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7 
7. Fast photoprocesses in triazole 
based push-pull systems 
 

abstract 
Electron donor-acceptor compounds 1 and 2 were studied in which one or two aniline 

units are connected to a biphenyl group via triazole linkers, made by “click” chemistry. 

Steady-state and time-resolved spectroscopies indicate that highly dipolar charge-

separated excited states are formed in moderately polar solvents. The polarity of the 

solvent determines the efficiency of formation of the charge separated state: in toluene it 

is very low, in acetonitrile it is very high. The bis-triazole substituted biphenyl unit in 2 is 

a better electron acceptor than the mono-triazole substituted biphenyl in 1, which leads 

to a more facile charge separation in 2. Rates of charge separation are of the order of 1011 

– 1012 s-1, and increase with solvent polarity. The very similar photophysical behavior of 

both compounds implies symmetry breaking in the excited state of 2.  
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7.1. Introduction 

In the past decades many new compounds have been designed and synthesized for 

optimal two photon absorption. Among the most efficient two photon absorbers are 

molecules that combine electron donating (D) and electron accepting (A) groups in a 

conjugated system in such a way that there is no net dipole moment, for example in an 

arrangement D-A-D.[1-4] 

Recently, Parent et al. described the spectroscopic properties of two new triazole push-

pull molecules 1 and 2 (Scheme 1).[5] To gain more insight into the nature of the excited 

states and the dynamics of their interconversion, in the present work we performed time-

resolved fluorescence and transient absorption experiments, and quantum-chemical 

calculations.   

The excited state charge transfer character is manifested in a shift of the fluorescence 

band with solvent polarity. When changing the solvent from toluene to acetonitrile 

(ACN) the emission maximum of 2 shifts from 385 nm to 545 nm, which is a rather large 

solvatochromic shift compared with that observed for other representative push-pull 

systems. For example, Nile Red shows a shift from 548 nm in n-hexane to 626 nm in 

ACN[6] and the emission maxima of pyrrolidine- and piperidine substituted 

peryleneimides which we studied before shift from about 630 nm to 740 nm.[7, 8] Still 

larger solvatochromic shifts are found in the fluoroprobe (donor-saturated-bridge-

acceptor) class of compounds (n-hexane 420 nm; ACN 650 nm).[9, 10]  

 

 

 

 
Scheme 1 Structures of the triazole push-pull molecules 1 and 2. 
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Given the fact that the absorption spectra of 1 and 2 do not shift substantially with 

solvent polarity, vertical excitation must produce a non-dipolar excited state, which we 

will denote as LE (locally excited). Formation of the solvatochromic fluorescent state 

requires charge separation, accompanied by structural and solvent relaxation. We will 

investigate the dynamics of these processes. 

 

7.2. Results and discussion 

7.2.1. Fluorescence Spectra 

In Table 1 we present the steady state absorption and emission maxima of 1 and 2 in a 

series of solvents representing low, medium, high and very high polarity.  

As noted before, the absorption spectra are almost solvent independent, but the 

emission shifts strongly. Both absorption and emission for 2 occur at longer wavelength 

than for 1 in the same solvent. From measurements with a streak camera the fluorescence 

lifetimes and emission spectra were acquired simultaneously. For analysis, the streak 

images were horizontally binned to 10 nm and for every bin the decay trace was 

abstracted and fitted with a convolution of a Gaussian system response and a mono-

exponential or bi-exponential decay function. The results from this analysis show that 

there is a clear difference between decay profiles extracted at different wavelengths in 

toluene for compound 1 (Figure 2). The decay extracted at 406 nm shows only a fast 

component of 0.19 ns. The decay trace extracted at 453 nm shows clear biexponential 

behavior, with the same fast component of 0.19 ns, but also a longer component that 

decays with a time constant of 3.0 ns.  

 
Table 1 Absorption and emission maxima (nm) of 1 and 2 in a series of solvents   

 1  2  
Solvent Absorption  Emission Absorption Emission  
Toluene 310  387 326 385 
Tetrahydrofuran 309  415 326 435 
Butyronitrile 310 471 325 514 
Acetonitrile 305 503 325 545 
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Figure 1 A. Streak camera image of 1 in toluene. Time on the vertical axis, wavelength on the horizontal 
axis and the color for the intensity. B. extracted decay trace (with fit) at 406 nm. C. extracted decay trace 
(with biexponential fit) at 453nm. 
 

