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Figure S1 TGA and DSC test of a mixture of 1 g glucose and 0.5 g ZnCl, from 0°C to 900°C
TGA and DSC test was conducted to reveal the activation process of glucose during annealing.
As it shown in Figure S1, according to the TGA curve, the glucose had two obvious mass loss
stages, which meant that it was dehydrated and carbonized during this process. Besides, the DSC
curve showed a heat absorption peak that started at 141°C, and ended at 172°C, it revealed the
melting process of glucose. As a result, it can be illustrated by combining the TGA and DSC curves
that the molten state and vaporization process of zinc chloride etched glucose, resulting in ultrathin

carbon materials.
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Figure S2 XRD patterns of UTCs and precursor.

The X-ray diffraction (XRD) patterns (Figure S2) of UTC-2-700, UTC-800 and precursor
showed two broad peaks at 22.2° and 43.1°, assigning to the (002) and (100) planes of graphitic
carbon, respectively. However, the XRD pattern of UTC-2-600 showed more peaks, which was
attributed to the incomplete vaporization of zinc chloride.



Figure S3 SEM images of (a) precursor, (b) UTC-2-600, (¢) UTC-2-700, (d) UTC-2-800



Figure S4 TEM images of UTC-2-700.



(a) X Profile: AX=412.9674 pm; AZ=4.6013 nm
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Figure S5 (a) White light Interference microscope test of precursor, AFM test of (b) UTC-2-700,
(c) UTC-2-600, (d) UTC-2-800.
According to image of White light Interference microscope test, average thickness of precursor

is about 410 nm. However, the maximum thickness of UTCs is less than 100 nm, which
demonstrates the effective etching of ZnCl,. To be specific, the thinnest thickness of UTC-2-700 is
4.78 nm, which is almost one hundredth the thickness of the precursor.
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Figure S6 (a) XPS full spectra of UTC-2-600. (b) C 1s XPS spectra of UTC-2-600. (c) O 1s XPS

spectra of UTC-2-600. (d) XPS full spectra of UTC-2-800. (e) C 1s XPS spectra of UTC-2-800. (f)

(b) O 1s XPS spectra of UTC-2-800.
The XPS full spectrum analysis shows that there are still residual Zn elements in UTC-2-600,

which is due to incomplete vaporization of ZnCl,. Due to inadequate and overactivation, the oxygen
content of UTC-2-600 and UTC-2-800 were not significantly increased compared to precursor
(Figure S6 (a) and (d) and Figure 1(e)). However, compared with precursor, the relative proportion
of -C-OH of UTC-2-600 and UTC-2-800 (Figure S6 (c¢) and (f)) is higher than precursor (Figure

1(1)).
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Figure S7 (a) O 1s XPS spectra of precursor. (b) O 1s XPS spectra of UTC-2-700.



—
[si]
~—
N

—':n
4
z
2
Z 0
o
T
g
H
a

-2

~

Gurrent Density (A g™}

L

|
"

1000
(b) 05Ag" (C) Precursor
144 |Ag"'
—2ag"
12 —sAg! 200
=104
a 'EEOD-
=]
Zos E_
3 :
8
Sos N 400 i
04 i
200 4 ?
02
0.0 o . : : — e
60 02 04 06 08 10 12 14 18 20 40 &0 8 ¢ 100 200 300 400 500 600 700 800
Voltage (V) Time (s) Z' {ohm)
(e) L 01Ag (f)
el 024" 120 UTC-2-600
) 05Ag"
——1Ag' 100
12 24"
_ —sag
5104 104g" B 80
= —15Ag" £
g“‘ WwAg’ )
& 0.6 o
40
0.4 4
— 20
——————— ——— 0.0 o —
e} e R e s, @D i e 5000 10000 15000 0 20 40 60 80 100 120 140 160
Voltage (V) h Time (s) Z' (ohm)
15 :
Tmvst () biAg (I) —s— UTG-2-800
2 mvs! 02Ag"
J—smvs ikl 05Ag"
—10mVs’ i
—z20mvs! 124 ‘Ag_‘
— somvs! 72;\9'
1—00mvs! s —S§Ag’
=10 —10Ag"
= —15Ag"
E 08 —20ag"
2
Sosd
0.4+
0.2+
T T r r T r T T 0o i T :
00 02 04 06 08 10 12 14 16 s000 10000 15000 0 100 200 00 400
Voltage (V) Time (s) Z' (ohm)

Figure S8. The voltage window for electrochemical testing was 1.5 V in 1M ZnSO, electrolyte.

