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Abstract 

Context: In recent years, studies have been conducted to explore the mechanism of Thermally Activated 

Delayed Fluorescence to develop efficient organic light emitting diodes. This research aims to systematically 

explore the role of spin-orbit coupling in electronic, optical, and kinetic properties of five gold-centered carbene 

metal amides of varying carbazole ligands while also evaluating their potential of turning out to be effective 

Thermally Activated Delayed Fluorescence emitters.  In this study, the highest rate of reverse intersystem 

crossing 108 s-1 has been obtained for the most fundamental molecule of gold-centered carbene metal amide 

(CMA1), making it a perfect candidate to be a TADF emitter. However, its low absorption and emission 

intensity is a concern. By adding side chains to the donor ligands, we have achieved higher emission intensity 

at the cost of lower rate of reverse intersystem crossing, and reached suitable property for perfect lighting device 

applications. 

 

Method: Utilizing DFT in Gaussian 16w software, we optimized the molecular structure and found the 

computational electronic structure, absorption spectra, and fluorescence spectra. In these simulations, we used 

APFD functional and mixed basis sets - SVP for C, H and O, while SDD for Au atom. Using B3LYP 

functional and mixed basis sets (DEF-2 TZVP for H, C, O and N, while ZORA-TZVP for Au) in ORCA 

5 software, we found the computational electronic structure including triplet state splitting via spin-orbit 

coupling and also attained the spin-orbit coupling matrix element values. The rates of reverse intersystem 

crossing were calculated using Marcus-Levich equation. 

 

Keywords: Reverse Intersystem Crossing, Thermally Activated Delayed Fluorescence, Density Functional 

Theory, Organic Light Emitting Diodes 

 

Introduction 

As researchers all over the world are trying to move towards more environmentally friendly solutions and 

practices, organic optoelectronic devices are becoming increasingly demanding day by day. For a new generation 

of technology, organic light-emitting diodes (OLEDs) are very promising candidates for smart display 

applications and energy-saving light sources in the coming years [1-2]. Therefore, many organic molecules that 

manifest optical properties, such as fluorescence and phosphorescence, have been explored in the last few 

decades [3-5]. Scientists are actively looking for ways to maximize fluorescence. Theoretically, spin statistics 

show that electrical excitations result in the formation of ∼25% singlet excitons and ∼75% triplet excitons. 

Spin allowed radiative transition of the singlet excitons to the ground state showing only fluorescence, which 

led to the discovery of first-generation OLEDs in 1990 [6, 7]. Therefore, to achieve higher electroluminescence 

from OLEDs, one is required to convert spin-forbidden transitions to spin-allowed by incorporating heavy 

metal atoms in the organic complexes. This enhances spin-orbit coupling (SOC), which leads to intersystem 

crossing (ISC) from the singlet excited state to the triplet excited state [ 8, 9].  

 

Perrin first observed thermally activated delayed fluorescence (TADF) in 1929 [10] in fluorescein solution and 

uranyl salts. TADF materials can have immensely enhanced fluorescence due to their unique property of 

utilizing both singlet and triplet excitons. In such molecules, triplet excitons are thermally converted into singlet 

excitons through a process called reverse intersystem crossing (rISC) by exploiting a very small singlet-triplet 

energy gap (△Est) and large separation between the Highest Occupied Molecular Orbital (HOMO) and the 

Lowest Unoccupied Molecular Orbital (LUMO) [11]. Since the beginning of the twenty-first century, 

tremendous efforts have been made to develop TADF emitters and incorporate them into third-generation 



OLEDs [12-14]. A theoretical study in 2021 revealed that effective rISC takes place when △Est is approximately 

equal to reorganization energy (λ) [15]. Additionally, SOC plays a crucial role in determining the rate of reverse 
intersystem crossing (KrISC) [16-18].  Molecules having extremely high values of KrISC are considered to be 

effective TADF materials. The figure 1 below illustrates the mechanism of TADF. 

 

In the last few decades, carbazole derivatives became quite popular in the field of organic optoelectronics due 

to their properties which allow for high structural modification and large HOMO-LUMO separation [19-20]. 