The short lifetime in the blue part of the spectrum in toluene is an indication that 

there might be fast processes occurring. In an attempt to extract more information from 

the data, the streak images were globally fitted, in which the decays at all wavelengths 

were fitted simultaneously. To reach a satisfactory fit, two or three components were 

used.  
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Table 2 Global analysis results of the fluorescence decays of 1 and 2 in different solvents. Time constants in 
ns. In parentheses the maxima of the evolution associated spectra (nm). 
Solvent 1  2  

Toluene 
0.19 (430)  
3.0 (453) 

<0.05 (418 )  
0.50 (424) 
3.1 (453) 

Tetrahydrofuran 
1.0 (459)  
3.4 (488) 

0.47 (471) 
2.3 (471) 

Butyronitrile 
0.70 (494) 
3.0 (494) 

0.27 (450)  
2.3 (524) 
4.6 (520) 

Acetonitrile 
0.23 (440) 
0.57 (527) 
4.1 (527) 

0.17 (shoulder) 
3.4 (548) 
3.7 (548) 

 

In Table 2 the time constants are given that emerge from the global analysis of the streak 

images. The wavelength dependent amplitudes shown in Figure 3 represent evolution-

associated spectra,[11, 12] that is, a kinetic model A  B (  C) was assumed, in which the 

decay times of A, B, and C increase.  

The lifetimes found show that for all solvents a fast component is present at short 

wavelength. A clear trend can be seen upon increasing solvent polarity: the red-shifted 

longer lifetime components (dashed and solid black traces in Figure 3) become more 

important with increasing polarity. The time constants associated with the fast 

fluorescence components in PrCN and ACN are unreliable, because of the small 

amplitudes and the widths of the system response functions, which were ∼ 0.6 ns in these 

cases. The transient absorption experiments presented below show that the conversion 

from the LE state to the CS state occurs on a picosecond time scale. 

Unfortunately, the emission maxima obtained with this setup are not accurate because 

the wavelength dependent sensitivity of the detection system was not taken into account, 

and the wavelength scale was not properly calibrated. Comparison with the steady state 

emission measurements shows a difference in emission maxima of up to 25 nm; 

nevertheless, the solvatochromic trend is clearly visible.  
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Figure 3 Evolution associated spectra from the global analysis of the fluorescence data of 1 (A - D) and 2 (E 
- H) in four different solvents. Grey lines are components associated with LE emission, dashed and solid 
black lines show emission from charge separated states. 
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7.2.2. Femtosecond Transient Absorption Spectra 
The time-resolved fluorescence spectra are dominated by emission on the nanosecond 

timescale. In order to probe dynamics at shorter timescales, and in order to have 

independent spectroscopic data that can provide information on the nature of the excited 

states involved, transient absorption (TA) spectra were obtained with sub-picosecond 

time resolution. Figure 4 shows the spectral data obtained in the first 30 picoseconds after 

excitation of 2 in butyronitrile (PrCN).  

 

 
Figure 4 Femtosecond transient absorption matrix of 2 in PrCN. The color represents the absorbance 
difference. λexc = 320 nm. 
 
As can be seen from this figure on the very short time scale (< 10 ps) quite some changes 

occur. To fully comprehend this dataset a global analysis was performed, in which the 

decays at all wavelengths were fitted simultaneously. For a satisfactory fit, five kinetic 

components were required. In order to interpret the associated wavelength dependent 

amplitudes, a kinetic model is needed. A simple model that often turns out to allow a 

meaningful interpretation of the results assumes sequential processes, i.e. A  B  C  

D  E, with gradually increasing decay times.[11, 12] This leads to the “evolution associated 
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difference spectra” of 1 and 2 in toluene, tetrahydrofuran, butyronitrile and acetonitrile 

that are shown in Figure 5.  

Because the electronic absorption spectra of 1 and 2 are practically solvent 

independent, it is reasonable to assume that initial excitation produces a locally excited 

state (LE), which does not have a large dipole moment. The large solvatochromic shifts in 

the fluorescence spectra clearly show that the relaxed excited state, which has a 

nanosecond decay time, is very polar, i.e. it is a charge-separated state (CS). It is therefore 

natural to attribute the spectral evolution to the process LE  CS. The global analysis, 

however, reveals more than just these two expected components. There is a very fast 

decay in almost all cases, with a spectral maximum near 420 nm, and a time constant of < 

0.2 ps, which is beyond the time resolution of our set-up (ca. 0.2 ps). It is not certain what 

the significance of this component is. Perhaps due to the short excitation wavelength, 

which is relatively close to absorption bands of the solvent, it is a kind of “coherent 

artifact”.  

