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Abstract 

The functionalization of light-emitting triarylmethyl radicals with electron donating moieties 

can significantly increase their photoluminescence quantum yield . As luminophores in light-

emitting diodes, such open-shell radicals can be used to overcome the problem of spin-statistics 

inherent to conventional closed-shell emitters. However, so far the functionalization of 

triarylmethyl radicals with donors of varying strength has been limited by the restricted 

reactivity of the triarylmethyl radical, constraining optimization of performance to empirical 

trial and error approaches. Here, we make use of the reliable reactivity of N-heterocyclic donors 

in radical-mediated aromatic substitutions, allowing us to systematically investigate the effect 

of donor strength on the emission characteristics of triarylmethyl radicals. As a single descriptor 

proxy to the donor strength, we employ the ionization energy IE of the donor moiety determined 

by density functional theory calculations. A systematic bathochromic shift of the emission 

wavelength max is observed for increasing donor strength, while maximum  values are 

obtained for medium-strength donors. We rationalize these effects with a simple model based 

on the Marcus theory supported by quantum chemical calculations and electron paramagnetic 

resonance. This allows us to understand the effect of the donor strength on both max and , 

enabling the design of improved light-emitting radicals in the future. 

Introduction 

Donor-functionalized open-shell tris(2,4,6-trichlorophenyl)methyl (TTM) radicals have 

emerged as a powerful class of stable and highly efficient doublet emitters.[1] A large variety of 

TTM derivatives, mainly functionalized by carbazole (Cz) moieties, has been reported, with 

fluorescence covering the orange to near-infrared region of the spectrum.[2–4] TTM-Cz radicals 

with high photoluminescence quantum yield () have been employed in electroluminescent 

devices (OLEDs), showing high efficiency beyond the spin-statistical limitations of 

conventional closed-shell emitters.[5] The substitution of TTM with Cz-type electron donors 

evokes charge transfer (CT) from the donor to the trityl site after excitation, leading to red-

shifted emission in comparison to the unsubstituted TTM radical.[4] Surprisingly,  of these 

mono-substituted TTM radicals varies greatly; from a few percent to almost unity in 

pyridoindole functionalized TTM radicals.[3,4,6] For TTM-Cz and some pyroindole derivatives, 

coupling of the CT excited state with ground or locally excited states has been discussed to 

improve the radiative decay rate; however, the coupling mechanism remains elusive and a 

predictive theory is absent to date.[6–8] A fundamental understanding of the factors determining 
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the shift in the fluorescence maximum λmax and the variability in  would be desirable to enable 

the rational design of radicals with emission properties specifically tailored to the respective 

applications. Studies of donor-substituted TTM radicals have shown that their emission 

properties depend on the nature of the CT excited state.[4] However, to date, there is no 

comparative study that sheds light on the influence of the donor strength to improve  and its 

effect on the emission wavelength. 

Here, we address the fragmented data situation and compare a variety of N-heterocyclic donor- 

and acceptor-functionalized TTM radicals with regard to their emission properties.[2–4,6,8–15] We 

compare reported molecules and close some gaps by synthesizing unprecedented donor-

substituted TTM radicals. For the comparison, we consider reported λmax and  values that are 

comparable with respect to the type of solvent used and the method of property determination 

employed. All of the newly synthesized molecules are accessible via the established radical-

mediated aromatic substitution approach and characterized respecting the same criteria as for 

the reported data.[2,3] The ionization energy (IE) of the donor has previously been suggested to 

influence the excited state energy.[8] Here, we employ the IE as a proxy for the donor strength 

of the N-substituents, which we determine for all molecules under consideration (previously 

reported and newly synthesized) using density functional theory (DFT) calculations. We find a 

systematic dependence of λmax with increasing IE and a deteriorating  for strong and very weak 

donors, while the best  is achieved in molecules with medium donor strength. 

