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Fig. S1 XRD Rietveld refinement of GGO: yCr3+ (y = 2%, 4%, 8%, and 12%).
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[bookmark: OLE_LINK1][bookmark: _Hlk171626146]Fig. S2 EDS spectrum of the GGO:6% Cr3+.
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[bookmark: _Hlk210674513]Fig. S3 a XPS survey spectrum of the GGO:6% Cr3+. b The high-resolution Cr 2p spectrum.
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Fig. S4 PL QY spectrum of GGO:6% Cr3+.
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[bookmark: OLE_LINK23]Fig. S5 a, b Temperature-dependent PL spectra of GGO:0.1% Cr3+ and GGO:6% Cr3+ at 10 K – 300 K, respectively.
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Fig. S6 a FT-EXAFS fitting of Cr for the Ga6Ge2O13:6% Cr3+ at k space. b R-space EXAFS spectra at Cr K-edge of the Ga6Ge2O13:6% Cr3+.
[bookmark: _Hlk214462493]The crystal field strength Dq/B of Cr3+ ions in octahedral coordination can be obtained by the following equation 1, 2:



[bookmark: _Hlk215157000]Where Dq is the parameter describing the crystal field strength, B is the Racah parameter, and E represents the energy of the transition between the two energy levels, which can be obtained from the excitation spectrum data. According to the experimental data, the energies of 4T1 (433 nm, 23142 cm-1) and 4T2 (594 nm, 16836 cm-1) states of Cr3+ were determined. Substitution into the above expression yielded a Dq/B value of 2.74 for GGO:0.1%Cr3+ at 10 K, indicating a strong crystal field environment where the 4T2 and 2E energy levels lie close in energy. Therefore, the R-line emission and broadband emission can be observed simultaneously. The Tanabe-Sugano (TS) diagram of Cr3+ (3d3) ions in the octahedral crystal field is given in Fig. 5b.
For the tetrahedral coordination, the T-S diagram of the 3d3 system is equivalent to that of the 3d7 system in an octahedral field (Fig. 5c). The Dq/B value of Cr3+ ions in tetrahedral environment was evaluated using the following expressions (4) – (5) 3:


According to the experimental data of the excitation spectra of GGO:0.1% Cr3+ at 850 nm monitored at 10 K, the energies of 4T1 (P) (290 nm, 34441 cm-1), 4A2 (F) (540 nm, 18532 cm-1) and 4T2 (F) (658 nm, 15190 cm-1) levels were determined.


Table S1. Structure Refinement Parameters of Ga6Ge2O13 and Ga6Ge2O13:6% Cr3+.
	Phase
	
	Ga6Ge2O13
(Host)
	Ga6Ge2O13:6% Cr3+

	Space Group
	P b a m

	Cell parameters
	a(Å)
	7.878(72)
	7.870(63)

	
	b(Å)
	8.037(46)
	8.029(46)

	
	c(Å)
	3.024(65)
	3.020(36)

	
	α(°)
	90
	90

	
	β(°)
	90
	90

	
	γ(°)
	90
	90

	Volume-Å3
	Unit
	191.536(11)
	190.877(90)

	R-factors
	Rwp
	7.82%
	8.55%

	
	Rp
	5.73%
	6.39%

	
	Gof
	1.81
	1.99





Table S2. Refined atom positions and occupancies of Ga6Ge2O13 and Ga6Ge2O13:6% Cr3+.
	Compounds
	Atom
	x
	y
	z
	Fraction
	Uiso (Å)