This led to numerous studies of carbene metal amides (CMAs) as potential TADF materials for applications in 

optoelectronics. CMAs consist of carbene and amide ligands which are linked by a heavy metal atom. Linear 

geometry of heavy metal complexes enables rotational flexibility, which allows tunability of the energy gap 

between singlet and triplet excited states [21]. In such molecules, carbene acts as an electron acceptor whereas 

the amide acts as electron donor [22]. Heavy metals are known to enhance the SOC, leading to more efficient 

rISC [23]. Föller et al., calculated intersystem and reverse intersystem crossing rates in gold-centered cyclic alkyl 

amino carbene carbazole complex in solid state and in various solvents, and found efficient fluorescence 

emission without internal ligand rotation in solid states [24]. Taffet et al., computationally studied the singlet 

and triplet geometries of copper-centered CMAs to understand their impact on singlet-triplet gap and spin-

orbit coupling [25]. Li et al., carried out a structural investigation of carbene metal amides to see how the 

presence of nitrogen atoms affects TADF properties in them [26].  Zobel et al., calculated △Est values to 

investigate TADF mechanism in some Cu centered CMAs [27]. They studied torsional motion rigorously in 

both singlet and triplet geometries. Photoluminescence efficiencies >99% and microsecond lifetimes were 

achieved for Cu(I) centered CMA in which carbazole was used as donor ligand [28]. Previously, computational 

studies reported a KrISC value of 8.81x106 s-1 and 1.74x109 s-1 for Cu centered CMA at 298K [29-30]. Therefore, 

CMAs are very promising for applications in high-efficiency third-generation OLEDs. 

 

In this work, we took five different gold-centered carbene metal amides (CMAs) and studied their 

optoelectronic properties to determine their potential as effective TADF materials. The molecules are 

composed of cyclic (alkyl)(amino)carbene (CAAC) and four derivatives of various carbazole ligands with gold 

atoms as the bridge between them. Previous studies revealed that the gold center plays a significant role in 

stabilizing the excited states and its unique electronic configuration leads to strong spin-orbit coupling which 

enhances rISC and promotes efficient TADF [31-32]. However, there is a lack of systematic study of how 

singlet-triplet energy gap and spin-orbit coupling affect rISC in gold CMAs. According to Kasha’s rule, photon 
emission, like fluorescence and phosphorescence, takes place from the lowest excited states. In 1950, it was 

found that internal conversion is about ten thousand times faster than spontaneous emission from higher 

excited singlet states, and it is claimed that the reverse intersystem crossing generally takes place from T1 to S1 

state [33]. However, SOC can heavily influence the rate of reverse intersystem crossing. As a result, it is possible 

that strong SOC can lead to faster rISC between higher excited singlet-triplet states. There are several reports 

of rISC from higher excited triplet states [34-35]. In cases where the T1-T2 energy gap is larger than that between 

S2 and T2, rISC from T2 to S2 becomes more probable, followed by internal conversion (IC) from S2 to S1 [36]. 

Energy gap law [37] suggests that the IC from higher lying triplet excited states to the first triplet excited state, 

such as T2 →T1 is usually very fast (~1012 s-1) when the T2-T1 energy gaps of CMAs are small i.e., less than 1 

eV. Therefore, in this study, we have calculated KrISC from the lowest triplet excited state to the first singlet 

excited state, as small energy gaps have been observed between T1 and higher triplet states.  

 

 

 



Methodology 

Our work uses a computational approach using Gaussian 16w and ORCA 5 simulation software packages to 

explore the potential of gold-centered CMAs as TADF emitters. We used DFT to optimize the geometries of 

the molecules at the ground state and time-dependent DFT to calculate the excited singlet and triplet state 

energies of the molecules at ground state geometry, as well as to optimize the geometry at excited S1 and T1 

states. The energy difference between the optimized T1 and S1 states gives the △Est value. To perform these 

calculations, we utilized the Austin-Frisch-Petersson functional with dispersion corrections (APFD) functional 

and mixed basis sets, SVP basis set was used for C, H and O, while SDD basis set was used for Au, in 

Gaussview6 and Gaussian 16w [38] software. APFD is a hybrid functional that includes dispersion corrections, 

increasing its accuracy in modelling non-covalent interactions like Van der Waals forces. It avoids excessive 

long-range attractive or repulsive interactions, unlike other dispersion-corrected functionals, leading to more 

realistic geometries [39]. Thus, this increases accuracy in molecules like CMAs in which metal-ligand 

interactions play a crucial role. Moreover, APFD being computationally less expensive, can provide results 

faster while maintaining reasonable reliability, making it suitable for my large molecules. Additionally, an 

effective core potential (ECP) was used for Au. To optimize the geometry of these molecules at triplet states, 

we used unrestricted spin in the GaussView6 calculation setup. No solvents were used in these simulations. 

