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S-1. Statistical analysis of SNCs particle size from TEM images 

 

 
 

Fig. S1 Size distributions of the LQDs in (a) length (L), (b) width (W), and (c) aspect ratio (p). 

Size distributions of the QRs in (d) length (L), (e) width (W), and (f) aspect ratio (p). (g) Size 

distribution of the SQDs in diameter (d). For each type of SNCs, about 150 particles from TEM 

images were used in statistical analysis. 

  

Table S1 Averaged dimensions of the SNCs in Fig. S1. 

 QRs LQDs SQDs 

W (or d) / nm 4.05�0.52 7.30�1.51 4.85�0.60 

L / nm 44.32�6.60 13.51�2.60 - 

p = L / W 11.08�1.93 1.93�0.56 - 

 

  



 S3 

S-2. Modified Stokes-Einstein equation for football- and rod-shaped particles 

The diffusion coefficient (D) of a spherical solute of diameter of d is given by the normal 

Stokes-Einstein (SE) equation: 

� = ���
3�	
          (S1) 

where kB is Boltzmann’s constant, T is the absolute temperature, and η is the solvent viscosity. In 

DLS measurements, the hydrodynamic diameter (d) of a particle is calculated from its diffusion 

coefficient and the SE equation above, assuming that all particles are spherical. 

When the solute is a football- or rod-shaped particle with a long axis length (L) and a short 

axis length (W), the SE equation is modified as follows:1,2 

� = ���
3�	
�(�, �)       (S2) 

with 


�(�, �) = √�� − ��

ln �� + √�� − ��
� �

= � ��� − 1�
ln�� + ��� − 1�          (S3) 

where dH is the hydrodynamic diameter measured using DLS, p is the aspect ratio (p = L/W). By 

substituting the L and W values in Table 1 into eqn (S3), the dH values for the LQDs and QRs were 

calculated to be 11.48 and 17.10 nm, respectively. 
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S-3. Analysis of the absorption spectrum of QRs to deduce the rod width 

The red line in Fig. S2 shows the tangent at the inflection point of the absorption peak of CdS 

shell of the QRs. Its x-intercept is 469.6 nm. This x-intercept (λt) has been reported to correlate 

with the width (W) of bare CdSe/CdS nanorods.3 According to the same study, this correlation is 

experimentally described as follows: 

�(!) = 2.62 × 10&'(
�(! − 3.69 × 10&*+) ∙ 5.24 × 10&'( + 4.60 × 10&/0 + 6.79 × 10&�+       (S4) 

where E is the energy (J) corresponding to the x-intercept in wavelength, E = hc/λt. By converting 

λt = 469.9 nm to E = 4.23×10-19 J and substituting the latter into eqn (S4), the rod width of bare 

QRs was calculated to be W = 4.33 nm. 
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Fig. S2 UV-Vis absorption spectrum of the QRs (blue line) and the tangent line (red line). The 

tangent line is drawn around the inflection point of the CdS shell peak on the longer wavelength 

side. 
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S-4. Quantum yield (QY) of the SNCs 

The fluorescence quantum yield (QY) of the solubilized SNCs was determined by measuring 

the UV-Vis and fluorescence spectra of SNCs at several concentrations. The integrated 

fluorescence intensity (I) and absorbance (A) at an excitation wavelength of 480 nm were plotted 

to obtain the QY using the following analysis. If m is the proportional constant between I and A 

(i.e., I = mA), then it represents the relative value of QY. Rhodamine 6G (R6G) in ethanol was 

used as the reference dye and measured under the same conditions. Because m of R6G corresponds 

to the literature QY value (QYR6G = 0.94), the QY of the SNCs (QYSNCs) can be calculated as 

follows: 4 

234567 = 238(9
:4567:8(9 ; <=>?@A<@?B>CDEF

�                           (S5) 

where n represents the refractive index of solvents. 