	Ga6Ge2O13 (host)
	Ga
	0.000(0)
	0.000(0)
	0.000(0)
	1.00000
	0.01077

	
	GaT
	0.149(8)
	0.340(9)
	0.500(0)
	0.50000
	0.01089

	
	Ge
	0.149(8)
	0.340(9)
	0.500(0)
	0.34500
	0.01089

	
	GaT*
	0.267(6)
	0.212(3)
	0.500(0)
	0.15500
	0.01520

	
	Od
	0.130(0)
	0.216(3)
	0.000(0)
	1.00000
	0.01773

	
	Oab
	0.364(5)
	0.423(3)
	0.500(0)
	1.00000
	0.01520

	
	Oc
	0.500(0)
	0.000(0)
	0.500(0)
	0.54000
	0.03293

	
	Oc*
	0.441(0)
	0.049(0)
	0.500(0)
	0.15000
	0.04179

	Ga6Ge2O13:6% Cr3+
	Ga
	0.000(0)
	0.000(0)
	0.000(0)
	0.94000
	0.01077

	
	Cr
	0.000(0)
	0.000(0)
	0.000(0)
	0.06000
	0.02500

	
	GaT
	0.149(8)
	0.340(9)
	0.500(0)
	0.50000
	0.01089

	
	Ge
	0.149(8)
	0.340(9)
	0.500(0)
	0.34500
	0.01089

	
	GaT*
	0.267(6)
	0.212(3)
	0.500(0)
	0.15500
	0.01520

	
	Od
	0.130(0)
	0.216(3)
	0.000(0)
	1.00000
	0.01773

	
	Oab
	0.364(5)
	0.423(3)
	0.500(0)
	1.00000
	0.01520

	
	Oc
	0.500(0)
	0.000(0)
	0.500(0)
	0.54000
	0.03293

	
	Oc*
	0.441(0)
	0.049(0)
	0.500(0)
	0.15000
	0.04179





Table S3. Luminescence parameters of several typical Cr3+-activated long-wave broadband NIR phosphors.
	Phosphors
	λex
(nm)
	λem
(nm)
	FWHM
(nm)
	IQE
(%)
	EQE
(%)
	AE
(%)
	I423K/I298K
	References

	LiInGe2O6:Cr3+
	460
	880
	172
	81
	39
	48
	~30%
	4

	LiInO2:Cr3+
	468
	897
	129
	42
	25
	59
	8.6%
	5

	Ga2GeO5
	428
	910
	221
	71
	19
	27
	50%
	6

	NaInGe2O6:Cr3+
	480
	900
	175
	34
	-
	-
	25%
	7

	ZnNb2O6:Cr3+
	515
	930
	210
	70
	28
	40
	~10%
	8

	ZnTa2O6:Cr3+
	480
	935
	185
	25
	14
	56
	-
	9

	Mg2GeO4:Cr3+
	465
	940
	236
	48
	16
	33
	26%
	10

	LaTiTaO6:Cr3+
	354
	950
	300
	10
	-
	-
	-
	11

	LiIn2SbO6:Cr3+
	492
	970
	235
	7
	3.44
	49
	-
	12

	LiInF4:Cr3+
	470
	980
	220
	-
	-
	-
	~10%
	13

	Mg2SiO4:Cr3+, Li+
	468
	960
	226
	70
	48
	68
	58%
	14

	LiAl5O8:Cr3+
	400
	950
	295
	85
	20
	24
	86%
	15

	Ga6Ge2O13:Cr3+
	430
	880
	215
	53
	36
	69
	60%
	This work



Table S4. Fitting parameters for Cr K-edge EXAFS of GGO:6% Cr3+.
	Sample
	Shell
	Bond length
(Å) [b]
	CN [c]
	σ2 (Å2) [d]
	E0 shift
(eV) [e]
	R-factor [f]

	GGO:6% Cr3+
	Cr-O
	1.97 ± 0.01
	6.1 ± 0.8
	0.003 ± 0.002
	-3.4 ± 1.6
	0.019

	
	Cr-M [a]
	2.94 ± 0.02
	3.2 ± 1.2
	0.004 ± 0.003
	
	



[a]. Value of the amplitude reduction factor (S02) was fixed to 0.79, M = Cr, Ga or Ge; [b]. Bond length is the interatomic distance; [c]. CN is the coordination number; [d]. σ2 is Debye-Waller factor (a measure of thermal and static disorder in absorber scatter distance); [e]. E0 shift is edge-energy shift (the difference between the zero kinetic energy value of the sample and that of the theoretical model); [f]. R factor is used to value the goodness of the fitting.
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