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Influence of regioisomerism in bis(terpyridine) based exciplexes 
with delayed fluorescence 

A. Lennart Schleper,a Sabina Hillebrandt,b,c Christoph Bannwarth,d Andreas Mischok,b Seonil Kwon,b 
Florian Buchner,e Francisco Tenopala-Carmona,b R. Jürgen Behm,e,f Felix D. Goll,a Philipp J. 
Welscher,a Michael Usselmann,a Ulrich Ziener,*a Malte C. Gather,*b,c and Alexander J. C. Kuehne*a,g 

Exciplexes of individual electron donor and acceptor molecules are a promising approach to utilizing otherwise non-emissive 

triplet states in optoelectronic applications. In this work, we synthesize a series of bis(terpyridine) pyrimidine (BTP) isomers 

and employ them as electron acceptors in complexes with tris(4-carbazoyl-9-ylphenyl)amine (TCTA). We show that these 

TCTA:BTP complexes produce thermally activated delayed fluorescence (TADF) by exciplex emission, and we investigate the 

influence of the nitrogen position in the pyridine on the optical and electronic properties of the exciplex. The molecular 

arrangement of the complex is studied using scanning tunneling microscopy (STM) and density functional theory (DFT) 

simulations. Finally, we fabricate organic light-emitting diodes (OLEDs) with maximum external quantum efficiencies ranging 

between 0.5% and 2% – depending on the BTP isomer. 

 

Introduction 

Thermally activated delayed fluorescence (TADF) has evolved as 

a powerful mechanism for the development of high-

performance electroluminescent devices. TADF allows recycling 

of otherwise dark triplet states into emissive singlet states and 

internal quantum efficiencies of up to unity.1–4 Most state-of-

the-art TADF emitters contain covalently connected electron 

donor and acceptor units. By contrast, exciplexes form upon 

excitation of self-oriented complexes of individual donor and 

acceptor molecules. Typically, such donor acceptor complexes 

are created simply during co-deposition of organic hole- and 

electron transport materials.5 Recently, organic light-emitting 

diodes (OLEDs) with exciplex emitters consisting of tris(4-

carbazoyl-9-ylphenyl)amine (TCTA) as donor and 4,6-bis(3,5-

di(pyridinyl)phenyl)-2-methylpyrimidine (PyMPM) isomers as 

acceptor have been reported to exhibit external quantum 

efficiencies (EQEs) of more than 25% – however, only at low 

temperature.6–8 In an attempt to understand and improve TADF 

performance, the position of the pyridyl nitrogen has been 

altered, which influences the electronic structure, the dipole 

moment, as well as the exciplex geometry and the thin film 

morphology of these isomers.9,10 However, it is difficult to gain 

direct insight into the exact exciplex structure and its 

orientation in the bulk, because the complexes will be randomly 

oriented in a largely amorphous film of co-deposited donor and 

acceptor molecules.11 Understanding the influence of 

isomerism on the complex geometry and its performance would 

greatly support the development of new, potent exciplex TADF 

emitters for application in electroluminescent devices. 

Unfortunately, the peripheral di(pyridinyl)phenyl units of 

PyMPMs limit structural versatility to ortho-, meta- and para-

orientation of the pyridinyl-N.12 Asymmetric isomers, where the 

N-position is further permutated, are synthetically challenging 

and have not been achieved in PyMPMs. By contrast, 

structurally related bis(terpyridine) pyrimidines (BTPs), enable 

this freedom in design and allow synthesis of asymmetric N-

isomers for fine-tuning of the dipole moments of these BTP 

acceptor molecules.13–16 However, only some of the possible 

asymmetric BTP isomers have been reported to date and none 

of them have been employed in exciplexes or as TADF 

emitters.15–19  

In this work, we first report the synthesis of two 

unprecedented asymmetric BTPs and investigate the influence 

of regioisomerism on the luminescence properties of TCTA:BTP 

exciplexes. In a second step, we resolve the lowest energy 

orientation of the best performing 3,4’-BTP isomer in the 
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respective complex using scanning tunneling microscopy (STM) 

alongside with density functional theory (DFT) and force-field 

simulations. Finally, we correlate the influence of 

regioisomerism in TCTA:BTP with their electroluminescence 

efficiency in OLEDs. 

