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Table S1. DFT calculations of the thermodynamic parameters (eV) for the various adsorption
reactions of Li-S composites at three different lithiation stages (Li,S, Li,S, and Li,S4) on CCS with
the monodentate (CCS-x-Li,S,) and bidentate (CCS-xy-Li,S,) coordination. Symbols (x, y)
represent the adsorption sites on CCS.

Adsorption reactions (eV) AG AH AE Egsse AEping
1. CCS-x-Li,S

(1.1) CCS + Li,S —»CCS-0'-Li,S -0.6869 | -0.8603 | -0.9050 | 0.0698 | -0.8351
(1.2) CCS + Li,S —»CCS-N*Li,S -0.8603 | -1.0964 | -1.1852 | 0.0997 | -1.0855
(1.3) CCS + Li,S —»CCS-0°-Li,S -0.6119 | -0.7671 | -0.8274 | 0.0914 | -0.7360
(1.4) CCS + Li,S —»CCS-0*Li,S -0.7413 | -1.012 | -1.0696 | 0.0999 | -0.9697
2. CCS-x-Li,S,

(2.1) CCS + Li,S, »CCS-0"Li,S, -0.4010 | -0.8169 | -0.8847 | 0.0872 | -0.7975
(2.2) CCS + Li,S, »CCS-N*Li,S, -0.6003 | -1.0262 | -1.1149 | 0.1143 | -1.0005
(2.3) CCS + Li,S, —»CCS-0°-Li,S, -0.3756 | -0.7818 | -0.8507 | 0.1120 | -0.7387
(2.4) CCS + Li,S, —»CCS-0*Li,S, -0.4732 | -0.9033 | -0.9641 | 0.1167 | -0.8474
3. CCS-x-LisS,

(3.1) CCS + Li,S; —»CCS-0"Li,S, -0.3343 | -0.6827 | -0.7467 | 0.0982 | -0.6485
(3.2) CCS + Li,S; —»CCS-N%Li,S, -0.4771 | -0.8770 | -0.9605 | 0.1054 | -0.8551
(3.3) CCS + Li,S; —»CCS-0°-Li,S, -0.4126 | -0.9267 | -0.9808 | 0.1451 | -0.8357
(3.4) CCS + Li,S; —»CCS-0*Li,S, -0.5175 | -0.9877 | -1.0442 | 0.1132 | -0.9310
4. CCS-xy-Li,S

(4.1) CCS + Li,S —»CCS-O'N*Li,S -0.6084 | -0.9193 | -0.9662 | 0.1188 | -0.8474
(4.2) CCS + Li,S —CCS-N*0*-Li,S -0.6074 | -0.9166 | -0.9642 | 0.1196 | -0.8446
(4.3) CCS + Li,S —CCS-0°0"-Li,S -0.7734 | -1.0873 | -1.1518 | 0.1760 | -0.9758
5. CCS-xy-Li,S,

(5.1) CCS + Li,S, —»CCS-O'N*Li,S, -0.4659 | -0.9747 | -1.0434 | 0.1464 | -0.8969
(5.2) CCS + Li,S, —»CCS-N’0*-Li,S, -0.4348 | -0.9657 | -1.0344 | 0.1502 | -0.8842
(5.3) CCS + Li,S, —»CCS-0°0*Li,S, -0.6849 | -1.2017 | -1.2673 | 0.2052 | -1.0621
6. CCS-xy-Li,S,

(6.1) CCS + Li,S; —CCS-O'N*-Li,S, -0.5288 | -1.0463 | -1.1040 | 0.1295 | -0.9745
(6.2) CCS + Li,S; —»CCS-N?0°-Li,S, -0.2349 | -0.7278 | -0.8063 | 0.1418 | -0.6644
(6.3) CCS + Li,S;, —»CCS-0°0"Li,S, -0.4867 | -1.0181 | -1.0786 | 0.2002 | -0.8784

All calculations were carried out within the framework of density functional theory (DFT)* by
using the hybrid B3LYP functional®® as implemented in the Gaussian 09 package.4 The
split-valence-shell Gaussian basis set, 6-31+G(d,p),5 was employed to handle H, C, N, O, S and Li
atoms for full optimization. The term Egss is the energy of the basis set superposition error (BSSE)
obtained by using the counterpoise method proposed by Boys and Bernardi.®



K,SO, — 0.20 mL
—0.15mL
0.10 mL
0.05 mL
—O0mL
cCS —0.15mL

Absorbance (a.u.)

250 300 350 400 450 500
Wavelength (nm)

Fig. S1 The determination of sulfate group in CS by gelatin-barium sulfate turbidity.

The gelatin-barium sulfate turbidity experiment for determination on the degree of sulfation was
conducted based on the previously described method with minor modification.”

Preparation of Gelatin-Barium Chloride solution: 1 g of gelatin was dissolved in 100 mL of DI
water at 65 °C, and the solution was placed at 4 °C overnight. Then, 0.5 g of barium chloride was
added into the solution, and the obtained gelatin-barium chloride solution was standby for next
process.

Pretreatment of CCS: 0.1 g of CS was dissolved in a vial with 8 mL of 2M HClI solution, and sealed,
kept in 105 °C to hydrolysis for 4 hours. After that, the vial was cooled down to room temperature.
The pH of the solution was adjusted to 6 by ammonium hydroxide, and diluted with water to 25
mL solution.

