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Characterization of the nanomaterials 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]As displayed in Fig. S1A, XPS survey spectrum of RuMOFNSs showed the characteristic peaks of C 1s, O 1s, N 1s, Ru 3p and Zn 2p elements. Particularly, the high-resolution spectrum of Ru 3p (Fig. S1B) displayed the characteristic peaks of Ru 3p1/2 (484.5 eV) and Ru 3p3/2 (462.4 eV), while the Zn 2p region (Fig. S1C) showed two peaks located at 1021.3 eV (Zn 2p3/2) and 1044.5 eV (Zn 2p1/2). The auger electron peak of Zn inserted into the Ru 3p region ascribed to the co-existing of Zn and Ru elements. The high˗resolution XPS spectra of C 1s, N 1s and O 1s were also presented in Fig. S1(D-F), implying the successful preparation of RuMOFNSs [1].
[image: ] [image: ]
 [image: ] [image: ]
[image: ] [image: ]
Fig. S1. XPS survey spectrum of RuMOFNSs (A): Ru 3p (B), Zn 2p (C), C 1s (D), N 1s (E) and O 1s (f).
Condition optimization for double-mode analysis
Fig. S2(A-C) showed the relationships between pH of PBS, concentration of RuMOFNSs, incubation time of AuNCs-Apt and ECL intensity. The highest ECL response was reached at pH 7.0, suggesting that acidic or basic environment inhibits the attachment efficiency of RuMOFNSs to cDNA, the immobilized AuNCs-Apt was decreased, leading to the decreased ECL-RET efficiency. Similarly, the concentration of RuMOFNSs and incubation time of AuNCs-Apt were also optimized, 0.4 mg/mL RuMOFNSs and 40 min incubation time were selected in ECL experiments. 
[bookmark: OLE_LINK1]   Meanwhile, the effects of the concentration of RuMOFNSs and the incubation time of AuNCs-Apt on FL intensity were also investigated, it could be seen from Fig. S2D and Fig. S2E that 0.4 mg/mL RuMOFNSs and 50 min incubation time were selected in FL tests. 
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Fig. S2. Effects of pH of PBS (A), concentration of RuMOFNSs (B) and incubation time of AuNCs-Apt (C) on ECL response. Concentration of RuMOFNSs (D) and incubation time of AuNCs-Apt (E) on FL response.



[bookmark: _GoBack]ECL and FL performance evaluation of dual-mode sensors 
Table S1 Comparison of different methods for detection of estradiol. 
	Techniques
	Detection range
	Detection limit
	References

	Colorimetric aptasensor
SERs
HP LC
	0.25~10 μg/mL
0.1~4 ng/mL
0.3~300 μg/kg
	0.265 μg/mL
0.073 ng/mL
0.1 μg/kg
	[2]
[3]
[4]

	Phosphorescence aptasensor
	0.5~1200 ng/mL
	0.29 ng/mL
	[5]

	Fluorescence aptasensor
Photoelectrochemical aptasensor
ECL
	0.025~1 ng/mL
1.0~250 nmol/L
0.00001~200 ng/mL
	0.025 ng/mL
0.37 nmol/L
3.7 fg/mL
	[6]
[7]
[8]

	ECL
	0.00005~100 nmol/L
	20 fmol/L
	This work

	FL
	0.1 ~10000 nmol/L 
	97 pmol/L
	

















Real sample analysis  
Table S2 Recovery analysis of the dual-mode aptasensor for estradiol detection in lake water and milk sample (n=3).
	Samples
	Method
	Added (nmol/L)
	Found (nmol/L)
	Recovery (%)
	RSD (%)

	Lake Water
	ECL
Aptamer Sensor
	0
	-
	-
	-

	
	
	0.1
	0.105
	104.52
	3.61

	
	
	1
	1.025
	102.50
	2.25

	
	
	10
	9.924
	99.24
	3.25

	
	FL
Aptamer Sensor
	0
	-
	-
	-

	
	
	1
	0.95
	94.72
	1.33

	
	
	10
	9.53
	95.29
	2.00

	
	
	100
	101.96
	101.96
	1.52

	Milk
	ECL
Aptamer Sensor
	0
	-
	-
	-

	
	
	0.1
	0.096
	95.52
	1.20

	
	
	1
	0.983
	98.34
	2.74

	
	
	10
	10.094
	100.94
	2.09

	
	FL
Aptamer Sensor
	0
	-
	-
	-

	
	
	1
	1.032
	103.21
	4.49

	
	
	10
	10.376
	103.76
	2.17

	
	
	100
	98.94
	98.94
	1.04
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