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Experimental Section

Material Synthesis. All the samples, Li,RuO; (LRO) and Cr-doped LiRuO;
(LiRug 93Cr 0203, LiRug 95Cr( 9505 and LiRug ¢Cr( 103, denoted as LRO-Cr0.02, LRO-
Cr0.05 and LRO-Cr0.1, respectively), were synthesized by high-temperature solid-
state sintering method. Stoichiometric amounts of Li,COs;, Cr,O; and RuO, as
precursors were mixed using a mortar and pestle for 30 min and then ball milled for
40 min with a 10wt% excess amount of Li,CO; to compensate for Li evaporation
during sintering. The resultant mixture were placed in separated alumina crucibles and
sintered at 900 °C for 12 hours. The furnace heating rate was set at 2 °C/min and then
the furnace was naturally cool to room temperature.

Characterization. X-ray diffraction (XRD) patterns were investigated by Bruker
D8 Advance diffractometer equipped with Cu Ka radiation (A= 0.15406 nm). The
morphological features and elemental analysis of the product were characterized by
field emission scanning electron microscopy (FESEM) (HITACHI, S-4800). X-ray
photoelectron spectroscopy (XPS, Physical Electronics) was employed to check
valence state of elements in the samples.

Electrochemical measurements. Type-2025 coin cells were assembled in an argon-
filled glovebox. The positive electrodes were fabricated by mixing active material,
super-P carbon, and polyvinylidene fluoride binder (PVDF) with weight ratio of 8:1:1.
The mixture was pressed onto an Al foil and vacuum dried at 120 °C overnight. A
lithium disc was pressed on a thin stainless steel disc as anode. The electrolyte used
was 1 M LiPF¢ solution in a mixture of ethylene carbonate (EC) and dimethyl
carbonate (DMC) with weight ratio of 1:1. Galvanostatic charge-discharge
measurements were carried out at room temperature with a battery test system
(CT2001A, Wuhan Land Electronics). Cyclic voltammertry (CV) and electrochemical
impedance spectroscopy (EIS) measurements of all samples were recorded using CHI
660B. CV was conducted at a scan rate of 0.1 mV s°! in potential window of 2.0-4.6 V
and EIS was obtained at 4.2 V during charge process at 1%, 2"d and 30™ cycle in the
frequency range of 100 kHz to 0.01 Hz.



Table S1. Comparison of electrochemical performance of Cr-doped Li,RuO; with

other reported Ru-based layered oxides.

Initial Remaining
Current Voltage Cycle Capacity
Typical materials capacity capacity High rate performance Ref.
density range (V) number retention
(mAh g) (mAh/g)

Liy ;Rug9Cog,0; 260 mA g! 2.0-1.8 275 50 175 64 — S1
Li;CoRuOs 0.1 mA cm 2.75-4.2 205 6 180 88% — S2
Li;NiRuOs 0.1 mA cm 2.75-4.2 240 6 160 67% — S2
Li;CoRuOy 30 mA g! 2.2-4.2 180 10 130 72% — S3

LisCo,; sRu; 505 30mA g! 2.2-42 140 10 115 82% — S3

Li; sRug 6Feq 603 0.1 mA cm™ 2.0-4.3 125 7 100 80% — S4

Li,RuB ;505 30 mA g! 2.0-4.6 220 50 210 95% — S5
Li,Rug¢Zrg ;O3 0.1 mA cm 2.8-4.3 205 20 190 93% — S6
Li,RuO; 16 mA g'! 2.0-4.8 288 40 220 76% — S7
Li,Mng 4Ru 605 16 mA g! 2.0-4.8 218 50 165 76% — S7
Li,RuO; 32mAg! 2.0-4.6 280 50 224 80% — S8
Li,Rug75Sng 2505 32mA g! 2.0-4.6 220 50 180 82% — S8
Li,Ruy 75Tl 2503 32mA g! 2.0-4.6 243 50 175 72% — S8
Li,RuO; 30mA g! 2.0-4.6 260 30 220 85% — S9

Li, »3Nig 155Ru0,6150, 22 mA g 2.2-43 295 50 210 71% 145 mAh g' (220 mA g') S10

Li,Ruyg 758092505 143 mA g'! 2.0-4.8 180 50 140 78% 107 mAh g (458 mA g) S11

Li,Ruyg 75Tl 2503 143 mA g'! 2.0-4.8 225 50 200 89% 140 mAh g! (458 mA g!) S11

Li;RupsMng 405 32mAg! 2.0-4.6 250 50 200 80% 42 mAh g (800 mA g) S12

LiRuglrg ;05 40 mA g'! 2.0-4.6 200 50 180 90% 82 mAh g (800 mA g) S13

Li,Rug 95Cr9 0503 32mA g! 2.0-4.6 298 50 262 88% 179 mAh g! (800 mA g')  TW*

LiyRuy 95Cr0503 160 mA g! 2.0-4.2 253 120 220 87% — TW*

TW#*: This Work



Table S2. Fitting values of Ry and R, of Li,Ru,Cr; ,O; (x=0, 0.02, 0.05, 0.1) series.

x value 0 0.02 0.05 0.1

State  Re(Q) Ry (Q) Re(Q) Ry(Q) Ri(Q) R4(Q) Ri(Q) Ry (Q)

Pristine 24.34 7673 24.15 3242 1428 29 5175 1234
omd 4156 130 4024 7343 40.01  64.56 4592  85.34
300 968 2313  6.088 1569 559 127.1 8816 132.8
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Fig. S1 EDS spectra of LiRu;Cr,O;5 series with (a) x=0; (b) x=0.02; (c) x=0.05 and
(d) x=0.1. The inset tables show the designed and experimental values for molar ratio

of Cr/Ru.
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Fig. S2 EIS plots of LiRu;Cr,O5 (x=0, 0.02, 0.05, 0.1) series at (a) the initial cycle;

(b) 2nd cycle and (c¢) 30th cycle.
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Fig. S3 The chemical diffusion coefficients of Li* for Li,Ru,Cr; O3 (x=0, 0.02,
0.05, 0.1) series at different state of charge from EIS.
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