 

Results and Discussion 

Selection of N-Donor Funtionalized TTMs and Their Emission Behavior 

We select a variety of TTM radicals functionalized with N-heterocyclic donors – mostly 

substituted carbazoles – from the literature.[2–4,6,8–17] We group the molecules into four different 

categories according to the structure of the donor: (i) varying carbazole ring reductions and 

extensions, (ii, iii) different carbazole substitutions (either 2,7- or 3,6-), and (iv) N-heterocyclic 

moieties other than carbazole (see Figure 1). To obtain a measure for the electron-donating 

quality of the respective substituents, we employ DFT calculations on the PBE0/6-31+G(d) 

level of theory (and, for the donors of 22 and 23, the LANL2DZ basis set because of the heavy 

iodide substituents).[18–22] The IE is obtained as the vertical difference in total energy of the 

neutral and cationic species, while the geometry, optimized for the neutral compounds, is 

unchanged upon ionization (see Figure 1). 
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Figure 1: Structures and ionization energies (IE) of various substituents attached to TTM.[2–4,6,8–16] These are computed for the 
individual molecules (saturated with hydrogen) at the PBE0/6-31+G(d) level (LANL2DZ basis set for the donors of 22 and 23).[18–

22] Circles, squares, and triangles represent molecules taken from the literature; new compounds are indicated by stars. Circles: 
Literature-known radicals characterized from cyclohexane solutions.[2–4,6,8–14,17] Triangles: Radicals characterized in toluene 

solutions.[3] Squares: Reported radicals for which  is newly determined in cyclohexane solutions.[2,11,12,15] Stars: New 
compounds characterized in cyclohexane solutions. 

Experimental IE values are available for some of the donor molecules discussed here and our 

calculated IE values are in good agreement with these reported values. In the literature, the IE 

for Cz varies between 7.2 and 7.68 eV, while we calculate 7.4 eV.[23–30] Employing an 

inexpensive basis set allows us to screen a broad variety of potential substituents quickly and 

at low computational cost. We perform these calculations for the respective substituents of all 

radical structures drawn from the literature and find that there are some apparent gaps, which 

we fill by synthesizing and calculating four unprecedented functionalized TTM radicals, 

namely benzotriazole- (Bta; 1), 2-chlorocarbazole- (13), 2-bromocarbazole- (14), and 3-

iodocarbazole- (23) (indicated by stars in Figure 1, see Supporting Information for synthetic 

procedures). We determine   and λmax in solution by recording photoluminescence spectra of 

these new compounds, and we plot the data together with λmax and  reported for the respective 

donor-functionalized radicals extracted from the literature (see Figure 1). The emission of N-

donor-functionalized TTM radicals typically occurs from a CT excited state.[2,4,15] The CT state 

is stabilized in polar solvents, which leads to a decrease in , while non-polar solvents yield 

much higher [2] herefore, we decide to compare the emission of the N-donor-functionalized 

TTMs in cyclohexane (or toluene solution for two compounds in lieu of data in cyclohexane, 

see Figure 1). The emission maxima of all compared compounds vary largely between 

max = 583 nm and 728 nm.[4] When plotting the reported and measured max of the respective 

N-donor-functionalized TTM radicals against the IE, we observe a non-linear increase of max 

with increasing donor strength (see Figure 2a; the black line is a guide to the eye). For strong 

donors, the spread of the max values increases when compared to the medium strength and weak 

donors. This effect may be rooted in the broader spectra that are typically observed for emission 

from clear CT states. At the low donor strength end of the curve, compound 1 (TTM-Bta) seems 

to deviate most strongly from the general trend. At this point, the donor strength of Bta might 

be too weak to evoke a CT excited state (cf. Figure 2 and Table S1 in the Supporting 

Information). The photoluminescence of TTM-Bta (1) is independent of the solvent polarity, 

likely indicating emission from a locally excited (LE) state (see Figure S3 and Figure S5 in the 

Supporting Information). The increased aromatic delocalization of such an LE state, could 
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explain the greater-than-expected max. However, the  of TTM-Bta (1) is low, indicating that 

LE states are unfavourable in TTM-based radical emitters.  

The determination of  of dissolved emitters can be performed either by an absolute method 

using an integrating sphere or by a relative method where a series of degressively diluted sample 

solutions is measured against a reference emitter of known  Altogether, the determination of 

 is prone to errors.[31–34] In the literature, both absolute and relative methods have been 

employed for the determination of  for N-donor functionalized TTM radicals. When we plot 

 against IE, we observe that the data describe a bell-shaped curve, showing poor   for weak 

and strong donors, and high  for medium-strength donors (see Figure 2b). 

