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1. Experimental section
1.1. Synthesis of Ks[P2W1sOe2]-15H20

Dissolve 50 g of Na2WOs in 100 mL of distilled water, add 42 mL of concentrated
HsPOq, reflux for 4 h, add a few drops of H20: to remove light green, and cool the solution
to room temperature. 20 g NH4Cl was added, stirred for 10 min, suction filtered, then
washed with 20 mL of 5 mol L' NH4Cl solution. The material obtained after suction filtra-
tion was dissolved in 50 mL of distilled water at 45 °C, cooled to room temperature, and
8 g of KCl was added. The precipitate was dissolved in 50 mL of 80 °C distilled water,
cooled to 15 °C and filtered, 5 g of KCl was added to the filtrate, and the crude product
was obtained after suction filtration, which was dried at room temperature to obtain a
yellow-green powder.

1.2. Physical mixing of the samples

Take CoK4[P2W10e2] (0.4593 g, 0.1 mmol) and Co-BTC (0.1772 g, 0.3 mmol) in a small
beaker and mixed with a glass bar, yielding the physical mixture.

1.3. Material and characterization methods

All reagents are commercially available and used as received without further purifi-
cation. The IR of the synthesized crystals were performed on the Bruker VER TEX 80 spec-
trometer (Bruker, Berlin, Germany). The X-ray diffraction (XRD) patterns were obtained
with a D8 Advance diffractometer with Cu-Ka radiation, and the scanning ranging from
5 to 65° (Bruker, Berlin, Germany). The morphology of the samples is analyzed by scan-
ning electron microscopy (SEM) S-4800 (Hitachi, Tokyo, Japan). Thermogravimetric (TG)
analyzer Diamond 6300 is used to measure the change of sample weight with temperature
or time (Perkin Elmer, Waltham, MA, USA). The transmission electron microscope (TEM)
was tested using the Tecnai G2 F20 to observe the fine structure of the sample (Thermo
Fisher Scientific, San Francisco, CA, USA). X-ray photoelectron spectroscopy (XPS) is used
to analyze the composition and chemical valence state of the sample surface. The testing
instrument is the K-Alpha+ instrument (Thermo Fisher Scientific, San Francisco, CA,
USA). The specific surface area (BET) instrument is the Autosorb-iQ type specific surface
area analyzer, which analyzes the specific surface area and pore size distribution of the
sample (Quantachrome, Boynton Beach, FL, USA). Inductively coupled plasma mass
spectrometry (ICP-MS) was performed on an Aglient 7800 instrument for elemental anal-
ysis of the samples (Aglient, Santa Clara, CA, USA).

1.4. Supercapacitor testing
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The test was carried out on CHI 660E electrochemical workstation (Chenhua Instru-
ments Co., Shanghai, China), with 1 M Na250s solution as electrolyte, three-electrode sys-
tem and symmetrical double-electrode system were tested respectively. The test methods
include cyclic voltammetry (CV), Constant current charge-discharge method (GCD) and
alternating current impedance spectroscopy (EIS). The reference electrode, working elec-
trode and counter electrode of the three-electrode system were Ag/AgCl (3 mol L1 KClI),
nickel foam (NF) and platinum sheet, respectively. The positive and negative electrodes
of the double-electrode system are all nickel foam (NF) and have roughly the same weight.

1.5. H20:2 sensing test

At room temperature, a three-electrode test system was constructed on a CHI 660E
electrochemical workstation. Phosphate buffer solution with pH=7 was used as the elec-
trolyte solution. The counter electrode, reference electrode and working electrode were Pt
sheet, Ag/AgCl (3M KCl), glassy carbon. Cyclic voltammetry (CV) tests were performed
at different scan rates, different H202 concentrations and 1000 cycles, along with I-t curves
and anti-jamming tests.

1.6. Preparation of the electrode

Nickel foam (NF) electrode: The method for preparation of nickel foam-based elec-
trode was cut nickel foam into 1x3 cm?, ultrasonically treated in acetone and 3M HCI for
30 minutes, washed with distilled water and ethanol, and then transferred into vacuum
oven. Mix the active substance, acetylene black evenly in a 1:3 mass ratio, then drop etha-
nol and mix until thick. Coated nickel foam with 5 mg paste at a place of 1x1 cm? and
after drying, pressed the nickel foam into 3s slices at 3 MPa by tablet press.