We will first look at 1 and 2 in butyronitrile, because in this solvent all relevant 

electronic excited states are most clearly visible. Subsequently we will look at the other 

solvents. 

For 1 in PrCN, a broad absorption band is seen (blue line in Figure 5C), extending from 

470 to 550 nm, which according to our working hypothesis is due to the LE state. This 

decays with a time constant of 1.2 ps to an intermediate (red line in Figure 5C) with a 

narrower band. We tentatively assign this as a relaxed LE state, in which excess 

vibrational energy has been dissipated. The clear “dip” in the band near 440 nm is due to 

stimulated LE emission, which shifts to the red upon vibrational and solvent relaxation. 

At the same time, vibrational cooling leads to a blue shift of the excited state absorption. 

Subsequently, the charge separation process takes place with a time constant of 5.3 ps, 

and leads to a CS species (green line in Figure 5C) with two absorption bands, a strong 

one at 450 nm, a weaker one at 750 nm. This species decays with a time constant of 0.20 

ns to the final one (black line in Figure 5C), which has an almost identical spectrum. Only 
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the relative intensity of the 750 nm band (vs. the 450 nm band) is lower. It is not obvious 

what kind of process is occurring on this time scale. Due to the presence of a number of 

single bonds in the molecule, in the initial state, different conformations will be 

populated. Possibly, the relatively slow but minor spectral evolution is caused by 

conformational relaxation processes or by different kinetics in the different conformers. 

The final CS state then has a lifetime of 1.8 ns, which is in acceptable agreement with the 

0.7 ns and 3.0 ns time constants found for the fluorescence decay. The transient 

absorption measurement window is only 1 ns wide, so the measurements of lifetimes 

longer than 250 ps are inaccurate. An overview of all the different components and their 

time constants is given in Table 3. 

For the two armed system (2) in PrCN, the overall picture is similar to that of 1 in the 

same solvent: after decay of a very short-lived component (magenta in Figure 5G), a 

broad band is found (blue, maximum 575 nm) that can be attributed to the hot LE state, 

which relaxes in 0.9 ps to an intermediate state (relaxed LE), with a maximum at 530 nm 

(red in Figure 5G). This is converted into the CS state with a time constant of 2.8 ps. The 

CS state formed (green line in Figure 5G) has its maximum at 510 m and it relaxes further 

in 40 ps. The final CS state (black), however, has the same spectral characteristics as its 

precursor, with a final lifetime of 2.8 ns. The fluorescence decays in a biexponential 

fashion, with time constants of 2.3 and 4.6 ns.  

In summary, the data in PrCN reveal the expected LE and CS species, but also some 

additional complexity. The spectra of the relaxed LE and CS states of 1 and 2 are quite 

similar, although somewhat shifted in wavelength.  

Turning to toluene, we see a rather different behavior. In this case the data indicate 

that a CS state is not formed. This is perhaps not surprising, because the solvent is rather 

non-polar, and unable to stabilize a very polar excited state.  
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Figure 5 Normalized evolution associated decay spectra of 1 (A - D) and 2 (E - H) in four different solvents. 
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In toluene there are two fast components (magenta and blue, respectively, in Figure 5A; 

both 1 ps) for 1, spectrally almost identical, with a maximum around 420 nm. These 

probably originate from the solvent. The hot LE state is formed with a maximum at 570 

nm and a decay time of 1 ps. The errors on the decay times are large, and the fitted 

system response width is unusually small, so the reliability of the model in this early time 

range is poor. The third species evolves into a relaxed LE state that is a little more blue-

shifted (λmax = 550 nm, green line in Fig 5A) and has a decay constant of 0.21 ns. The 

spectral narrowing and simultaneous blue shift are probably due to vibrational relaxation. 

