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1. Calculation of dye molecule saturation intensity and saturated emission rate 

The saturation intensities and saturated emission rates for Rhodamine 6G (Rh6G) and 

Fluorescein isothiocyanate (FITC) were calculated using the rate constants reported in the 

literature.
1
  

The saturated excitation intensity is the excitation intensity at which the triplet state 

population is 50%.  The population of triplet state can be expressed as,
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where ���  is the triplet population at steady-state equilibrium, and k
� , 	k�
 , 

k�� , 	k�
	represent the excitation rate, decay rate of excited singlet state, intersystem 

crossing rate, and  decay rate of the triplet state, respectively. 

The saturated emission rate is given by the following equation,
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where �� is the saturated emission rate, and Γ� is the radiative decay rate from excited 

singlet state to ground state. 

2. Fluorescence quantum yield determination 

    The fluorescence quantum yield of the CPN sample was determined with fluorescein in 

0.01 M NaOH solution as standard. All the nanoparticle suspension samples and 

fluorescein standard were diluted to obtain absorbance of ~0.05 at 473 nm.  The quantum 

yield of sample was calculated with the following equation and the literature value of 

0.92 for fluorescein standard quantum yield.
4,5
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While �� is the fluorescence quantum yield, A is the absorbance at the excitation 

wavelength, F is the integrated area under the corrected fluorescence emission curve, and 

n is the solvent refractive index. Subscripts s and x represent standard and unknown 

sample, respectively. 

3. Photobleaching curves with fitting procedures  

 

 

Figure S1. Photobleaching decay traces with fitting lines for (a) PFBT, (b) 10% PFBT/MEH-PPV, (c) MEH-PPV NPs. 

 

Table S1. Fitting results for photobleaching decay traces 

Sample Starting 

time(s) 

a1 τ1 a2 τ2 τavg 

 

Fitting intensity at t=0 

(I0') 

Real intensity at t=0 

(I0) 

PFBT 1000 0.64 2600 0.56 33650 1.7×104 1.2 0.96 

10%  PFBT/MEH-

PPV 

1000 0.61 4160 0.51 35730 

1.9×104 

1.12 1 

MEH-PPV 500 0.25 1390 0.37 8060 5.4×103 0.62 1 

 

The photobleaching kinetics were complex. The photobleaching rate constants were 

obtained from fitting the exponential portion of the curve. For undoped PFBT 

nanoparticles and 10% blended nanoparticles, due to the photobrightening phenomenon 

at the beginning part of the trace (Figure 3(a) in the main text), we start fitting with bi-

exponential decay from 1000 s. As for undoped MEH-PPV nanoparticles, there are fast 

decay components at the beginning part of photobleaching decay trace, ascribed to 

quenching by photogenerated polarons, so fitting starts from 500 s. Figure S1 shows the 

sample decay traces with their fitting curves, which fit well to the decay traces. Since we 

do not starting fitting from time 0, so there are differences between I0' (fitting intensity at 

t=0) and I0 (experimental intensity at t=0). For both PFBT and 10% blended samples, I0' 

is slightly larger. For the undoped MEH-PPV sample, I0' is much lower than I0, which 

may result from the very fast decay component of MEH-PPV. The averaged 

photobleaching lifetime is obtained through &'() � 	*
&
 � *�&�� 	*
 � *��⁄ . 



3 

 

 

 

Figure S2. Decomposition of 10% blended CPNs fluorescence spectrum at photobleaching time t=500s. The original 

spectrum (blue), acceptor component (red), donor component (light blue), and combined spectrum (green dashed line) 

are shown. 

In order to get a better understanding of the photobleaching behavior between acceptor 

and donor in the blended nanoparticle system, we decomposed the photobleaching 

fluorescence spectra into the donor and acceptor components. Figure S2 shows the 

fluorescence spectrum at photobleaching time t=500 s (blue line), acceptor MEH-PPV 

component spectrum (red line), donor PFBT component (light blue line), and the 

combined spectrum (green dashed line) by adding the donor and acceptor spectrum 

together. The combined spectrum approximates the real fluorescence spectrum closely. 

 

 

Figure S3. (a) Photobleaching trace (black) of acceptor MEH-PPV component in blended CPNs with its single 

exponential decay (red, ,' � -./0/1)  fit curve (red); (b) Photobleaching trace of donor PFBT in blended CPNs; (c) 

Photoactivation of donor PFBT emission (black) with its fit curve (red,	

,2 � 1 3 ./0/1); (d) UV-vis spectra of 10% PFBT/MEH-PPV nanoparticles before and after 2 h photobleaching. 
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Table S2. Fitting results 

Component Fitting function 
Fitting constants 

A τ 

MEH-PPV ,' � -./0/1 1.03 1260 

PFBT ,2 � 1 3 ./0/1 -- 760 

         

    The photostability for nanoparticle dispersions can be characterized by the quantum 

yield of photobleaching, ϕpb, which is defined as the number of photobleached 

nanoparticles divided by the total number of photons absorbed over a given time interval, 

and given by the rate constant for photobleaching over the excitation rate constant. The 

method developed by Rigler et al,
6
 was employed to determine photobleaching quantum 

yield from quantitative photobleaching kinetics measurements. The procedure detailing 

the photobleaching quantum yield calculation has been reported previously.
7
 

 

4. Single nanoparticle photobleaching and saturation: 

 

 

Figure S4. Representative single nanoparticle fluorescence image and emitted photon number histogram of PFBT (a, b) 

and MEH-PPV (c, d) nanoparticles. 

     

    The single nanoparticle photobleaching kinetics measurements were performed with 

the procedure provided in the main text. The single nanoparticle death numbers of the 

samples were determined using a custom Matlab script, taking into account the sCMOS 
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gain parameter and an estimated overall detection efficiency of 3% for the apparatus. The 

death number statistical histograms of PFBT and 10% blended samples are based on over 

100 nanoparticles. For MEH-PPV, 61 nanoparticles were used. 

 

 

Figure S5. (a) Fluorescence saturation of single PFBT nanoparticles with increasing excitation intensity. The scattered 

points are the experimental data, while the solid red curve represents a fit to the saturation equation R=R∞(Ie/Is)(1+Ie/Is)
-

1. (b) A single PFBT nanoparticle saturation plot with fitting. 

      

    The saturation experiments employed the typical laser intensities ranging from ~10 

W/cm
2
 to ~2000 W/cm

2
 in the center of the laser spot to excite the sample under nitrogen 

protection. A series of nanoparticle mages were obtained at various excitation intensities 

within the given range. The excitation intensity for each single nanoparticle at sample 

plane was calculated based on the laser intensity at the rear epi port of the fluorescence 

microscope, the transmission efficiency of the objective (0.1) and the Gaussian laser 

excitation profile. The emission rate is the number of photons that the nanoparticle emits 

in one second. For the saturation plots, 30~40 nanoparticles close to the center of laser 

spot were analyzed.  
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