Figure S3 shows the I–A plots for each type of SNCs. From these plots, the m values were 

determined using eqn (S5) to be 2.86 × 109 for the SQDs, 2.12 × 109 for the QRs, and 3.47 × 108 

for the LQDs. Similarly, m of R6G was determined to be 5.43 × 109 (plot not shown). Using these 

values, the QY of each type of SNCs was determined to be 0.47 (SQDs), 0.35 (QRs), and 0.06 

(LQDs). 
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Fig. S3 Plots of the integrated fluorescent intensity (I) versus the absorbance at 480 nm excitation 

wavelength (A) for each type of SNCs. Solid lines: linear fits to I = mA to obtain m using eqn (S5).  
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S-5. Typical fitting results of autocorrelation curves in FCS measurements of SNCs 

 

 

Fig. S4 Fitting results of autocorrelation curves (G(τ)) in FCS measurements of the SNCs: (a) QRs, 

(b) LQDs, and (c) SQDs. HSA concentration: 100 µM, red solid lines: experimental data, blue 

dashed lines: fitting curves using eqn (1).  
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S-6. Derivation of eqn (2) 

Suppose N molecules of HSA bind to an SNC when the HSA concentration is x and the 

maximum number of bound HSA molecules per particle is Nmax. The binding process is further 

assumed to be described by the Hill equation with the apparent dissociation constant KD and the 

Hill coefficient n: 

G = GHIJ
KL

KL + MNL
               (S6) 

When N molecules of HSA bind to the SNC, the particle volume (V0) increases by a factor of 

(1+cN), where c is an appropriate constant. The new particle volume V (N) can then be written as: 

O(G) = (1 + PG)OQ              (S7) 

For the spherical SQDs, the hydrodynamic diameter dH(N) is proportional to �O(G)R
. This is also 

true for the nonspherical LQDs and QRs, assuming that their aspect ratios (p = L/W in Section S-

2) are unchanged. This approximation is valid to some extent because previous studies showed 

that HSA adsorbs onto SNCs as a monolayer.5,6 When p is regarded as a constant, the dH of the 

LQDs or QRs (eqn (S3)) is proportional to the particle dimension (L or W), which is proportional 

to �O(G)R
. From the proportionality between dH(N) and �O(G)R

, we obtain eqn (S8) from eqn 

(S7) as: 


S(G) = 
S(0)�(1 + PG)R                (S8) 

This relationship was previously demonstrated by Rocker et al.6 and assumed to be applicable to 

the nonspherical QRs and LQDs. 

By substituting eqn (S6) into eqn (S8), dH can be written as a function of the HSA 

concentration (x): 
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S(K) = 
S(0) �1 + U KL
KL + MNL

�
*'             (S9) 

where C = cNmax. Because dH is inversely proportional to D, by inverting both sides of eqn (S9), 

we obtain D as a function of x: 

�(K) = �Q �1 + U KL
KL + MNL

�
&*'             (S10) 

 

When x >> KD, the binding of HSA is saturated and D is assumed to be close to the plateau value 

(Dmin). Because KD is negligible compared to x, we obtain 

�HVL = �Q(1 + U)&*' 

 

By eliminating the constant C in eqn (S10) using this relationship, we obtain eqn (2) in the main 

text: 

�(K) = �Q W1 + �; �Q�HVLF' − 1� � KL
KL + MXL

�Y
&*'
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S-7. Fluorescence spectra of HSA quenched by QRs or LQDs 

 

 

Fig. S5 Quenching of HSA fluorescence by (a) QRs and (b) LQDs. The fluorescence spectra were 

measured at room temperature (298 K) and averaged over at least 3 independent experiments. 
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S-8. Fluorescence spectra of HSA quenched by SNCs at various temperatures 

 
 

Fig. S6 Quenching of HSA fluorescence by SNCs under various temperatures from 283 to 323 K 

for (a) SQDs, (b) QRs, and (c) LQDs. The spectra were averaged over at least 3 independent 

experiments. 
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S-9. Stern-Volmer plots for QRs and LQDs at various temperatures 

 
 

Fig. S7 Stern-Volmer plots for (a) QRs and (b) LQDs at temperatures from 283 to 323 K. 
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