From these calculations, we also extracted HOMO-LUMO energy gaps, optical absorption spectra and 

fluorescence emission spectra for each molecule.  

 

We obtained SOCME and spin-orbit interaction energy values using ORCA 5 software [40] utilizing Becke, 3-

parameter Lee-Yang-Parr (B3LYP) functional and mixed basis sets. DEF-2 TZVP basis set was used for H, C, 

O and N while ZORA-TZVP basis set was used for Au. Zero-order relativistic approximation (ZORA) and 

Segmented All-electron Relativistic Core (SARC) were implemented to account for relativistic effects in 

calculations and achieve higher accuracy. Moreover, we obtained spin orbit coupling corrected optical 

absorption spectra from these calculations.  

 

The values of KrISC can be calculated using the following equation: 

= ௥ூௌ஼ܭ  2గħ  ∣ ௦௧ߦ ∣2⋅ 1√4గఒೝ಺ೄ಴௞ಳ் ⋅ ∑ ݁−ௌ∞௡=0 ௌ೙௡! ⋅ ݌ݔ݁ [− (௱ாೞ೟+ఒೝ಺ೄ಴+௡ħఠ೐೑೑ )24ఒೝ಺ೄ಴௞ಳ் ]  (1) 

 

where λrISC is the reorganization energy for rISC process, kB is the Boltzmann constant, ħ is the reduced Planck’s 
constant, T is the temperature in Kelvin, ħωeff is the effective energy of a mode representing the relevant 

nonclassical high-frequency intramolecular vibrations and S is the effective Huang-Rhys factor and n is an 

integer (n=0,1,2…).  
 

The Franck-Condon factor ݁−ௌ ௌ೙௡! = |  < ߱௩௜௕,௙|߱௩௜௕,௜ > |2 gives the probability of the transition from the 

0th vibrational level of the ground state to the nth vibrational level of the excited state. ߦ௦௧ is the SOCME value between S1 and T1. For the case of strong spin-orbit coupling, we can use the Marcus-

Levich equation [15]: 

= ௥ூௌ஼ܭ  1ħ ∣ ௦௧ߦ ∣2⋅ √ గఒೝ಺ೄ಴ ௄ಳ் ⋅ ݌ݔ݁ [− (௱ாೞ೟+ఒೝ಺ೄ಴)24ఒೝ಺ೄ಴ ௄ಳ ் ]      (2) 

 



A recent report showed the activation energy (△G) is a much better parameter for determining the potential 

of a molecule to be a good TADF material [15]. Activation energy is expressed as: 

 △ ܩ = (௱ாೞ೟+ఒೝ಺ೄ಴)24ఒೝ಺ೄ಴           (3) 

 

The reorganization energy for rISC from T1 to S1 was calculated using Gaussian 16w. First, we optimized the 

geometry of the molecules in the T1 and S1 states using TD-DFT and then calculated the energy of the S1 state 

at the T1 optimized geometry as shown in Figure 2. The following equation is used to calculate the 

reorganization energy ߣ௥ூௌ஼ .  

௥ூௌ஼ߣ  = 1ௌ1்ܧ −  ௌ1ௌ1          (4)ܧ

 

where 1்ܧௌ1 is the energy of the S1 state of the molecule at the optimized T1 geometry and ܧௌ1ௌ1 is the energy of 

S1 state at S1 optimized geometry. 

 

Results and Discussion 

The molecular and optimized structures are shown in Figure 3 of the investigated donor-acceptor type CMAs 

where cyclic (alkyl) (amino) carbene (CAAC) ligand acts as acceptor and the carbazole ligands as donor. Here, 

we consider CMA1 as the mother gold-centered carbene metal amide without any additional functional groups 

in the carbazole ligands. We have designed the molecules with different functional groups in the ligands aiming 

to obtain enhanced TADF emission. Figure 4 confirms the donor-acceptor character of the molecules. Here, 

HOMO and LUMO are well separated at the ground state geometry with the highest energy separation of 3.47 

eV for CMA5 and that of lowest for CMA2. We observe that CMA1 and CMA2 show much better donor-

acceptor properties. However, the LUMOs of CMA3, CMA4 and CMA5 are not perfectly centered on acceptor 

units.  

 

The energy level diagram of the first five lower lying excited singlet and triplet states at ground state geometry 

is shown in Figure 5. Smaller energy gap between the first excited triplet and first excited singlet state is crucial 

for effective rISC [11]. 