Then the final species is formed, which has an absorption maximum around 420 nm. The 

decay constant for this final species in toluene is 6 ns. When we compare the last two 

species with the fluorescence data we see that the intermediate species with an absorption 

maximum at 550 nm has a decay time in excellent agreement with the fluorescence decay 

of 0.19 ns. The final species found in the transient absorption decays with a time constant 

of 6 ns. In fluorescence, we find a second component of 3.0 ns with a very small 

amplitude (see Figure 4). It seems unlikely that the long-lived species in transient 

absorption is the same as the 3 ns fluorescence component. A reasonable hypothesis is 

that the 3 ns fluorescence component (red-shifted with respect to the LE emission, see 

Figure 5) is the CS state, produced in only low yield, while the long-lived TA component 

is due to a local triplet state.  

For the two-armed species 2 (Figure 5E) initially three very fast processes with decay 

constants of 0.1 ps follow each other. After this, we can see the LE state with a broad 

band from 520 to 620 nm. This species decays with a time constant of 2.6 ps to a state 

with an almost identical spectral signature but with a lifetime of 0.38 ns.  After this, a 

final state is formed showing a broad band ranging from 400 to 500 nm. The precise 

maximum is obscured by the stimulated emission at 440 nm, which matches the emission 

maximum of the fast component in the fluorescence data (Figure 3E, black line). This 

species decays with a fitted time constant of 1 ns. It is not certain how this final spectrum 

should be assigned. There may be two components, which are not resolved because of 
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low amplitudes and insufficient sampling time. The peak near 500 nm is probably due to 

the CS state, being formed with low efficiency. The band rising on the short-wavelength 

edge of the spectrum seems to correspond to the long-lived species detected in the case of 

1 in toluene. For the fluorescence we find a major component with a time constant of 

0.50 ns, which agrees well with the 0.38 ns found in TA, which is attributed to the LE 

state. The weak fluorescence component of 3.1 ns may be due to the CS state. This may 

also be responsible for the contribution near 500 nm in the weak 1 ns component in TA. 

To summarize, for toluene we can see that there are some processes occurring on a 

very fast time scale. The main bands are due to LE states, with decay times in agreement 

with those from fluorescence. Based on the fluorescence data, formation of the CS species 

in toluene does occur, but with much lower efficiency than in PrCN. In TA the CS 

species are not detected with certainty. 

In ACN, the situation is very different. In this case, the data indicate that an LE state is 

very short lived. This is not so surprising, because the solvent is very polar, so the 

formation of a CS state is favored. 

For 1, directly after excitation there is the commonly observed very fast component, 

which decays with a time constant of 0.1 ps. After this, the LE state is formed with a 

maximum at 520 nm and stimulated emission at 430 nm. With τ = 1.2 ps, this decays to 

the CS species, with an absorption maximum at 460 nm. In this case the relaxed LE state 

is not observed. For the CS species, we find three subsequent time constants of 5.2 ps, 

0.13 ns and 3.2 ns, with very little spectral evolution when going from the first CS species 

to the third.  

For the two-armed compound 2 directly after excitation we observe a species with a 

maximum at 570 nm and a decay constant of 0.3 ps. Based on the spectrum, this must be 

the LE state. This is the only case of the eight studied in which the short-lived component 

due to the coherent artifact is not seen, because it is overwhelmed by a TA band of the LE 

state in the same time window. After this, we see a state with a decay constant of 0.5 ps 

and an absorption maximum at 525 nm, which might be a vibrationally relaxed LE state, 
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with the characteristic dip at 450 nm due to stimulated emission. Then the final species is 

formed with a maximum at 500 nm, although also in this case we can see three 

subsequent time constants of 7.1 ps, 0.34 ns and 2.7 ns. However, as in the case of 1 

almost no spectral evolution occurs after the first of the CS states has been formed. The 

fluorescence decay times of 3.4 and 3.7 ns are again comparable with the 2.7 ns of the last 

species. 

To summarize, in ACN the formation of the CS state is much faster than in PrCN. For 

2 it is more rapid than for 1.  

THF is more polar than toluene, but less polar than PrCN. We expect that 1 and 2 will 

show “intermediate” behavior. For 1, after excitation there is a fast component of 0.2 ps 

similar to that in the other solvents. After this a broad band with maxima at 480 and 570 

nm appears (blue in Figure 5B) and this settles with τ = 0.9 ps into a narrower band (red 

in Figure 7-5B) with a single maximum at 550 nm and stimulated emission at ∼ 425 nm. 