 
Figure 2: (a) Emission wavelength max and (b) fluorescence quantum yield  of the TTM derivatives in cyclohexane solution 
as a function of the ionization energies (IE) of the respective substituents.[2–4,6,8–17]  The solid line in Figure 2 (a), approaching 

max of TTM (567 nm) in cyclohexane (dashed line) and the Gauss curve (black solid line in Figure 2 (b)) are guides to the eye. 
Data points marked by triangles are for solutions of the respective radicals in toluene.[3] 

While most data follow the bell-shaped curve, for compound 21 no  has been reported and for 

radicals 32 and 33 disparate values are found in the literature.[2,4,8,13,15–17] Therefore, we 

synthesize these compounds, determine their  using the absolute method in an integrating 

sphere and include the new data in Figure 2b (indicated by square-shaped datapoints). For 

compound 32 we amend the reported   to   by contrast, compound 33 (TTM-Cz) delivered 

 =   which is higher than reported previously.[35] However, recent investigations also 

point towards higher  for TTM-Cz, which is why we chose to continue using our results in this 

study (see Figure 2b).[16] 

 

Excited State Characteristics 

To elucidate whether the excited state character gives information about the above-described 

trends in max and , we select radicals at the bottom of the bell-shaped curve with low  from 

the left and right branch of the curve (2 & 10), and one molecule with very high  (33). We 

optimize their ground (D0) with Kohn-Sham DFT and first excited state (D1) geometries using 

∆SCF initial maximum overlap method ((IMOM-), both at the PBE0-D3(BJ)/def2-SVP 
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level.[36–45] We determine the canonical orbitals involved in the transition using (∆SCF -)PBE0-

D3(BJ)/def2-SVP (see Figure 3). These are the highest occupied spin-down orbitals in D0 and 

D1. The D1 excited state in TTM-Cz (33) results from an intramolecular charge transfer (ICT) 

from the carbazole donor to the TTM acceptor moiety,[2,4,46] as can be deduced from the 

involved orbitals (see Figure 3c). With increasing IE, the strength of the N-donor decreases, 

entailing a pronounced LE state of low  (cf. (2) in Figures 2 and 3a). The involved orbitals of 

TTM-Bta (1) also exhibit a clear LE state as expected from the polarity independent 

photoluminescence discussed above, corroborating our hypothesis that the enlarged π-system 

evokes the bathochromic shift in max (cf. Figure S3 and Figure S5 in the Supporting 

Information). The orbitals of radicals with strong donors (10) exhibit an even more pronounced 

CT state than TTM-Cz (33), especially when considering the distribution of the hole in the D0 

geometry (see Figure 3c).  Apparently, the variation of the IE of the donor influences the excited 

state character of the TTM derivative. 

 

Figure 3: (a – c) Hole (h+) and particle (e-) molecular orbitals for the selected radicals in their ground (D0) and excited state (D1) 
geometry calculated on the (IMOM-)PBE0-D3(BJ)/def2-SVP level. Functionalization with a very weak donor leads to LE 
behavior (2) as for TTM, while donors evoke CT to the TTM moiety (33, 10). 3-state model for LE, CT, and GS in selected 
derivatives carrying a very weak donor (2, d), a medium-strength donor (33, e), and a strong donor (10, f).[8] When increasing 
the donor strength, the CT curve is lowered in its free energy and displaced on the charge transfer coordinate with respect to 
the LE, qualitatively explaining the red-shifted emission. 

According to the quantum chemical calculations for molecule 33, at the ∆SCF-DFT level the 

relaxation of the excited state to the D1 minimum proceeds via a barrierless rotation around the 

donor-TTM bond with no state crossing involved.[36–45] Involvement of two separate adiabatic 

states that represent the LE and CT state, was also ruled out by means of TD-DFT calculations. 

Hence, for medium-strength donors, we assume almost instantaneous relaxation of the locally 

excited D1 state (found vertically at the D0 minimum) to a relaxed state with more pronounced 

CT character. For strong donors (like in molecule 10), we only find an excited state D1 with 

distinct CT character, while for weak donors we only find an LE D1 state, as shown for radicals 
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2 and 1 (cf. Figure 3a,c and Figure S5). Orbital plots for all investigated systems can be found 

in the Supporting Information (see Figure S8). 