 

We observe that CMA1, CMA2, CMA3 have energy gaps between S1 and T1 within 0.3 eV while CMA4 and 

CMA5 have larger gaps of about 0.4 eV. We find for our molecules that there is a relation between the donor-

acceptor character and the energetic position of excited triplet states relative to first excited singlet state. 

Comparing Figure 5 with Figure 4, we see that the CMA1 and CMA2, both of which have good donor-acceptor 

properties, show one triplet state below S1, whereas other molecules have multiple excited triplet states below 

S1.  

 

Heavy metal atoms, due to their high nuclear charge, lead to stronger spin-orbit coupling which increases the 

splitting of the triplet sublevels due to the interaction of spin angular momentum and orbital angular 

momentum as shown Figure 6. The spin-orbit interaction energy is given by the Hamiltonian: 

௦௢௖ܪ  = ⃗⃗(ݎ)ߦ   ⃗ (  ݈ ∙  (5)                                                                                                                 (  ݏ



where  ݈ is the orbital angular momentum, ݏ  is the spin angular momentum and (ݎ)ߦ⃗⃗  ⃗ is the spin-orbit coupling 

constant. 

 

Figure 6 illustrates that T1 sublevels of CMA1 exbibit the largest splitting compared to other molecules which 

could arise from the relatively stronger SOC between T1 and S1 states as shown in Table 1. The SOC induces 

mixing of the excited singlet and triplet states, which can alter their energies [41] as evidenced here by the 

differences observed between the calculated energy values obtained with and without consideration of it. 

Moreover, this behavior can significantly influence the rates of rISC by modifying the △Est values alongside 

the direct effect of SOC strength according to equation 2. 

 

The shift in energy of S1 and T1 states due to SOC is approximately given by the following equations:   ∆ܧ( 1ܵ) ~ |〈 ೙்〉|2ாೄ1− ா೅೙                      (6) ∆ܧ( 1ܶ) ~ |〈ௌ೙〉|2ா೅1− ாೄ೙                                 (7) 

Where |〈 ௡ܶ〉|  is the spin-orbit coupling matrix element (SOCME) between the singlet excited state S1 and nth 

triplet excited state Tn, |〈ܵ௡〉| is the SOCME between the triplet excited state T1 and nth singlet excited state 

Sn, ܧ ೙்  is the energy of nth excited triplet state and ܧௌ೙ is the energy of the nth excited singlet state. 

 

According to equations (6) and (7), a stronger SOC and a smaller singlet-triplet energy gap produces a larger 

SOC-induced energy shift. The sign of the denominator determines whether the perturbed energy increases or 

decreases. For example, in the case of S₁ state, a positive denominator (ES1-ETn > 0) results in an increase in the 

S₁ energy, whereas a negative denominator (ES1-ETn < 0) leads to a decrease in the S₁ energy. 

 

We observe that the S₁ energy decreases slightly for CMA1, CMA2, and CMA3 when SOC is included as the 

gap between S₁ and lower-lying triplet states is much smaller than that between S₁ and the higher triplet states. 

As a result, S₁ interacts predominantly with these lower triplets, forming admixtures and being stabilized 

through SOC-induced mixing. In contrast, for CMA4 and CMA5, the S₁ energy shows a slight increase upon 

inclusion of SOC since they have relatively small energy separations between S₁ and a higher excited triplet state 

(T₃) leading to a small upward shift in the perturbed energy. For all molecules, the T₁ energy decreases when 

SOC is taken into account which is consistent with the perturbation expression, where T₁ interacts mainly with 

S1 that lie above it, causing a downward stabilization. 

 

Theoretical absorption and photoluminescence (PL) spectra for fluorescence emission of the CMAs are 

presented in Figure 7. The optical absorption peaks are at 2.56 eV, 2.40 eV, 2.70 eV, 2.59 eV and 2.57 eV for 

CMA1, CMA2, CMA3, CMA4 and CMA5 respectively, and the oscillator strengths for transition from S0 to S1 

are 0.14, 0.19, 0.29. 0.30, and 0.22 for these molecules respectively. The corresponding emission peaks are in 

the visible region, especially CMA3, CMA 4 and CMA 5 show a broad spectrum emitting white light. This is 

due to the chemical modification by introducing side chains in fundamental CMA1. Meanwhile, CMA1 and 

CMA2 show narrow emission bands. We also find that the intensity of the emission spectra can be increased 

significantly and tuned by varying the carbazole ligand. However, this also reduce the rate of rISC in the 

modified structures as can be seen in Table 1. Therefore, it is crucial to maintain a balance between KrISC value 

and PL intensity introducing challenges in materials design. Analyzing Figure 7 and Table 1, we find that CMA3 



shows the highest emission intensity and the highest value of KrISC among the modified structures making it 

most suitable for light-emitting device applications.  

