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Figure S1 Chronoamperometry of the aluminium foils treated in [C3mpyr][TFSI], [C3mpyr] [FSI], HE 1 and HE 2.
[image: K:\Work\AISRF\Al foil\Al hybrid electrolytes  ms\ss3.tif]
Figure S2 SEM and EDXS spectra of LP 40
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Figure S3 SEM and EDXS spectra of Neat [C3mpyr][TFSI]
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Figure S4 SEM and EDXS spectra of HE 1
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Figure S5 SEM and EDXS spectra of Neat [C3mpyr][FSI]
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Figure S6 SEM and EDXS spectra of HE 2
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Figure S7 Average roughness of aluminium surface after anodising treatment in [C3mpyr][TFSI], [C3mpyr][FSI], HE 1 and HE 2 obtained by optical profilometry
	Sample
	Sa / µm (roughness average)

	Neat [C3mpyr][TFSI]
	0.52 ± 0.2

	HE 1
	0.48 ± 0.1

	Neat [C3mpyr][FSI]
	0.79 ± 0.7

	HE 2
	0.53 ± 0.01
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Figure S8 High resolution C 1s region spectra for the Al surfaces treated in Neat [C3mpyr][TFSI], HE 1, Neat [C3mpyr][FSI] and HE 2 solutions before and after etching.
[image: K:\Work\AISRF\Al foil\XPS\Fig S8 C 1s.tif]


Figure S9 High resolution N 1s region spectra for the Al surfaces treated in Neat [C3mpyr][TFSI], HE 1, Neat [C3mpyr][FSI] and HE 2 solutions before and after etching.
[image: Fig S9 N 1s]


Figure S10 High resolution O 1s region spectra for the Al surfaces treated in Neat [C3mpyr][TFSI], HE 1, Neat [C3mpyr][FSI] and HE 2 solutions before and after etching.
[image: Fig S10 O 1s]


Figure S11 High resolution S 2p region spectra for the Al surfaces treated in Neat [C3mpyr][TFSI], HE 1, Neat [C3mpyr][FSI] and HE 2 solutions before and after etching.
[image: Fig S11 S 2p]


Figure S12 Schematic representation of the moieties present in the passivation layer of aluminum current collector treated with different electrolytes.
(The position or the number of moieties in the picture were chosen based on our interpretation of microscopic and spectroscopic analysis).
[image: ]


Table S1. Assignment for the FTIR spectrum data of aluminium surfaces – neat samples
(ν: stretching, δ: bending, s: strong, m: medium, w: weak, b: broad)
	Assignment
	Samples

	
	Neat [C3mpyr][ TFSI]
	Neat [C3mpy]        [TFSI]-Al
	Neat [C3mpyr]
[FSI]
	Neat [C3mpyr] [FSI]-Al
	Neat
LP40
	LP40
Al
	HE 1
	HE 2
	References

	1.
	δa(SO2)
	569 (s)
	570 (w)
	567 (s)
	570
	
	
	570
	570
	1

	2.
	νs (SNS)
	740
	740
	729 (b)
	745
	
	
	740
(w)
	740
	1, 2, 3, 4

	3.
	νa (SNS)
& ν(SF)
	789
	789
	
	828
	
	
	843
	832
	2, 4, 5

	4.
	νs (R-C-R)
	
	
	
	
	835(s)
	835 (s)
	
	
	6

	5.
	ν (CO)
	
	
	
	
	1079 (s)
	1079 (s)
	
	
	6

	6.
	νa (SO2-N-SO2)
	1051 (s)
	1051 (s)
	1101
	1103
	
	
	1052 (s)
	1054
	1, 5, 7

	7.
	νa (R-C-R)
	
	
	
	
	1152 (s)
1189
	1153 (s)
1189
	
	
	6

	8.
	νs (SO2-N-SO2)
	1133 (s)
1175 (s)
	1133 (w)
1176 (s)
	1172
1216
	1175
1216
	
	
	1133
1177 (s)
	1104
1136
1174 (s)
	1, 5, 7

	9.
	νa (SO2)
	1330 (s)
	1329 (s)
	1360 (s)
	1360
	
	
	1329
	1332 (w) 1350
	1, 4, 5

	10.
	νa (SO2)
	1348 (s)
	1347 (s)
	1377 (s)
	1378
	
	
	1348
	1381
	1, 5

	11.
	ν (CH2)
ν(CH3)
	1473
	1472 (m)
	1471
	1472
	
	
	1473
	1472
	1, 8, 9

	12.
	ν (C=O) from
R-O-COOR
	
	
	
