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Experimental Section 

Materials and Reagents All chemicals were commercially available and used as 

received without further purification n-octylamine (OTA, 99%) were purchased from 

Aladdin Co., Ltd. (Shanghai, China). Sulfur (99.999%) were obtained from Alfa Aesar 

(Shanghai, China). Tri-n-octylphosphine (TOP) were obtained from Strem Chemical 

Co., Ltd. (Xi′an, China). Butylamine (BTA, AR, ≥99.0%) and toluene (AR, 

≥99.5%)were obtained from Sinopharm Chemical Reagent Co., Ltd. 

Synthesis of (CdS)34-OTA MSCs. The procedure for the synthesis of (CdS)34-OTA 

was adapted from Hyeon group.1 CdCl2(octylamine)2 complex was prepared by heating 

octylamine (10 mL) containing CdCl2 (1.5 mmol) to 120 °C and aging at that 

temperature for 2 h under N2. Sulfur-octylamine complex was prepared by dissolving 

elemental sulfur (4.5 mmol) in octylamine (5 mL) at room temperature. The resulting 

reddish-brown sulfur-octylamine complex solution was injected into 

CdCl2(octylamine)2 complex solution at room temperature and the color of the solution 

turned immediately to transparent light yellow. The reaction mixture was heated from 

room temperature to 40 °C. Finally, 1.5 mL of TOP was added to stop the reaction. The 

white precipitate was separated using a benchtop centrifuge (10000rpm, 30 s) at room 

temperature, and the colorless supernatant was discarded. The remaining white slush 

was re-dispersed into toluene or hexane to dilute 5 times. 

Treating (CdS)34-OTA with AgOTf. In a typical process, different volumes (200μL, 

100μL, 66μL, 33μL, 11μL) of AgOTf solution (1mg/100μL in toluene) was added to 
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the purified (CdS)34-OTA MSCs (1 mL), resulting in a small amount of brown-black 

precipitate and brown-yellow supernatant after 3 h. The supernatant was separated 

using a benchtop centrifuge (10000rpm, 30 s) at room temperature, and the precipitate 

was discarded. The supernatant was purified by precipitating with an equal volume of 

ethanol followed by centrifugation, and then re-dispersed into toluene. 

Crosslinking and patterning of MSCs.  

Synthesis of photosensitive molecule (3,3'-(perfluorobutane-1,4-diyl)bis(4,1-

phenylene))bis(3-(trifluoromethyl)-3H-diazirine)). The synthesis of photosensitive 

molecule used reported protocols.2 In a 250 mL flask, 13 mL of anhydrous DMSO, 5.5 

g of 4'-bromo-2,2,2-trifluoroacetophenone, 195 μL of 1,1,2,2,3,3,4,4-octafluoro-1,4-

diiodobutane, 12.71 g of copper powder, and 0.68 g of pyridine were mixed under 

nitrogen. The mixture was heated to 80 ℃ and stirred for 17 h. After being cooled to 

room temperature, 25 mL of water and 100 mL of ethyl acetate were added, followed 

by filtering. The filtrate was extracted with 50 mL of ethyl acetate for threetimes. The 

products in the organic phase were combined and washed with 50 mL of water and 50 

mL of brine. The extract was then dried over anhydrous Na2SO4. After solvent removal 

by rotary evaporation and rinse with dichloromethane, a white solid (1,1'- 

((perfluorobutane-1,4-diyl)bis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-one)) was 

obtained. 

1.5 g of 1,1'-((perfluorobutane-1,4-diyl)bis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-

one), 1.14 g of hydroxylammonium chloride and 15 mL of pyridine were added in a 2-

necked flask under nitrogen. The mixture was heated to 70 ℃ and stirred for 6 h. After 

the reaction, excess pyridine was removed by rotary evaporation. The product was then 

washed with 15 mL of water and 50 mL of ethyl acetate, followed by twice extraction 

with 25 mL of ethylacetate. Products in the organic phase were collected and washed 

by a sequence of 15 mL of water, 10 mL of HCl (twice), 10 mL of water (twice), and 

15 mL of brine. Then, the extract was dried over anhydrous Na2SO4 and a white solid 

of 1,1'-((perfluorobutane-1,4-diyl)bis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-one) 

dioxime was obtained. 

