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Abstract 

Quantum interference (QI), the constructive or destructive interference of conduction 

pathways through molecular orbitals, plays a fundamental role in enhancing or suppressing charge 

and spin transport in organic molecular electronics. Graphical models have been developed to 

predict constructive versus destructive interference in polyaromatic hydrocarbons, and have 

successfully estimated the large conductivity differences observed in single-molecule transport 

measurements. A major challenge lies in extending these models to excitonic (photoexcited) 

processes, which typically involve distinct orbitals with different symmetries. Here, we investigate 

how QI models can be applied as bridging moieties in intramolecular singlet fission (iSF) 

compounds to predict relative rates of triplet pair formation. In a series of bridged iSF dimers, we 

find that destructive QI always leads to slower triplet pair formation across different bridge lengths 

and geometries. A combined experimental and theoretical approach reveals the critical 

considerations of bridge topology and frontier molecular orbital energies in applying QI 

conductance principles to predict rates of multiexciton generation.  
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Introduction 

 Quantum interference (QI) effects have been invoked as an important mechanism to control 

charge/spin transport properties in molecular electronics.1,2 For conduction pathways connected 

by alternant hydrocarbons, subtle variations in bond connectivity can impact conditions that lead 

to constructive or destructive quantum interference (CQI and DQI, respectively).3,4 The classic 

example involves comparing transport between 1,3-phenylene (13Ph) and 1,4-phenylene (14Ph) 

bridges, where the conductance of the 13Ph bridge is decreased by several orders of magnitude 

due to DQI.5,6 Graphical models have been established to predict molecular bridges that yield DQI 

and CQI as they pertain to phase-coherent charge transport through frontier molecular orbitals 

(FMOs) in conjugated systems.7,8 This method involves drawing a continuous path from one 

connection point to the other, and pairing up atoms in the alternate path. If there is an odd number 

of atoms in the alternate path such that not all atoms are part of a pair, DQI is expected (Figure 

1). A similar set of principles have been applied to biradical systems (Ovchinnikov’s rule and 

related theorems) and used to predict the relative stabilities of the open-shell singlet and triplet 

states.7,9  

The applicability of graphical QI models as a predictive tool for photoexcited (excitonic) 

processes in donor-bridge-acceptor (DBA) chromophores is less established. A key difference is 

that photoexcited charge transfer involves specific orbitals on donor and acceptor sites that may 

exhibit different symmetries compared to those involved in conductance measurements.10 For 

example, Grozema and coworkers studied photoinduced electron and hole transfer in DBA 

chromophores. They found that QI could not be readily predicted from the connectivity of the 

bridge alone.11 To explain differences in charge transfer rates for different bridge connectivity, it 

was necessary to also account for symmetry relations of the donor, bridge, and acceptor. These 

important fundamental results highlight the additional complexity inherent in describing 

dynamical photoexcited processes, which includes identifying key molecular orbitals and 

quantifying their character, relative energy, symmetries, and coupling strength. Computational 

modeling is thus essential to characterize QI effects in DBAs and other excited state systems.  

More recently, bridged singlet fission chromophore systems have emerged as promising 

light-harvesting candidates for optoelectronic and chemical applications.12–14 These intramolecular 

singlet fission (iSF) compounds exhibit long-lived multiexciton states (in the form of a coupled 

triplet pair) that extend over multiple chromophores. Studies have revealed the critical role of the 
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bridging unit (β) in modulating coupling between two (or more) singlet fission chromophores 

(SFCs) and dictating the rate of triplet pair formation and decay.15–19 However, the impact of bridge 

connectivity on the SF dynamics in these systems has been largely excluded. The exception is a 

recent suggestion that bridge connectivity can modulate triplet pair binding energies, although this 

is only one consideration.20,21 To date, there is no comprehensive model for applying QI concepts 

to multiexcitonic organic systems. Importantly, the platform of iSF systems offers versatility to 

study the role of QI, since covalent linkages and chromophores can be varied to access different 

conjugation and orbital symmetry patterns.22 Furthermore, clear spectroscopic observables exist 

that allow for precise correlations to be made regarding the nature of QI and its influence on the 

rate of triplet pair formation. Defining the role of QI in SF would provide an important 

understanding of how bridge structure can be used to optimize electronic communication between 

SFCs and, more broadly, how conductance principles can be extended to multiexcitonic systems. 

