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Figure S1. (a, b) FESEM image and (c) EDX of the Fe1.2[Fe(tepa)]0.8(β-Fe3Se4)4 superconductor. Morphology observations reveal a plate-like shape of the hybrid superconductor with a thickness ranging from 100 to 200 nm and a length of 0.5-4 μm. The element composition was detected from the hybrid nanoplates in the corresponding red box. The element analysis indicates the presence of Fe, Se, C and N elements in the hybrid, while the copper element comes from the copper conductive tape. Obvious oxygen element was not detected by the EDX. The Fe/Se average atomic ratio was determined to be 3.48:4, agreeing with the nominal stoichiometric ratio according to the starting materials.
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Figure S2. β-Fe3Se4 superstructure as viewed from the [001] direction with a  of Fe vacancy order, showing fully occupied Fe sites (blue) and Se sites (gold) with ordered vacancy sites. The box gives a dimension of a unit cell of β-Fe3Se4 in the ab plane.
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Figure S3. (a) FTIR spectrum of Fe1.2[Fe(tepa)]0.8(β-Fe3Se4)4. It illustrates the vibration bands of -CH2- (2945, 2872 and 1454 cm-1), -NH2 (3442 and 1627 cm-1), and –NH (3273 cm-1), which suggest the existence of tepa in the hybrid nanoplates. The band of 1627 cm-1 corresponding to the bending vibrations of –NH2 in tepa is larger than the value (1591 cm-1) for free tepa, indicating the complexation of tepa with iron ions and the elongation of –NH2 bonds. A tepa with five nitrogen atoms can bond with Fe2+ to form a [Fe(tepa)]2+ complex having one dangling bond1. (b) A possible structure of [Fe2+(tepa)] complex according to the minimum system energy from ab inito calculation with initial optimization of atomic position structure of tepa. The calculated size of thickness and diameter is 3.43 Å and 6.19 Å for a [Fe2+(tepa)]. The purple, blue, grey and white spheres represent the Fe, N, C and H atoms, respectively. (c) Charge transfer (Δ) for electric polarization of a [Fe2+(tepa)] complex. The color bar from blue via green to red refers to areas that are positively charged, neutrally charged, and negatively charged, respectively. Electron lone pairs of five N atoms of a tepa approach a Fe2+ ion, which does not take away electrons from Fe2+, but rather share the lone pairs, resulting in an increased electron charge transferring towards Fe2+ ion. 
First-principles calculations based on density functional theory (DFT) were performed using the local density approximation (LDA) presented by Cepeley-Alder (CA) functional, as implemented in the Vienna ab initio simulation package (VASP)2,3. The projected augmented wave (PAW) method with a plane-wave basis set was used with a cutoff energy of 500 eV4. A Monkhorst-Pack k mesh of 8 × 8 × 4 was adopted to represent the reciprocal space5. The convergence criteria for the energy and force were set to 10−5 eV and 0.01 eV/Å, respectively.
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[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Figure S4. TGA and dMass/dT curves of Fe1.2[Fe(tepa)]0.8(β-Fe3Se4)4. It shows the decomposition of the hybrid undergoes three steps of weight loss, which include: (1) Step A below the decomposition temperature (Td) is caused by the loss of isopropanol and free tepa adsorbed on the surface of the hybrid. The Td is about 550 K for Fe1.2[Fe(tepa)]0.8(β-Fe3Se4)4. (2) Step B over the Td and ~640 K by releasing the coordinated tepa due to the decomposition of hybrid. (3) Step C is up to ~740 K due to the decomposition of hybrid with releasing of tepa and the loss of some Se atoms from the decomposition product consisting of iron selenides. The loss of some Se atoms from the iron selenides at high temperatures was observed in previous works6,7. 
TGA curve shows a rather high content of tepa in Fe1.2[Fe(tepa)]0.8(β-Fe3Se4)4. Because of the effect of the loss of some Se atoms at high temperatures, we cannot accurately obtain the molar ratio between the inorganic component (Fe7Se8) and organic tepa according to the TGA curve. Therefore, we performed the experiments as following: (1) at first, clean Al2O3 crucibles were calcined to 1100 K for 24 h in an air atmosphere. The Al2O3 crucibles were used to contain the hybrid for the subsequent thermal decomposition. The mass of an Al2O3 crucible and the hybrid was weighed together at different steps. The mass of the Al2O3 crucible was deducted for convenience. (2) The hybrid with a certain mass (m1) was heated to 500 K in an Ar flow for 12 h, at which temperature the