Further narrowing and a shift of the maximum to 520 nm occur with a time constant of 

5.6 ps. This ‘relaxed’ LE state decays with a time constant of 0.60 ns towards the final 

species. This corresponds reasonably with the 1.0 ns observed in fluorescence. The final 

species is spectrally very similar to that found for 2 in toluene: two maxima at 420 nm and 

520 nm. The trough in between is ascribed to stimulated emission. In THF we could not 

fit a decay time constant for this last species; it is at least 0.5 ns. The 3.4 ns fluorescence 

decay component with small amplitude indicates that the transient species is a CS state, 

but there may be a contribution from a triplet state as well.  

For 2 in THF (Figure 5F), the final species is different than for 1. After excitation, the 

LE state (blue curve) is observed after decay of the 0.2 ps artifact, and has a maximum 

around 600 nm. This relaxes with a time constant of 0.7 ps to 570 nm. After another 4.4 

ps, the CS state is formed and this has its maximum at 540 nm (green spectrum). The CS 

state relaxes further with a time constant of 0.5 ns to the final excited state species. This 

also has its maximum at 540 nm and decays in 2.4 ns to the ground state. The final species 
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has a decay constant that is in agreement with the 2.3 ns found in the fluorescence 

measurements. 

To summarize, in THF the behavior of compounds 1 and 2 is qualitatively different. 

Compound 1 is showing little charge separation, but compound 2 behaves more like 1 in 

PrCN, showing rapid and efficient charge separation. Again, the difference in driving 

force for electron transfer, which is more favorable in 2, can explain the difference.  

  

Table 3 Time constants and maxima of the different species found for 1 and 2 from the global analysis of the 
transient absorption data. Time constants in brackets are the fluorescence lifetimes. 
 
  1 2 
Solvent Time constant  λmax (nm) Time constant λmax (nm) 

Toluene 

1.0 ps 
1.0 ps 
1.0 ps 

0.21 ns (0.19 ns) 
6 ns (3.0 ns) 

420  
420  
570  
550  
420   

0.1 ps 
0.1 ps 
0.1 ps 
2.6 ps 

0.38 ns (0.50 ns) 
1 ns (3.1 ns) 

420  
390  
400  

520-620 
520-620 
broad 

THF 

0.2 ps  
0.9 ps 
5.6 ps 

0.60 ns (1.0 ns) 
> 0.5 ns  (3.4 ns) 

400  
480, 570 

550  
520  

420, 520 

0.2 ps 
0.7 ps 
4.4 ps 

0.50 ns (0.47 ns)  
2.4 ns (2.3 ns) 

390  
600  
570  
540  
540  

PrCN 

0.2 ps 
1.2 ps 
5.3 ps 

0.20 ns (0.7 ns) 
1.8 ns (3.0 ns) 

420  
470(sh) 550 

520 
450, 750  
450, 750  

0.1 ps 
0.9 ps 

2.8 ps (0.27 ns)a 

40 ps 
2.8 ns (2.3, 4.6 ns) 

400-510 
575  
530  
510  
510  

ACN 

0.1 ps 
1.2 ps 

5.2 ps (0.23 ns)a 

0.13 ns (0.57 ns) 
3.2 ns (4.1 ns) 

500  
520  
460  
460  
460  

0.3 ps 
0.5 ps 

7.1 ps (0.17 ns)a 

0.34 ns 
2.7 ns (3.4 ns; 3.7 ns) 

570  
525  
500  
500  
500  

a fluorescence decay time very unreliable because of limited time resolution 
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7.2.3. Quantum Chemical Calculations 

The geometries and electronic structures of 1 and 2 were estimated using standard 

B3LYP/6-31G(d) calculations on model compounds 1’ and 2’ with in which the hexyl 

groups were replaced by methyl groups (Table 4). [13] Time-dependent density functional 

theory shows that the lowest excited states are essentially described by HOMO-LUMO 

excitations. As expected, the HOMO has a large contribution on the dialkylaniline donor, 

and the LUMO is more on the biphenyl acceptor fragment, but both are very strongly 

delocalized, as illustrated for (the models of) 1 and 2 in Figure 6.  

