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ZnO quantum dots (QD’s) with extraordinary colloidal stability over a wide pH range due to the zwitterionic nature of the multifunctional amino acid cysteine were synthesized and characterized.  The zwitterionic ZnO QD’s exhibited interesting optical absorption in the visible range due to surface defects that were controlled by cysteine coating on the nanocrytals. The long-term emission stability in the visible region was evaluated by photoemission spectroscopy and used for cell labeling experiments.
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Figure S1.  TEM images and size distribution of C1 and C2 

The analysis of (C1 and C2) by TEM revealed spherical grain with a predominant narrow size distribution (Figure S1). The results are comparable with the UV-Visible absorption measurements as presented in Figure S2. Increasing amount of cysteine causes higher λmax values which confirm the particle size growth with time. 
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Figure S2. UV-Visible evolution spectra for the synthesis of C1 and C2

Thermal analysis of the cysteine showed a total mass removal with one step. C1 and C2 lose %20 and %22 of their total amount respectively until 900 °C. 
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Figure S3. TG-DTA analysis of pure cysteine, C1 and C2 
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           Figure S4. EDX analysis and SEM images of the C1, C2 and C3 
           Elemental analysis measurement revealed an increasing amount of cysteine immobilization due to the multilayer adsorption on the ZnO QD’s (Figure S4). 
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Figure S5: Fluorescence lifetime and automatic correction of cysteine capped ZnO QD’s (C3)
               Due to the highly stable nature of the cysteine capped ZnO quantum dots it is possible to use them as a cell marker. By observing the time resolved photoluminescence spectra of the C3 we have detected the efficiency of the radiative recombination. The photoluminescence decay spectra of the C3 with exponential fits were given in Figure S5. 3. For the detection of lifetime sample was recorded at 375 nm excitation wavelength at room temperature and lifetime of the sample was calculated by using specific fit-software (Pico Quant Fit) and analysed according to the equation below; 

                                                               I(fl)= ∑iαi e(-t/τi)
where i is the number of exponentials and τi and ɑi are the lifetime and the preexponential factor, for each components. Calculated average lifetime has been found as 6 nanoseconds. Automatic correction of  the fluorescence lifetime has also been  presented.
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Figure  S6: Particle size distribution of  C0(left) and C3 (right)
 Particle size distribution of C0(left) and C3(right) have been presented in S6 and found as 3,77±0,07 nm and 3,10±0,06 nm respectively. Counted values of particle sizes are fitting to the calculated values except C0. Due to the mathematical nature of the Equation 1, it is seen a regular increase in the particle size as shown in Figure 4. But measurements confirmed an average particle size below 4 nm.  
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