Here, we report how competing and coexisting QI effects drastically impact rates of triplet 

pair formation in bridged homodimers (SFC-𝛽-SFC). We posit that graphical models of QI can be 

used to understand topological effects of bridging units in symmetric chromophores. To test this 

hypothesis, we use three alternant hydrocarbon bridges (phenylene, naphthalene, and anthracene) 

for which graphical models of QI patterns are well characterized.8,23 Figure 1 shows the predicted 

CQI (14Ph, 26N, 15N, and 26A) and DQI (13Ph, 16N, 27N, and 27A) structures for each bridge 

that links two pentacene or tetracene chromophores (P𝜷P and T𝜷T, respectively). We find that 

quantum interference effects can be predicted by graphical models in all compounds, with triplet 

pair formation being slower for any 𝛽 that exhibits DQI. However, as we move from the smaller 

phenylene bridge to the larger naphthalene and anthracene bridges, we find that it is also important 

to consider other factors (including molecular geometry and resonance between SFC and bridge 

FMOs) to obtain a holistic picture of the SF rate constant. Importantly, we identify a distinct 

correlation between the strength of the charge transfer (CT) absorption resonances in the linear 

absorption spectra and the relative rates of iSF. These studies reveal the critical nature of 

chromophore connectivity in controlling the formation of the triplet pair, and the necessity of 

combined experimental and theoretical approaches to understand chemical design principles. 
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Figure 1. Model systems designed to investigate the role of quantum interference in pentacene 

and tetracene bridged dimers, P𝜷P and T𝜷T, where 𝜷 = 14Ph, 13Ph, 15N, 26N, 27N, 16N, 26A, 

and 27A. The destructive quantum interference (DQI) bridging patterns (red) are expected to 

decrease the rate of singlet fission relative to the constructive quantum interference bridges (CQI, 

green).  

 

Results and Discussion 

We observe SF in all SFC-𝛽-SFC compounds and find that the rate constants for triplet 

pair formation are markedly different for DQI connectivity, consistent with the graphical model 

(Figure 1). Importantly, QI-type effects persist across all bridges used in this study. In both 

pentacene and tetracene compounds (P𝜷P and T𝜷T), faster triplet formation is observed when 𝛽 

= 14Ph, 26N, and 26A, compared to the corresponding DQI connectivity (𝛽 = 13Ph, 27N, and 

27A). This effect can be readily observed in the raw transient absorption data (Figure 2a and 

Figure S2) and single wavelength kinetics selective for the rise of the triplet (pentacene, Figure 

2b) or decay of the singlet (tetracene, Figure 2c). Comparing P-Ph-P compounds, 𝜏!" drastically 

changes by a factor of 23, from 17 ps for P-14Ph-P to a much slower 391 ps for P-13Ph-P. This 

effect is even more pronounced in the analogous T-Ph-T compounds, with a faster 𝜏!" of 7 ps for 

T-14Ph-T to 65 times slower, 453 ps in T-13Ph-T. Significantly, DQI has a larger impact on the 
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singlet fission dynamics than proximity of the bridged P and T SFCs. For example, the rate of 

singlet fission in 13Ph is ~ 2× slower than the previously reported 4,4’-biphenylene (𝛽 = 44bPh) 

bridged compounds P-44bPh-P (𝜏!" = 220 ps) and T-44bPh-T (𝜏!" = 240 ps), which have 

double the bridge length.24,25 This result underscores the significance of bridge connectivity in 

dictating triplet pair formation dynamics.  

 

 
Figure 2. (a) Femtosecond transient absorption of pentacene compounds in dilute toluene solution 

(~50 µM) excited at 600 nm. Triplet photoinduced absorption is in green and outlined for clarity. 

