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Ag+ and S2- detection experiments

In the following experiments, all the detection systems were performed in 20 mM 

Hepes buffer (pH = 6.5, 7.0, 7.4) at room temperature. Both the excitation and 

emission slit widths are 10.0 nm. The fluorescence intensity at 582 nm (λex = 560 nm) 

was used for quantitative analysis. Each experiment was carried out three times, and 

the mean values were taken.

First, set up the Ag+ sensor. The solution of P-DNA (50 nM) was stirred with the 

increasing concentration of MOF 1 which contained 50 nM P-DNA until quenching to 

saturation creating P-DNA@1 complex (Ag+ sensor). The corresponding fluorescence 

spectra were measured and the quenching efficiency (QE, %) was calculated 

according to Eq. (1).

QE = (1 − FM/F0) × 100%     (1)

Here, FM 
and F0 

are fluorescent intensities at 582 nm in the presence and absence of 

MOF 1, respectively.

Second, evaluate the detection sensitivity of the Ag+ sensor and build S2- sensor. 

Adding Ag+ of various concentrations to the above P-DNA@1 system, followed by 

incubating for 5 min to form the mixture of 1 + P-DNA@Ag+ (S2- sensor) and the 

fluorescence recovery efficiency (RE) was calculated according to Eq. (2).

RE = FT/FM − 1          (2)

Here FT and FM are the fluorescence intensities at 582 nm in the presence and the 

absence of Ag+, respectively.

Third, assess the detection sensitivity of the constructed S2− sensor. Adding S2− of 

different concentrations to the above 1 + P-DNA@Ag+ solution until quenching was 

saturated and the quenching efficiency (QE, %) was calculated according to Eq. (1).

To evaluate the selectivity of the Ag+ and S2− sensor, other metal ions (Hg2+, Ba2+, 

Ca2+, Cd2+, Cu2+, K+, Mg2+, Mn2+, Na+, Ni+, Pb2+, Zn2+, Cr3+, Co2+, Fe2+) and anions 
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(SO4
2−, CO3

2−, NO3
−, OH−, HSO4

−, H2PO4
−, F−, Cl−, Br−, I−) with the concentrations 

of 5-fold higher than Ag+ and S2− were investigated under the same experimental 

conditions. 

Computational molecular simulation studies

The 3D structure of MOF 1, P-DNA and ds-DNA@Ag+ were constructed using 

Molecular Operating Environment (MOE) package.1 The initial structure of P-

DNA@1 or 1 + ds-DNA@Ag+ was manually built by the placement of P-DNA or ds-

DNA@Ag+ in the location 2 Å to the MOF 1 plane. Structures were first optimized in 

MOE using MMFF94x force field and then re-optimized in UFF of Gaussian 092 

where Gibbs free energy calculations were simplified by calculating single point 

energies. Finally, Python molecule (PyMOL)3 was employed for visual analysis of 

binding modes. The binding free energy difference (ΔΔG) between reactions of MOF 

1 with single chain P-DNA (ΔGP-DNA@MOF) or double chain ds-DNA@Ag+ (ΔGMOF+ds-

DNA@Ag+) is evaluated according to the following Eq. (3).

ΔΔG = ΔGP-DNA@MOF – ΔGMOF+ds-DNA@Ag+

    = [GP-DNA@MOF – (GMOF + GP-DNA) – [GMOF+ds-DNA@Ag+ – (GMOF + Gds-

DNA@Ag+)]

    = (GP-DNA@MOF –GMOF+ds-DNA@Ag+] – (GP-DNA –Gds-DNA@Ag+)   (3)
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Table S1 Crystallographic data for 1

_________________________________________________________________________

Formula C27H21N3O6Cu Formula weight 547.01

Crystal system monoclinic Space group C2/c

a (Å) 31.299(3) b (Å) 11.9822(9)

c (Å) 19.7406(16)   (°) 90.00

β (°) 122.8270(13)     (°) 90.00

V (Å3) 6221.1(9) Z 8

T/K 291(2) Dcalc (g cm–3) 1.168

λ (Mo-Kα) (Å)      0.71073     µ (cm–1) 0.740

Total reflections     19649 Unique reflections 6316

No. Observations 5371 No. Parameters 334

Ra 0.0376 wRb 0.1169

GOFc 1.110 ∆ρmax (e Å–3) 0.689

∆ρmin (e Å–3) −0.496

__________________________________________________________________________

a R1 = Σ||Fo| − |Fc||/Σ|Fo|, wR2 = {Σ[w(Fo
2 − Fc

2)2]/Σ[w(Fo
2)2]}1/2, GOF = {Σ[w(Fo

2 − 

Fc
2)2]/(n − p)}1/2, where n is the number of reflections and p is total number of 

parameters refined.
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Table S2 Selected bond distances (Å) and angles (º) for MOF 1.

bond distances [Å]

Cu(1)-O(1) 1.9506(12) Cu(1)-O(4)#1 1.9930(13)

Cu(1)-N(2) 2.0322(17) Cu(1)-N(3)#2 2.0381(17)

