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Experimental Section
All chemicals were analytical grade and purchased form Sinopharm Chemical Reagent Co., Ltd. Germanium dioxide (GeO2, 99.99%), copper acetate hydrate (Cu(Ac)2·H2O, 99%), cadmium acetate dihydrate (Cd(Ac)2·2H2O, ≥98%), selenium powder (Se, ≥99.99%), deionized water (H2O), (±)-2-amino-1-butanol (2-AB, 98%), 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU, 99%), potassium sulfide (K2S, 99%) and were all used without any further purification.
[bookmark: _Hlk57626423]Synthesis of compound 1. Germanium dioxide (54 mg, 0.52 mmol), copper acetate hydrate (50 mg, 0.25 mmol), selenium powder (240 mg, 3.04 mmol), potassium sulfide (90 mg, 0.82 mmol), DBU (2.00 mL), (±)-2-amino-1-butanol (1.00 mL) and deionized water (1.00 mL) were mixed in a 25 mL Teflon-lining stainless steel and stirred for 30 min, then heated to 180 oC for 9 days. After cooling down to room temperature, a small amount of red rod crystals was obtained by sonication treatment in ethyl alcohol (yield: < 1%, based on Cu element).
Synthesis of compound 2. Germanium dioxide (104 mg, 0.99 mmol), cadmium acetate dihydrate (72 mg, 0.27 mmol), selenium powder (180 mg, 2.28 mmol), potassium sulfide (90 mg, 0.82 mmol), DBU (2.00 mL), (±)-2-amino-1-butanol (1.00 mL) and deionized water (1.00 mL) were mixed in a 25 mL Teflon-lining stainless steel and stirred for 30 min, then heated to 180 oC for 9 days. After cooling down to room temperature, a small amount of yellow rod crystals was obtained by sonication treatment in ethyl alcohol.
[bookmark: OLE_LINK8][bookmark: _Hlk54939854]Single-Crystal X-ray Diffraction Characterization. The single-crystal X-ray diffraction measurements on compound 1 and 2 were performed on a Bruker Smart CPAD area diffractometer with nitrogen-flow temperature controller using graphite mono-chromated Mo-Kα (λ = 0.71073 Å) radiation at 120 K. The structure was solved by direct method using SHELXS-2014 and the refinement against all reflections of the compound was performed using SHELXL-2014. In these structures, some cations and free solvent molecules were highly disordered and could not be located. The diffuse electron densities resulting from these residual cations and solvent molecules were removed from the data set using the SQUEEZE routine of PLATON and refined further using the data generated.
Powder X-ray Diffraction Characterization. The Powder X-ray Diffraction (PXRD) data were collected on a desktop diffractometer (D2 PHASER, Bruker, Germany) using Cu-Kα (λ=1.54184 Å) radiation operated at 30 kV and 10 mA. The samples were ground into fine powders for several minutes before the test.
XPS Measurements. X-ray photoelectron spectroscopy (XPS) was collected with an ESCALAB 250Xi apparatus equipped with a monochromatic Al Kα X-ray source.
Elemental Analysis. Energy dispersive spectroscopy (EDS) analysis was performed on scanning electron microscope (SEM) equipped with energy dispersive spectroscopy detector. An accelerating voltage of 25 kV and 40 s accumulation time were applied. EDS results clearly confirmed the presence of Cu, Ge, K and Se elements. Elemental analysis (EA) of C, H, and N was performed on VARIDEL III elemental analyzer. (compound 1, Calc. (wt %): C 0, N 0, H 0.16; Found (wt %), C 0.73, N 0.09, H 0.36). The content deviation could be ascribed to some impurities formed in the solvothermal reaction.
Thermogravimetric Measurement. A Shimadzu TGA-50 thermal analyzer was used to measure the thermogravimetric (TG) curve by heating the sample from room temperature to 800 ℃ with heating rate of 10 ℃/min under N2 flow.
[bookmark: _Hlk53586347][bookmark: _Hlk53587016][bookmark: _Hlk53587658]UV–Vis Absorption. Room-temperature solid-state UV-Vis diffusion reflectance spectra of 1 and 2 were measured on a SHIMADZU UV-3600 UV-Vis-NIR spectrophotometer coupled with an integrating sphere by using BaSO4 powder as the reflectance reference. The bandgap for 1 and 2 were calculated through the Kubelka–Munk function and the equation for which is given as

where K is the absorption coefficient, S is a scattering factor, R is the reflectance and F(R) is the KM function. The band gap for the 1 and 2 can be determined from the Tauc plot with [F(R) ×hυ]0.5 vs. hυ by extrapolating the linear region to the abscissa.

