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Details on spectroscopic measurements 
 

UV-Vis spectra were measured with a Perkin Elmer Lambda 20 
spectrophotometer, photoluminescence spectra with a Varian Cary Eclipse fluorimeter, 
dynamic light scattering with a Malvern Zetasizer. Fluorescence decays were measured 
by the time-correlated single photon counting (TCSPC) method using a Picoquant 
FluoTime 200 spectrometer combined with a solid state femtosecond laser system 
delivering 460nm pulses (85 fs pulse width at 8MHz), with an overall instrumental 
response function of 45 ps. A complete description of the system can be found in 
ref 1. PL lifetimes were estimated by reconvolution of the measured PL decay with the 
instrumental response function and using a multiexponential function according to: 
 

𝜏𝜏𝑎𝑎𝑎𝑎𝑎𝑎 = (𝑎𝑎𝑖𝑖  × 𝜏𝜏𝑖𝑖) ∑ (𝑎𝑎𝑖𝑖𝑖𝑖 𝜏𝜏𝑖𝑖)⁄                                                (s1) 
 
Proposed modified model for the quenching sphere of action 

 
For nonlinear SV curves like that exhibited by C-PPV:ssDNA:C-C60 shown in Fig.3b 

and accompanied by nonlinear τPL(D)/ τPL(DA) vs [A] dependency (Fig.3b, red square 
and line, main text), the quenching sphere of action is an appropriate model2. This model 
assumes that there is no static quenching, instead an apparent static quenching component 
is attributed to the presence of the quencher near the emitter in a volume (sphere of 
action) where the probability of quenching following optical excitation is unity2c, 3. A 
general equation can be written for this model as follows  

𝑃𝑃𝑃𝑃(𝐷𝐷) 𝑃𝑃𝑃𝑃(𝐷𝐷𝐷𝐷)⁄ = [(1 − 𝑓𝑓𝑎𝑎) + 𝑓𝑓𝑎𝑎
(1+𝑘𝑘𝐷𝐷)×exp(𝑉𝑉[𝐴𝐴])]

−1                                          (s2) 

with 𝑓𝑓𝑎𝑎 = 𝑃𝑃𝑃𝑃𝑎𝑎(𝐷𝐷)/[𝑃𝑃𝑃𝑃𝑎𝑎(𝐷𝐷) + 𝑃𝑃𝑃𝑃𝑏𝑏(𝐷𝐷)]  representing the fraction of emitters available 
for quenching and V, the sphere of action volume (see SI for details on derivation of 
eq.4). For a SV curve exhibiting upward curvature, 𝑓𝑓𝑎𝑎 = 1 (all emitters are available to be 
quenched) and eq. s2 becomes the classic formula describing the sphere of action 
model3a, 3c 

𝑃𝑃𝑃𝑃(𝐷𝐷) 𝑃𝑃𝑃𝑃(𝐷𝐷𝐷𝐷)⁄ = (1 + 𝑘𝑘𝐷𝐷) × exp (𝑉𝑉[𝐷𝐷])                                                 (s3) 
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We analyzed the SV curve from Fig.3b by splitting it according to the acceptor 
concentration range in low (0-0.4 μM) and intermediate (2) (0.5-0.8μM) concentration 
regimes exhibiting upward curvature and a high concentration regime (3) (0.9-1.6μM) 
with downward curvature (Fig.S5, SI). Distinction between low (1) and intermediate (2) 
regimes was done based on the τPL(D)/τPL(DA) vs [Acceptor] dependency, that is, linear vs 
nonlinear, respectively. For the first two regimes, we assume 𝑓𝑓𝑎𝑎 = 1  (all emitters 
available for quenching), and use eq. s3 to retrieve kD(1)=3.3x10-5μM-1 and 
V(1)=1.05μM-1 and kD(2)=3.3x10-5μM-1and V(2)=1.49μM-1, suggesting radii for the 
sphere of action of r(1)=75nm and r(2)=84nm, and very little or no dynamic quenching. 
For the high concentration regime the SV curve fitted with eq s2 provides fa(3)=0.9, 
kD(3)=0.46μM-1 and V(3)=2.07μM-1 which in turn provides a sphere of action radius of 
94nm, values which suggest that at high acceptor concentration charge transfer is mostly 
dynamic in nature.  
Eq.s2 can be derived according to ref 4, where the fractional accessibility, or the 
percentage of emitters available for quenching can be defined as 
 