Results and discussion 

Simulation of regioisomerism effects on the BTP acceptor 

properties 

To determine the electronic differences between different BTP 

isomers and to identify the most promising structures, we first 

model all possible nine BTP N-isomers. To imitate the electronic 

exciplex state of the electron accepting BTP isomers after 

electron transfer from a donor molecule, we treat the BTPs as 

radical anions. First, we identify the lowest energy ground state 

conformer on the semi-empirical GFN2-xTB level20,21 and 

reoptimize using the DFT method PBEh-3c.22 Then we simulate 

the single occupied molecular orbitals (SOMOs) of the different 

radical anion isomers using DFT (B3LYP/6-311+G(d)). In all 

isomers, the additional electron resides mainly on the 

pyrimidine-core of the molecule as well as on the neighboring 

lateral pyridines (B-rings) (see Figure 1). In most cases, the A-

rings of the terpyridine units do not participate significantly in 

the SOMO (see Figure 1). Consequently, variation of the N-

position in the A-ring only slightly affects the SOMO. By 

contrast, regioisomerism in the B-rings induces a change in the 

extension of the SOMO accompanied by a change of its energy 

(see Figure 1). Greater extension of the SOMO from 3,4’-BTP to 

3,2’-BTP leads to a reduction in the orbital energy. Due to the 

stronger effect of regioisomerism in the B-rings compared to 

the A-rings, we focus our investigation on exciplexes of the 3,2’-

BTP, 3,3’-BTP, and 3,4’-BTP column. Synthetic access to the 

asymmetric 3,2’-BTP and 3,4’-BTP has not been reported to 

date.  

 

Figure 2 | Synthetic route for the three BTP isomers 3,2’-BTP, 3,3’-BTP, and 3,4’-BTP. Reaction yields are stated in parentheses. Detailed reaction procedures are provided in the 

Supplementary Information. 
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Synthesis of BTP regioisomers 

Generally, BTPs are accessible via the Kroehnke ring-closing 

reaction.15,23,24 The required diazachalcones (7a-c) are prepared 

via the Claisen-Schmidt condensation between 3-acetylpyridine 

(5) and the different isomers of pyridylcarbaldehyde (6a-c).25,26 

In a variation of the literature protocol17 3,3’-BTP is obtained by 

coupling 7b to the pyrimidine diketone precursor 3. For the first 

time, we have produced 3,2’-BTP and 3,4’-BTP, which are only 

accessible via the pyridinium salt 4 (see Figure 2). Despite the 

different synthetic routes, all three BTP isomers readily 

precipitate from their reaction solutions in high purity. For 

evaporation of thin films we purify the BTPs by sublimation (see 

Experimental in the Supplementary Information for further 

details).  

 

Exciplex formation and its photoluminescence 

The synthesized BTPs alone show no fluorescence in thin films 

and only weak fluorescence in solution. However, when we co-

deposit 3,3’-BTP together with TCTA, we observe fluorescence 

that spectrally shifts with the ratio of TCTA to BTP. This 

occurrence of fluorescence indicates the formation of 

exciplexes, where the TCTA represents the donor and the 

different BTPs represent the acceptor moieties. We determine 

the physical properties of the individual components using DFT, 

cyclic voltammetry, as well as using ultraviolet photoelectron 

spectroscopy (UPS) (see Figure S1). The evaporated films of 

pure BTPs are free of holes and flat (see Figure S2). X-ray 

photoelectron spectroscopy (XPS) performed alongside UPS on 

all three BTPs shows C and N as the only elements, with two C 1s 

peaks and one N 1s peak at around 285.1 (C1), 286,0 (C2) and 

399.1 eV, respectively, characteristic for C-C and C-N binding in 

aromatic molecules. Furthermore, XPS gives constant ratios 

between the two components in the C 1s range of C1 : C2 of 25 : 

15 as well as C to N ratios of around 5, (within the limits of 

accuracy), all of which corroborate that the desired BTP 

compounds (C40H26N8) have been synthesized. The 

corresponding UPS measurements reveal the HOMO energies 

and work functions for all BTPs (cf. Figure S1 and Table 1). 