 

Table 4. Calculated excitation wavelengths (nm) and oscillator strength (in parentheses) for 1’ and 2’.a 

Compound λmax, f  
1’ 317 (0.88) 

285 (0.35) 
282 (0.055) 

2’ 338 (1.94) 
315 (0.0032) 
295 (0.0045) 

 a Compounds 1’ and 2’ are derived from 1 and 2 by replacing the n-hexyl groups by methyl groups 
 
The computed lowest excited state energies are slightly lower than what is found 

experimentally, but the agreement is satisfactory. Importantly, at energies that are only 

slightly higher additional states are found in both molecules. Mixing of the two or three 

low-energy states along a reaction coordinate for relaxation of the molecular geometry 

and the solvent coordinates can give rise to the two very different states that are 

experimentally observed. In this respect compounds 1 and 2 are similar to other push-pull 

systems, of which N,N-dimethylaminobenzonitrile is a prototype.[14-16] The nature of the 

reaction coordinate involved can be studied computationally, but this is beyond the scope 

of the present study. 
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A B 

C D

 
Figure 6 HOMO(C, D) and LUMO (A, B) of model systems 1’ (A, C) and 2’ (B, D) (B3LYP/6-31G(d), no 
solvent).  
 

7.3. Discussion 

To help with the interpretation of the TA data Figure 7 was constructed. In this figure the 

evolution associated difference spectra for both compounds are shown again, now only 

with representative spectra of the ‘important’ species LE*, LE(relaxed) and CS(relaxed) 

present. Lines have been added to guide the eye.  

For the two-armed compound (2), the final species (black line in Figure 7) with a 

maximum at 500 nm in acetonitrile is a CS species. A clear shift to longer wavelength can 

be observed when the polarity of the solvent is decreased. The band around 520 nm (red 

line) we attribute to the relaxed LE state. Finally, the broad band around 580 nm (blue 

line) is the (hot) LE state. This band does not shift with solvent polarity, but it changes 

shape, the contribution at shorter wavelength decreasing with increasing polarity. Similar 

transient spectral signatures can be recognized for 1. In this case the long-lived CS state 

shows a peak at shorter wavelength than for 2 in the same solvent. An additional band in 

the near-infrared range can be seen, of which the maximum seems to be near the edge of 

our spectral window. A similar band for 2 is red-shifted, and we can just see a small rise 

up to 750 nm. 
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Figure 7 Evolution associated difference spectra of 1 and 2 in a series of solvents. Only the important 
components are shown. Lines are drawn to guide the eye to compare the different spectra. For 2 the CS 
state is not detected clearly in toluene. For 1 it not observed in toluene and only weakly in THF.  
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Table 5 Time constants for formation of the CS state from transient absorption and (in parentheses) the 
decay of the CS state from fluorescence. 
 1 2 
Toluene a (3.0 ns) a (3.1 ns) 
THF a (3.4 ns) 4.4  ps (2.3 ns) 
PrCN 5.3 ps (3.0 ns) 2.8  ps (2.3, 4.6 ns) 
ACN 1.2 ps (4.1 ns) 0.5  ps (3.4, 3.7 ns) 
a because of the low yield of the CS state, the time constant for its formation could not be determined. 

 

The time constants associated with the formation and decay of the CS state are listed in 

Table 5. The results in Table 5 show a clear internal consistency: charge separation is 

more rapid in 2 than in 1, and more rapid in more polar solvents. This follows the trend 

in the driving force. Interestingly, the decays do not depend much on the solvent and the 

structure of the molecules. This does not conform with the normal behavior, which is 

that the nonradiative decay via charge recombination is faster when the energy gap is 

smaller, which leads to reduced emission quantum yields and lifetimes in more polar 

solvents.  

The quantum chemical calculations indicate that the LE state that is reached upon 

absorption of UV light can be characterized by a strongly allowed HOMO to LUMO 

excitation. Although the dipole moment of the LE state is somewhat larger than that of 

the ground state, the absorption spectrum shows no solvatochromicity. Fluorescence from 

the LE state is observed only in nonpolar solvents. The red-shifted emission for 1 in THF 

vs. toluene, which according to the TA experiments is an LE emission, is an indication 

that the LE fluorescence indeed is solvatochromic. In the TA experiments, LE emission is 

detected as stimulated emission. Unfortunately, due to the overlap with the excited state 

absorption band it is not possible to determine the emission maximum in a reliable and 

accurate way. 