 

Figure 8 shows the HOMO and LUMO of each molecule at optimized S1 and T1 geometry. A large HOMO-

LUMO separation (△EHL) is observed in the optimized excited state geometries, which facilitates the rISC 

process. The modified structures exhibit wider HOMO-LUMO energy separation at excited state geometries 

compared to the HOMO-LUMO separation of CMA1. In each molecule, the HOMO energy (EH) is observed 

lower at T1 geometry compared to S1 geometry, as expected. While CMA1, CMA2 and CMA5 show good 

spatial separation between HOMO and LUMO, CMA3 and CMA4 show some partial spatial overlap between 

HOMO and LUMO.  

 

Figure 9 shows that at 298.15K, the value of KrISC decreases as the activation energy increases. The relationship 

between activation energy and KrISC is almost linear with a negative slope. This is consistent with the theory 

because as activation energy increases, more energy is required for reverse intersystem crossing to occur, hence 

the rate of rISC decreases. CMA3 and CMA4 have similar activation energy values, however, the larger SOCME 

value of CMA3 results in a higher KrISC value. This clearly demonstrates that stronger SOC leads to more 

effective rISC. There is no data for CMA5 since neither activation energy nor KrISC could be calculated for this 

molecule as we could not optimize it at T1 state using time-dependent self-consistent field method in gaussian 

16w due to fact that the calculation was not converging. 

 

Analyzing Table-1, we see that the gold atom enhances spin-orbit coupling in CMAs. CMA1 has the highest 

SOCME value of 7.45 cm-1, while CMA4 has the lowest SOCME value of 0.97 cm-1. The table reveals that 

activation energy is lower when there is small discrepancy between △Est and  ߣ௥ூௌ஼ values, which leads to higher 

value of KrISC.  

 

In the CMA1 molecule, we observe a large change in torsion angle of about 88 degrees between the donor and 

acceptor ligands during transition from S0 to S1, while smaller changes in torsion angles of about 20 degrees 

have been observed in other molecules during this transition. Additionally, rotation between the donor and 

acceptor ligands also takes place during transition from S0 geometry to T1 geometry in all molecules. Due to 

these changes in molecular geometry at the excited states, we optimized each molecule at S1 and T1 geometry 

and taken their energy difference as the value of △Est, i.e., the adiabatic energy gap between S1 and T1. The 

large change in torsion angle observed as CMA1 transitions from S0 geometry to S1 geometry could play a part 

in the extremely high KrISC value of the order of 108 s-1 in gaseous phase. In 2017, Jelena et al. reported calculated 

KrISC value of the order of 108 s-1 for CMA1 in solvent [24] and in 2021, Lin et al. reported a KrISC value of 

1.28x1010 s-1 for CMA1 in solid phase at 298.15K [30]. We anticipate higher KrISC value due to the close 

approach of S1 and T1 states caused by the rotation of carbazole ligands. The very low value of KrISC in CMA2 

is due to the large discrepancy between △Est and λrISC leading to high activation energy.  

 

Conclusion 

OLED technology has seen rapid development over the past few years and therefore has become more 

prevalent in consumer devices nowadays. As a result, scientists are looking for ways to increase their efficiency. 

Due to their potential of being able to achieve 100% fluorescence, TADF materials are becoming increasingly 

popular. However, the excited state kinematics requires more detailed and conceptual analysis prior to 

development of optoelectronic devices. Therefore, we investigated the electronic, optical and kinetic properties 

of five different gold-centered CMAs using DFT, and calculated the rate of reverse intersystem crossing 



between the lowest excited singlet and triplet states. We find that the gold atom boosts the rate of rISC along 

with enhancing the spin-orbit coupling. Although our findings show that CMA1 has a remarkably high KrISC 

value of the order of 108 s-1, making it the perfect candidate to be a TADF emitter, its low PL intensity remains 

a concern. We observe that chemical modification of the carbazole ligands leads to an increase in PL intensities 

at the cost of reduced KrISC value. Therefore, an optimal trade-off between KrISC value and PL intensity must 

be achieved which introduces design challenges. In our study, we found CMA3 to be the most suitable candidate 

for light emission. Furthermore, we find that molecules with good donor-acceptor properties such as CMA1 

and CMA2 show greater splitting of the first excited triplet state and also show a larger change in the torsion 

angle between donor and acceptor ligands during transition from S0 to T1 as compared to other molecules. The 

torsion angle changes significantly in CMA1 as it transitions from S0 geometry to S1 geometry, which have a 

relation with its high value of KrISC as rotational flexibility is often linked with effective rISC. CMA2 has the 

smallest value of KrISC as it has a large difference between △Est and λrISC values, rendering it unsuitable for 