The electron affinities (EA) of the accepting BTPs increase from 

the 3.2’- to the 3,4’-isomer. This is true for both calculated and 

measured values. The ionization potentials (IP) display the same 

trend leading to overall comparable gaps Eg (see Table 1). The 

requirement for exciplex formation is met by the fact that IP and 

EA are higher for the BTP acceptor than for the TCTA donor, 

allowing efficient charge transfer. The computed and measured 

values correlate well with IP and EA data reported for the 

structurally related PyMPMs.8   

The fluorescence maximum (λmax) of TCTA alone is at 403 nm, 

whereas the newly observed signal for co-deposited films shifts 

from λmax = 514 to 580 nm with increasing BTP content (see 

Figure 3a). This observation indicates the presence of exciplexes 

with different energies, due to varying alignment between 

donor and acceptor, which is typical for exciplexes. On the one 

Figure 3 | a) Photoluminescence spectra of drop-cast TCTA:3,3’-BTP exciplex films 

reveal a shift toward lower energy exciplexes with increasing mole fraction of 3,3’-BTP 

xBTP (displayed as a gradient from light red to dark red: 1%, 10%, 25%, 50%, 75%, and 

90% BTP, respectively). b) Photoluminescence quantum yield versus TCTA:3,3’-BTP 

mole fraction x, of drop-cast (full squares) and evaporated (open squares) films; the line 

is a guide to the eye. c) Photoluminescence spectra of vapor-deposited films of TCTA 

(grey) and the different TCTA:BTP 10:1 exciplexes (3,2’-BTP in black; 3,3’-BTP in red; 

3,4’-BTP in blue). d) Transient photoluminescent spectroscopy of the TCTA:BTP exciplex 

films (3,2’-BTP in black; 3,3’-BTP in red; 3,4’-BTP in blue). Solid data points are recorded 

by TCSPC, empty data point using a ns-pulsed laser and a fast CCD camera. The 

combined decay profiles reveal three decay regimes; the insets display single 

logarithmic plots of the short- and long-term components. 

Table 1 | Physical properties of the TCTA donor and the individual BTP acceptors.  

 
IPa)  
[eV] 

EAa)  
[eV] 

Eg
a)  

[eV] 

𝑬𝑺𝟎→𝑺𝟏
b) 

[eV] 

IPc)  
[eV] 

EAe)  
[eV] 

Eg
f)  

[eV] 
EHOMO

c)
  

[eV] 

EHOMO
g)

  

[eV] 

Tdec
h)

  

[°C] 

3,2’-BTP 7.6 1.2 6.5 4.3 6.7 3.3 3.4 6.0 -5.91 498 

3,3’-BTP 7.8 1.3 6.5 4.3 6.8 3.4 3.4 6.2 -6,02 492 

3,4’-BTP 7.9 1.4 6.5 4.3 7.0 3.6 3.4 6.3 -6.07 501 

TCTA 6.4 0.3 6.1 4.2 5.82d) 2.14d) 3.68e) - -5.72i)  

a)Computed vertically at the PBE0/def2-TZVP level on the PBEh-3c S0 geometry.[22,45,46] b)Computed for the neutral system at the TDA-PBEh-3c//PBEh-3c level. 
c)Determined via UPS. EHOMO with respect to Fermi energy. IP = EHOMO-onset + Φ. d)Taken from reference [47]. e)Calculated using EA = IP – Eg. f)Determined as the absorption 

onset of the normalized UV-vis spectra. g)Determined by cyclic voltammetry in accordance with reference [48] EHOMO = -(EOx-onset/Fc + 5.39) eV. h)Determined using TGA. 
i)Taken from reference [38]. 
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hand, at larger amounts of TCTA, mainly high-energy exciplexes 

