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  In Eq. 2, P(m,i) is the Poisson distribution probability of finding 

QD/T6 complexes with i adsorbed T6 molecules in a sample with 

m average number of acceptors. kTET is the intrinsic energy 

transfer rate in a 1:1 QD/T6 complex. The decay of QD exciton 

bleach through radiative and nonradiative pathways within the 

QD is described by multiple exponential decay with amplitude 

aj and rate constant k1j. [QD(0)]* is the initial concentration of 

excited QDs. Further details of the model and derivation can be 

found in the SI.  Because the decay rate of T6 triplet excited 

state (k3) is three orders of magnitude slower than triplet 

formation (Figure S7), it is not considered in the fitting of the 

triplet formation kinetics. The T6 triplet formation (Figure 4D) 

and QD exciton bleach recovery (Figure S8a) can be well fit by 

this model with an intrinsic TET of 0.0770.002 ns-1. The fit also 

yields the average number of adsorbed T6 molecules as a 

function of total T6 concentration, ranging from 0.16 to 0.54.  

This dependence can be fit to a Langmuir isotherm, as shown in 

Figure S8b, to obtain a maximum number of adsorption sites 

and binding constant of T6 on CdSe QDs of  = 1.4±0.8, and K = 

0.014±0.012µM-1, respectively. It is important to note that in 

the range of m (from 0.16 to 0.54) studied in this work, over 

90% of the QD population in the samples has zero or one 

adsorbed T6 (Table S2) and the triplet formation kinetics is 

mostly contributed by QD with one bounded T6. This is 

confirmed by the comparison of normalized triplet formation 

kinetics for different samples (Fig S8c), which are identical 

within the S/N ratio of this measurement. The increased T6 

signal amplitude in Fig 4D reflects a larger percentage of T6 

bounded QDs in these samples.

  From the relative amplitude of the triplet state absorption and 

QD exciton bleach and their extinction coefficients, we can 

estimate a TET efficiency of 15.40.6% in the sample with 50 

M T6 concentration (see SI for details). The low efficiency can 

be attributed to both the lower number of adsorbed T6 

molecules and slow intrinsic TET rate. The average number of 

adsorbed T6 per QD is only around 0.5 at the highest coverage 

level, presumably limited by the competitive adsorption 

between T6 and the stabilization oleic acid ligand on the QD 

surface. In comparison, the Castellano group reported CdSe QD 

to 9-anthracene carboxylic acid (ACA) Dexter TET with an overall 

rate of 2×109 s-1 with an average number of ACA per QD of 12.12 

This yields a  similar intrinsic TET rate constant of 0.17 ns-1. To 

verify this point, we vigorously sonicated the sample with 

excess amount of T6 (375 M) and measured the TA spectrum 

within an hour. This temporarily created a high loading which 

leads to more efficient TET at 31.81.2% as shown in Figure S9. 

Thus, a promising approach to increase the overall TET rate and 

efficiency in the T6/QD complex is to improve the binding 

strength of T6, through perhaps a different anchoring group.

Conclusions

  We have demonstrated the first example of triplet energy 

sensitization of an oligothiophene (T6) by CdSe QDs. By TA 

spectroscopy we confirmed this process occur via direct Dexter-

type triplet energy transfer. The efficiency of TET increases with 

the concentration of T6 in solution, reaching a value of 

15.40.6% in the sample with 50 M T6 and 31.81.2% in the 

sample with 375 M of T6, although the latter exhibits poor 

long-term stability. The T6 concentration-dependent TET 

kinetics can be understood by a model that assumes a Poisson 

distribution of adsorbed T6 molecule on the QD. This analysis 

suggests that TET rates are similar in the 1:1 QD-T6 and 

previously reported QD-anthracene complexes, but T6 

acceptors have relatively weaker binding constant on the 

surface, which leads to a smaller average number of acceptors 

and slower apparent TET rate.  Our finding suggests that TET 

efficiency QD-T6 complexes can likely be further improved by 

increasing the acceptor binding strength (through modification 

of the acceptor and QD surface ligands) and fine-tuning 

energetic levels. Finally, this work identifies a new class of stable 

and highly tunable/functionalizable organic TET acceptors.
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