hybrid did not decompose, but absorbed free tepa and other solvents were completely removed due to high vapor pressures. Based on the mass difference (Δm500K) between the as-synthetic hybrid and the one heated at 500 K, we can determine the percentage of the solvents absorbed on the surface of the hybrid. (3) The sample after removing the absorbed solvents was further heated to 590 K, a little higher than the decomposition temperature of 550 K in an Ar flow for 24 h, at which temperature the hybrid was completely decomposed through releasing coordinated tepa but without losing Se atoms from the decomposed product. The mass of the decomposition product was recorded as m2, while the mass change (m3 = Δm500K-590K) at 590 K was ascribed to the release of coordinated tepa due to complete thermal decomposition. Thus, the molar ratio y between Fe7Se8 to tepa in the hybrid could be calculated by an equation:
,
where m2 equals to (m1-Δm500K-m3),  and  are the molecular weights of inorganic component (Fe7Se8) and tepa, respectively. Table S1 gives that y for the hybrid synthesized at 553 K is 2:0.806. Thus, the content of tepa in the hybrid is determined to be ~0.8/cell and the formula of the hybrid is proposed as [Fe14Se16](tepa)0.8. Similarly, the y for the hybrid synthesized at 453 K is ~1/cell and the formula of the hybrid is proposed as [Fe14Se16](tepa), while the y value for the hybrid product synthesized at 533 K is ~0.9/cell and the formula of the hybrid is proposed as [Fe14Se16](tepa)0.9 (Table S1). 
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Figure S5. FC magnetization curves of Fe1.2[Fe(tepa)]0.8(β-Fe3Se4)4 recorded in varied external magnetic fields ranging from 50 Oe to 70 kOe.
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Figure S6. Temperature dependence of out-of-plane component (χ") of ac susceptibility of Fe1.2[Fe(tepa)]0.8(β-Fe3Se4)4 measured at different frequencies. The peaks correspond to the energy loss of Fe1.2[Fe(tepa)]0.8(β-Fe3Se4)4.
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Figure S7. Temperature dependence of the resistivity ρ of a cold-pressed powder Fe1.2[Fe(tepa)]0.8(β-Fe3Se4)4 measured at zero field and 70 kOe, respectively. Over the temperature range between 120 K and ~50 K, a good linear fit of ρ on a logarithmic scale against T−1/3 is satisfactory with the experimental data (the inset). It illustrates that the conductance of the pellet is dominated by the layered structure in terms of the two-dimensional variable range hopping model between 120 K and 50 K (ρ0 is a material constant of the system)8.
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Figure S8. PXRD patterns of (a) [Fe14Se16](tepa), (b) [Fe14Se16](tepa)0.9, and (c) [Fe14Se16](tepa)0.8 superconductor. These PXRD patterns are compared to that of reference, [Fe(tepa)](β-Fe2Se3)4, with the space group I4cm. The inset shows that the structure of [Fe14Se16](tepa) is similar to that of reference, while the structure of [Fe14Se16](tepa)0.9 is closer to that of the [Fe14Se16](tepa)0.8 superconductor. Inductive coupled plasma (ICP) results reveal the concentrations of 155.55 mg L-1 for Fe and 157.5 mg L-1 for Se left in the supernatant for [Fe14Se16](tepa) and 59.25 mg L-1 for Fe and 116.7 mg L-1 for Se left in the supernatant for [Fe14Se16](tepa)0.9, indicating that Fe and Se atoms come from the reactants have been well reacted to form the hybrid products. 
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Figure S9. M-H loops and ZFC/FC magnetization curves of (a, b) [Fe14Se16](tepa), (c, d) [Fe14Se16](tepa)0.9. The ZFC/FC curves were measured in a temperature range between 5 and 300 K at a magnetic field of 100 Oe. The [Fe14Se16](tepa) is FIM, while the [Fe14Se16](tepa)0.9 shows the coexistence of ferrimagnetism and superconductivity below TC ~ 42 K. Based on the magnetic properties and phase transformation (Figure S8), we can conclude that the hybrid product [Fe14Se16](tepa)0.9 is a mixture composed of the FIM hybrid [Fe14Se16](tepa) and the SC hybrid [Fe14Se16](tepa)0.8.
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Figure S10. 57Fe Mössbauer spectrum collected at 5 K of FIM [Fe14Se16](tepa). Experimental data: black circles; calculated spectrum: black line; Fe3+ components: green, purple and red; Fe2+ components: yellow, blue, pink and cyan. Mössbauer fitting parameters are summarized in Table S3. The Fe2+ ions in the [Fe(tepa)]2+ complexes consist of two signals: a magnetically splitting sextet (component: pink) and a nonmagnetic doublet (component: cyan), similar to the [Fe(en)2]2+ complexes previously reported 9. 







