Four Novel Metal Complex Borates: Syntheses, Crystal Structures, and ORR Electrocatalysis
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Electrochemical characterization
A carbon rod and Hg/HgO electrode were used as the counter electrode and reference electrode, respectively. All the potential of the reference electrode was converted to reversible hydrogen energy (RHE) by using the following equation: 
E(vs. RHE) = E(Hg/HgO) + E0 + 0.0591*(pH).
Linear sweep voltammetry (LSV) polarization curves were recorded in O2-saturated 0.1 M KOH, scanning from 0.2 V to 1.1 V (vs. RHE) at a rate of 5 mV s−1, with rotation rates incrementing from 400 rpm to 1600 rpm.

Table. S1 Crystal Data of 1 and 2,
	Compound
	1
	2

	Empirical formula
	[Ni(Ac)(bpy)2]2·[B5O6(OH)4]·py
	[CuCl(bpy)2]·[B5O6(OH)4]

	Formula weight
	727.30
	629.44

	Temperature/K
	150.0
	150.0

	Crystal system
	triclinic
	triclinic

	Space group
	P-1
	P-1

	a/Å
	9.7077(2)
	9.1171(4)

	b/Å
	12.9884(5)
	11.7003(4)

	c/Å
	14.5148(6)
	12.4734(5)

	α/°
	111.0980(10)
	77.2050(10)

	β/°
	95.4710(10)
	77.9430(10)

	γ/°
	108.0020(10)
	79.7020(10)

	V/Å3
	1591.02(11)
	1256.60(9)

	Z
	2
	2

	Dc/g cm-3
	1.518
	1.664

	μ/mm-1
	0.681
	1.04

	F(000) 
	748.0
	638.0

	2θ range for data collection/°
	4.502-52.882
	4.458-52.958

	Index ranges
	-12 ≤ h ≤ 12, -16 ≤ k ≤ 16, -18 ≤ l ≤ 18
	-11 ≤ h ≤ 11, -14 ≤ k ≤ 14, -15 ≤ l ≤ 15

	Reflections collected
	40081
	37381

	Independent reflections
	6533 [Rint = 0.0495, Rsigma = 0.0341]
	5178 [Rint = 0.0275, Rsigma = 0.0160]

	Data/restraints/parameters
	6533/0/456
	5178/0/374

	Goodness-of-fit on F2
	1.023
	1.054

	Final R indexes [I>=2σ (I)]
	R1 = 0.0349, wR2 = 0.0763
	R1 = 0.0261, wR2 = 0.0700

	Final R indexes [all data]
	R1 = 0.0526, wR2 = 0.0829
	R1 = 0.0310, wR2 = 0.0725


R1 = Σ||Fo| − |F||/Σ|Fo| and wR2 = [Σw (Fo2 – Fc2) 2 /ΣwFo4] 1/2

Table. S2 Crystal Data of 3 and 4,
	Compound
	3
	4

	Empirical formula
	[Co(Me3tacn)]·[B6O7(OH)6]·11H2O
	[Ga(Cyclen)B2O3(OH)2]·[B5O6(OH)4]

	Formula weight
	707.30
	563.72

	Temperature/K
	150.0
	150.0

	Crystal system
	triclinic
	triclinic

	Space group
	P-1
	P-1

	a/Å
	9.1977(15)
	8.9585(13)

	b/Å
	11.1388(19)
	9.7999(14)

	c/Å
	16.013(3)
	12.979(2)

	α/°
	98.096(5)
	82.038(4)

	β/°
	95.858(5)
	81.153(4)

	γ/°
	102.487(5)
	82.512(4)

	V/Å3
	1570.8(5)
	1108.1(3)

	Z
	2
	2

	Dc/g cm-3
	1.495
	1.689

	μ/mm-1
	0.639
	1.321

	F(000) 
	746.0
	576.0

	2θ range for data collection/°
	4.944 to 56.576
	4.224 to 50.35

	Index ranges
	-12 ≤ h ≤ 10, -14 ≤ k ≤ 14, -21 ≤ l ≤ 21
	-10 ≤ h ≤ 10, -11 ≤ k ≤ 11, -15 ≤ l ≤ 15

	Reflections collected
	28639
	3941

	Independent reflections
	7687 [Rint = 0.0562, Rsigma = 0.0824]
	3941 [Rint = 0.0833, Rsigma = 0.0679]

	Data/restraints/parameters
	7687/23/439
	3941/0/323

	Goodness-of-fit on F2
	1.039
	1.059

	Final R indexes [I>=2σ (I)]
	R1 = 0.0694, wR2 = 0.1301
	R1 = 0.0845, wR2 = 0.2285