are formed. On the other hand, at high BTP content, low energy 

exciplexes are observed preferably.27 

To find a suitable ratio of BTP in TCTA, we first study the 

photoluminescence quantum yield (ϕdc) of drop-cast films and 

observe and increase for higher TCTA fractions before ϕ 

collapses above ~95% of TCTA (see Figure 3b). This trend 

corresponds well with evaporated films of different TCTA:BTP 

ratios. However, we observe increased ϕevap compared to the 

drop-cast films, probably due to a higher yield in formation of 

TCTA:BTP complexes (see Figure 3b).  To make use of the high 

ϕevap, we prepare films of exciplexes by vapor deposition, with 

evaporation ratios of 10:1 of TCTA to 3,2’-BTP, 3,3’-BTP, and 

3,4’-BTP, respectively (the decomposition of the BTPs occurs 

only around Tdec = 500 °C, determined by thermogravimetric 

analysis (TGA), see Table 1). The different exciplexes show 

almost identical emission spectra with maxima around 520 nm 

(see Figure 3c). By contrast, ϕevap varies between 70% for the 

TCTA:3,2’-BTP exciplex and 79% for the TCTA:3,4’-BTP exciplex 

(see Table 2). All TCTA:BTP exciplex films exhibit improved ϕdc 

by about 2% in nitrogen compared to air, indicating that triplet 

states are quenched by oxygen. TADF and reverse intersystem 

crossing (RISC) from triplet to emissive singlet states may take 

place under inert atmosphere (see Table 2). To examine exciton 

conversion further, we record transient photoluminescence 

spectra of thin films of our complexes. We observe that all three 

exciplexes show three components to their lifetime decay: A 

first component of the order of a few nanoseconds, a second 

ranging from 350 to 460 ns and a third between 11 and 12 µs 

(see Figure 3d and Table 2). This multiexponential decay is in 

agreement with the predicted mechanism for exciplex 

luminescence.28 We attribute the first component to prompt 

fluorescence from the charge transfer singlet state (1CT). The 

second component results from delayed fluorescence after RISC 

from a locally excited triplet state (3LE) to the 1CT. While 3,3’-

BTP and 3,4’-BTP exhibit strong second components, 3,2’-BTP 

displays the smallest contribution of delayed fluorescence (see 

Figure 3d and Table 2).29 The emission of the third component 

is red-shifted compared to the emission of the shorter 

components (see Figure S5). The long lifetime and red-shifted 

emission might indicate that this long component corresponds 

to room-temperature phosphorescence from the charge 

transfer triplet state (3CT). 

Next, we use angle-resolved photoluminescence 

spectroscopy to investigate the average dipole orientation of 

TCTA:BTP exciplexes (10:1) in vapor-deposited films. For all 

three exciplexes the order parameter a is > 0.33, indicating a 

preferred vertical dipole orientation within the films (see Table 

2 and Figure S6). BTP molecules in thin films have been reported 

to be oriented horizontally due to intermolecular hydrogen 

bonding between the BTP units, causing them in the most 

extreme cases to assemble into two-dimensional sheets.17 For 

exciplex emitters, such a horizontal orientation of the BTP units 

leads to a perpendicular and thus vertical orientation of the 

dipole moment of the exciplex. Although this vertical dipole 

orientation leads to reduced light out-coupling performance,30 

in PyMPMs it has been shown to improve charge transport 

normal to the aligned π-system.8,31 

 

Exciplex structure 

To better understand the influence of isomerism on the exciplex 

geometry, we simulate the TCTA:BTP complexes for each of the 

selected isomers. First, we individually optimize the BTP and 

TCTA structures, then dock the resulting conformers of BTP and 

TCTA using an intermolecular force-field potential before 

optimizing the assembled complex structure on the PBEh-3c 

level (see Figure 4a,b, Figures S7-S9, and Supporting 

Information for details on the calculations).32 The TCTA aligns 

congruently with the π-system of the BTPs (see Figures 4b and 

S7-S9). We also set out to image an assembled complex using 

STM. For this, we consecutively coat a highly oriented pyrolytic 

graphite (HOPG) substrate with solutions of first 3,4’-BTP and 

then TCTA (both in 1,2,4-trichlorobenzene, TCB), and 

investigate the surface via liquid state STM. For comparison, we 

also image substrates coated with pure solutions of 3,4’-BTP 

and TCTA. While 3,4’-BTP delivers a periodic structure, which is 

typical for BTPs, TCTA does not assemble into an ordered 

monolayer (see Figure 4c). The mixed TCTA:3,4’-BTP sample 

produces periodic patterns, which differ from pure 3,4’-BTP 

domains and reveal a conspicuous crescent shape (see Figure 4 

d-f). However, atomic resolution of the features cannot be 

obtained, indicating incomplete thermalization at room 

temperature and residual mobility in the formed structures. To 

investigate whether the observed pattern of the STM images 

can be reproduced computationally, we also model STM images 

by sampling TCTA:3,4’-BTP complexes adsorbed to a graphene 

surface using molecular dynamics simulations based on a 

generalized force field.33 By computing STM images via GFN2-

xTB34 on 100 structures sampled equidistantly in time, followed 

Table 2 | Summary of the key characteristics of TCTA:3,N’-BTP (10:1) exciplex films. 

 max 

[nm/eV] 

Φdc (N2/air) 
[%] 

ϕevap (N2) 
[%] 

 1 
[ns] 

 2 
[ns] 

 3 
[µs] 

ϕ1
 a)

 

[%] 
ϕ2

 a)
 

[%] 
ϕ3

 a)
 

[%] 

1CT b) 
[nm/eV] 

3CT b) 
[nm/eV] 

3LEa
 b) 

[nm/eV] 

3LEd
 b) 

[nm/eV] 
a EQEmax

c) 
[%] 