Measurement of standard curves: 1 mg mL™* of the K,SO, solution was prepared as a standard
solution. Then, a K,S0O, standard solution of 0, 0.05, 0.1, 0.15, 0.2 mL was added into the cuvette
and filled to 200 pL with DI water in all cuvette. After dispersed uniformly, 3.8 mL of 0.2 M HCl,
and 1 mL gelatin-barium chloride solution were added in all cuvette respectively. The standard
curves were measured by UV-vis after 30 minutes of reaction.

Measurement of CS solution: 0.15 mL of CS solution was added into the cuvette, followed with
the addition of 0.05 mL DI water, 3.8 mL of 0.2 M HCI, and 1 mL gelatin-barium chloride solution.
After mixed and reacted for 30 minutes, the UV-vis spectrum of the sample was measured, and

the absorbance in 360 nm was monitored. The degree of sulfation in CS (1) was calculated by:

01 .5 015x01

174~ (161+9677)x25 |

All experiments were performed in three times to ensure accuracy, and the average value was
calculated. The degree of sulfation in CS (1) was calculated to be 16.98%. This data should be
slightly lower because of the incomplete hydrolysis of CS during the pretreatment.
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Fig. S2 UV-vis spectra of CCS solution and HCA solution with different concentration.

The degree of catechol conjugation on CCS measured by UV-vis was calculated to be 8.36%. The

difference on catechol conjugation results is due to the potential error on deacetylation rate of
chitosan.
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Fig. S3 The areal capacity of CCS-based sulfur electrode at a rate of 0.5 C for 400 cycles.

The areal capacity of the CCS-based sulfur cathode at a rate of 0.5 C for 400 cycles is shown in Fig.
R1. The initial areal capacity of the electrode was higher than 1 mAh cm?, and kept stabilized at
about 0.8 mAh cm™ after 400 cyles, indicating the significance of CCS binder in stable cycling
performance of sulfur cathode.

Considering that the preparation of this cathode is based on a common sulfur/carbon composite
and aluminum foil as current collector, we believe that the areal capacity of CCS-based sulfur
cathode can be further elevated by cooperating CCS binder with other advanced technology in

lithium sulfur battery, including the carbon matrix of sulfur, separator and electrolyte.
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Fig. S4 Charge-discharge profiles of (a) chitosan and (b) PVDF based electrodes from the
rate of 0.2 Cto 4 C.
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Fig. S5 CV profiles of the (a) chitosan and (b) PVDF based electrodes.
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Fig. S6 The CV of electrode with conductive addictive and CCS binder (1:1 in weight).
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Fig. S7 The equivalent circuit model of the cells in EIS measurement.

In the equivalent circuit model of the cells, R, represents the resistance of electrolyte, and R
represents the charge transfer resistance between the interfaces of carbon/sulfur/electrolyte. W,
refers to the Warburg impedance, while CPE refers to the constant phase element. The diameter
of the impedance semicircles is related to the charge transfer resistance, which is a measure of

the difficulty involved for charges crossing the boundary between the electrode and electrolyte.8
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Fig. S8 Optical image of 1mM LiPS solution, blank solution (without LiPS) and solutions
after exposed to 0.1 g of PVDF, chitosan, CS, CCS for 5 hours.

Fig. S9 Schematic elucidation of the model of CCS with four adsorption sites: O*, N2, O?,
and O*.
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Fig. S10. Fully optimized structures of the stationary points for Li-S composites at three
different lithiation stages (Li,S, Li,S, and Li,S,) on CCS. The definition of adsorption sites
is shown in Figure S6. The white, gray, blue, red, yellow, and magenta colors represent
hydrogen, carbon, nitrogen, oxygen, sulfur, and lithium atoms, respectively. The upper
and lower parts displayed the monodentate and bidentate coordination of Li,S, on CCS
respectively.
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Fig. S11 Optical image of the setup, and schematic of the sample for the peeling test.
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Fig. S12 The digital photographs of (a) the as prepared CCS-based electrode, and (b-g)
the electrode after being once, twice and thrice folded, and their corresponding unfolded
states
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Fig. S13 Typical load-indentation depth curve of (a) chitosan and (b) PVDF based
electrode obtained from nanoindentation tests.

Nano-indentation tests on electrodes were performed with a load on the sample reached 1 mN.
A partial unload function was adopted in the tests to obtain the variation of reduced modulus (E,)
and hardness (H). E, was the combined modulus of indenter and specimen, and was calculated to
be:

1_@-v) (-v))
E, E E

r

Here, E and v represent Young’s modulus and Poisson’s ratio of the specimen respectively, E’ and
v’ are Young’s modulus and Poisson’s ratio of the indenter respectively. Nine indentations were



conducted at different locations on each sample to confirm the result.

Hardness H is evaluated through the mean contact pressure at full load,

H:Pmax
A

Here, A is the projected area of contact (as distinct from the actual curved area of contact), P is

the maximum load (1 mN in this case).’

Fig. S14 SEM image of detailed morphology of chitosan-based electrode after 400 cycles
at0.5C.



Weight percentage (%)

100 —;
80-
60- 80%

40-

o

0 100 200 300 400 500
Temperature (°C)

Fig. S15 TGA curve of sulfur/super P composite.
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