	Final R indexes [all data]
	R1 = 0.1322, wR2 = 0.1589
	R1 = 0.1143, wR2 = 0.2484


R1 = Σ||Fo| − |F||/Σ|Fo| and wR2 = [Σw (Fo2 – Fc2) 2 /ΣwFo4] 1/2

Table. S3 H-Bs for 1.
	D–H···A
	d(D–H) (A˚)
	d(H···A) (Å)
	d(D···A) (Å)
	∠D—H···A ()

	O12–H12A···O21
	0.84
	2.06
	2.8438(19)
	155.5

	O5–H5A···O62
	0.84
	1.90
	2.7338(19)
	175.1

	O10–H10A···O83
	0.84
	1.98
	2.810(2)
	171.2

	O3–H3A···O1
	0.84
	1.89
	2.724(2)
	169.8


12-X,1-Y,1-Z; 2-X,-Y,1-Z; 31-X,-Y,1-Z

Table. S4 H-Bs for 2.
	D–H···A
	d(D–H) (A˚)
	d(H···A) (Å)
	d(D···A) (Å)
	∠D—H···A ()

	O10–H10···O15
	0.84
	1.98
	2.739(3)
	163.4

	O22–H22···O191
	0.84
	1.88
	2.788(3)
	165.0

	O5–H5···O1
	0.84
	1.98
	2.696(2)
	163.6

	O3–H3A···O62
	0.84
	1.91
	2.788(3)
	169.9

	O12–H12A···O93
	0.84
	1.88
	2.788(3)
	170.9

	O13–H13A···O164
	0.84
	1.92
	2.788(3)
	171.3


12-X, 1-Y, 1-Z; 21-X, 1-Y,2-Z; 32-X, 1-Y,2-Z; 41-X, 1-Y, 1-Z

Table. S5 H-Bs for 3.
	D–H···A
	d(D–H) (A˚)
	d(H···A) (Å)
	d(D···A) (Å)
	∠D—H···A ()

	O1–H1···O14
	0.866(9)
	1.968(10)
	2.834(5)
	178(4)

	O2–H2···O23
	0.865(8)
	1.956(9)
	2.818(4)
	173.4(19)

	O3–H3···O18
	0.873(9)
	1.936(11)
	2.806(4)
	174(4)

	O4–H4···O17
	0.74(3)
	1.95(3)
	2.683(5)
	169(5)

	O7–H7···O20
	0.84
	1.88
	2.719(5)
	174.5

	O14–H14A···O15
	0.87
	2.01
	2.787(6)
	148.5

	O14–H14B···O191
	0.87
	2.03
	2.891(7)
	171.1

	O15–H15B···O242
	0.87
	2.17
	2.891(6)
	140.2

	O16–H16B···O83
	0.87
	2.07
	2.836(4)
	146.0

	O17–H17B···O16
	0.87
	1.94
	2.741(6)
	153.1

	O19–H19A···O7
	0.87
	1.92
	2.785(5)
	169.7

	O20–H20A···O224
	0.87
	2.03
	2.885(5)
	165.6

	O20–H20B···O21
	0.87
	1.97
	2.834(6)
	170.0

	O23–H23B···O24
	0.87
	2.05
	2.745(5)
	136.7

	O24–H24A···O125
	0.87
	1.95
	2.817(4)
	171.5

	O24–H24B···O10
	0.87
	1.92
	2.765(4)
	162.6


11+X,1+Y,+Z; 2+X,1+Y,+Z; 31-X,2-Y,1-Z; 4-X,-Y,1-Z; 51-X,1-Y,2-Z

Table. S6 H-Bs for 4.
	D–H···A
	d(D–H) (A˚)
	d(H···A) (Å)
	d(D···A) (Å)
	∠D—H···A ()

	O6–H6···O2
	0.84
	2.07
	2.867(10)
	159.2

	O13–H13···O111
	0.84
	1.99
	2.770(10)
	153.2

	O5–H5···O9
	0.84
	1.93
	2.714(10)
	155.3

	O15–H15···O72
	0.84
	2.14
	2.766(9)
	131.0

	O8–H8···O103
	0.84
	1.96
	2.784(9)
	168.7


11-X,1-Y,-Z; 21+X,+Y,+Z; 31-X,-Y,-Z
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Fig. S1 The FTIR spectra of a) 1, b) 2, c) 3 and d) 4.

[image: 组图]
Fig. S2 Experimental and Simulated Powder XRD patterns of a) 1, b) 2, c) 3 and d) 4.
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