  

The results (see below) suggest that the [P2W18O62]6− anion does not undergo significant 

irreversible decomposition under the redox cycling conditions shown in Figure 2E (main text). 
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Figure S6-1. Mass spectrum of as-prepared Li6[P2W18O62].  

Table S6-1. Mass Spectrum peak table for as-prepared Li6[P2W18O62] 

z m/z (Obs) m/z (Cal) Assignment Relative abundance 
5- 873.32 873.95 P2W18O62Li 0.7% 
4- 1093.91 1094.19 P2W18O62Li2 36.7% 

1121.65 1121.21 P2W18O62Li2(H2O)6 0.2% 
3- 1461.22 1461.26 P2W18O62Li3 100% 

1489.87 1489.28 P2W18O62H1Li2(H2O)5 2.3% 
1529.22 1529.30 P2W18O62H2Li(H2O)12 0.1% 

2- 2195.33 2195.40 P2W18O62Li4 4.7% 
5- 1754.67 1754.92 (P2W18O62)2Li7 5.7% 
3- 959.03 960.10 (W12O40)Li5 0.2% 
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Figure S6-2. Mass spectrum of a sample of the polyoxometalate solution taken from a 50 

mM solution of Li6[P2W18O62] that was reduced by 18 electrons and then injected into the 

mass spectrometer (after dilution as above) in as short a timeframe as possible. This 

represents a spectrum of as near to the 18-electron reduced species as it was possible to 

obtain by our methods. 

 

Table S6-2. Mass Spectrum peak table for the spectrum shown in Figure S6-2. 

 
z m/z (Obs) m/z (Cal) Assignment Relative abundance 
4- 1091.61 1091.19 P2W18O62H2 2% 
3- 1457.82 1457.26 P2W18O62Li1H2 100% 

1500.16 1501.28 P2W18O62H1Li2(H2O)7 1.1% 
2- 2198.26 2198.40 P2W18O62Li2H2(H2O)1 1.5% 
5- 1757.41 1758.52 (P2W18O62)2Li7(H2O)1 3.8% 
 1780.00 1780.14 (P2W18O62)2Li7(H2O)7 0.3% 
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Figure S6-3. Mass spectrum of [P2W18O62]6− after 10 redox cycles as per the conditions in 

Figure 2E (main text), with the main peaks assignable to various [P2W18O62]m− species.  

 

Table S6-3. Mass Spectrum peak table for a 50 mM solution of Li6[P2W18O62] after redox 

cycling as per the conditions in Figure 2E (main text). 

z m/z (Obs) m/z (Cal) Assignment Relative abundance 
5- 872.92 872.75 P2W18O62H 100% 
4- 1092.66 1092.69 P2W18O62HLi 94.7% 

1118.91 1118.21 P2W18O62H2(H2O)6 0.5% 
1120.92 1120.71 P2W18O62HLi(H2O)8 3.5% 

3- 1457.90 1457.26 P2W18O62H2Li 64.5% 
1493.89 1493.28 P2W18O62H2Li(H2O)6 12.4% 
1529.22 1529.30 P2W18O62H2Li(H2O)12 3.9% 
1565.21 1565.32 P2W18O62H2Li(H2O)18 1.4% 
1599.88 1599.35 P2W18O62Li3(H2O)23 0.5% 
1635.87 1635.37 P2W18O62Li3(H2O)29 0.3% 
1671.87 1671.40 P2W18O62Li3(H2O)35 0.1% 

2- 2186.88 2186.40 P2W18O62H3Li 4.8% 
2216.88 2216.42 P2W18O62H2Li2(H2O)3 1.1% 
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2240.87 2240.43 P2W18O62Li4(H2O)5 2% 
2269.37 2270.45 P2W18O62Li2H2(H2O)9 0.5% 
2295.87 2294.47 P2W18O62Li4(H2O)11 0.7%  
2348.86 2348.50 P2W18O62Li4(H2O)17 0.2% 
2400.85 2399.52 P2W18O62Li3H(H2O)23 0.1% 