 

A Simple 3-State Model Treated in the Context of Marcus Theory 

Encouraged by these results, we proceed to rationalize the emission properties for the wide 

spectrum of N-donors with different strength. Given that two different excited-state characters 

(LE and CT) exist, we also expect two different non-radiative decay mechanisms to return to 

the ground state. Our rationalization is achieved by employing a simple 3-state model involving 

LE, CT, and ground state (GS). The 3-state model has previously been suggested for TTM-

based radicals;[8]  here we apply Marcus theory for ICT to this model. The key aspects of the 

model are outlined in the following:  

We assume that, after photo-excitation, an LE state is populated, which can undergo ICT to a 

CT state. Moreover, we hypothesize that, in the absence of ICT, the LE state itself exhibits non-

radiative relaxation pathways to the GS. This hypothesis is corroborated by the low ϕ of TTM 

without donor functionalization (max = 567 nm, ϕ = 2 %). In our Marcus theory treatment, 

weak donors, like in radical 2, lead to a large energy barrier between the LE minimum and the 

transition state to the CT state (CTG‡), rendering the transition from the LE state to the CT 

state unfavorable (see Figure 3d). Therefore, we observe only weak emission for radicals 

functionalized with weak donors. As expected, the emission energy is close to that of non-

functionalized TTM (λmax = 567 nm, see Figure 2a). When we increase the strength of the donor, 

the free energy of the CT state decreases. In addition, the CT character will become more 

pronounced, leading to a shift along the electron transfer coordinate q (see Figure 3e). Both 

effects decrease the free energy difference between CT and GS, rationalizing the bathochromic 

shift (red-shift) of the emission wavelength maximum. Radicals carrying medium-strength 

donors, like TTM-Cz (33), possess a much smaller CTG‡ barrier enabling fast ICT to the CT 

state and efficient emission from this state (cf. Figure 3e). 

For strong donors, like in radical 10, the CT state will be further stabilized and shifted with 

respect to the LE state, resulting in very low values for CTG‡. This assumption is substantiated 

by the orbitals of radical 10, indicating augmented charge separation upon excitation, compared 

to radical 33 (see Figure 3c). However, simultaneously, a low barrier conical intersection (CI) 

between the CT and GS will occur, opening up a non-radiative decay pathway (see Figure 3f). 

This new pathway explains the drop in  for decreasing IE (strong donors).[47,48] 

 

Quantum Chemical Calculations on the Photophysics 

To further test the applicability of our model, we determine the suspected state transition energy 

barriers. We want to point out that our quantum chemical calculations indicate direct excitation 

to a CT state for medium-strength and strong donors with no previous involvement of an LE 

state (see Figure 3c). This apparent discrepancy between the 3-state model and our quantum 

chemical calculations can be brought into agreement when considering that in our model the 

relaxation from the LE to the CT state is practically barrierless and fast. Likewise, for the weak 
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donor case, our calculations indicate no existence of CT character in the D1 state and only LE 

character. In the suggested 3-state model, this would be reflected by a much larger CTG‡ 

compared to direct relaxation to the ground state. 

The energy barrier to the ground state is determined as the difference between the charge 

separated D1 state minimum and the minimum energy conical intersection with the D0 ground 

state. Thermodynamic corrections employing the rigid-rotor harmonic oscillator approximation 

(ΔG‡) are applied as well. This ΔG‡ is used to estimate the energy barrier of non-radiative 

internal conversion to the ground state 𝑘IC
D1 (see Table 1). Since ∆SCF-DFT is not capable of 

determining conical intersection geometries, we determine ΔG‡ and the radiative decay rates 

using FOMO-CAS(3,2)-CI-D3(BJ)[49,50] employing the def2-SV(P)[51,52] basis set in 

TerachemV1.9 (for details see Supporting Information).[53] The active space of 3 electrons in 2 

active orbitals (singly occupied molecular orbital (SOMO) and doubly occupied molecular 

orbital (HDMO)) is chosen because these are sufficient to reproduce the emission energies 

utilizing the ∆SCF approach with PBE0-D3(BJ)/def2-SVP (see Figure S7).[36–45] Here the 

transition of the spin-down electron from HDMO to SOMO matches the experimentally 

observed emission energy (see also Supporting Information for further clarification).  

To obtain insight into the radiative and non-radiative relaxation scenarios with varying IE, we 

determine the rate constants. First, 𝑘r
D1 is determined using the Einstein coefficient 𝐴21.[36] The 

emission energy ∆E is calculated utilizing afore mentioned ∆SCF theory level using PBE0-

D3(BJ)/def2-SVP. The oscillator strength f12 is computed by the FOMO-CAS(3,2)-CI-D3(BJ) 

at the respective D1 minimum.(for details, see Supporting Information). 