The detailed nature of the CS state is not revealed by the experimental data. The TA 

results indicate that it is clearly different from the LE state. In one way or another, a large 

dipole must be formed, which leads to the strongly solvatochromic emission. In N,N-

dimethylaminobenzonitrile, twisting of the dimethylamino electron donor group with 
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respect to the benzene ring helps to localize the positive charge in the twisted 

intramolecular charge transfer state on the amino group, while the negative charge is 

delocalized over the benzonitrile fragment.[17-19] In 1 and 2 twisting could also occur about 

the C-N bond linking the phenyl ring to the triazole. The electron-accepting group 

comprises the biphenyl unit. Replacement of the biphenyl in 1 by a phenyl ring 

completely suppresses electron transfer.[5]  

The 1,2,3-triazole ring has recently been used as a linker between functional units in 

numerous molecular architectures. Active involvement of the triazole unit in the 

photophysical and redox properties of conjugated systems is not common.[20, 21] In the 

present case, the triazole ring(s) clearly help to enhance the electron affinity of the 

conjugated aromatic systems. Overall, the behavior of 1 and 2 is similar, indicating that 

symmetry breaking occurs in the excited state of 2. The differences in the behaviors of 1 

and 2 can be attributed to the enhanced electron accepting ability of the bis-triazole 

biphenyl unit in 2.  

In order to further characterize the charge separation process, studies in a larger range 

of solvents, including viscous ones, would be useful. For a characterization of the CS state, 

quantum chemical calculations will be helpful. 

 

7.4. Conclusion 

This work shows that with ‘click’ chemistry interesting photoactive compounds can be 

made in which the triazole linkers play a pivotal role as electron withdrawing units 

stabilizing charge separation. The exact localization of the charges in the charge separated 

states of 1 and 2 remains somewhat ambiguous. It is clear, however, that the state formed 

directly after excitation is of a “local” nature as can be seen by the lack of solvatochromic 

shift in absorption. In sufficiently polar solvents, the locally exited state decays into a 

highly dipolar one, as can be seen from the solvatochromic behavior in fluorescence and 

the changes in the transient absorption spectra. For 1 the emission is still mainly from the 

LE state in THF, but almost completely from the CS state in PrCN and ACN. For 2, charge 
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separation occurs efficiently already in THF. For both compounds a small extent of charge 

separation in toluene can be inferred from the fluorescence decays. When it occurs 

efficiently, charge separation takes place on a picosecond time scale. When it does not 

occur this is probably for a thermodynamic reason, not a kinetic one.  

The nature of the excited state can be tuned: non-polar solvents, like toluene, will 

predominantly give rise to the locally excited state; polar solvents, like acetonitrile, will 

yield the charge separated excited state. 

The addition of a second arm to compound 1 leads to symmetry breaking in the excited 

state of compound 2 as is apparent from the almost identical photophysical behavior of 

both compounds. 
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7.6. Experimental Details 
 

7.6.1. Steady-State Absorption and Fluorescence 

Details on the steady state absorption and fluorescence measurements can be found in 

Chapter 2. 

7.6.2. Time-Resolved Measurements 

Time resolved fluorescence was measured with a Hamamatsu streak camera system 

(details described elsewhere[22]). As excitation source a Spectra-Physics Hurricane 

Titanium:Sapphire regenerative amplifier system was used. The excitation wavelength of 

320 nm was made with an optical parametric amplifier (Spectra-Physics OPA 800). The 
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excitation light was imaged onto the cell with a mirror and the emission light was 

collected with a fiber coupled to the spectrograph of the streak setup. The streak camera 

was run in “dump mode”. In this mode, the sync signal from the Hurricane setup is 

combined with the trigger signal to form a triggering diode to gain optimal resolution. 

Unfortunately, there is still electronic jitter, which limits the instrument response width 

to ca. 0.2 ns, depending on the measurement time (longer measurements giving broader 

instrument response). The instrument responses (FWHM) used in the global analysis of 

the streak measurements were: 0.37, 0.26, 0.64 and 0.63 ns for 1 and 0.15, 0.56, 0.58 and 

0.61 ns for 2, respectively, in the series of solvents toluene-THF-PrCN-MeCN. 

For the transient absorption measurements, the same excitation source was used. The 

residual fundamental light from the Hurricane was used for the white light generation, 

which was transmitted through the sample and detected with a CCD spectrograph (Ocean 

Optics). Typical laser output was 5 μJ per pulse (130 fs FWHM) with a repetition rate of 1 

kHz. The samples were placed into 2 mm quartz cells and stirred with a ‘finger’. The 

sample used had a ground state absorbance of around 0.2. Steady state absorbance 

measurements were performed before and after the laser experiments, which showed that 

degradation of the sample during the measurements is insignificant.  
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