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Supplementary Figures

Fig. S1 SEM images of H-PNADBQ (a, b), 1, 5-NAD (¢), and BQ (d)
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Fig. S2 FTIR of BQ, 1, 5-NAD, and H-PNADBQ

Note to Figure S2:

No peaks of -NH> are detected in H-PNADBQ, indicating successful polymerization.
Besides, the peak of C=0 in H-PNADBQ has obvious red shift in comparison with that
in BQ, revealing decreased electron cloud density of O due to the formation of the
intramolecular HB (C=0-"H-N).
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Fig. S3 Thermogravimetric curve of H-PNADBQ
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Fig. S4 Simulation structures of PNADBQ and H-PNADBQ

Note to Figure S4:

It can be seen from Fig. S4 that the N-H and C=0O groups are located in opposite sites
in PNADBAQ, so intramolecular HB cannot be formed. Here, PNADBQ was used as a
control group to study the effect of intramolecular HB on polymer properties. Of note,
the angle between the quinone ring and the naphthalene nucleus of H-PNADBQ
molecule is lower than that of PNADBQ, suggesting a increased n-conjugated effect.
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Fig. S5 IRI images of PNADBQ and H-PNADBQ
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Fig. S6 ESP minimums for BQ, PNADBQ, and H-PNADBQ
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Note to Figure S6:

Of note, the values in Fig. S6 refer to the minimum ESP values on the C=0 groups. As
we know, the interaction strength between organic compounds and water molecules
reflects the solubility of organic materials in water. The negative electron centers of
organic materials can interact with H in water molecules. The more negative ESP of
organic materials causes a stronger interaction with water, thereby promoting their
dissolution. In this work, the C=0 groups in H-PNADBQ show higher ESP than that in
BQ and PNADBQ compounds, implying reduced solubility of H-PNADBQ due to the
formation of intramolecular HB.
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Fig. S7 LUMO and HOMO plots for different molecules
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Fig. S8 a) UV-vis spectra of BQ and H-PNADBAQ after standing in different solvents
for 72 h. b) Optical photographs of these solutions after immersion

Note to Figure SS8:

It can be seen from Fig. S8 that BQ has an obvious absorption peak around 290 nm,
and the solution is yellow, indicating that BQ has undergone violent dissolution. While
no absorption peak is detected for H-PNADBQ and the solution still keeps clear,
confirming the decreased solubility due to the existence of intramolecular HB.
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Fig. S9 In-situ UV-vis spectra of H-PNADBQ in 2 M Zn(CF3SO3); electrolyte (a, b),
H-PNADBQ in 2 M ZnSO4 electrolyte (¢, d), and BQ in 2 M Zn(CF3S03); electrolyte

(e, )
Note to Figure S9:

H-PNADBQ electrodes show a slight peak at about 290 nm when collected 50
spectrum in two electrolytes (Zn(CF3SO3)> and ZnSOj4 electrolytes). By contrast, the
BQ electrode displays a clear adsorption peak when collected 10" spectrum in
Zn(CF3S0s); electrolytes, suggesting high solubility of BQ. Of note, Zn(CF3SO3), salt
shows better compatibility with Zn metal anode than Zn(SO4) salt. [S1] Therefore, we
used 2 M Zn(CF3SOs3), solution as the electrolyte to study the H-PNADBQ
electrochemical performances in this work.
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Fig. S10 a, b) CV curves of Zn//H-PNADBQ (a) and Zn//BQ (b) batteries at 5 mV s!
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Fig. S11 The impedances of Zn//H-PNADBQ batteries at different states
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Fig. S12 Charge-discharge curves of Zn//H-PNADBQ with different loadings. a) 5 mg
cm?. b) 10 mg cm™

Note to Figure S12:

At low current density, the deposition/stripping of the Zn anode may become more
unstable.!5?! Additionally, the high-loading H-PNADBQ will consume more Zn from
the Zn anode, which may lead to the Zn dendrite issue being more prominent.[>3) Both
two factors may cause the batteries easily short out. A slight short circuit caused by Zn
dendrite in the battery may result in the battery failing to charge. To evaluate the
durability of the H-PNADBQ cathode, the failed Zn anode was replaced by a new Zn
anode to enable the cell to work normally.
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Fig. S13 Cycling stability of Zn//H-PNADBQ battery at 5 A g’ (a) and 10 A g'! (b). ¢,
d) Charge-discharge curves of Zn//H-PNADBQ battery at 5 A g (¢) and 10 A g! (d)
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Fig. S14 Electrochemical performance of Zn//BQ battery at 500 mA g'!. a) Cycling
stability. b) Charge-discharge curves
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Fig. S15 Cyclic stability (a) and charge-discharge curves (b) of Zn//H-PNADBQ
battery in 2 M ZnSO electrolyte

S7/813



https://www.springer.com/journal/40820

Nano-Micro Letters

a b 15
280 100~ =
*—-—*-—_,*\* 7 0\0 & :
= —— =& 1.2
‘=210 T, 180 g 5
= 174.7 4702 @ X
< 164.5 =
§>’~ 140 177 1991 1436 1400 437,160 % ?% °2
g 7o 140 E 3 06
] © =
© 120 c 203
0 L 0 =2 . , .
051 2 5 10 15 20 25 0 60 120 180
Current density (Ag") Capacity (mAh g1

Fig. S16 a, b) Rate performance of Zn//H-PNADBQ battery at different current
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Fig. S17 Ragone plot of Zn//H-PNADBQ battery
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Fig. S18 a) CV curves of Zn//H-PNADBQ battery at different scan rates. b) Calculated
b values for peak 1 and peak 2. ¢) Calculated ratio of capacitance contribution at
different scan rates. d) Capacitance contribution ratio at 3 mV s!
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Note to Figure S18:

To distinguish the type of charge transfer kinetics, the b values can be fitted by equation
(S2): [S4]

i =av? (S2)

where i is the peak current (mA), and v is the scan rate (mV s™'). The b values can be
fitted by a linear relationship of log(i) = blog(v) + log(a).