	
	1763 (s)
	1764 (s)
	
	
	6




	Assignment
	Samples

	
	Neat [C3mpyr][ TFSI]
	Neat [C3mpy]        [TFSI]-Al
	Neat [C3mpyr]
[FSI]
	Neat [C3mpyr] [FSI]-Al
	Neat
LP 40
	LP 40
Al
	HE 1
	HE 2
	References

	13.
	ν (CH2)
	2889
	2889 (w)
	2887
	2887
	
	
	2889
	2888
	1, 4, 7, 9

	14.
	ν (CH2)
	2950
	2948 (w)
	2945
	2946
	2940
	2940
	2949
	2947
	1, 4, 7, 9

	15.
	ν (CH2)
	2982
	2981
	2980
	2979
	
	
	2981
	2980
	1, 4, 7, 9

	16.
	ν (CH2)
	
	
	
	
	3004
	3008
	
	
	1, 4, 9

	17.
	ν (CH2)
	
	3042 (w)
	
	3042 (w)
	
	
	
	
	9

	18.
	ν (OH)
	
	
	
	
	3630 (s,b)
	3630 (s,b)
	
	
	6



Table S2 Atomic percent (± 0.1 - 1 %) summary determined from the survey spectra for the aluminium surfaces before (initial) and after etching (etched) for five minutes
	Element
	Atomic concentration (%)

	
	Neat
[C3mpyr][TFSI]
	HE 1
	Neat
[C3mpyr][FSI]
	HE 2

	
	Inital
	Etched
	Inital
	Etched
	Inital
	Etched
	Inital
	Etched

	F (1s)
	16.4
	30.9
	18.6
	20.7
	9.2
	18.8
	10.0
	14.2

	O (1s)
	41.7
	28.3
	31.2
	22.4
	31.7
	31.0
	24.3
	20.0

	N (1s)
	3.6
	1.8
	4.3
	3.3
	6.0
	3.9
	5.4
	6.3

	C (1s)
	17.9
	8.0
	19.9
	19.6
	34.3
	17.8
	45.1
	36.3

	S (2p3/2)
	6.2
	2.7
	5.1
	3.9
	8.8
	5.2
	7.6
	8.8

	P (2p3/2)
	-
	-
	8.3
	12.0
	-
	-
	-
	2.2

	Al (2p)
	14.2
	28.3
	12.7
	18.2
	9.9
	23.3
	7.6
	12.2



Table S3 Summary of XPS data and assignments for the aluminium surfaces of neat [C3mpyr][TFSI] and HE 1 samples (before and after etching)
	Element
	Assignment
	Peak position (eV)

	
	
	Neat [C3mpyr][TFSI]
	HE 1

	
	
	Inital
	Etched
	Inital
	Etched

	F (1s)
	-CF3
	689.4 (37.7)
	688.7 (45.5)
688.2 (7.3)
	690.6 (0.4)
688.7 (35.2)
	689.9 (5.6)

	
	-SO2F

	688.9 (31.4)
	687.6 (4)
687.0 (8.4)
	688.2 (30.4)
	688.2 (41.9)

	
	AlF3
(686.3)
metal fluoride
(684-685.5)
	686.8 (8)
685.7 (23)
	686.6 (34.7)
	685.6 (14.1)
685.1 (19)
684.2 (0.8)
	686.2 (50)
684.4 (2.5)

	O (1s)
	O-F 
(ca. 535)
	534.3 (6)
	534.1 (42.5)
	-
	534.6 (1.8)

	
	Organic C=O
(ca. 533)
	533.3 (41.1)
533.0 (3.2)
	533.6 (9.6)
533.1 (1.2)
	533.8 (2.3)
	533.4 (5.7)
532.7 (46.8)