TCTA:3,2’-BTP 518/2.39 29/27 70 9 350 11 3.4 22 3.4 515/2.41 520/2.39 408/3.04 405/3.06 0.362 0.51 

TCTA:3,3’-BTP 524/2.37 34/33 79 2 430 12 0.6 25 8.3 521/2.38 524/2.36 408/3.04 399/3.10 0.412 0.64 

TCTA:3,4’-BTP 526/2.36 49/46 74 4 460 12 0.5 42 6.1 525/2.36 527/2.35 407/3.05 402/3.08 0.385 1.97 

a) Determined from transient photoluminescence experiments according to reference [28]. b) Calculated at the Tamm-Dancoff approximated PBEh-3c level for the lowest 

energy exciplex at the S1 geometry in vacuo. The states were identified via visual inspection of the natural transition orbitals. c) Determined from OLED stacks as described in 

the Supplementary Information.  
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by superimposing and averaging, we obtain the image in Figure 

4g (see Supporting Information for details). Comparison of the 

experimental and the modelled STM images reveals good 

agreement, confirming that the modelled adsorbed complex 

geometries resemble those exciplexes in the monolayers 

observed by STM (see Figure 4f,g). The crescent appearance in 

the STM images arises from the alignment of the carbazole units 

of TCTA over the terpyridine units of 3,4’-BTP, as observed in 

the molecular simulations (see Figures 4b and S7-9). However, 

we notice some differences between the gas-phase and 

adsorbed geometries. Different from the gas-phase complex, 

the remaining carbazole of TCTA interacts less with the 

remaining phenyl unit of 3,4’-BTP (see Figure 4 and Supporting 

Information for further details). In the adsorbed structure, the 

carbazole is shifted into the gap next to the phenyl group 

favorably interacting with the graphene sheet. We hypothesize 

that such complex geometries will also form in thin films co-

assembled from the BTP and TCTA compounds. 

Based on the gas-phase DFT-optimized complex geometries, 

we calculate the energy levels of the emissive 1CT states and all 

states that are energetically close to them. These states are 1CT 

and 3CT states, originating from the exciplex of TCTA and BTP as 

well as the respective LE triplet states on the acceptor (3LEa) and 

the donor (3LEd) molecules. The excited state energy levels are 

determined within the Tamm-Dancoff approximation at the 

PBEh-3c level (see Figure 5). 22,35–37 
We find the lowest 1CT state of each system to be around 2.4 eV. 
These results are in reasonable agreement with the experimentally 
determined fluorescence onset of each system corresponding to 
energies of 2.66 – 2.68 eV (see Figure 3 and Table 2). The 3LEd state 
is of around 3 eV. The 3LEa states are situated slightly below the 3LEd 
states, showing only little influence of the BTP isomerism. By 
contrast, the 3LE energy of pure TCTA, with a phosphorescence onset 
at 436 nm corresponds to a much lower energy of 2.84 eV, 
determined at -196 °C (see Figure S24).38 The respective 
phosphorescence onsets of the BTPs determined at -196 °C are 
between 420 and 425 nm or 2.95 and 2.92 eV (see Figure S24). The 
energy gap between the 3LE states and the lowest-energy 1CT state 

is relatively large ( 0.5 eV); however, stable hot triplet states are 

typically seen for triplet energy gaps of  1.0 eV. In conventional type 
III TADF systems the interplay of LE and CT states is crucial for RISC, 
and the localization of LE together with CT states seems to point 
towards RISC among these hot excited states (see Figure 5). 
However, especially in exciplex TADF systems, there is a plethora of 
degrees of rotational, vibrational and translational freedom, which 
will influence the energy of the LE states and might give more weight 
to the triplet states of the individual TCTA and BTP components, 
which would entail RISC from charge transfer T1 to  S1, even in the 

Figure 4 | a) Chemical structures of 3,4’-BTP and TCTA. b) Top and side view of the DFT-simulated (PBEh-3c) TCTA:3,4’-BTP exciplex structure, with BTP coloured in orange and 