Single wavelength kinetics corresponding to the rise of the pentacene triplet ~520 nm (b) and 

decay of the tetracene singlet ~455 nm (c) as a function of time. 

 

Interestingly, we find that the magnitude of the difference between DQI and CQI effects 

diminishes with increasing bridge length, in the order of Ph > N > A. Analogous to Ph bridged 

compounds, large differences in the rate constants between DQI (27N) and CQI (26N) connectivity 
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points are observed in naphthalene bridged dimers. Triplet pair formation is slower in the 27N 

DQI bridge relative to the 26N CQI bridge by a factor of 16 in the pentacene series, and by a factor 

of 32 in the tetracene series. These differ in magnitude compared to the 23-fold/65-fold difference 

for Ph bridged compounds. Furthermore, triplet pair formation in the 27A DQI bridge relative to 

the 26A CQI bridge is a factor of 5 slower for P𝜷P and a factor of 4 slower for T𝜷T, a more subtle 

difference than what is observed for Ph and N bridges. A summary of iSF time constants for these 

compounds is shown in Table 1. The trends are depicted graphically in Figure 3, where the plots 

are normalized singlet fission rate as a function of chromophore, bridge type, and connectivity; 

and these are relative to the compound with the fastest rate of iSF in the series (T-14Ph-T). The 

monotonic decrease in the ratio of the rate of SF in CQI and DQI connectivity (𝑘#$%/𝑘&$%) is 

shown in Figure 3, where it is clear that tetracene chromophores exhibit a larger contrast in rate 

constants with the smallest bridge, but such difference decreases with the longer bridges.  

 

Table 1. Rate and time constants for singlet fission in T𝜷T and P𝜷P. 

𝛽 T𝜷T P𝜷P 
𝑘!" 	(ps-1)  𝜏!" (ps) 𝑘!"  (ps-1) 𝜏!" (ps) 

14Ph 1.43 × 10-1 7 5.95 × 10-2 17 
13Ph 2.21 × 10-3 453 2.56 × 10-3 391 
26N 3.33 × 10-2 30 1.80 × 10-2 56 
27N 1.05 × 10-3 952 1.13 × 10-3 882 
15N 1.69 × 10-3 591 9.50 × 10-4 1053 
16N 6.96 × 10-4 1437 5.51 × 10-4 1815 
26A 7.14 × 10-2 14 2.07 × 10-2 48 
27A 1.82 × 10-2 55 3.96 × 10-3 253 
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Figure 3. Comparison of SF rates (normalized to the largest kSF) across all phenyl, naphthalene, 

and anthracene bridges in this work. Factors contributing to slow (fast) SF are boxed in red (green). 

Chromophores attached to the 1 and/or 5 positions of naphthalene exhibit larger dihedral angles 

than the 2, 6, or 7 positions, reducing overall planarity and slowing SF. Resonance between the 

frontier molecular orbitals of the anthracene bridge and SFC result in similar SF rates for CQI 26A 

and DQI 27A bridges. 

 

The decrease in the contrast of the SF rate constants between CQI and DQI connectivity 

(𝑘#$%/𝑘&$%) is not correlated to an overall decrease in the absolute magnitude of 𝑘!". The 

anthracene bridge is notable in that, unlike other bridges, the DQI compounds exhibit relatively 

fast rates of singlet fission, though QI effects render them slower than the corresponding CQI 

compound. We have previously reported how the FMOs of the bridges impact the rates of SF, as 

observed in T-26A-T (𝜏!" = 14 ps), P-26A-P (𝜏!" = 48 ps), and others.25 As the FMOs of the 

bridging units approach resonance with those of the SF chromophores, the rates of triplet pair 

formation are enhanced. Here, we find that this concept can also be extended to DQI bridge 

connectivity, such that moving from P-13Ph-P → P-27N-P → P-27A-P yields an initial increase 

in 𝛕SF from 391 ps (Ph) to 882 ps (N) followed by a decrease to 253 ps (A). With these 
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considerations in mind, it can be reasoned that bridge resonance effects have a stronger impact on 

the anthracene-bridged DQI chromophores.25,26 For example, the DQI chromophore P-27A-P 

undergoes faster iSF than P-13Ph-P, despite having a bridge that is longer by ~4.5 Å. Such a 

bridge resonance effect is even more pronounced in DQI tetracene analogs, where 𝜏!" is reduced 

by a factor of 17 from 952 ps (27N) to 55 ps (27A). While CQI compounds still undergo faster iSF 