	
	CO32- (531.5-532) organic C-O or SO2-
	532.6 (47.5)
	532.6 (5.4)
531.9,532 (41.4)
	532.2 (59.2)
531.7 (5.5)
531.5 (32)
	532.0 (26.3)
530.8 (19.5)

	
	Al oxide
(529-530)
	531.1 (2.3)
	-
	529.9 (1)
	-

	N (1s)
	N+
	403.6 (2.9)
402.7 (22.4)
402.1 (0.5)
401.5 (5.0)
	404.5 (8.5)
402.2 (47.8)
	403.9 (1)
402.6 (10.4)
402.1 (34.7)
401.1 (0.2)
	403.3 (10.7)
401.9 (36.2)

	
	N-
	400.7 (13.4)
399.7 (43.1)
399.6 (12.7)
	400.6 (21.2)
399.9 (2.1)
399.1 (20.5)
	399.5-20.8
399.1-28.1
398.1-4.9
	400.4 (7.4)
398.8 (45.7)

	C (1s)
	-CF3
	293.5 (9.2)
292.9 (10.3)
	292.9 (6)
	292.6 (14.1)
	292.6 (3.5)
292.3 (5.6)

	
	Chetero
CO32-
O-C=O
	289.4 (6.5)
	290.8 (6.1)
288.9 (6.2)
	288.3 (3.1)
	289.7 (4.4)

	
	C-O-C
(ca. 286 eV) C-N
	287.1 (17.4)
286.4 (19.4)
	286.9 (47.3)
	286.3 (41.8)
	287.1 (12.5)
286.1 (21.7)

	
	Caliphatic
C-C / C-H
	285.6 (1.9)
285.4 (22.1)
284.8 (13.1)
	285.9 (16.2)
284.8 (18.2)
	285.1 (31.8)
284.8 (9.2)
	284.8 (52.3)





	S (2p3/2)
	-SO2CF3
	169.7 (31.4)
170.9 (15.7)

169.0 (31.9)
170.2 (16)
	173.7 (1.4)
172.5 (2.8)

170.2 (30.6)
171.4 (15.3)
	168.6 (45.8)
169.7 (22.9)
	169.9,170 (2.9)
171.1 (1.4)

168.3 (24.8)
169.5 (12.4)

	
	Oxidized S
(sulfone, sulfite)
	167.3 (3.4)
168.4 (1.7)
	168.5 (16.4)
169.6 (8.2)
	167.9 (19.2)
169.0 (9.6)
	168.1 (19.8)
169.2 (9.9)

	
	Sulfide species 
(160-165) 
and S0
(164.1, 164)
	-
	165.4 (11.3)
166.5 (5.7)

163.8 (5.6)
164.9 (2.8)
	163.8 (1.7)
164.9 (0.9)
	163.5 (13.8)
164.7 (6.9)

164.2 (2.7)
163.0 (5.4)

	Al (2p3/2)
	AlF3
(76.6)
	-
	77.2 (23.1)
78.4 (11.5)
	74.8 (23)
76.6 (2.3)
	76.8 (18.8)
75.7 (37.7)

	
	Al oxide
on Al foil
(75.6)
	76.0 (31)
75.4 (8)
74.9 (61.3)
	75.4 (42.5)
76.6 (21.3)
	-
	-

	
	Al oxide
(74.4-74.6)
	-
	-
	74.4 (47.5)
74.1 (26.4)
	75.5 (14.5)
74.4 (28.9)

	
	Al0
(72.6-72.9)
	-
	70.8 (1.6)
	-
	-




Table S4 Summary of XPS data and assignments for the aluminium surfaces of neat [C3mpyr][FSI] and HE 2 samples (before and after etching)
	Element
	Assignment
	Peak position (eV)

	
	
	Neat [C3mpyr][FSI]
	HE 2

	
	
	Inital
	Etched
	Inital
	Etched

	F (1s)
	-CF3
	-
	-
	-
	-

	
	-SO2F
	688.2 (18.5)
687.6 (20.3)
	688.0 (58.4)
	688.5 (16.1)
687.9 (30.8)
687.1 (41.3)
	688.7 (0.2)
688.3 (37.3)
687.4 (34.6)