1.25 g of 1,1'-((perfluorobutane-1,4-diyl)bis(4,1-phenylene))bis(2,2,2-trifluoroethan-

1-one) dioxime and 28 mL of dichloromethane were mixed in a 100 mL flask and 

cooled to 0 ℃ in ice water. 127 μL of trimethylamine was added dropwise into the flask 

under stirring. During stirring, the white, turbid liquid turned into a yellow liquid. 1.37 

g of toluenesulfonyl chloride and 5 mg of DMAP were then introduced. The mixture 



was stirred for 17 h at room temperature and diluted with dichloromethane. The product 

in organic phase was washed by a sequence of 15 mL of water, 10 mL of NH4Cl solution 

(twice), 10 mL of water (twice), and 15 mL of brine. The combined extract was dried 

over anhydrous Na2SO4, yielding a white solid of 1,1'-((perfluorobutane-1,4-

diyl)bis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-one) O,O-ditosyl dioxime. 

1.3 g of 1,1'-((perfluorobutane-1,4-diyl)bis(4,1-phenylene))bis(2,2,2-trifluoroethan-1-

one) O,O-ditosyl dioxime, 10 mL of dichloromethane and anhydrous tetrahydrofuran 

was mixed. The mixture was added dropwise into 50 mL of liquid ammonia at –78 ℃. 

At the completion of the addition, the liquid ammonia bath was removed. The mixture 

was kept stirring for 14 h. The obtained turbid liquid was washed by 75 mL of ethyl 

acetate and 10 mL of water. The mixture was extracted by 25 mL of ethyl acetate. The 

organic phase was collected, followed by rinsing with 15 mL of water and 25 mL of 

brine. The extract was dried over anhydrous Na2SO4 and purified by using silica gel 

column chromatography. A white solid of 3,3'-((perfluorobutane-1,4-diyl)bis(4,1-

phenylene))bis(3- (trifluoromethyl)diaziridine) was obtained by using petroleum ether 

(containing 5%–20% ethyl acetate) as the mobile phase. 

Under nitrogen, 0.5 g of 3,3'-((perfluorobutane-1,4-diyl)bis(4,1-phenylene))bis(3- 

(trifluoromethyl)diaziridine) and 5 mL of dichloromethane were mixed in a 3-necked 

100 mL flask in an ice water bath. 730 μL of triethylamine was added dropwise in the 

flask. Next, 0.47 g of iodine was added slowly under stirring. After 2 h, the mixture was 

diluted with 15 mL of dichloromethane and then washed by a sequence of 10 mL of 

water, 5 mL of Na2S2O3 for twice, 10 mL of water for twice and 15 mL of brine. Then, 

the extract was dried over anhydrous Na2SO4, and purified by using silica gel column 

chromatography. Photosensitive molecule was obtained as a white solid and it has the 

following molecular structure: 

 

ECL Measurement. ECL detection were carried out on MPI-E ECL analyzer (Remex 

Electronic Instrument Lt. Co., Xi’an, China) with three-electrode system containing a 

Pt wire as the counter electrode, Ag/AgCl (saturated KCl) as the reference electrode, 

and a glassy carbon electrode as the working electrode. All MSCs were modified to the 



surface of the glassy carbon electrode by drip coating then air-dry or vacuum dry. For 

(CdS)34 MSCs, the ECL signals were recorded in the presence of 50 mM TPrA in 1:1 

acetonitrile:toluene containing 0.1 M TBAP during the potential scan from 0 to 1.5 V 

at 1000 V of the photomultiplier tube (PMT).  

ECL detection of glucose were carried out on MPI-E ECL analyzer with two-

electrode system (BPE). The BPE bipolar electrode has a size of 3×6 cm, with ITO 

portions on both sides and in the center, which are used as the driver electrode and 

bipolar electrode, respectively. Cathodic treatment step: 10uL of n-octane solution of 