(48 ps for P-26A-P and 14 ps in T-26A-T) than their DQI counterparts (253 ps in P-27A-P and 

55 ps in T-27A-T), the difference between these two connectivities is much less drastic than within 

the phenyl and naphthalene systems (Figure 3).  

Similar to how connectivity modulates bridge resonances effects, we have found that QI 

considerations must also be accounted for in the limit of large geometric distortions, which have 

been shown to greatly reduce chromophore-chromophore coupling.27,28 For example, in P-N-P, 

density functional theory calculations indicate that chromophore attachment at the 1 and 5 

positions are more twisted out of plane (~58°) than at the 2, 6, or 7 positions (~35°). This allows 

us to examine CQI and DQI in the highly twisted SFC couplings. We find that the 𝛽 = 15N CQI 

compounds undergo faster SF (1.05 ns in P-15N-P and 591 ps in T-15N-T) than the DQI analogues 

(1.8 ns in P-16N-P and 1.4 ns in T-16N-T, see Figure S2). We note that due to the QI effect, SF 

is actually faster in 15N, where both chromophores are more twisted than in 16N, where only one 

chromophore is highly twisted. These trends agree with simple graphical models, even though the 

overall singlet fission rates are relatively low due to overall weak chromophore-chromophore 

coupling. The effect of weak electronic coupling in the highly distorted 15N connectivity has also 

been observed in single-molecule junction experiments.29 These results imply that quantum 

interference remains a strong effect in the limit of both strong and weak interchromophore 

coupling.  

While the above experimental observations highlight clear trends in the SF dynamics, they 

are not able to unambiguously identify the root causes of differences in the rate of triplet pair 

formation in DQI versus CQI compounds. For example, the triplet absorption spectra are not sharp 

enough to identify small differences in the electronic structures of the triplet pair for the two cases. 

Furthermore, these data are unable to assign the origin of the strong dependence of 𝜏!" on the 

length of the bridge molecule, i.e., even DQI compounds with anthracene bridge have 

unexpectedly fast SF. To capture these effects, we performed correlated-electron calculations of 

the excitonic states based on the π-electron only Pariser-Parr-Pople (PPP) model.30,31 A key feature 
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of these calculations is that they include high order configuration interactions, which include 

quadruple excitations over a large active space (Methods and SI). Using this approach, we 

determine the wavefunctions and energies of (i) bright singlet states that are dominated by Frenkel 

exciton configurations localized on the SFC (denoted as LET, and LEP for tetracene and pentacene, 

respectively) and bridge moieties (𝐿𝐸'),  (ii) eigenstates with contributions from charge transfer 

(CT) configurations between the SFC and bridge (𝐶𝑇#') as well as between the two SFCs (𝐶𝑇##), 

and (iii) the lowest triplet pair eigenstate (𝑇𝑇)( .  

These results show that the widely different 𝜏!" values between DQI and CQI compounds 

are not due to differences in their (𝑇𝑇)( 	wavefunctions. Instead, the calculated (𝑇𝑇)(   eigenstate 

for all compounds is overwhelmingly dominated by triplet excitations occupying each of the 

terminal SFCs. Somewhat surprisingly, in all SF compounds excluding 14Ph and 13Ph, the (𝑇𝑇)(   

wavefunctions are nearly identical for all DQI and CQI compounds, independent of the bridge 

molecule. We show the three most dominant contributions to the (𝑇𝑇)( 	eigenstate common to T-