[bookmark: _Hlk62029082]Supplementary Table 1. The structure refinement parameters on 1.
	Compound
	1

	Empirical formula
	K4Cu2Ge3Se9(H2O)

	Formula weight
	1229.91

	Crystal morphology
	rod

	Crystal system
	Trigonal

	Space group
	R-3

	Z
	18

	T/K
	120.02

	λ/Å
	0.71073

	a/Å
	40.276(2)

	b/Å
	40.276(2)

	c/Å
	7.4318(5)

	α/º
	90

	β/º
	90

	γ/º
	120

	V/Å3
	10440.3(13)

	D (g/cm3)
	3.521

	μ/mm‑1
	20.469

	F(000)
	9828.0

	Collected reflections
	18706

	Independent reflections
	4521

	GOF on F2
	1.023

	R1, wR2 (I>2σ(I))
	R1 = 0.0561, wR2 = 0.1560

	R1, wR2 (all data)
	R1 = 0.0782, wR2 = 0.1702




Supplementary Table 2. Summary of the detailed structure information of inorganic and inorganic-organic-hybrid crystalline nanotube arrays reported previously.
	Cases
	Framework Charge
	Guest Units and Distribution
	Inside Diameter (Å)
	Ref.

	
	
	In
	Out
	
	

	K4Cu2Ge3Se9(H2O)
	Negative
	K+, H2O
	K+
	12.9 × 19.9
	This work

	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Na2V3O7
	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Negative
	Na+
	Na+
	~5
	1

	K5[(UO2)3(SeO4)5](NO3)(H2O)3.5
	[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Negative
	[bookmark: OLE_LINK14][bookmark: OLE_LINK15]K+, H2O
	K+, H2O, NO3-
	7.4
	2

	(H3O)8[(H3O)@([18]crown-6)]2 [(UO2)14(SO4)19(H2O)4](H2O)20.5
	Negative
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22][(H3O)@([18]
crown-6)]+, H2O
	[(H3O)@([18]crown-6)]+, H2O
	8.8
	3

	(H3O)2K[(H3O)@([18]crown-6)] [(UO2)3(SeO4)5](H2O)4
	[bookmark: OLE_LINK27][bookmark: OLE_LINK30]Negative
	K+, H2O
	[(H3O)@([18]crown-6)]+, H2O 
	7.4
	

	(Pr2DABCO)21[Pb18I54(I2)9]-[Pb2I9]2I5·13H2O
	Negative
	I-, H2O
	(Pb2I9)5-, H2O, (Pr2DABCO)2+
	13.2
	4

	{(EMIm)3[(H2O)⊂Ti6O6(μ2–OH)3(SO4)6]}n
	Negative
	H2O
	EMIm
	5
	5

	[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Ba5[(UO2)(PO4)3(B5O9)]·nH2O
	Negative
	Ba2+, H2O
	-
	6
	6

	[Ni(1,2-PDA)3]2 (HOCH2CH2CH2NH3)3(H3O)2 [Ge7O14X3]3
	[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Negative
	-
	[Ni(1,2-PDA)3]2+, HOC3H6NH3+, H3O+
	[bookmark: OLE_LINK33][bookmark: OLE_LINK34]8.1 × 5.2
	7