60mg/mL Ag NCs was mixed with 2uL of n-octane solution of 30mg/mL photosensitive 

molecule (3,3′-(4,4′-(perfluorobutane-1,4-diyl)bis(4,1-phenylene))bis(3-

(trifluoromethyl)-3H-diazirine )and spin-coated at 4000rpm for 40s, after which, it was 

irradiated under a UV lamp at 254nm for 4min under the shade of a mask, and then 

subsequently, it was developed with toluene to obtain the desired pattern of Ag NCs, 

after which it was cleaned under a plasma cleaner (Plasma) at 100 Pa for 30 s to remove 

the oleylamine groups on the surface of Ag NCs and make them hydrophilic. Anodic 

treatment step: 3 uL of 2.5 mg/mL (CdS)34-Ag MSCs were drop-coated and dried at 

room temperature for 3h to form a film. The ECL signals were recorded in the presence 

of 50 mM TPrA in 1:1 acetonitrile:toluene containing 0.1 M TBAP during the potential 

scan from -8 to 8 V at 900 V of the PMT. Different concentrations of the target glucose 

were dissolved in PBS solution with sufficient amount of glucose oxidase (0.5 mg) and 

dropped in the cathodic detection bath. 

Apart from this, we combined CHI760E electrochemical workstation and 3D 

fluorescence spectrometer (FL-3) to measure ECL spectra. The platinum sheet 

electrode was used as the working electrode, and the constant potential was 1.5 V or 

0.9 V. 

Raman Measurement. Laser confocal Raman spectra measurements were carried out 

using a Renishaw inVia-Reflex Raman system at room temperature. Excitation 

wavelengths of 488 nm (~20 mW) from a Ar-ion laser were selectively used to excite 

the (CdS)34 MSCs. 

 



 

Figure S1. (a) Absorption spectrum and (b) MALDI of (CdS)34 MSCs. 

 

Figure S2. (a) Absorption (c) PL spectra and (d) PLQY of (CdS)34:Ag MSCs with 

different feeding ratios. (b) IR spectra of (CdS)34 and (CdS)34:Ag MSCs. 

 

 

Figure S3 TEM images of (a) (CdS)34 MSCs and (b) (CdS)34:Ag MSCs.(c) XRD pattern 

of (CdS)34 and (CdS)34:Ag MSCs. 

 



 

Figure S4 High-resolution X-Ray photoelectron spectra of (CdS)34:Ag MSCs in the 

ranges of Ag3d electron binding energy. 

 

 

Figure S5. ECL-Time curve of (CdS)34 MSCs 

 

Figure S6 ECL-Time curves of (CdS)34:Ag MSCs before and after Ag NPs catalysis  

 



 

Figure S7 SEM image of (a) (CdS)34:Ag MSCs with crosslink; (b) (CdS)34:Ag MSCs 

without crosslink; (c) AgNPs with crosslink; (d) AgNPs without crosslink. 

 

Figure S8 (a)SEM image of (CdS)34:Ag MSCs with crosslink; Distribution of elements 

corresponding to (a): (b) S, (c) Cd, (d) Ag; (e) corresponding EDS energy spectra of 

(CdS)34:Ag MSCs with crosslink. 



 

 

 

Figure S9 (a)SEM image of (CdS)34:Ag MSCs without crosslink; Distribution of 

elements corresponding to (a): (b) S, (c) Cd, (d) Ag; (e) corresponding EDS energy 

spectra of (CdS)34:Ag MSCs without crosslink. 

 

 

Table S1. ICP-OES Data for (CdS)34 Corresponding to Doping 
 

S Cd Ag Cd:S:Ag 

(CdS)34 0.556 2.03 - 0.96:1 

1:1 3.428 13.01 1.356 1.07:1:0.12 

1:3 12.73 48.49 5.925 1.07:1:0.138 

 

 

Table S2. Comparison of other assays using nanoclusters (NCs) as emitters with 

this experiment 

Method and ref. emitter linear LOD 



ECL3 Au NCs 50 μM–3.0 mM 20 μM 

ECL4 Au25 NCs 0.004 -90 ng/mL 0.001 ng/mL 

fluorescent 

ratiometric5 

CAT-Au NCs 
5 μM-0.5 mM  3 μM 

colorimetric6 Pt-LNT NCs 5 μM-1 mM 1.79 μM 

absorbance7 Cu NCs 10 μM-5 mM 5.5 μM 

electrochemical8 Co3O4 NCs 88 μM-7.0 mM 26 μM 

fluorescence9 
AuNCs@ZIF-8 0-1000 μM and  

1-20 mM 
4.7 μM 

electrochemical10 DFs/AgNCs 50 μM-1 mM 20 μM 

ECL (This work) (CdS)34:Ag MSCs 10 μM-1 mM 3.64 μM 
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