5- 1754.10 1754.92 (P2W18O62)2Li7 1% 
1774.50 1774.13 (P2W18O62)2Li5H2(H2O)6 0.9% 
1796.49 1796.95 (P2W18O62)2Li6H1(H2O)12 0.5% 
1817.08 1817.35 (P2W18O62)2Li5H2(H2O)18 0.4% 
1837.48 1837.76 (P2W18O62)2H3Li4(H2O)24 0.2% 
1858.88 1858.18 (P2W18O62)2H4Li3(H2O)30 0.1% 

5- 2653.68 2653.90 (P2W18O62)3Li13(H2O)5 0.1% 
2672.28 2673.11 (P2W18O62)3H2Li11(H2O)11 0.2% 
2692.28 2692.32 (P2W18O62)3H4Li9(H2O)17 0.2% 
2715.27 2716.34 (P2W18O62)3H5Li8(H2O)24 0.1% 
2736.47 2736.74 (P2W18O62)3H6Li7(H2O)30 0.1% 

4- 718.77 718.32 (W12O40)Li4 1% 
3- 958.70 958.09 (W12O40)H1Li4 4.7% 
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SI-7: Apparatus for on-demand catalytic generation of hydrogen 

from reduced polyoxometalate solutions 

 
 

Figure S7-1.  Typical apparatus configuration for determining volumes of H2 evolved when 

reduced polyoxometalate solutions were exposed to powdered catalysts. Reduced mediator 

(prepared in a flow cell as on the left of Figure 2A in the main paper and then extracted from 

the holding tank under Ar) was placed in the upper chamber, and then allowed to flow into 

the lower round-bottom flask containing catalyst (with stirring). H2 was rapidly evolved and 

measured in the measuring cylinder by displacement of water.  
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Figure S7-2. H2 production from a 10 mL sample of 0.1 M 18-electron reduced 

polyoxometalate solution under an argon atmosphere in the presence of 10 mg Pt/C catalyst 

(1% Pt by weight). 
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SI-8: Gas chromatography analysis during dilution of reduced 

polyoxometalate solutions 

 
25 mL samples of 50 mM Li6[P2W18O62]in H2O were reduced under argon in an airtight H-

cell by 2171 C at a current density of 50 mA cm−2 (this amount of charge is that required 

theoretically in order to reduce each polyoxometalate molecule by 18 electrons). After 2171 

C of charge had been passed into the polyoxometalate solution, electrolysis was ceased. 0.5 

mL of the reduced solution in the working electrode compartment was then removed under 

argon and placed injected into 12 mL of various solutions in airtight degassed containers as 

indicated in Figure 3B in the main text, giving a final concentration of polyoxometalate of 2 

mM. The headspace of these airtight containers (total volume = 48 mL) was then sampled at 

intervals using a gas-tight syringe and analysed by gas chromatography as described in 

Section SI-4. 
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SI-9: Redox flow battery based on [P2W18O62]6− 
 

The flow cell system comprised a mixture of commercially available and custom-made 

components. Electrodes for both sides were constructed as follows. Endplates were machined 

out of metallic aluminium. POCO graphite plates (thickness 3 mm, channel width = 0.16 cm, 

channel depth = 0.2 cm, landing between channels = 0.08 cm) were supplied by 

balticFuelCells GmbH and were pre-treated by heating with HNO3 at 80 °C for 1 h. Five 

layers of Toray carbon paper (TCP-H-60) were supplied by Fuel Cell Etc. and were pre-

treated by soaking in H2SO4:HNO3, 3:1 v/v, for 3 h. Stainless steel plates were used as the 

current collectors.  