26N-T and T-27N-T in Figure 4a. The near-complete (𝑇𝑇)( 	 wavefunctions including 

configurations that make even smaller contributions are listed in Figure S7 in the SI. Additional 

contributions to the wavefunctions beyond the dominant 2e-2h excitation (including 4e-4h 

excitations)  are small, but taken together make nonnegligible contribution to the binding energy 

of (𝑇𝑇)( .32,33 Previous theoretical treatment suggested that the triplet pair states are fundamentally 

different for DQI vs CQI compounds.21 Our calculations show that this result does not extend to 

bridges longer than 𝛽 = Ph. As seen in Figure S7 the (𝑇𝑇)(  wavefunctions for a given SFC 

chromophore are nearly the same even with different bridge molecules. 

It was also found that the contribution of optically allowed CT states to the excited state 

wavefunctions varies greatly with bridge connectivity and represents the determining factor for 

the singlet fission rate constant. In T-26N-T (Figure 4b,c) for example, the most dominant term 

in the wavefunction that contributes to the optical transition at ~3.5 eV is from a 𝐶𝑇##  

configuration involving direct CT between the terminal tetracene molecules (Figure 4b). 

Interestingly, a similar charge transfer state also occurs in the DQI (27N) version of this compound, 

with the relative magnitudes of the largest amplitude terms being very similar to the CQI (26N) 

version. The primary difference between the two compounds is that the magnitude of the transition 

dipole moment between the ground state and the CT state is nearly zero in the DQI compound 



 11 

(27N). This difference follows directly from the graphical model that predicts QI conditions: 

optical excitation within the PPP Hamiltonian conserves spin symmetry, and optically allowed CT 

processes can occur only between sites that are antiferromagnetically coupled. We have done 

detailed analyses of the correlated-electron exciton basis wavefunctions of the optically allowed 

excited states for all compounds (Table 2). The corresponding analysis for P-26N-P reveals an 

identical story.  

We emphasize that there is a one-to-one correlation between the strength of the CT 

absorption and the relative magnitude of 𝜏!" between the DQI and CQI compounds with phenyl 

and naphthalene linkers. The experimental absorption spectra for short bridge lengths in the CT 

region agree strongly with the theory. In the CQI compounds (𝛽 = 14Ph, 26N), we observe a single 

additional peak (absent in the monomer spectra) that is centered at 3 eV for T𝜷T (Figure 4c and 

SI) and 2.64 eV for P𝜷P (SI). In the corresponding DQI compounds (𝛽 = 13Ph, 27N), this peak 

is largely absent. These differences reveal a quantum effect that is intimately related to the 

mechanism of SF. As has been previously recognized, the rate of transition from the singlet exciton 

to (𝑇𝑇)(  can be enhanced by a virtual CT state.34,35 The stronger the dipole coupling between the 

ground state and the CT state, the more easily it will be accessible as a virtual intermediate in a 

one-photon optical process. Furthermore, since the (𝑇𝑇)(  in our dimers consists of triplets 

occupying only the terminal chromophores, fast 𝜏!" requires the virtual CT state to have significant 

contribution from configurations with direct CT between the terminal chromophores. The CT 

states in the CQI T-26N-T and P-26N-P satisfy both these criteria (Table 2) (𝜏!" = 30 ps/56 ps). 

The corresponding states in DQI T-27N-T and P-27N-P either have weak dipole-coupling to the 

ground state or weak contributions from configurations with direct CT (𝜏!" = 952 ps/882 ps). We 

note that when the energetics of singlet fission are satisfied, the strength of the CT transition in the 

linear absorption spectrum is directly correlated to the magnitude of the SF rate constant and can 

be used to predict relative rates of triplet pair formation. 