TCTA in grey. c, d) STM image of 3,4’-BTP in TCB on HOPG (c) before and (d) after addition of TCTA solution. e) Close-up on the TCTA:3,4’-BTP exciplex structure as indicated by 

the white dashed box in (d). f) Zoom-in on the molecule indicated by the box in (e). The arrow indicated the direction, by which the structure has been rotated from (e) to (f) for 

better comparison with the modelled STM image. g) Modelled STM image of the TCTA:3,4’-BTP exciplex based on the 100 geometries sampled from a force-field molecular 

dynamics simulation on a graphene sheet (see supporting information). The scale bars in (f) and (g) represent 0.5 nm. 
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absence of close-by LE states in the exciplex geometry (see Table 2 
and Figure 5).39 Under such conditions, RISC is facilitated for example 
via hyperfine coupling between close lying T1 and S1 states or through 
the above described degrees of freedom.40,41 The larger T1-S1 energy 
gap in 3,2’-BTP compared to 3,3’-BTP and 3,4’-BTP  would suggest 
that 3,2’-BTP will form the least well performing TADF exciplex in the 
series. We therefore conclude that RISC will preferentially occur from 
T1 to S1 as the major pathway; however, depending on the exciplex 
geometry, there might also be RISC among higher level CT and LE 
states resembles hot exciton and hot exciplex TADF processes.42–44 
The fact that the lowest-energy 1CT states of our three isomers 
are nearly isoenergetic agrees well with their nearly 
indistinguishable photoluminescence spectra (see Figure 3c). By 
contrast, the TADF process will be different in the isomers, as 
already indicated by the differences observed in the transient 
photoluminescence measurements (see Figure 3d).  

 

Electroluminescence of TCTA:BTP exciplexes 

Finally, we investigate whether the different values of ϕ and a 

translate to differences in the performance of OLEDs made from 

the respective BTP isomers. As films with excess TCTA show 

superior ϕ compared to 1:1 exciplexes, we fabricate OLEDs with 

TCTA:BTP ratios of 10:1. The OLED stacks have the following 

composition and layer thickness: ITO/ TAPC (60 nm)/ TCTA 

(10 nm)/ TCTA:BTP (10:1, 30 nm)/ BTP (30 nm)/ LiF (1 nm)/ Al 

(100 nm) (see Figure 6a). The corresponding 

electroluminescence spectra agree well with the 

photoluminescence spectra of 10:1 TCTA:BTP films, indicating 

that the same exciplex species are responsible for emission (cf. 

Figure 3c and  Figure 6b). By contrast, the EQEs differ 

considerably between 0.5 and ca. 2.0% for the different BTP 

isomers (see Table 2 and Supporting Information). As expected 

from the DFT calculation above, 3,2’-BTP is the least performant 

with regards to TADF. 

The EQE of an OLED is the product of the electric efficiency 

γ, the radiative exciton production efficiency ηr, ϕevap, and the 

light outcoupling efficiency ηOC:     

EQE = γ · ϕevap · ηr · ηoc.    (1) 

While ϕevap varies for the different exciplexes of BTP 

isomers, this factor explains only part of the observed EQE 

difference. γ is expected to be similar for all BTPs. To estimate 

the lower limit of TADF contribution to the emission, we assume 

ηOC = 0.2, which is typical for isotropic dipole orientation of the 

emitter. In doing so, we slightly underestimate the performance 

of our devices as our materials show an orientation factor a in 

line with moderate vertical dipole orientation. If we assume 

further that the least well performing 3,2’-BTP, has negligible 

TADF contribution to the overall emission, i.e. ηr = 0.25, we can 

assume γ = 0.15 to calculate the lower limit for the exciton 

production efficiencies ηr from equation (1) . These are 28% for 

3,3’-BTP and 91% for 3,4’-BTP. This conservative approximation 

implies that efficient TADF is taking place in these device.  

 

Conclusions 

In summary, we introduce BTPs as suitable acceptor units in 

exciplexes and discuss the influence of isomerism on the TADF 

performance of the exciplex emission. The combination of STM 

with DFT enables precise structure elucidation and validation of 

the quantum mechanical calculations of the electronic states. 

Even beyond the field of TADF emitter materials, this technique 

will provide a powerful tool for correlating supramolecular 2D 

structures with the electronic properties of organic materials – 

and vice versa. 
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Figure 6 | a) Architecture of the fabricated OLEDs. b) Electroluminescence spectra of 

the TCTA:3,2’-BTP (black), TCTA:3,3’-BTP (red), and TCTA:3,4’-BTP (blue) exciplexes. 

Figure 5 | Energy schemes and possible relaxation mechanism of the TCTA:3,2’-BTP, 

TCTA:3,3’-BTP, and TCTA:3,4’-BTP exciplexes in the S1-geometry, respectively. Triplet 

states shown on the right, and singlet states  on the left. Energies of the individual donor 

and acceptor molecules in red. 
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