	Na2EuSiSe4
	Negative
	Na+
	Na+
	4.05
	8

	(C4H12N)14[(UO2)10(SeO4)17(H2O)]
	Negative
	(C4H12N)+
	H2O, (C4H12N)+
	15.3
	9

	SbPS4-xSex
	Neutral
	-
	-
	2.3 × 3
	10

	Na1.515EuGeS4
	[bookmark: OLE_LINK39]Negative
	-
	Na+
	4.47
	11

	[bookmark: _Hlk55380301][H2en]4[Ni5(OH)3(trzS)3(en)(H2O)(B-α-PW9O34)]·6H2O
	Negative
	[H2en]2+
	-
	15
	12

	[{[Cd(apab)2(H2O)]3-(MOH)·G}n]
	Neutral
	-
	-
	14
	13

	Mg2(H2O)2(bptc)
	Neutral
	-
	-
	~10
	14

	Zn2(bptc)2· (H3NEt)4·(H2O)7
	Negative
	H3NEt+, H2O
	-
	11.59
	

	[bookmark: OLE_LINK5][bookmark: _Hlk55397658][(CH3)2NH2][In(cdc)(thb)]·2DMF·9.5H2O
	Negative
	[(CH3)2NH2]+, H2O
	-
	22.85
	15

	[(CH3)2NH2][In(cdc)(H-btc)]·2DMA·11H2O
	Negative
	[(CH3)2NH2]+, H2O
	-
	11.50
	





Supplementary Table 3. The structure refinement parameters on 2.
	Compound
	2

	Empirical formula
	K4CdGe3Se9(H2O)n

	Formula weight
	2398.67

	Crystal morphology
	rod

	Crystal system
	Monoclinic

	Space group
	Cc

	Z
	4

	T/K
	120.08

	λ/Å
	0.71073

	a/Å
	12.9045(8)

	b/Å
	17.6422(11)

	c/Å
	20.9144(13)

	α/º
	90

	β/º
	98.894(2)

	γ/º
	90

	V/Å3
	4704.2(5)

	D (g/cm3)
	3.387

	μ/mm‑1
	19.304

	F(000)
	4217.0

	Collected reflections
	24204

	Independent reflections
	8331

	GOF on F2
	1.031

	R1, wR2 (I>2σ(I))
	R1 = 0.0590, wR2 = 0.1463

	R1, wR2 (all data)
	R1 = 0.0665, wR2 = 0.1516





Supplementary Table 4. Summary of conductivity and activation energy of related materials previously reported.
	[bookmark: _Hlk55546890]Cases
	Room temperature Conductivity (S·cm-1)
	Activation energy (eV)
	Ref.

	1
	7.6 × 10-6
	0.52
	This
work

	2
	1.89 × 10-9
	0.64
	

	[Pb18I54(I2)9][Pb2I9]2I5
	8 × 10-10
	0.54
	4

	 [(H2O)(Ti6O6(OH)3(SO4)6]
	3.15 × 10−10
	0.9
	5

	(AuAg)34n
	1.49 × 10-7
	NAa
	16

	[bookmark: _Hlk58506781]IOS-1
	3 × 10-9
	0.34
	17

	(EDBE)[CuCl4]
	1.8 × 10−9
	NA
	18

	PhSeAg
	2.93 × 10-11
	0.63
	19

	Cu(SPh-OH)
	1.21×10-3
	NA
	20

	Cu(SPh-COOH)
	4.58×10-9
	NA
	

	Cu3(HITP)2
	0.75
	0.065
	21


a NA means not available

Supplementary Table 5. Summary of parameters of photodetectors at different wavelengths.
	Wavelength (nm)
	Rλ
(A W−1 cm-2)
	D*
(Jones)
	EQE