The quantum effects that determine the SF rate with anthracene as the bridge molecule are 

more complex. The relatively small 𝜏!" in the DQI compounds here are ascribed to two competing 

quantum effects. First, the absence of long-range antiferromagnetic order in one dimension implies 

that, for long bridge molecules, spin couplings between distant atoms are not strictly 

antiferromagnetic or ferromagnetic.36 As a result, CT between carbon atoms at the point of 

connectivity that would be forbidden from the graphical model of Figure 1 can thus be optically 
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allowed. Second, this apparent deviation from the graphical model is accelerated by the proximity 

in the energies of the FMOs of the terminal chromophores and the bridge molecules (bridge 

resonance effect), which enhances quantum tunneling between the terminal chromophores. This is 

indeed what occurs in anthracene bridged SFCs, as the excited state wavefunctions of the optically 

allowed CT transitions contain significant bridge resonance contributions (Table 2). For example, 

in T-26A-T and T-27A-T, the relative weights of the three dominant constituents of the eigenstates 

at ∼3.55 eV and ∼3.75 eV, involve 𝐶𝑇#', 𝐶𝑇## , and LEA with roughly equivalent amplitudes. 

Unlike the naphthalene case, the transition dipole couplings to these states in DQI T-27A-T is 

nonzero and only ~2-3 times smaller than the equivalent transition in the CQI T-26A-T. A 

qualitatively similar picture is observed in the eigenstates of P-26A-P and P-27A-P, with a slightly 

larger difference in the transition dipole couplings between CQI and DQI (~3-4 times smaller). 

These results explain our observation of only a ~4-5× change in 𝜏!" between the CQI 26A 

compounds and the DQI 27A compounds. Furthermore, while SF in DQI P-27A-P is relatively 

slow, it is still significantly faster than in T-27N-T and P-27N-P. 

In support of the above model, we observe several peaks in the CT region of the 

experimental absorption spectra for both DQI 27A and CQI 26A bridge compounds. The relative 

intensities of this series of peaks vary with connectivity. For example, in the T-27A-T DQI 

compound, the dominant transition is centered near 2.95 eV, with weak shoulders offset by 

approximately 0.2 eV on either side of the main transition. In the CQI analog (T-26A-T), the main 

peak is reduced in intensity while the relative oscillator strength of the shoulders is increased. A 

more pronounced effect is observed in P𝛃P, where the relative intensity of the shoulders becomes 

larger than the primary peak in P-26A-P (SI Figure S8). While previous theoretical treatments of 

the absorption spectra in directly-bonded acene oligomers suggested that bright charge-transfer 

type transitions can emerge in cases of strong chromophore-chromophore coupling37, neither the 

effect of the chemical bridge nor implications for the SF dynamics were considered. Here we see 

that both a large 𝐶𝑇##  contribution to the CT excitation and a strong transition dipole moment are 

essential for fast iSF. The former is a signature of direct quantum mechanical coupling between 

the SFCs while the latter ensures that virtual excitation of the CT excited state efficiently couples 

the singlet and triplet pair states (SI).20,35 We note that while the role of virtual CT states in 

mediating the rate of SF has long been inferred, these data represent fundamental evidence of such 

an effect.38–42 
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Figure 4. (a) Normalized triplet pair wavefunction for T-26N-T and T-27N-T in the molecular 

exciton basis representation. The overall spin is zero for each individual configuration. Bonding 

(antibonding) MOs not shown in any configuration are completely filled (empty). (b) Normalized 

charge transfer wavefunctions for T-26N-T (yellow) and T-26A-T (blue). The latter exhibits 

significant admixing with local excitation on the anthracene monomer and is labeled accordingly. 

Ellipses correspond to additional terms related by mirror-plane and charge-conjugation 

symmetries. (c) Calculated (top) and experimental (bottom) normalized absorption spectra for T-

N-T (left) and T-A-T (right). Green traces correspond to a CQI bridge (26N or 26A), red traces 

correspond to a DQI bridge (27N or 27A). Contributions to the absorption spectra from the charge 

transfer wavefunctions depicted in (b) are highlighted and labeled. Calculations assume planar 
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conformation. The inclusion of intermonomer rotation decreases the intensity of the CT absorption 

but the absorption energy is largely unaffected.32  

 

Table 2. Calculated energies, transition dipole couplings with the ground state, and 

wavefunction characteristics of charge-transfer states for P𝜷P and T𝜷T. 