The ratio of capacitance contribution and diffusion contribution is calculated
according to equations (S3) and (S4): [S5]

1
i = klv + kZ‘UE (83)

. 1
S =kyvi+k, (S4)
v2

. . 1
where kqv refers to the current part contributed by capacitance, and k,vz refers to

the current part contributed by diffusion.
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Fig. S19 CV curves of Zn//H-PNADBQ battery from 1 to 100 mV s°!
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Fig. S20 a) GITT test of Zn//H-PNADBQ battery. b) The thickness of active material
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Note to Figure S20:

The ion diffusion coefficient (D) is calculated by galvanostatic intermittent titration
technique (GITT) measurement according to the following equation (S5): [S6]

D = 22 (4" (S5)

T \AE;

Where 7 is the relaxation time. AE; is the steady-state voltage change after the current
pulse. AE; is the voltage change during the relaxation process. L is the ion diffusion
length (cm), approximately equal to the thickness of active material (23 pm).
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Fig. S21 a) CV curves of H-PNADBQ at different electrolytes. b) Charge-discharge
curves of H-PNADBQ in different electrolytes (500 mA g™')

Note to Figure S21:

The H'-storage ability of H-PNADBQ was verified using 0.05 M H>SO4 electrolyte
(pH=1) (Fig. S21). A three-electrode system with Ag/AgCl reference electrode, Pt
counter electrode, and H-PNADBQ work electrode is fabricated. As shown in Fig. S21a,
the shapes of the CV curves of the two electrolytes are almost the same. And a voltage
shift of about 0.74 V is detected (Fig. S21b, 0.73 V vs. Zn**/Zn vs. -0.01 V vs. Ag/AgCl),
which is caused by the H" concentration. Further, the voltage shift is corrected to 0.21
V based on the standard hydrogen electrode (SHE). According to the Nernst Equation,
the calculated theoretical voltage shift is 0.22 V, which is close to the experimental
value. This result suggests that the redox reaction participated by H' exists in the whole
electrochemical process of the H-PNADBQ electrode. The discharge capacity of the
battery in 0.05 M H2SOy4 electrolyte is 143.8 mAh g!, indicating that H-PNADBQ can
store H'.

Calculation of potential difference based on Nernst Equation

The electrochemical reaction process of H-PNADBQ electrode in H2SO4 electrolyte
can be expressed as below:

H-PNADBQ +nH" + ne” — H-PNADBQ-H,
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Corresponding Nernst Equation:

2303RT _[H — PNADBQ][H*]"
nF “9TH — PNADBQ — H,,]

¢ =9+

Where ¢ is electrode potential; ¢° is the standard potential; R is the ideal gas constant:
8.314 J K mol!; T is the temperature: 298.15 K; n is the electron transfer numbers; F
is the Faraday constant: 96500 C mol™!. The activity of solid H-PNADBQ and H-
PNADBQ-H, is considered as 1, thus the equation can be further simplified as:

0.0592

@ =¢°+ Ig[H*]" = ¢® + 0.05921g [H*]

The pH value of 2 M Zn(CF3S03); electrolyte is about 4.7. The pH of 0.05M H2S04
solution is about 1. Therefore, the potential difference bbetween the two electrolytes
can be calculated as:

[H*]1 0.1
Ap = 0.05291g (12 = 0.0592lgw =0.22V
a ——2 M Zn(CF,S0,), b 1.5
0.1 M Zn(CF,S0,),/ACN . 0.1 M Zn(CF;S0,),/ACN
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Fig. S22 a) CV curves of H-PNADBQ in different electrolytes. b) Charge-discharge
curves of H-PNADBQ in different electrolytes (500 mA g™')

Note to Figure S22:

0.1 M Zn(CF3S0s3)> was dissolved into an acetonitrile (ACN) solution to verify the
Zn**-storage ability of H-PNADBQ (Fig. S22). As shown in Fig. S22a, a pair of redox
peaks in the high voltage range can be detected (Ol and R1) in the 0.1 M
Zn(CF3S03)2/ACN electrolyte. The peaks for O2 and R2 are weak, possibly due to the
restricted kinetics. The CV curves of the different electrolytes were similar in shape,
and the increased voltage polarization in the 0.1 M Zn(CF3S03)2/ACN electrolyte could
be attributed to the lower ionic conductivity. Thus, the battery in the 0.1 M
Zn(CF3S03)2/ACN electrolyte shows a lower discharge plateau compared to the 2 M
Zn(CF3S0s): electrolyte (Fig. S22b). A high discharge capacity of 142.6 mAh g is
obtained in 0.1 M Zn(CF3S03)2/ACN electrolyte, indicating that H-PNADBQ has a
good ability to store Zn>"
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Fig. S24 a, b) EDS spectra and the elemental contents of H-PNADBQ material in the

discharged state

Note to Figure S24:

To eliminate the interference of the Zn element in the Znx(CF3SO3)y(OH)2x.y'nH20 by-
products, the discharged H-PNADBQ electrode and by-products were completely
separated by high-power ultrasonication for about 1h in the ethanol solution. Then both
the by-products and individual H-PNADBQ materials can be examined under TEM. A
very small amount of S elements indicates that the H-PNADBQ materials and by-
products are completely separated (Fig. S24). Of note, the F element may originate

from the binder.
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Fig. S25 XPS pattern of Zn 2p tested at different states
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