	400
	1.92 × 10-4
	8.06 × 107
	5.95 × 10-13

	450
	2.02 × 10-4
	8.44 × 107
	5.57 × 10-13

	500
	2.22 × 10-4
	9.10 × 107
	5.51 × 10-13

	550
	2.42 × 10-4
	9.85 × 107
	5.46 × 10-13

	600
	2.62 × 10-4
	1.05 × 108
	5.43 × 10-13

	650
	2.42 × 10-4
	9.67 × 107
	4.62 × 10-13

	700
	2.19 × 10-4
	8.79 × 107
	3.88 × 10-13



[bookmark: OLE_LINK9] [image: ]
[bookmark: _Hlk58241340]Supplementary Figure 1. Photographic images of crystal 1.
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Supplementary Figure 2. The crystallographically asymmetric unit of 1.
[image: ]
Supplementary Figure 3. High resolution Cu 2p XPS spectrum of 1.
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Supplementary Figure 4. Simulated and experimental PXRD patterns of 1.
[image: ]
Supplementary Figure 5. (a) SEM image of as-synthesized 1. (b) Corresponding EDS spectrum of 1. (EDS elemental analysis of a single crystal shows that the Ge/Cu atomic ratio in 1 is 1.54, which is in good agreement with the calculated value of 1.5).


[image: ]
Supplementary Figure 6. TGA curve of 1. The weight loss of 2.55% at the beginning of the TGA curve is related to the loss of water adsorbed from air and the weight loss of ~1.45% in the second stage is consistent with the loss of crystal water from the theoretical formula, as determined by SCXRD.

[image: ]
Supplementary Figure 7. Six T2-CuGeSe clusters connect end-to-end by six Cu(I) ions to form a novel giant hexagonal wheel-shaped cluster ([Cu6(CuGe3Se10)6]). 


[image: ]
Supplementary Figure 8. The trigonal coordination mode of Cu+ with Se atoms in the coplanar [CuSe3] unit with different bond lengths and bond angles.

[image: ]
Supplementary Figure 9. The 16-membered ring (16 MR) surface windows on the nanotube wall with a pore size of 3.59 × 6.47 Å, as calculated from the distance between the Se atoms across the window.

[image: ]
Supplementary Figure 10. HRTEM image of the ultrathin sectioned nanosheets of 1. The as-prepared 1 crystals were firstly embedded into ethoxyline resin, then cut into small slices with an average thickness of ~5 nm, which were subsequently dropped onto the surface of a micro grid for conducting subsequent measurements. 
[image: ]
Supplementary Figure 11. Packing of 1 viewed along the c direction, highlighting the isolated K+ ions residing in the gap between the nanotubes and the hydrated K+ ions filled in the nanotubes to interact with the negatively charged nanotubes via electrostatic interactions and H-bonding.

[image: ]
Supplementary Figure 12. The end-to-end co-assembly of six 1D T2-CuGeSe chains with six Cu+ ions to form the nanotube.
[image: ]
Supplementary Figure 13. The structure of the 1D T2-CdGeSe chain.
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Supplementary Figure 14. Photographic images of the as-synthesized 2.

[image: ]
Supplementary Figure 15. The crystallographically asymmetric unit of 2.

[image: ]
Supplementary Figure 16. Simulated and experimental PXRD patterns of 2.


[image: ]
Supplementary Figure 17. (a) SEM image and (b) the corresponding EDS spectrum of the as-synthesized 2.
[image: ]
Supplementary Figure 18. TGA curve of 2.

[image: ]
Supplementary Figure 19. (a) Solid-state UV−Vis absorption spectra of 1 and 2. (b) Tauc plots of 1 and 2 derived from the solid-state UV-Vis diffuse reflection spectra.
[image: ]
Supplementary Figure 20. (a) Time-dependent photocurrent response curves of 1 under illumination with different light intensities. (b) Corresponding responsivity and detectivity of 1 under different light intensities.



[image: ]
Supplementary Figure 21. (a) Temperature-dependent I–V curves and (b) corresponding Arrhenius plots for 2.
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Supplementary Figure 22. Time-dependent photocurrent response curves of 2 under the illumination of different light wavelengths.

[image: ]
Supplementary Figure 23. Atomic-orbital projected band structures (a) Cu 3d, (b) Ge 4s, and (c) Se 4p for 1. Note the diameters of the spheres are proportional to the magnitudes of the orbital contributions. Importantly, the atomic-orbital projected band structures clearly indicate that the VBM primarily originates from the hybridization of the 3d orbitals of copper and the 4p orbitals of selenium, while the CBM primarily originates from the hybridization of the 4s orbitals of germanium and the 4p orbitals of selenium.
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