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Figure S1. Schematic illustration of the temperature-dependent conformation change 

of one glucopyranose ring. 

 

According to the previous literatures,
S1-3

 there are only two staggered rotamers (gg 

and gt) around the C5-C6 bond (Figure S1a). Upon temperature alteration, the 

conformation will alter between gg and gt. The vicinal HCCH coupling constants 

(J5,6a and J5,6b) can be used for conformational analyses with emphasis on rotamers 

around the C5-C6 bond in CDs. On the other hand, the J56a and J56b relate to the 

dihedral angle θ between H5 and H6a(b) according to the Karplus equation:
S1,2
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 relates to the electronegativity x of the 

substituents, which is temperature independent.
S2

 Through NMR measurement, it is 

found that the vicinal coupling constants (J5,6a and J5,6b) enlarge with the increase of 



 S3

temperature.
S3

 That is to say f(θ1) and f(θ2) (f(θ)=6.6-1.0cosθ+5.6cos2θ) enlarge 

simultaneously with the increase of temperature. According to Figure S1b, θ1 must 

decrease and θ2 must increase through simple mathematic analysis. Therefore, the 

conformers generated by rotating the C5-C6 bond will change as shown in Figure S1c 

when the temperature alters, which is well consistent with the results from theoretical 

calculations.
S4,5
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Figure S2. (a) A series of PL spectra of α-CD-decorated CdTe QDs that are measured 

with the increase of temperature from -35 to 90 ºC at a step of 5 ºC (red solid), and the 

spectra are also measured when the temperature cools back (black dash). (b) 

Temperature-dependent PL peak positions of α-CD-decorated CdTe QDs. 

 

This linear relationship can be fitted as a function of T=4.17λmax-2275.29 with 

correlation coefficient 0.9985, where λmax is the PL peak position (nm), T is the 

temperature of the system (ºC). The characteristic sensitivity of α-CD-decorated CdTe 

QDs is 0.24 nm/ºC. The lower sensitivity in comparison to β-CD is understandable in 

terms of the structural difference in α-CD and β-CD. α-CD lacks one glucopyranose 

ring and therefore one sulfhydryl. It generates weaker stress toward QDs.  
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Figure S3. The characteristic sensitivities of β-CD- (a) and TG- (b) decorated CdTe 

QDs with and without N2H4. According to these figures, it is not found that the 

sensitivities of CdTe QDs relate on N2H4. 
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Figure S4. The theoretical calculation of the characteristic sensitivity of CdTe QDs 

which are decorated with conventional monothiol-ligands. 

Because lots of papers have proved that the characteristic sensitivity of II-VI 

nanomaterials is a constant, which is relative to the size of QDs and close to those of 

their bulk counterpart, it just needs to confirm that the characteristic sensitivity is 

unchanged with the variation of the temperature for the QDs with specific size. Thus, 

the characteristic sensitivity will be a constant relative to the size and temperature.  

The temperature-dependent energy gap of bulk semiconductor materials relates to 

the following Varshni relation (1):
S6

 

 2( ) (0) ( )g g DE T E T Tα= − +Θ  ······························· (1) 

where Eg(T) is the energy gap, Eg(0) is the band gap at projected at 0 K, α is a 

constant, and ΘD is approximately the 0 K Debye temperature. Note that equation (1) 

is originally derived for the bulk crystal, yet it has been used for bulk semiconductors 

as well as quantum dots,
S7-9

 where α and ΘD are also constant relative to the 

temperature at a specific size of QDs. Moreover, there is another relationship between 

Eg(T) and λ, which is represented in equation (2): 

 ( )gE T h hcν λ= =  ········································ (2) 

where h is Planck constant, c is light velocity, and λ is the wavelength. These two 

equations can be combined as equation (3): 

 2( (0) ( ))g D D Dhc E T Tλ α α α= + Θ − − Θ +Θ  ····················· (3) 

The equation (4) could be obtained by differentiating equation (3): 
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In which, α, h and c are constants, and λ and T are variables. In the current system, 

λ can be treated as a constant, because the λ only alters from 560 to 566 nm for 

monothiol-ligand-decorated CdTe QDs when the temperature is increased from 5 to 

60 °C. Moreover, 
22 ( )D DTαΘ +Θ , which includes the variable of T, can be also 

treated as a constant. To prove this consideration, the differentiation of 

22 ( )D DTαΘ +Θ  is done, which leads to the following equation: 
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As mentioned in the previous publications,
S10

 α is about 1×10
-4

 and ΘD is about 

1×10
2
 K. So, when the temperature T alters from 273 to 333 K, 

322 ( )D DTα− Θ +Θ  

should be very small. It indicates that 
22 ( )D DTαΘ +Θ  nearly has no change, which 

can be looked as a constant.  