(a) CV curves of precursor. (b) GCD curves of precursor. (c) EIS curve of precursor. (d) CV curves
of UTC-2-600. (¢) GCD curves of UTC-2-600. (f) EIS curve of UTC-2-600. (g) CV curves of UTC-
2-800. (h) GCD curves of UTC-2-800. (i) EIS curve of UTC-2-800.
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Figure S9. EIS curve of UTC-2-700 in 1M ZnSOy electrolyte at (a) 0-1.5 V, (b)0-2.0 V.

It can be seen from Figure S9(a) and (b) that UTC-2-700 displays smaller charge-transfer
resistance (R¢) at 1.5 V, suggesting the fast charge transfer and good electrode/electrolyte interface.
The excellent electrode/electrolyte interface is attributed to the favorable electrolyte infiltration and
luxuriant oxygen doping. More importantly, since the surface of UTC-2-700 was destroyed at 2.0
V, the surface group content was lower, resulting in higher R, and worse ion transport.
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Figure S10. Ultrarapid reaction kinetics contribution at different scan rates of precursor.
To further study the enhanced electrochemical capability and charge-storage contribution of
precursor, UTC-2-700-1.5 V and UTC-2-700-2.0 V, CV curves at various scan rates from 5 to

100 mV s™! were systematically analyzed. The relationship between peak current (i) and scan rate

(v) can be shown as following equation

i=av’

(1

where a and b are variable constants, and the b value can be obtained by fitting the relationship
curve between log(i) and log(v). When the b value is 0.5 and 1, corresponds sluggish reaction
kinetics and capacitive behavior-dominated ultrarapid reaction kinetics, respectively.!?

Besides, since each electrochemical reaction can be regarded as a combination of capacitive
behavior-dominated and diffusion-controlled process, the total current (i) of the electrochemical

reaction can be divided by capacitive behavior-dominated and diffusion-controlled contribution like
the following equation:

i=kv+ kzvl/2 )
where 1 represents total current, kv and k,v!’? represent the current contributed by capacitive
behavior-dominated process and diffusion-controlled process, respectively.

It can be seen from Figure S11, S12 and S13 that with increasing scan rate, the charge capacity
stored through diffusion-controlled process decreases, indicating the capacitive contribution ratios
of capacitive process is enhanced with the elevation of the scan rate*. But the high percentages of
their capacity still originate from diffusion-controlled process with relatively slow charge storage
kinetics, suggesting their high capacity and inferior rate capability.
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Figure S11. Ultrarapid reaction kinetics contribution at different scan rates of UTC-2-700 at 0-1.5
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Figure S12. Ultrarapid reaction kinetics contribution at different scan rates of UTC-2-700 at 0-2.0
V.
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Figure S13. Linear relationships between logarithm currents and logarithm sweep rate of precursor,
UTC-2-700 at 0-1.5 V, and UTC-2-700 at 0-2.0 V.

By contrast, as depicted in Figure S14, b value of the Anodic of UTC-2-700-1.5 V is close to
UTC-2-700-2.0 V, while b value of the cathodic of UTC-2-700-1.5 V is higher than that of UTC-2-
700-2.0 V, which means UTC-2-700-1.5 V possesses high capacity contribution ratios of capacitive
process and fast charge storage kinetics*. Therefore, this phenomenon can prove that the decrease
in cycling stability is caused by cathode destruction.



=N
[-2]

Atomic percentage (%)
IS o o =) o IS

N
1

1 2 3 4 5 6 7

Number

Figure S14. In the process of charge and discharge, the content of sulfur element on the surface of
the material at different voltages due to XPS test.