Carbon cloth (CC) electrode: The carbon cloth was coated with 5 mg paste at a place
of 1x1 cm?, then dry at room temperature.

H20: sensing glassy carbon electrode (GCE): Before testing, the GCEs were ground
with 1, 0.3, 0.05 mm alumina powder and thoroughly rinsed with distilled water. The
working electrode slurry was prepared by mixing acetylene black and the sample at a
weight ratio of 1:1, and using 1 mL of ethanol and 3 mL of distilled water as the solvent.
The well-dispersed slurry (5 uL) after sonication was dropped on the GCE surface and
dried at 25 °C for 2 h to form a uniform film. 5 pL of Nafion solution was dropped on the
surface of GCE and dried at 25°C.

1.7. Computational formula

The specific capacitance of the three electrode can be calculated according to the GCD
curve, and the formula is as follows:

C=IxAt/mxAV (S1)

where C; (F g) is the specific capacitance, I (A) is the current during discharge, (I/m is the
current density during discharge), At (s) means the time of discharge, m (g) is the mass of
the electrode materials, and AV (V) is the voltage difference between the upper and lower
potential limits.

The specific capacitance of symmetrical double electrode:

C=2IxAt/mxAV (S2)

Meanwhile, the energy density and power density can be calculated in the two-elec-
trode system, and the formula is as follows:

E=CAV?*/72 (S3)
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P=Ex3600/t¢ (54)

In equation (53), E is the energy density in unit Wh kg!; Formula (S4) P is the power
density, in unit of W kg
The Average peak potential formula:

EI/ZZ(Epa+Epc)/2 (SS)

In equation (S5), Epa and Epc are anodic peak current and cathodic peak current.
The formula of H20: sensing catalytic efficiencies (CAT):

CAT=100%x[Ip {POMOF } H,0,-Ip {POMOF} }/Ip {POMOF)} (S6)

Among them, Ip{POMOEF}H20: is the oxidation peak current in the presence of hy-
drogen peroxide, and Ip{POMOF} is the oxidation peak current in the absence of hydro-
gen peroxide.