SFC 𝛽 E (eV) µ 𝐶𝑇𝑪𝑪 𝐶𝑇𝑪𝜷 𝐿𝐸'   

Tetracene 

26N 3.45 1.67 0.47 0.17 0.12 
27N 3.55 0.06 0.57 0.14 0.08 

26A 3.54 
3.78 

1.61 
0.87 

0.33 
0.52 

0.28 
0.19 

0.41 
0.15 

27A 3.57 
3.77 

0.50 
0.40 

0.39 
0.45 

0.29 
0.20 

0.33 
0.16 

Pentacene 

26N 3.11 
3.33 

0.99 
0.68 

0.55 
0.22 

0.10 
0.08 

0.05 
0.05 

27N 3.18 
3.31 

0.03 
0.74 

0.60 
0 

0.08 
0.09 

0.03 
0.03 

26A 

3.05 
3.24 
3.34 
3.54 

1.46 
0.50 
0.44 
1.65 

0.26 
0.51 
0.16 
0.16 

0.25 
0.04 
0.05 
0.30 

0.48 
0.47 
0.31 
0.39 

27A 

3.11 
3.25 
3.34 
3.57 

0.37 
0.31 
0.46 
0.46 

0.24 
0.53 
0.02 
0.18 

0.25 
0.05 
0.08 
0.32 

0.55 
0.38 
0.39 
0.33 

µ = transition dipole coupling with ground state (units of Å, electronic charge e = 1), 𝐶𝑇𝑪𝑪 and 

𝐶𝑇𝑪𝜷=  normalized coefficients of configurations with CT between terminal chromophores and 

between terminal chromophore and bridge (𝛽), respectively, LE𝜷 = normalized coefficient of 

configuration with monomer excitation on the bridge molecule. 

 

Conclusion 

This work provides a new perspective on the mechanism of intramolecular singlet fission in which 

destructive and constructive quantum interference (QI) plays an essential role. While graphical 

models to predict QI based on connectivity have been successful in single-molecule electronics, 

these models are not as obviously applied to light-induced processes involving exciton transport 

in donor-bridge-acceptor systems. Here, QI graphical models successfully describe multiexciton 

formation as a function of connectivity in a variety of acene bridges, which is effective in part due 

to the symmetric nature of the iSF chromophores. Moreover, we found that both bridge resonance 
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contributions and structural distortion arising from steric interactions with the chromophores also 

impact triplet pair formation and the magnitude of QI effects. Understanding electronic structure 

contributions and QI to the fundamental principles of triplet pair evolution is important for 

optimizing the formation of entangled spin states, enhancing their utility in quantum information 

technologies. 

 

Methods 

Synthesis 

The synthesis of pentacene and tetracene bridged dimers with 𝛽 = 14Ph, 26N, and 26A have been 

previously reported.25,24 Similar cross-coupling conditions are used to synthesize 𝛽 = 13Ph, 27N, 

15N, 16N, and 27A, as detailed in the SI. We note that TIPS (triisopropylsilylethynyl) groups are 

installed on all anthracene, tetracene, and pentacene chromophores for solubility and stability. 

 

Ultrafast Spectroscopy 

The iSF dynamics of the series were characterized by transient absorption spectroscopy (TAS). 

The protocol for identifying intramolecular SF in solution is well-established24,43,13 (additional 

details provided in the SI). Briefly, a dilute solution of a compound in solution (~50 µM in toluene) 

is pumped by a laser pulse resonant with a vibrational excited state of the 𝑆( exciton. The 

broadband transient response is measured across the ground state bleach (𝑆+ → 𝑆( transition) as 

well as the singlet (𝑆( → 𝑆, transition) and triplet (𝑇( → 𝑇, transition) photoinduced absorption 

(PIA) features. The singlet exciton on pentacene is identified by a characteristic broad PIA between 