 

The positive electrolyte was Br-/Br2 in water while the negative electrolyte was α-

Li6[P2W18O62] in aqueous solution. Both sides were separated by a Nafion 115 membrane and 

degassed with Ar for at least 1 h before the testing. The upper limit of the charging process 

was determined by both voltage and theoretical capacity. During the charging process, HBr is 

oxidised to form Br2, protons and electrons on positive side while the protons and electrons 

are used to reduce and protonate the Li6[P2W18O62], forming [P2W18O62](n+6)− on the negative 

side. During the discharge process, [P2W18O62](n+6)− undergoes oxidation to release protons 

and electrons while Br2 is reduced back to HBr. 

 

When reduced by 18 electrons per polyoxometalate molecule, 0.5 M Li6[P2W18O62] has a 

charge capacity of 230 Ah L-1. Thus a calculated energy density of around 225 Wh L-1 can be 

obtained at this concentration at room temperature. The positive electrolyte (4 M HBr) has a 

charge capacity of 71.5 Ah L-1. Herein, we use 50% more positive electrolyte than needed to 

balance the negative electrolyte, giving a practical energy density of around 45 Wh L-1. 
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Table S9-1. Comparison of the energy densities of various RFBs. The energy density here 

was calculated using the method reported in ref.4. 

Negative 
electrolyte 

Positive 
electrolyte 

Open circuit 
voltage (V) 

Energy density 
(Wh L−1) 

Power density 
(W cm−2) 

Reference 

AQDS a HBr/Br− 0.6 20 0.6 at 40 °C (4) 

2,6-DHAQ b Ferrocyanide 1.2 18.8 0.45 at RT (5) 

Viologens TEMPO 1.1 8 N/A (6) 

V2+/V3+ VO2
+/VO2+ 1.26 43.1 N/A (7) 

Li6[P2W18O62] HBr/Br− 1.25 213 0.52 at 20 °C This work 

aAQDS = 9,10-anthraquinone-2,7-disulphonic acid; b2,6-DHAQ = 2,6-
dihydroxyanthraquinone  
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Figure S9-1. The charge-discharging curves and the corresponding integration curves (right 

hand y-axis shown in red) used to calculate the energy densities of the [P2W18O62]6− redox 

flow battery at a concentration of 0.1 M in 1M H2SO4: A) charging process and B) 

discharging process (the cyan area shows the integrated area of voltage with discharge 

capacity). The charging energy density is around 57 Wh L-1 and the corresponding 

discharging energy density is around 43.3 Wh L−1. Thus, the round-trip energy efficiency is 

76%. 

 

 
 

Figure S9-2. The charge-discharging curves and the corresponding integration curves (right 

hand y-axis shown in red) used to calculate the energy densities of the [P2W18O62]6− redox 

flow battery at a concentration of 0.3 M in 1M H2SO4: A) charging process and B) 

discharging process (the cyan area shows the integrated area of voltage with discharge 
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capacity). The charging energy density is around 170 Wh L-1 and the corresponding 

discharging energy density is around 130 Wh L−1. Thus, the round-trip energy efficiency is 

76%. 

 
 

 
 

Figure S9-3. The charge-discharging curves and the corresponding integration curves (right 

hand y-axis shown in red) used to calculate the energy densities of the [P2W18O62]6− redox 

flow battery at a concentration of 0.5 M in 0.1M H2SO4: A) charging process and B) 

discharging process (the cyan area shows the integrated area of voltage with discharge 

capacity). The charging energy density is around 296 Wh L-1 and the corresponding 

discharging energy density is around 225 Wh L−1. Thus, the round-trip energy efficiency is 

76%. 
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Figure S9-4. Discharge capacity density and coulombic efficiency vs. cycle number obtained 

by applying a constant current of 0.1 A cm−2 over the voltage window 0 – 1.65 V at 20 °C, 

using 4 M HBr + 0.1 M Br2 on the positive side and 0.1 M Li6[P2W18O62] in 1 M H2SO4 on 

the negative side. 
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