2. Results and discussion
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Figure S1. (a) The IR spectrum of Co-BTC, CoK4[P2W18Oe2], {P2W1s}@Co-BTC-n (n=0, 1~3) and phys-
ical mixture; (b) The XRD of {P2Wis}@Co-BTC-n (n=0, 1~3) (%, ® and ¢ respectively represent the
characteristic peaks of Co-BTC, CoK4[P2W1Oe2], {P2W1s}@Co-BTC-n).
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Figure S2. The XPS full spectrum (a) and high-resolution of P2 (b), Wa (c), Cozp (d), Kzp (e), O1s (f)
and Cis (g) in {P2Wisj@Co-BTC.
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Figure S3. The XPS full spectrum (a) and high-resolution of P2 (b), Was (c), Coz (d), Kzp () and O1s
(f) in CoKa[P2W1sOe2]. The XPS test of CoK4[P2W180e2] was used to analyze its chemical valence state
and composition. Figure S3a is the full spectrum. Figure S3b shows the binding energy spectrum of
element P, and the characteristic peak of P-O can be observed at 133.58 eV, indicating that P exists
in the +5 oxidation state. As can be seen from Figure S3C, the high-resolution XPS spectra of Was at
35.66 eV and 37.87 eV are associated with Waz2 and Wass2 respectively, corresponding to W¢*. High-
resolution spectra of Cozp show the presence of two major peaks, Cozp1/2(797.72 eV) and Cozp3/2(781.95
eV), and their corresponding satellite peaks (802.4eV and 786.6 eV), supporting the presence of Co?*
in the compound (Figure S3d). Figure S3d shows the Kzp spectrum with two main peaks near 293eV
(Kzp112) and 295.9 eV (Kzps12), corresponding to K+ In addition, Ois has two peaks at 530.0 eV, belong-
ing to the binding energy of W-O and H2O (see Figure 3e).
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Figure S4. The XPS full spectrum (a) and high-resolution of Cozp (b), Cis (¢) and Ozs (d) in Co-BTC.
Three elements C, O and Co can be detected in the full XPS spectrum of Co-BTC (Figure S4a). The
signal peaks at 797.1 eV and 801.4 eV belong to Cozp1/2, and the two adjacent satellite peaks at 781.5
eV and 785.8 eV belong to Cozpsi2(Figure S4b), demonstrating the presence of cobalt divalent ions.
The Cis high-resolution spectrum has two signal peaks corresponding to C-C/C=C and C=0O on the
benzene ring (Figure S4c). The signal peaks of O1s spectrum at 530.8 eV, 531.6 eV and 533.0 eV are
formed by the Co-O bond, C-O bond and C = O bond (Figure S4d).
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Figure S7. The SEM (a, b), EDX (c) and mapping (d) of CoK4[P2W1sOe2].
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Figure S8. The SEM (a), EDS (b), EDX (c) and mapping (d) of Co-BTC. (SEM is directly tested with
conductive adhesive as the base, so there are some errors in morphology and content).
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Figure S10. (a) The CV of {P2W1s}@Co-BTC in 40 mV s7; (b) CV of CoKs[P2W1s0s2] and (c) Co-BTC
at three-electrode system; (d) The {P2W1s}@Co-BTC, CoK4[P2W1s0Oe2], Co-BTC plots of the anodic
peak currents vs. scan rates; (e) Comparison diagram of GCD for {P.Wis}j@Co-BTC,
CoKa[P2W1sOe2], Co-BTC and physical mixture; (f) The EIS of {P2W1s}@Co-BTC, CoKa[P2W1sOs:], Co-
BTC before and after 5000 cycles of the three electrodes system in the high-frequency region.
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Figure S11. The CV of {P2Wis}@Co-BTC with CC (a) and NF (b) as collectors; (c¢) The CV of
{P2W1s}@Co-BTC in 40 mV s with CC as collecter; (d) Comparison of GCD under the condition of
current density of 1A g, CC and NF as collectors.
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Figure S13. The EIS of {P2W1s}@Co-BTC before and after 5000 cycles of the symmetric double-elec-
trode system (the insert is an enlarged view of the curves in the high-frequency region).
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Figure S14. (a) The 50 mV s CV of {P2W1s}@Co-BTC-GCE ; (b) Linear curve of {P2W1s}@Co-BTC-
GCE oxidation-reduction peak (II) current as a function of scan rate; (c) The CV curves of electrocat-
alytic reduction of H202 by {P2Wis}@Co-BTC-GCE; (d) The i-t curve of {P2Wis}@Co-BTC-GCE with
successive additions of H20..
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Table S1. {P2Wis} part of the literature summary.
Compound Method 0 f Performance Performanc Ref
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2 Tris-LDH-P,W 3 exchange method . MB (83%)  [2]