Table S1. Molar ratio y of inorganic component (Fe7Se8) and tepa of (1) the hybrid product synthesized at 553 K, (2) the hybrid product synthesized at 453 K and (3) the hybrid product synthesized at 533 K.
	Hybrid
	m1 (mg)
	m2 (mg)
	Δm500K (mg)
	m3 (mg)
	y

	(1)
	50.55
	46.35
	0.73
	3.47
	2:0.806

	(2)
	61.10
	52.85
	3.23
	5.02
	2:1.026

	(3)
	77.98
	70.61
	1.56
	5.81
	2:0.889




Table S2. Mössbauer fitting parameters collected at 5 K of Fe1.2[Fe(tepa)]0.8(β-Fe3Se4)4. Isomer shift (IS), quadrupole splitting (QS), linewidth (Γ) and intensity (I) are given.
	line
	IS (mm/s)
	QS (mm/s)
	Γ (mm/s)
	Fe ion
	Spin state
	I (%)
	Fe3+/Fe2+

	green
	0.4764
	-
	0.579
	Fe3+
	S = 1/2
	28.6
	1/2.5

	red
	0.6311
	0.4283
	0.363
	Fe2+
	S = 0
	71.4
	








Table S3. Mössbauer fitting parameters collected at 5 K of FIM [Fe14Se16](tepa). Isomer shift (IS), quadrupole splitting (QS), hyperfine magnetic field (HF), linewidth (Γ) and intensity (I) are given.
	line
	IS (mm/s)
	QS (mm/s)
	HF
( kOe)
	Γ
(mm/s)
	Fe ion
	Spin state
	I
(%)
	Fe3+/Fe2+

	green
	0.4738
	0.0453
	507.06
	0.701
	Fe3+
	S=5/2
	12.5
	1/2.45

	purple
	0.4637
	0.2388
	468.18
	0.885
	Fe3+
	S=5/2
	11.3
	

	red
	0.2722
	0.6450
	130.86
	0.489
	Fe3+
	S=1/2
	5.2
	

	yellow
	0.5959
	-0.0214
	272.42
	0.664
	Fe2+
	S=2
	15.6
	

	blue
	0.5650
	-0.1068
	231.08
	1.172
	Fe2+
	S=2
	48.3
	

	pink
	0.9264
	0.1253
	67.39
	0.460
	Fe2+
	S=2
	3.5
	

	cyan
	0.6375
	2.1802
	-
	1.118
	Fe2+
	S=1
	3.6
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