400-575 nm that decays commensurate with the rise of the triplet exciton, characterized by its 

narrow PIA feature peaked around 520 nm. A similar set of extensively characterized PIA features 

can be used to quantify the singlet to triplet formation rate in tetracene-based compounds. The 

assignment of triplet excitons in these compounds is verified through triplet sensitization 

measurements based on collisional energy transfer. Comparison of the photoexcited and sensitized 

triplet properties allows us to distinguish individual triplets (formed by intersystem crossing for 

example) from triplet pairs formed by SF. In general, the SF-generated triplet pair and individual 

sensitized triplet show similar transient spectra but differ markedly in their recombination 

dynamics, with triplet pairs exhibiting a characteristic triplet-triplet annihilation process that leads 

to a biexponential decay of the overall triplet population. Standard global analysis procedures are 
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used to obtain deconvoluted spectra and extract time constants. For all compounds used in this 

study, the overall SF yield is determined from kinetic arguments comparing the relative rates of 

singlet decay to the ground state (𝑆( → 𝑆+) to decay via triplet pair formation (𝑆( → (𝑇𝑇)( ). 

Further discussion of yields can be found in the SI. Importantly, no other photoproducts are 

observed in this series of compounds, permitting a direct comparison of rate constants.  

 

Quantum Chemical Calculations 

The π-electron only Pariser-Parr-Pople Hamiltonian is written as30,31:  

ℋ = 6 𝑡-.
〈-.〉,2

8𝑐-2
3 𝑐.2 + 𝑐.2

3 𝑐-2; + 𝑈6𝑛-↑
-

𝑛-↓ +6𝑉-.
-6.

(𝑛- − 1)(𝑛. − 1) 

Here, 𝑐-2
3  creates an electron with spin 𝜎 on the 𝑝7 orbital of carbon (C) atom 𝑖, 𝑛-2 = ∑ 𝑐-2

3
- 𝑐-2 

is the number of electrons with spin 𝜎 on atom 𝑖, and 𝑛- = ∑ 𝑛-22  is the total number of 

electrons on the atom. We retain electronic hoppings 𝑡-.only between nearest neighbors i and j. U 

is the Coulomb repulsion between two electrons occupying the 𝑝7 orbital of the same C-atom, 

and 𝑉-. is long-range Coulomb interaction. The average bond lengths within an acene unit are 

different for the peripheral (1.40 Å) and internal (1.46 Å) bonds. Based on a widely used bond 

length-hopping integral relationships,44 we have chosen intra-acene peripheral (internal) hopping 

integrals 𝑡-. as 2.4 (2.2) eV. We have chosen planar geometries for both and therefore interunit 

hopping integrals 2.2 eV between the SFC monomers and the bridge molecules, although this 

can be relaxed .45 We use the screened Ohno parameterization for the long-range Coulomb 

repulsion, 𝑉-. = 𝑈/𝜅F1 + 0.6117𝑅-.8 L
(/8	where 𝑅-. is the distance in Å between C-atoms i and j 

and 𝜅 is an effective dielectric constant.32,33,46 Based on our previous work47 we have chosen 

𝑈 = 7.7	eV and 𝜅 = 1.3. 

 

Our calculations use the molecular exciton basis, with Hartree-Fock (HF) MOs localized on 

individual monomers.32,46,47 Depending on the compound, we have retained between 24 to 30 

exciton basis MOs, of which 4-6 are localized on the bridge molecules, with equal numbers of 

bonding and antibonding MOs (see SI). Further details may be found in previous studies20,32,33,46,47 

and in the SI. To arrive at the precise description of the two electron-two hole (2e-2h) (𝑇𝑇)(  

excitation, we use the multiple reference singles and doubles configuration interaction (MRSDCI) 
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approach,33,44,48 which includes configuration interactions with the most dominant 4e-4h 

excitations. The total number of many-electron configurations retained to describe any single 

eigenstate is several million. In addition to the wavefunctions and energies, we also calculate the 

transition dipole couplings from the ground state to all excited states and the linear absorption 

spectra. 
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