The content of sulfur had the same change trend as that of zinc, and it is also demonstrated that
basic zinc sulfate is destroyed at 2.0 V.
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Figure S15. (a) EIS curve of a flat pouch cell prepared with UTC-2-700 (b) EIS curve of a flat

pouch cell prepared with UTC-2-700 after being folded up to 180° for 50 times.
By comparison, it is obvious that the R of the flat pouch cell was increased after multiple folds,

which is mainly caused by the bending of the zinc sheet and the stainless steel mesh that causes the

electron transport to be blocked.?
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Figure S16. (a)XPS spectra of Zn 2p from 0 V-2.0 V (b) XPS spectra of S 2p from 0 V-2.0 V(c)
XPS spectra of Zn 2p from 0 V-1.5 V(d) XPS spectra of S 2p from 0 V-1.5V



Figure S17. (a)SEM image of UTC-2-700 coated on carbon paper (before testing). (b) SEM image
of UTC-2-700 coated on carbon paper (after 3000 cycles)
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Figure S18. XRD diffractograms of cathode surface byproducts (ZnsSO4(OH)s * SH,0) at different
voltages during charging and discharging processes.
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Figure S19. EIS image of a zinc anode

The value of Ry is calculated to be 4.361 and the value of R.;is 0.608, which is small compared to
the total capacitor resistance in Table S3, and it can be assumed that the overall EIS test results are
representative of the cathode test results



Figure S20. SEM images of complete basic zinc sulfate layer (a) and broken basic zinc sulfate layer

(b) EDS mapping images of Zn((b) and (f)) O((c) and (g))and S((d) and (h)) elements on UTC-2-
700 surface.
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Figure S21 IR loss of the flat pouch ZHSs. An flat pouch ZHS was charged/discharged through
GCD technique at 0.1 A g'! for 3 cycles and then maintained at an expected voltage using constant
voltage charging technique for 30 min. This is to make internal environment of the electrochemical
device reaches a relatively stable state.



Table S1 BET test of precursor and UTCs.

Material BET Average t-Plot t-Plot t-Plot
surface area pore external micropore  micropore
(m2 g diameter surface area volume area(m?g!)

(nm) (em’gh)  (emigh)

Precursor 274.6 1.6659 9.1 0.101232 265.5

UTC-2-600 713.4 2.1910 114.6 0.325692 598.8

UTC-2-700 952.0 2.4510 220.8 0.398680 731.2

UTC-2-800 900.3 2.1781 156.2 0.405607 744.0




Table S2 Specific capacitance at a voltage window of 1.5 V in 1M ZnSOy electrolyte in the two-
electrodes system.

eci

0.2 0.5 1 2 5 10 15 20

Pref;l}s/or 576 344 18 0.42

UTC-2-600 2453 186.7 1414 112.6 922 622 36.1 204 10.6
UTC-2-700 360.0 264.9 201.8 165.8 139.1 1004 69.2 463 294
UTC-2-800 232.0 179.1 137.8 115.1 944 646 39.7 221 10.6




Table S3. R, and R, values of precursor and UTCs according to EIS curves.

Material R (Q) R (Q)
Precursor 11.5 10
UTC-2-600 11.29 6.18
UTC-2-700 9.485 11.815
UTC-2-800 11.99 11.4




Table S4. Specific capacity, energy density and power density at different current densities of the
flat pouch cell prepared with UTC-2-700 at 0-1.9 V.

Current density Specific capacity =~ Energy density Power density
(Ag) (mAh g) (Wh kg™ (W kg)

0.1 66.47222 119.9824 95

0.2 53.44444 96.46722 190

0.5 38.16667 68.89083 475

1 32.55556 58.76278 950

2 18.44444 33.29222 1900

5 5.833333 10.52917 4750

10 0.277778 0.501389 9500




Table SS. Performance comparison of different flexible zinc ion hybrid supercapacitors.

Device Energy Power Reference
density density
(Whkg™) (W kg™
This work 120.0 95
quasi-solid-state ZHCs 60.1 74.2 6
quasi-solid-state ZHS 27.7 35.7 7
FSC 11.1 250 8
Zn//Co/Zn-ZIF(M24)@CC ZHC 49.2 124.6 ?
Zn//PAAm/agar/Zn(CF3S03)2//NC 10
ZHSC 61.3 209.0
quasi-solid-state Zn//NMXC 54.9 75.8 1
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