Secondly, the non-radiative rate constant 𝑘IC
D1 is estimated by using non-adiabatic transition 

state theory the nonadiabatic coupling (NAC) elements are also computed using FOMO-

CAS(3,2)-CI.[54] 

 

Table 1: Computational results on f12, 𝛥𝐸, |𝑁𝐴𝐶|2 and 𝛥𝐺‡. The resulting rate constants for radiative relaxation and non-
radiative internal conversion (IC) are also given. For computational details, see the Supporting Information. 

Molecule 
𝜙exp 
[%] 

𝑓12 
 

Δ𝐸 
[eV] 

|NAC|2 
 

Δ𝐺‡ 
[eV] 

𝑘r
D1 

[s−1] 
𝑘IC

D1 
[s−1] 

𝜙exp 
[%] 

TTM 2 2.80 ∙ 10−1 2.09 1.49 ∙ 10−3 1.41 5.30 ∙ 107 9.04 ∙ 102 100 

1 1 5.00 ∙ 10−1 2.03 1.51 ∙ 10−3 1.36 8.97 ∙ 107 8.99 ∙ 103 99.9 

2 7,1 3.64 ∙ 10−1 2.02 9.07 ∙ 10−3 1.50 6.45 ∙ 107 1.65 ∙ 102 100 

33 88 7.43 ∙ 10−2 1.99 2.47 ∙ 10−3 1.24 1.27 ∙ 107 1.26 ∙ 106 91.0 

10 0 0.22 ∙ 10−2 1.45 2.90 ∙ 10−4 0.80 2.00 ∙ 105 4.57 ∙ 1012 0.0 

 

For decreasing IE, the energy barrier for non-radiative internal conversion Δ𝐸 and 𝑓12 decrease 

(see Table 1). These results are in line with our experimental observations (cf. Figure 2a). Our 

computational study indicates two trends for strong and medium donors with increasing donor 

strength: 𝑘r
D1 decreases only slightly, while 𝑘IC

D1 increases drastically. This increase in  𝑘IC
D1 

explains why we observe a low ϕ for strong donors. 
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Computationally, radicals carrying very weak donors (like molecule 2) or even very weak 

acceptors (like molecule 1) apparently cannot be simulated with this approach, as they show 

much larger quantum yields, in contrast to the experimental observation. This needs to be 

investigated in further detail.  We expect that  excited states of higher spin multiplicity (quartets) 

are involved in the relaxation process. For example, in TTM-Bta (1), electron paramagnetic 

resonance (EPR) analysis indicates the population of a quartet state after photo-excitation. This 

indicates a spin-forbidden non-radiative decay pathway and could explain its low ϕ (cf. Figure 

2 and Figure S6 in the Supporting Information). As a result, weak donors and acceptors require 

further investigation to understand their poor emission properties; however, this is not the aim 

of the present study. 

 

Relaxation Rates in the 3-State Model of Donor-functionalized TTM Radicals 

The results obtained from the quantum chemical calculations together with the simple 3-state 

model allow us to develop a phenomenological treatment of the experimental observations.[8] 

The rate constant of ICT (𝑘LE−CT) plays a keyrole in rationalizing the influence of the IE on . 

As described above,  depends on the rate constants of radiative and non-radiative decay from 

the LE and the CT states, respectively. A steady-state approximation for the population of the 

excited states leads to an expression of  as a function of the relevant rate constants k (see 

Supporting Information).  

 

𝜙 = 𝑘r
LE ∙

1

𝑘r
LE+𝑘nr

LE+𝑘LE−CT
+ 𝑘r

CT ∙
𝑘LE−CT

(𝑘LE−CT+𝑘r
LE+𝑘nr

LE)(𝑘r
CT+𝑘nr

CT)
  (Eq. 1) 

 

In the absence of ICT (𝑘LE−CT = 0), this expression simplifies to 𝜙 =
𝑘r

LE

𝑘r
LE+𝑘nr

LE, which is around 

2 % for TTM in cyclohexane, signifying that 𝑘nr
LE is about 50 times larger than 𝑘r

LE. An increase 

in donor strength (by lowering 𝐼𝐸 of the donor moiety systematically) is found to be crucial for 

tuning of 𝑘LE−CT. Maximum enhancement of  is expected for large 𝑘LE−CT with a limiting 

value of 𝜙 =
𝑘r

CT

𝑘r
CT+𝑘nr

CT. Accordingly, donor-functionalized TTM radicals with strong emission 

require improved ICT but also the prevention of non-radiative decay of the CT excited state to 

minimize 𝑘nr
CT. As established above, strong donors may facilitate non-radiative decay, due to 

efficient crossing from D1 to D0 via a conical intersection. 