TADF. Our work demonstrates that activation energy plays a very crucial role in rISC and we conclude that 

the rate of rISC depends on △Est, SOC and activation energy. We find that CMA1, CMA3 and CMA4 show 

promising properties for TADF. Experiments are required to obtain more accurate and useful information in 

these molecules, and enhance our understanding of the effect of SOC in rISC. For future work, computational 

investigation to obtain rISC rates between higher excited triplet states and first excited singlet state will be 

performed that is essential to understand excited state kinetics for molecules like CMA4 and CMA5 where the 

gap between T2 and S1 is very small.   
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All Figure Captions 

Fig. 1 A diagram illustrating thermally activated delayed fluorescence (TADF) mechanism. After 

holes and electrons are injected into the system, singlet and triplet excitons are formed in a singlet to 

triplet ratio of 1:3. The higher exciton states are transferred to the lowest exciton states (S1 or T1) via 

quick vibrational relaxation and internal conversion (IC). Then, through the rISC process, the triplet 

excitons at T1 are transformed into singlet excitons at S1 by means of thermal activation, instead of 

phosphorescence. The singlet excitons at S1 radiatively drop to S0 state, giving prompt fluorescence, 

and the newly formed singlet excitons via rISC process also drop to S0, giving delayed fluorescence. 

Prompt fluorescence usually takes place in the order of nanoseconds, while delayed fluorescence can 

last up to microseconds. Therefore, fluorescence and delayed fluorescence have the potential to 

accumulate to about 100% fluorescence emission theoretically 

Fig. 2 Schematic potential surfaces of S1 and T1 showing the reorganization energy and activation 

energy 

Fig. 3 (a) Molecular structures and (b) optimized geometry of Carbene Metal Amides 

Fig. 4 HOMOs, LUMOs, their energies, and gaps between HOMOs and LUMOs (△EHL) of the 

simulated CMAs in their ground state geometry 

Fig. 5 Energy level diagram showing the lower lying five excited states at ground state geometry 

Fig. 6 S1 and T1 energy states of each molecule considering SOC and without considering SOC 

generated by ORCA5 using B3LYP functional        

Fig. 7 Optical absorption spectra and fluorescence emission spectra of all five CMA molecules 

Fig. 8 The HOMO and LUMO of each molecule at optimized S1 and T1 geometry 

Fig. 9 KrISC vs Activation energy graph for all the molecules showing a linear relationship 

 



Figures

Figure 1

A diagram illustrating thermally activated delayed fluorescence (TADF) mechanism. After holes and
electrons are injected into the system, singlet and triplet excitons are formed in a singlet to triplet ratio of
1:3. The higher exciton states are transferred to the lowest exciton states (S1 or T1) via quick vibrational
relaxation and internal conversion (IC). Then, through the rISC process, the triplet excitons at T1 are
transformed into singlet excitons at S1 by means of thermal activation, instead of phosphorescence. The
singlet excitons at S1 radiatively drop to S0 state, giving prompt fluorescence, and the newly formed

singlet excitons via rISC process also drop to S0, giving delayed fluorescence. Prompt fluorescence
usually takes place in the order of nanoseconds, while delayed fluorescence can last up to



microseconds. Therefore, fluorescence and delayed fluorescence have the potential to accumulate to
about 100% fluorescence emission theoretically

Figure 2

Schematic potential surfaces of S1 and T1 showing the reorganization energy and activation energy



Figure 3

(a) Molecular structures and (b) optimized geometry of Carbene Metal Amides

Figure 4



HOMOs, LUMOs, their energies, and gaps between HOMOs and LUMOs (△EHL) of the simulated CMAs in
their ground state geometry

Figure 5

Energy level diagram showing the lower lying five excited states at ground state geometry



Figure 6

S1 and T1 energy states of each molecule considering SOC and without considering SOC generated by
ORCA5 using B3LYP functional       



Figure 7

Optical absorption spectra and fluorescence emission spectra of all five CMA molecules



Figure 8

The HOMO and LUMO of each molecule at optimized S1 and T1 geometry



Figure 9

KrISC vs Activation energy graph for all the molecules showing a linear relationship
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