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) hydrothermal  lithium-ion >
3 Hs[Ago(trz)s][P2W5062]-2H20 method batteries (320 nll)Ah g [3]
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4 [Cus(trz)s(OH)4(H20)s][P2W130¢2]-  hydrothermal  lithium-ion (113% ﬁﬁhg e
2H,0 method batteries y &
enzymeimmo
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. hydrothermal  capability for 3.11x1073
> {[(Zn(H:biim))s(P2W15062)]n method horseradish ~ mmol L*! [4]
peroxidase
(HRP)
6 ZIF-8/ZnO/KP:WiOn  two-step strategy PO Y™ MB 96%)  [5]
catalytic
. oxidative 35°C/ 60 min
7 FeO@PEDO\P,W 3 solution method desulfurizatio  (98.4%) [6]
n
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8 K6P2W15062 nof [7]
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one step self- electrocatalvs stable in pH
9 P,Ws/Chitosan assembly s YS 18and pH  [8]
technique 3.1
[Cue(gx)s(P2W13062)(H20)1 5] * * hydrothermal electrochemis reduction of
10 [9]
4.5H,0 method try nitrite
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1 [Ags(@x)s(P2W15062)] + 8H.O method try nitrite [9]
the solvent o). ctrochemis efficien
12 HPBs/rGO volatilization drive & <C oo eIS € ] ¢ 960 °y [10]
method try (8.09%)
visible light degradation
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17 bpy)l[PaWisOs]-3.5H,0 hydrothermal  photocatayti conyersion  [13]
(54.0%)
. styrene
18 [Ag(2,2’-bpy)a]s[HPsW15062]- Ho0 hyi‘;‘;ﬁzrénal ph"toccataly“ conversion  [13]
(23.8%)
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19 & py & y p Y conversion [13]
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bpy)][P2Wi3062]-H.O (24.4%)
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. styrene
21 [HeP, W 15052](phen)s s hy‘i;‘:gﬁfénal ph"toiataly“ conversion  [13]
(12.0%)
. styrene
2 [HePaWisOg](phen)y-43i,0  fydrothermal - photocatalyti /0o oo 113
method c
(13.1%)
layer-bylayer optical
23 [P2W13/CS-CNTs]a (LbL) assembly Electri(lchrom contrast [14]
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Backflow and  biofuel cell 02V
24 (C4HioN)s (P2Mo0;50¢2) * 4H,O hydrothermal anodes and (4.7 mA cm~ [15]
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biosensors
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Backflow and  biofuel cell 02V
25 (C¢HsNO)4 [HoPoWi5062] * 6H,O  hydrothermal anodesand (0.34 mA  [15]
method glucose cm?)
biosensors
lectrochenm recovery
electrochemic
layer-by-layer self- . range
26 (P2W1s-Sn0>-AuNPs); assembly strategy 2; gft:icct;?; (97.65%~1 L16]
Y 03.07%)
supercapacito 308 F g!
27 AC/P,Mos . Q2Ag) [17]
supercapacito
r and
(Habpe)(Hbpe), {[Cu(pzta)(H,0)][P  hydrothermal . 168 F g'!
28 ] reduction of ] [18]
2Wi30¢2]}-5SH,0 method H,0, and GAghH
KIO;
by (Culbiz))a[Cul(H:0):{Asos™  hydrothermal ele“:gf}ffalys MB (19]
\% VI . ()
As,MoY>2Mo 16062}2] 2H20 method photocatalyst (9729 A))
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0,
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. . electrocatalys
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photocatalyst
. . . electrocatalys
32 (H2b1mb)2{PA%£/blgb)]]Olfl[gg(elmb]0 hy(i;(;[}}llzr;lal t and MB (942%) [20]
L2 s el photocatalyst
supercapacito
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33 (Hobip)z {H2P2W 1052} -2H:0 method electrochemic (3 A g) [21]
al sensor
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NaP,W 3062} -H2O method electrochemic (3 A g)
al sensor
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. _ hydrothermal r and 573.7F g!
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36 (Hbipy):[Mn(bipy)s[As;WisOgp]  Yarothermal -y yooen  785F g0 oy
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supercapacito
. hydrothermal rand 834.8
11
37 [{Cu (bim):}5(As;W150e2)] method electrochemic (2.4 A g1) [24]
al sensor
supercapacito
hydrothermal r and 960.1 F g’!
1
38 [(Cu'iopzi0Cla)(As:Wi15062)] method electrochemic (2.4 A g!) [24]
al sensor
39 {AZKPWis00} @[Ags(u- liquid-assisted S‘;pa‘jgal?lj‘gjo 3789F g g
i . I
Hbtc)(u-Habtc)]n grinding sensor (1Agh
. supercapacito 1
40 [{K(H20)}2{Cua(bim),}2(P2W30s:> hydrotllllerénal r and HO, 1%7217_51; [26]
)l metho sensor 2Ag)
: 1
41 [Ru(bpy)s]ss:PsMo1sOemH,0  solution method SUPereapacito 125Fg ),
r (02Agh
: -1
4 [Ru(bpy)sl:iP2MosOnnH:0  solution method SUPereapacito 68Fg” — g,
(0.2Agh
Table S2. Atomic percent (%) of corresponding samples by ICP-MS analysis.
P K Co w
{P,Wis} @Co-BTC 0.88 4.95 3.01 8.89