𝑓𝑓𝑎𝑎 = 𝐼𝐼0𝑎𝑎

𝐼𝐼0
𝑎𝑎+𝐼𝐼0

𝑏𝑏 = 𝐼𝐼0𝑎𝑎/𝐼𝐼0     (s4)  
with  
𝐼𝐼0 = 𝐼𝐼𝑎𝑎0 + 𝐼𝐼𝑏𝑏0   (s3)       (s5) 
the total PL intensity in the absence of the quencher, composed of 𝐼𝐼𝑎𝑎0 as the PL intensity 
from emitters available (accessible) for quenching, and 𝐼𝐼𝑏𝑏0  as the PL intensity from 
emitters inaccessible for quenching. According to the quenching sphere of action model, 
the PL intensity in the presence of a quencher Q can be written4 
 
𝐼𝐼 = 𝐼𝐼0𝑎𝑎

(1+𝑘𝑘𝑆𝑆𝑆𝑆[𝑄𝑄])𝑎𝑎𝑒𝑒𝑒𝑒 (𝑎𝑎[𝑄𝑄])
 + 𝐼𝐼0𝑏𝑏 (s5)  

 
Combining eqs.s4-6 we obtain  
𝐼𝐼
𝐼𝐼0

= (1 − f𝑎𝑎)  +  f𝑎𝑎/[ (1 + k𝑆𝑆𝑉𝑉[Q])exp(v[Q])]   (s6) 

which is the equivalent of eq.s2 
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Supplementary Figures 
 

 
Figure S1. PL decays from C-PPV:A-C60 complex for various donor:acceptor molar ratios 
(defined in Fig.2b, main text). Arrow indicates increase in [A-C60]. PL excited at 460nm and 
detected at 580nm. C-PPV concentration was 0.3 µM. 
 

 

Figure S2. PL intensity (black squares and line) and PL lifetimes (red squares and line) of C-PPV 
vs added C-C60. C-PPV concentration was 0.3 µM. 
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Figure S3. PL decays from C-PPV:ssDNA:C-C60 complex for various donor:acceptor molar 
ratios (defined in Fig.3b, main text), for a constant C:PPV:ssDNA molar ratio of 1:3. Arrow 
indicates increase in [C-C60]. PL excited at 460nm and detected at 580nm. C-PPV concentration 
was 0.3 µM. 

 

Figure S4. PL Stern-Volmer plot and fitting of (upper panel) C-PPV with increasing A-C60 
concentration, C-PPV/dsDNA (middle panel) and C-PPV/ssDNA (lower) with increasing C-C60 
concentration. Molar ratios for C-PPV:ssDNA and C-PPV:dsDNA were 1:3, in water and 1mM 
PBS, respectively. C-PPV concentration was 0.3 μM. 
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Figure S5. PL decays from C-PPV:dsDNA:C-C60 complex for various donor:acceptor molar 
ratios (defined in Fig.4b main text), for a constant C:PPV:dsDNA molar ratio of 1:3. PL excited 
at 460nm and detected at 580nm. C-PPV concentration was 0.3 µM. Arrow indicates increase in 
[C-C60] 
 
 

 

Figure S6. 2nd derivative of PL(D)/PL(DA) vs [C-C60] dependency from Fig. 3b, main text, with 
an inflexion point at a C-C60 concentration of about 0.8μM. 
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Figure S7. Dynamic light scattering measurements: upper panel, C-PPV:ssDNA (green line, 
water), C-PPV:ssDNA:C-C60 (black line, water); lower panel, C-PPV:dsDNA (green line, 1 mM 
PBS), C-PPV:dsDNA:C-C60 (black line, 1 mM PBS). Molar ratios: C-PPV:ssDNA, 1:3, C-
PPV:ssDNA:C-C60, 1:3:5, C-PPV:dsDNA 1:3, C-PPV:dsDNA:C-C60, 1:3:15. C-PPV 
concentration was 0.3 µM. 

 

Table S1: Surface zeta potential measurements. C-PPV was 0.3μM. Molar ratio of C-PPV:A-C60 
was 1:3, C-PPV:ssDNA:C-C60=1:3:5;  C-PPV:dsDNA:C-C60=1:3:15. 

 

 
 

complex Zeta potential/mV 
C-PPV( in water) +37.2 

C-PPV (1mM PBS) +11.0 
C-C60 (in water) +44.0 

C-C60 (1mM PBS) +20.0 
C-PPV: A-C60 (water) +29.7 

C-PPV:ssDNA (in water) -20.1 
C-PPV:ssDNA:C-C60 (in water) -5.19 

C-PPV:dsDNA (1mM PBS) -33.7 
C-PPV:dsDNA:C-C60(1mM PBS) -16.6 
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