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Figure S1. 1H-NMR spectrum of L* (25°C, 200 MHz, D2O) 
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Figure S2. UV-Vis absorption spectrum of TbL* labelled streptavidin in TRIS/HCl 0.01 M, 
pH 7.4 buffer. 
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Figure S3. Excitation spectrum (λem = 545 nm) of TbL* labelled streptavidine in TRIS/HCl 

0.01 M, pH 7.4 buffer. 
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Figure S4. Time-resolved (delay = 10 µs) emission spectrum of the TbL* labeled 
streptavidine in TRIS/HCl 0.01 M, pH 7.4 buffer. 
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Figure S5. Tb based emission decay profile of the TbL* labelled streptavidine in TRIS/HCl 
0.01 M, pH 7.4 buffer (λexc = 330 nm and λem = 545 nm).  
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Figure S6. MALDI-TOF mass spectra of AB1 (A) and AB1 labelled with L* (B). A shift of 

ca 2500 Da is observed for labelled antibody in the expanded region. 

 

 

 
Figure S7. UV-Vis absorption spectra of L3 (blue) and TbL3 (violet) and luminescence 
spectra of TbL3 (green, λexc = 328 nm) in TRIS/HCl 0.01M at pH 7.4 
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Scheme S1. Full 1H-NMR assignment for L3 and L*. The asterisks denote the fact that the 
signals can be hidden by the peak of the water, m = multiplet. 
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PL decay time analysis. The decay time analysis in the donor and acceptor channel was 

performed as described in reference 41 (from the manuscript). All decay curves were fit using 

a multi-exponential PL intensity decay function: 

I = Σ Ai exp(-t/τi) = A Σ αi exp(-t/τi)       (1) 

where A is the total amplitude and αi are the amplitude fractions (Σαi = 1). All PL lifetime 

averaging for the dynamic FRET quenching process was performed using amplitude weighted 

average lifetimes:  

<τ> = Σαiτi          (2) 

First the decay curve of the pure Tb donor was fit using a double-exponential decay function, 

which led to the amplitude fractions αD1 and αD2, the PL decay times τD1 and τD2 (with 

τD2 > τD1) and the average PL decay time of the pure donor (in the absence of the acceptor) 

<τD>. The FRET-quenched decay curves in the donor detection channel were fit using a 

triple-exponential decay function, leading to the amplitude fractions αDA*1, αDA*2 and αDA*3 

and the PL decay times τDA1, τDA2 and τDA3, for which the third decay time component was 

fixed to τDA3 = τD2 in order to take into account the emission of unquenched donors. For the 

calculation of the average donor decay time in the presence of the acceptor <τDA> only the 

first two amplitudes and decay times were used (as the third component represents 

unquenched donors). Therefore the amplitude fractions must be redefined for these two decay 

times τDA1 and τDA2: 

            αDA1 =
αDA*1

αDA*1 + αDA*2

and αDA2 =
αDA*2

αDA*1 + αDA*2

      (3) 

As the unquenched donor possesses two decay time components (τD1 and τD2), <τDA> must be 

corrected for the shorter time component (τD1) by a factor zD (the fraction of unquenched 
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donors in the short time components), which is determined by comparing the amplitude 

fractions of τD2 and τDA3 (τDA3 = τD2) multiplied by the amplitude fraction αD1: 

   zD = αD1(αDA*3/ αD2)                   (4) 

The average FRET-quenched decay time is then: 

            (5) 

and the average FRET-efficiency is: 

                          (6) 

The FRET-sensitized decay curves in the acceptor detection channel were fit using a 

quadruple-exponential decay function, leading to the amplitude fractions αAD*0, αAD*1, αAD*2 

and αAD*3 and the PL decay times τAD0, τAD1, τAD2 and τAD3, for which the fourth decay time 

component was fixed to τAD3 = τD2 in order to take into account the emission of unquenched 

donors, which is much less intense compared to the donor channel but still present due to 

spectral crosstalk of the Tb emission in the dye acceptor detection channel. The correction 

factor zA (the fraction of unquenched donors in the short time components) is almost 

negligible but is still taken into account for a correct treatment: 

zA = αD1(αAD*3/ αD2)         (7) 

In order to calculate the average FRET decay time <τAD> only the amplitudes and lifetimes 

with i = 0 to 2 are taken into account (i = 3 represents the unquenched donor emission). 

Moreover, the amplitudes αAD*i  must be corrected by the FRET rates ki = 1/τADi - 1/<τD>, to 

take into account the dependence of the excitation of the acceptors (and therefore the 

amplitude fractions) on the different FRET efficiencies for the different distances 

(corresponding to the decay times τADi). The corrected amplitude fractions are (for i = 0 to 2): 

 

ηFRET =1−
τDA

τD

τDA =
αDA1τDA1 + αDA2τDA2 − zDτD1

1− zD
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(8)

 

  

The average FRET decay time is then calculated by: 

                               (9) 

and the average FRET-efficiency is: 

             (10) 

For each FRET decay time the donor-acceptor distance rx can be calculated by: 

                (11) 

where τx represents the different lifetimes τDAi, τADi, <τDA> or <τAD>. The fractions of FRET-

pairs found at the different distances corresponding to τDAi and τADi  are given by the 

amplitude fractions of these decay times. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

αADi =
αAi /ki

αAi /ki∑

τAD =
αAD1τAD1 + αAD2τAD2 + αAD 3τAD3 − zAτD1

1− zA

ηFRET =1−
τAD

τD

rx =
τxR0

6

τD −τx
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Complete decay time fit data and resulting FRET data an distances 
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