Table S3. Performance comparison of Dawson -based materials with published polyoxometalate

supercapacitors.

materials specific capacitance  cycling stability :(:;;::::r Ref.
1 AC/P:Mors ?2 éj’XFggl)l (ZOO(Z (chles) [17]
i T
s COMPHELRWON 20 TS B Coontaper (21
IR NN R % e
5 (Hzbib)25{HP2Mo0180¢2}-2H-0 5(7331: 1;%1 (50 (E); (? Z;fz)les) glassy carbon [22]
6 (Hbipy)2[Mn(bipy)s]2[ As2W180e2] 7(839 j 1;?)1 5 O(?(())f;/zles) Carbon Paper [23]
7 [{Cu(bim)z}s(As:WisOe)] ( fjng_ 1) (50 (E); 3 f;/é)les) glassy carbon [24]
8 [(Culopz10Cla)(As2W18062) ] 9(62041: gg_‘ll) 5 00901 f;fles) glassy carbon [24]
? {Ag4K2P2W1s(I){61@f([:;?§ (IO 3(718}2 1;-?)_1 (5033 .S}Z:Oles) nickel foam  [25]
10 [{K(H20)}2{Cuz(bim)2}2(P2W180e2)] 1 (272 Fg‘cl’r)l (50 (?(? f;/zles) glassy carbon [26]
11 [Ru(bpy)s]s.35P2M018062-mH20 (3.225£ gi) (50 OSZ;/Zles) glassy carbon [27]
12 [Ru(bpy)s]sP-M0180s2nH20 68 F g1 57% glassy carbon [27]
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(02A g (500 cycles)
13 [Agio(trz)s][SiW12040] é758j §-1]) (10 (? (()) f;/;)les) glassy carbon [28]
14 [Agio(trz)s][HVW12040] (9135515 g‘ll) (7539;‘;/(;%) glassy carbon  [28]
15 [Cu! (btx)]s [STW120u0] 1(1?? 2 1;_‘?)1 (10 Ogi(;/;’cles) glassy carbon [29]
16 PAni/HsPMo1:0x0 (10%211; i _‘11) (1003(1°}/:>des) Rigic; ;g;;phite 0]
17 rGO/PMo12010 ( 1207 ;l;g;) 10 Oggty:ycles) Graphite roods  [31]
18 AC/PMon10u0 ézifl fj) 10 0(1)8(:;/:)(21%) Ti foils [32]
19 Pinecone AC/PMo120u (1306 ;l;g;) titanium foil  [33]
20 rGO-PMo1z is anzFC:nmz)z (50 Oggcl;/jcles) carbon cloth [34]
21 PMoi0V-@ZIF-67 1(12711:;)1 (538(? f;:f’es) foNa;l [35]
> AC/TEAPW: (oﬁﬁ igg;l) (10009032/;7des) alm;cjirlmm 15l
23 PW1@MIL-101 158 mF-cm?? nickel foam  [37]
(0.5 mA-cm?)
24 PosSoo-PMor éor‘:’lf/ fj) [38]
25 PosSso-PMor2 58; 5 fj) [38]
26 PosSeo-PMor2 (22215 fj) [38]
27 [Coll(pzta)a(H:0)]:(HiGeMo1:0u0)-4H:0 zfiFg“i’; (10 Ogi(;/j)des) [39]
28 [Co(pzta)a(H20)]2(HiSiMo120u0)-4H:0 1(211 }i ;5)'1 a ooglc(;/jdes) [39]
29 [Cus(bty)s][BW10u0]-4H:0 ?31': ZF;; a O%é‘i%es) carbon cloth  [40]
30 [Cuzs(bty)s][BW12040]-7H20 1(2)3?1; 7AFggl)l (10 09 g f;/(c)les) carbon cloth [40]
31 [CuZ(HzO)4H2(imb§)4](PM01zO4o)z.6Hz le(jA Fgg_;l')l w0 gg .Cz;/zles) glassy carbon  [41]
32 [Cu(H:20):Ha(pybta)s](PM012040)2-2H20 (515 6AF§11) (10 3 5 f;/é)les) glassy carbon [41]
33 [AgHs(pybta)s(PMouOu)s]-12H:0 ‘(LfiFg%; 10 gg f;/;)les) glassy carbon  [41]
34 [AgH2(imbta)2](PMo012040) ?12(;1:;1)1 (10 07 (()) f;fz)les) glassy carbon [41]
35 {P:Wis}@Co-BTC 49((1)'7AF;; 6 Ozg.i:f)cles) mczilrfezam This work

electrodes)
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