Consequently, according to equation (4), dλ/dT, the characteristic sensitivity of 

CdTe QDs, should be constant for monothiol-ligand-decorated QDs in the 

investigated temperature and size range. This conclusion is well consistent with the 

experimental results in Figure 3c and d, according to which the relationship between λ 

and T is linear. 
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Figure S5. The comparison of surface ligand dynamics of MPA- (a) and β-CD- (b) 

decorated CdTe QDs by storing the newly synthesized QDs at room temperature and 

studying the alteration of PL intensity. The obvious PL enhancement of 

MPA-decorated QDs during storage reveals that the adsorption/desorption of MPA on 

QD surface is rather dynamic, which permits the surface atom rearrangement. In 

comparison, no PL enhancement is observed for β-CD-decorated QDs, showing no 

dynamic equilibrium of the adsorption/desorption of β-CDs on QDs.  
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Figure S6. The calculation of the stress from the CD conformational change to CdTe 

QDs. The characteristic sensitivity of CdTe QDs decorated by β-CD is 0.28 nm/ºC, 

whereas that is 0.12 nm/ºC for the QDs decorated with MPA. So the contribution from 

the conformational change of β-CD is calculated to be 0.16 nm/ºC. This contribution 

also represents the lattice dilation of QDs by imposing a stress. In this case, the 

pressure coefficient of the excitonic energy gap of CdTe is about 7.9×10
-2

 eV/GPa.
S11

 

Therefore, the generated pressure per degree centigrade is calculated to be 8.4 MPa 

(i.e. 8.4 pN/nm
2
).  
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Figure S7. The characteristic sensitivity of CdTe QDs decorated with the mixture of 

TG and β-CD. The TG to β-CD molar ratio is 1:1, which refers to the sulfhydryls. The 

co-decoration of CdTe QDs with β-CD and TG achieves the sensitivity of 0.17 nm/ºC, 

between β-CD-decorated QDs and TG-decorated ones. The decrease of β-CD ratio is 

reasonable to lower the contribution from the conformational change, making the 

sensitivity close to the inherent lattice thermal expansion coefficient of CdTe. 
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Figure S8. UV-vis absorption and PL spectra of different sized CdTe (a) and CdSe (d) 

QDs synthesized in high-boiling-point organic solvents (CdTe: 3.0 and 3.9 nm, CdSe: 

2.6 and 4.5 nm). The shift of the peak positions of UV-vis absorption spectra of MPA- 

(black) and β-CD- (red) decorated CdTe (b) and CdSe (e) QDs versus the temperature. 

The shift of the peak positions of UV-vis absorption spectra of β-CD-decorated CdTe 

(c) and CdSe (f) QDs with different sizes versus the temperature. 
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Figure S9. (a) PL spectra of α-CD-decorated CdTe QDs that are measured by storing 

at 90 °C for different duration. (b) UV-vis absorption spectra of α-CD-decorated 

CdTe QDs that are measured at 5 °C (black solid), 90 °C (red solid), 90 °C for 4 h 

(blue dash), and finally cooled down to 5 °C (green dash). 
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Figure S10. Comparison of the PL spectra of β-CD- (a) and MPA- (b) decorated 

CdTe QDs before and after storing in 10 mmol/L glutathione for 24 h. 
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Figure S11. (a) UV-vis absorption and PL spectra of CdSe/ZnS QDs synthesized in 

high-boiling-point organic solvents. (b) The shift of the peak positions of PL spectra 

of MPA- (black) and β-CD- (red) decorated CdSe/ZnS QDs versus the temperature. 
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Figure S12. TEM images (a-d) and UV-vis absorption spectra (e) of the 

PPy-enveloped Au nanoflowers with the diameter of Au core tunable from 55 to 200 

nm. 
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TABLE S1. The Extinction Coefficient of the Bare Au and PPy-Enveloped Au 

Nanoflowers versus the Size. 

sample
a 

the extinction coefficient of the Au nanoflowers with 

different diameters (M
-1

cm
-1

) 

55 nm 90 nm 120 nm 200 nm
b 

bare Au nanoflowers 9.2×10
8 1.2×10

10 3.4×10
10 4.6×10

11 

PPy-enveloped Au 

nanoflowers 
1.0×10

9 1.3×10
10 5.3×10

10 4.9×10
11 

 

a
 The extinction coefficient of the Au nanoflowers is determined by using the method 

reported previously, which bases on the measurement of Au nanoflower extinction at 

the wavelength corresponding to their surface plasmon resonance.
S12

 By comparing 

with the bare Au nanoflowers, the extinction coefficient of PPy-enveloped Au 

nanoflowers is mainly contributed to the Au core.
 b

 In our experiment, 200 nm 

PPy-enveloped Au nanoflowers are employed. 

 

 

 

 

 

 

 



 S17

 

 

Figure S13. The PL spectra and PL images of β-CD-decorated CdTe QDs before 

(black solid) and after (red dash) 808 nm NIR laser irradiation. The laser power 

density is 3 W/cm
2
. 
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Figure S14. Time-resolved luminescence spectra of the CdTe QDs decorated with 

MPA (a), α-CD (b) and β-CD (c). The measurements are performed at room 

temperature with the excitation wavelength at 400 nm. (d) Summaries of the τ1 and τ2 

in the equation Y=Y0+B1·exp(-t/τ1)+B2·exp(-t/τ2), which is used to fit the time-resolved 

luminescence spectra. No obvious difference is found for MPA-, α-CD- and 

β-CD-decorated CdTe QDs. 
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