	
	AlF3
(686.3)
Metal fluoride (684-685.5)
	686.7 (61.2)
	686.6 (29.4)
685.2 (12.1)
	686.2 (3.3)
685.8 (8.6)
	686.4 (22.9)
685.1 (5.1)

	O (1s)
	O-F 
(ca. 535)
	535.0 (3.9)
534.2 (6.9)
	534.2 (30.3)
	534.5 (8.9)
	-

	
	Organic C=O
(ca. 533)
	533.5 (47.4)
	
	533.4 (43.7)
	533.6 (25.1)
533.3 (31.8)

	
	CO32- (531.5-532) organic C-O or SO2-
	532.5 (41.8)
	532.7 (67.1)
531.1 (2.4)
	532.7 (36.5)
532.0 (10.8)
	532.7 (26.1)
531.5 (17)

	
	Al oxide
(529-530)
	-
	529.6 (0.3)
	-
	-

	N (1s)
	N+
	403.2 (28.9)
401.9,402 (3.8)
	404.3 (9.8)
403.0 (14.2)
401.7 (36.9)
	403.9,404 (5.3)
402.4 (41.5)
	402.7 (34.2)
402.4 (7.9)

	
	N-
	400.5 (59.9)
399.1 (7.5)
	400.4 (6.9)
399.3 (32.2)
	400.6 (10)
399.5 (38.2)
398.3 (5)
	400.3 (28.3)
399.5 (18)
398.7 (11.7)

	C (1s)
	-CF3
	-
	-
	-
	-

	
	Chetero
CO32-
O-C=O
	289.8 (2.5)
287.1(37.1)
	287.2 (59.3)
	287.6 (7.4)
287.1 (6)
	-

	
	C-O-C
(ca. 286 eV) C-N
	285.9,286 (38.3)
	286.2 (9)
285.9 (9.5)
	286.4 (35.1)
285.3 (19.4)
	286.5 (50.8)
286.4 (16.1)
285.4 (13.4)

	
	Caliphatic
C-C / C-H
	284.8 (22.2)
	284.8 (22.1)
	284.8 (32.1)
	284.8 (19.8)





	S (2p3/2)
	-SO2F
	170.5 (8.4)
171.7-4.2

169.7 (55.5)
170.9 (27.8)

169.3 (2.8)
170.4 (1.4)
	170.9,171 (23.7)
172.1 (11.9)

170.3 (0.9)
171.4 (0.5)

169.5 (11)
170.6 (5.5)
	171.4 (5.3)
172.6 (2.6)

170.8 (3)
171.98 (1.5)
	170.8 (10)
171.9,172.0 (5)

169.7 (19.3)
170.9 (9.6)

	
	Oxidized S
(sulfone, sulfite)
	-
	168.9 (11.2)
170.0 (5.6)

167.5 (6)
168.6 (3)
	169.6 (51.9)
170.8 (25.9)

168.3 (6.5)
169.4 (3.3)
	168.7 (14.7)
169.9 (7.3)


	
	Sulfide species 
(160-165) 
and S0
(164.1, 164)
	-
	164.9,165 (10.2)
166.1 (5.1)

163.1 (3.7)
164.3 (1.9)
	-
	164.2 (18.2)
165.3 (9.1)

163.5 (4.5)
164.7 (2.3)

	Al (2p3/2)
	AlF3
(76.6)
	76.1 (24.9)
77.2 (12.5)
	76.8 (37.3)
77.2 (18.7)
	77.6 (7.1)
78.8 (3.6)

75.8 (59.6)
76.9,77.0 (29.8)
	76.1 (43.8)
77.3 (21.9)

76.0 (3.6)
77.2 (1.8)

	
	Al oxide
on Al foil
(75.6)
	75.2 (40.9)
76.3 (20.5)
	75.1 (28.9)
76.3 (14.4)
	-
	75.2 (19.2)
76.4 (9.6)

	
	Al oxide
(74.4-74.6)
	-
	-
	-
	-

	
	Al0
(72.6-72.9)
	71.2 (1.2)
	70.2 (0.8)
	-
	-
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