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Table S1. Typical works of Mn2+ doped CdS or ZnCdS d-dots ever reported. 
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Calculation of the ZnS/CdS Layer Thicknesses 

 

To calculate the amount of the precursors for shell growth, we assume that all of the precursors are 

participated in the growth of nanocrystals (NCs). Thus, the total amount ( N ) of NCs is determined by used 

MnSt2 (0.05 mmol). Based on the precursor ratio (ZnSt2:MnSt2) of 2:1 and the size of 2.8 nm detected by 

TEM for sample B, the radii of the MnS core can be estimated as:  
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Here, N  is the number of the MnS nuclei in the reaction system, nSnM is the mole amount of Mn2+
 used in 

the reaction (0.05 mmol), nS/nr ZSM is the radii of MnS/ZnS NCs (1.4 nm), which is coated by a thin ZnS layer 

with 0.06 g ZnSt2 precursor. nSZD  and MnSD  are the bulk densities of ZnS and MnS (i.e. 4.1 and 4.0 g/cm2), 

respectively. nSZM  and nSMM  are the molar mass of ZnS and MnS (i.e 97.5 and 144.5 g/mol), respectively. 

Then the SMnr  is calculated to be 1.05 nm. 

 

Therefore, the relation between the thickness (set as “X” monolayer) of the ZnS buffer (or CdS shell) 

layer and the mass amount of the zinc precursors (
2nStmZ ) (or the cadmium precursors (

2dStmC )) can be 

calculated via the following equations: 
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Here, N is the number of MnS nuclei in the reaction system, SMnn is determined by the used MnSt2 (0.05 

mmol). SMnr  and nS/nr ZSM are the radii of MnS (1.05 nm) and MnS/ZnS NCs (1.4 nm), respectively. nSZD , 

CdSD  and MnSD  are the bulk density of ZnS, (4.1 g/cm2) CdS (4.8 g/cm2) and MnS (4.0 g/cm2), respectively. 

nSZM , 
2nStZM , dSCM , 

2dStCM , and nSMM  refer to the molar mass of ZnS (97.5 g/mol), ZnSt2 (631.5 g/mol), 

CdS (144.5 g/mol), CdSt2 (679.5 g/mol), and MnS (87 g/mol), respectively. nSdZ  and dSdC  are the radii 

thickness of a monolayer (ML) of a ZnS (0.312 nm) and CdS (0.335 nm) layer, respectively. Then the 

calculation results of the ZnS/CdS layer thicknesses are listed in Table S2. 

 

Table S2. The relation between the use of the mass amount of zinc (or cadmium) precursors and the ZnS (or 

CdS) layer thicknesses 

ZnSt2/g 0.03 0.05 0.06 0.2 0.4 
ZnS layers/ML 0.58 0.87 1.0 2.4 3.6 

CdSt2/g 0.15 0.3 0.5   
CdS layers/ML 1.5 2.4 3.3   

 

 
Figure S1. A typical HRTEM image recorded from Sample B. 
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Figure S2. The normalized PL spectrum of pure CdS nanoparticles, which is peaked at ~470 nm. 

(Typical Synthesis of CdS nanoparticles: 0.06 g of CdSt2 and 10 mL of ODE were loaded into a 50 mL three-neck flask, 

and degassed at 110 oC for 15 min by bubbling with argon followed by heating up to 240 oC. 2 mL of ODES stock solution 

(0.02 g S powders +2 mL ODE+0.4 mL OLA) were heated until the solution turned to be colorless, which was then injected 

into the above reaction flask at 240 oC. Immediately after the injection, the color of the solution was changed to be faint 

yellow, implying the formation of CdS nanoclusters. The fabricated CdS nanoparticles were purified repeatedly using 

methanol/hexanes and precipitated using acetone.) 

. 
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Figure S3. PL spectra of MnS/ZnS and MnS/ZnS/CdS QDs with various amounts of cadmium precursors. 

The amount of the zinc precursor are 0.4 g ZnSt2 (red line) for preparing MnS/ZnS QDs, further with 0.1 g 

CdSt2 (green line), 0.2 g CdSt2 (blue line), 0.3 g CdSt2 (cyan line), and 0.4 g CdSt2 (magenta line) for the 

growth of MnS/ZnS/CdS QDs, respectively. The MnS/ZnS/CdS and MnS/ZnS QDs are excited at 365 and 

265 nm, respectively. 
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The PL Quantum-Yield (QY) Measurements: 

 

The PL Quantum-Yield (QY) was recorded using a Horiba Jobin Yvon Fluromax-4P with 

Quantum-Yield accessory. In this system, the QY is, by definition, photons emitted to photons absorbed: 

ac

ca
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EEQY

−
−

=  

Where aE  is the integrated luminescence of the sample caused by direct excitation, and cE  is the integrated 

luminescence from a pure solvent (only a blank) in the integrating sphere. The term cL  is the integrated 

Rayleigh excitation profile from pure solvent in integrating sphere. aL  is the Rayleigh excitation profile 

from the sample. 

 

In order to adjust the Rayleigh excitation peak for the pure solvent to the desired count rate 

(suggested value≈106 counts/s), the attenuator with a factor of ~32.3 at the wavelength of 365 nm (as shown 

in Figure S4 ) was used when collecting the cL  and aL , and then taken out for collecting the aE  and cE . 

At these conditions, the results appear in below spreadsheets (as shown in Figure S5 and Figure S6, which 

were recorded from our typical experiments for the QY measurement of Sample E with different 

concentrations). 
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Figure S4. the integrated Rayleigh excitation profiles from pure solvent (up), and sample (down) in 

integrating sphere without (black line) and with (red line) attenuator. The ratio of the two areas is ~32.3. 
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Figure S5. An original experimental data for the QY measurement of Sample E 

 

 
Figure S6. An original experimental data for the QY measurement of Sample E 

 

 

So, the real QY of the sample ( )r(QY ) can be given as: 
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attenuator, and 
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a
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a
L , and QY , 

respectively. The PL QY of d-dots was repeat tested for more than ten times with various concentrations, and 

the obtained values are within 8% errors. 
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The PL decay and data fitting of MnS/ZnS/CdS QDs: 
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Equation y = A1*exp(-x/

t1) + A2*exp(-
x/t2) + y0

Adj. R-Squa 0.99937
Value Standard Err

y0 0.0028 1.61147E-4
A1 0.3384 0.0042
t1 0.1842 0.00295
A2 0.6185 0.00448
t2 0.7587 0.00379
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Sample D
Equation y = A1*exp(-x

/t1) + A2*exp(
-x/t2) + y0

Adj. R-Squa 0.99837
Value Standard Err

y0 0.0043 2.56212E-4
A1 0.6313 0.00737
t1 0.7379 0.00588
A2 0.3382 0.00691
t2 0.1801 0.00472
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Sample F Equation y = A1*exp(-
x/t1) + A2*ex
p(-x/t2) + y0

Adj. R-Squ 0.99751
Value Standard Er

y0 0.0043 2.93289E-4
A1 0.4890 0.00774
t1 0.7772 0.00862
A2 0.4447 0.00727
t2 0.1853 0.00398
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