Using these conditions together with the above-delineated 3-state Marcus theory for ICT, we 

can elaborate on the dependence of 𝑘LE−CT and 𝑘nr
CT on IE (see Supporting Information). Both 

𝑘LE−CT and 𝑘nr
CT represent normal distributions (see Supporting Information).  

https://doi.org/10.26434/chemrxiv-2023-5cbcl-v3 ORCID: https://orcid.org/0000-0003-0142-8001 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-5cbcl-v3
https://orcid.org/0000-0003-0142-8001
https://creativecommons.org/licenses/by-nc-nd/4.0/


9 
 

 

Figure 4: Photoluminescence quantum yield  as a function of the ionization energy of the donor moiety attached to TTM with 
𝑘nr

LE

𝑘r
LE = 50. In the absence of non-radiative decay of the CT state,  is enhanced for stronger donors by a systematic increase in 

the rate constants 𝑘LE−CT at lower IE (blue curve). The dashed curve shows the dependence of  on IE in case that non-
radiative decay of the CT state is the sole deactivation process (𝑘LE−CT → ∞). The red curve results from eq. 1, by plugging in 

the fitted parameters obtained from the blue curves (with 𝑘LE−CT → ∞ and 𝑘nr
CT = 0, respectively). Outlying data points, 

marked by thin lines, are not included in the fit. 

 

We assume that 𝑘nr
CT (via an intersection to the GS) only becomes important for 𝐼𝐸 < 7.5 eV 

(strong donors) and that the ICT rate 𝑘LE−CT (via a transition state between LE and CT) only 

becomes important for 𝐼𝐸 ≥ 7.5 eV (weak donors). Therefore, we set 𝑘nr
CT = 0 and fit the 

parameters of 𝑘LE−CT (in Eq. 1) to the low donor strength branch of the experimental data ( 

versus 𝐼𝐸 ≥ 7.5 eV), leading to the solid blue curve in Figure 4. For rationalizing the complete 

set of experimental data, the impact of 𝐼𝐸 on 𝑘nr
CT for high donor strengths 𝐼𝐸 < 7.5 eV has to 

be considered as well. Therefore, we set 𝑘LE−CT → ∞ to account for the barrier-free/direct 

population of the CT state (as indicated by our calculations for compound 10) and we fit the 

parameters of 𝑘nr
CT (in Eq. 1) to the strong donor branch ( versus 𝐼𝐸 < 7.5 eV).  The resulting 

dashed blue curve illustrates the contribution of non-radiative decay of the CT state (e.g., via a 

conical intersection to the GS) to  for the hypothetical case of the absence of other deactivation 

processes (see Figure 4). Now, with the obtained parameters for 𝑘LE−CT and 𝑘nr
CT, we can 

employ Eq. 1 to describe the bell-shaped curve for IE versus ϕ.  

 

Conclusions 

We have introduced a simple strategy for the prediction of max and  of a variety of N-

heterocycle-functionalized TTM derivatives. As the essential factor determining these 

properties, we identify the donor strength of the respective substituent that is represented by its 
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ionization energy IE, which is easily calculated by density functional theory (DFT). Our 

phenomenological analysis using a 3-state model for LE-type and CT-type excited states and 

the ground state in the context of Marcus theory elucidates the influence of 𝑘LE−CT and 𝑘nr
CT on 

the electronic properties of the donor, as expressed by the IE as a simple descriptor. This model 

is supported by quantum chemical calculations and observations from EPR spectroscopy. 

The general understanding of the competitive relaxation processes in donor-functionalized 

TTMs enables a prediction of the optical properties of further derivatives prior to their 

synthesis. Such knowledge allows the rational design of efficient open-shell emitters with 

desired fluorescence properties. 
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