Cu(1)-O(2)#3 2.2056(13)

bond angles [º]

O(1)-Cu(1)-O(4)#1 145.13(6) O(1)-Cu(1)-N(2) 90.55(6)

O(4)#1-Cu(1)-N(2) 86.95(7) O(1)-Cu(1)-N(3)#2 95.03(6)

O(4)#1-Cu(1)-N(3)#2 90.50(6) N(2)-Cu(1)-N(3)#2 173.35(6)

O(1)-Cu(1)-O(2)#3 123.12(6) O(4)#1-Cu(1)-O(2)#3 91.59(6)

N(2)-Cu(1)-O(2)#3 88.23(6) N(3)#2-Cu(1)-O(2)#3 85.71(6)

Symmetry transformations used to generate equivalent atoms: #1: x, −y, z − 1/2; #2 x 
+ 1/2, −y − 1/2, z + 1/2; #3: −x + 1/2, −y − 1/2, −z + 1.

Table S3 The analytical performance of various Ag+ sensors

Sensor Linear range(μM) Detection limit 
(nM) Reference

Tetraphenyl ethylene 0.5−80 874 4
Carbon dots 0−90 320 5

Iminazobe derivatixes 0−0.9 101 6
Gold nanoparticle 0.1−0.9 7.3 7
g-C3N4 nanosheets 0−0.04 4.2 8

P-DNA@MOF 0−1.6 3.8 This work

Table S4 Comparison of different sensing platforms for S2− detection

Sensor Linear range(μM) Detection limit 
(nM) Reference

Nanocomposite 2.67−596 138 9
gold nanoparticles 0.5−10 80 10

DNA@ copper nanoparticles 0.2−20 80 11
nanoAg–carbon 0.05−100 27 12

g-C3N4 nanosheets 0−0.03 3.5 8
P-DNA@MOF 0−6 5.5 This work
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Table S5 The single point energy results of P-DNA, P-DNA@1, ds-DNA@Ag+ and 1 
+ ds-DNA@Ag+.

System Energy (kcal/mol) Energy (kcal/mol)
P-DNA 13.5833 8523.64

P-DNA@1 12.5881 7899.08
ds-DNA@Ag+ 11.8942 7463.72

1 + ds-DNA@Ag+ 11.1862 7019.44
ΔΔG −0.2872 -180.24

Table S6 Detection of Ag+ in environmental water samples

Sample
CAg+ in the 

sample 
(μM)

Spiked 
(μM) Found (μM) Recovery 

(%) RSD (%)

Tap water 0 0.60 0.59 98.2 0.16
Lake water 0 0.60 0.61 101.8 0.98

Mineral 
water 0 0.60 0.61 101.6 0.58

Table S7 Detection of S2− in environmental water samples

Sample
CS

2−
 in the 

sample 
(μM)

Spiked 
(μM) Found (μM) Recovery 

(%) RSD (%)

Tap water 0 0.60 0.64 107.3 1.37
Lake water 0 0.60 0.59 99.0 3.10

Mineral 
water 0 0.60 0.61 101.2 2.57
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Fig. S1 PXRD patterns of MOF 1 showing an agreement among the simulated, as-
synthesized and fresh powder of MOF 1 immerse in Hepes buffer (20 mM, pH = 6.5, 
7.0, 7.4) for 24 h, respectively. 

Fig. S2 The SEM image of MOF 1.
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Fig. S3 Comparison of the intensity of the emission peak (582 nm) of the P-DNA in 

20 mM Hepes buffer (pH = 6.5, 7.0, 7.4) for 4 h.
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(a) (b) (c)

Fig. S4 (a) The fluorescence quenching of the P-DNA (50 nM) incubated with MOF 1 
with increasing concentrations in Hepes buffer (pH 7.4, 20 mM). (b) The fluorescence 
recovery of P-DNA@1 (50 nM/ 9 μM) sensor towards Ag+ with different 
concentrations in Hepes buffer (pH 7.4, 20 mM). (c) The fluorescence quenching of 1 
+ ds-DNA@Ag+ (9 μM/50 nM/6 μM) sensing system towards S2− with different 
concentrations in Hepes buffer (pH 7.4, 20 mM). Insets: plots of fluorescence 
intensity of P-DNA at 582 nm versus the concentrations of MOF 1 (a), Ag+ (b) and 
S2− (b) respectively. Error bars represent the standard deviation for three 
measurements.

(a)

 

 (b)

  

(c)

 
Fig. S5 (a) The fluorescence quenching of the P-DNA (50 nM) incubated with 
different concentrations of MOF 1 in different pH Hepes buffer solutions (pH = 6.5, 
7.0, 7.4). (b) The fluorescence recovery of P-DNA@1 (50 nM/9.0 µM) sensing 
system towards different concentrations of Ag+ in different pH buffer solutions (pH = 
6.5, 7.0, 7.4). (c) The fluorescence quenching of 1 + ds-DNA@Ag+ (9.0 µM/50 
nM/6.0 µM) sensing system towards various concentrations of S2− in different pH 
buffer solutions (pH = 6.5, 7.0, 7.4).
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