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Abstract 

Density functional theory (DFT) was employed to investigate dodecaphenyltetracene as well 
as similar molecules containing differing backbone lengths and electron withdrawing groups with 
interest in manipulating the twist to lower the LUMO level for increased electron mobility. 
Optimization and frequency time-independent calculations followed by time-dependent (TD-DFT) 
energy calculations were performed at the B3LYP/G-311G level of theory to analyze electronic 
trends as a result of increased backbone length and consequently distorted end-to-end molecular 
twist. These calculations demonstrate a linear relationship with negative slope between the 
estimated HOMO-LUMO, fundamental, and optical gaps as a function of the number of fused rings 
along the polycyclic backbone. Contrasting these energy gaps with a separate series of identical 
molecules fixed into a planar configuration, the optimized twisted molecules display a pronounced 
red shift from steric hindrance due to phenyl substituents. In addition to the excitation energies, we 
applied a theoretical model for predicting exciton binding energy in planar polycyclic aromatic 
hydrocarbons to our series of twisted analogs, demonstrating a negligible effect of intramolecular 
twist on exciton binding energy. Evaluating higher levels of theory that incorporate dispersion and 
solvation effects, we found that our original gas-phase calculations sufficiently capture trends in 
expected excitation energies.  

 

 

 

 

 

 

 

 

 



 
Introduction 

Polycyclic aromatic hydrocarbons (PAHs) are of prominent research interest  for a wide range of 

reasons spanning that these molecules are present as environmental toxins,1 they possess electronic 

properties harnessed in breakthrough technological devices,2-6 and they even form the interstellar dust 

of our galaxy.7-9  While a myriad of PAHs have been synthesized for electronic applications, pentacene, 

an organic molecule comprised of five linearly-fused benzene rings, has been a popular choice small 

organic semiconductor (OSC) for incorporation into OFETs because of its favorable charge carrier 

mobility and transport.10,11  The success of pentacene and its derivatives has sparked interest into 

synthesizing polyacenes with backbone lengths even larger than five rings to further extend the π-orbital 

systems. However, these attempts have been largely unsuccessful due to increased instability, unstable 

phase behavior, and decreased solubility.12 An alternative method of extending electron delocalization 

without extending the backbone has been to synthesize polyacene derivatives with phenyl side groups, 

such as rubrene.13-15 The unique intramolecular twist of these phenyl-substituted derivatives is of great 

interest because this geometric feature could induce favorable electronic and optical properties. 

Understanding the impact of substituents and geometric twist on the electronic states of these classes 

of molecules could expand incorporation of these inexpensive materials into organic-light emitting 

diodes (OLEDs),16-17 organic field-effect transistors (OFETs), and organic photovoltaic (OPV) solar cells.18-

22 

 Currently, multiple organic synthesis groups are working to improve the efficiency of 

synthesizing these phenyl-substituted polycyclic aromatic hydrocarbons as well as develop pathways for 

novel molecules of this form.23-28 Additional derivatives of highly twisted PAHs have been developed 

using bulky, electron withdrawing, and electron donating substituent groups in addition to phenyl 

substituents to improve solubility in organic solvent for integration into OFETs.29-33 Experimental 

analyses on these molecules support previous findings that the twisted geometric structure supports 

overall stability as well as unique photophysical properties.34-42 However, understanding the relationship 

between the twisted geometry of sterically hindered PAHs and its electronic and photophysical 

properties is more clearly elucidated when analyzing families of OSCs with homogenous substituent 

groups. In this case, we will focus on isolating the twist effect by analyzing molecules with only phenyl 

substituents. As a result of adding phenyl substituents to the traditional planar unsubstituted polycyclic 

aromatic hydrocarbon families such as oligoacenes, phenacenes, circumacenes, and oligorylenes (Figure 

1) new families of “twistacenes,” a term coined by Robert Pascal, have been introduced as viable 

alternatives for organic electronic applications (Figure 2).  

 

 

 

 

 

 

Figure 1: Three different families of planar polycyclic aromatic hydrocarbons from left to right are oligoacenes, 

phenacenes, circumacenes, and oligorylenes. The oligoacene family are the parent molecules for our 

investigation. 



Previous experimental and theoretical techniques have been applied to isolate electronic effects 

of twist from geometric effects. Our theoretical approach closely resembles that applied by Norton et al 

who used Density Functional Theory (DFT) to analyze the electronic structure of twistacenes.43 They 

focused on Pascal’s synthesis of a pentacene exhibiting a 144° twist as well as a model system consisting 

of an identical backbone in bond length and twist deviation but lacking the six interior phenyl 

substituents. They concluded that typical electronic features of polyacenes, such as end-to-end electron 

delocalization, are unaffected by the twisting of the backbone. Bedi et al. came to the same conclusion 

using a model system to computationally investigate the effect of twisting on polyacenes from two to 

five benzene rings in length, varying the degree of twist by ten degrees from 0 - 30⁰. He reported a 

similar insignificant decrease in the HOMO-LUMO gap as a result of twist, while adding that the energy 

gap between the singlet ground state and the lowest triplet state (ΔETS) also slightly decreased as a 

result of increased intramolecular twist.44 Bedi also experimentally isolated the effect of twisting by 

synthesizing a series of anthracene molecules with a carbon tether of various lengths across the 

molecule and reported a similar decrease in HOMO-LUMO gap, as well as decreased fluorescence 

quantum efficiency, likely due to increased spin orbit coupling.45 

While these generic model systems have provided valuable insight into the effect of steric-

induced intramolecular twisting, there has yet to be a systematic investigation into the electronic 

properties of the series of twisted polyacenes that have been synthesized by Pascal et al. In this 

computational investigation, we build upon previous work by investigating the electronic properties of 

fully phenyl substituted polyacenes (Series 1), partially phenyl substituted polyacenes (Series 2), and the 

alternately fused phenyl-substituted series recently synthesized by Clevenger et al.(Series 3).46 In 

addition, we also investigated a model system using an identical steric-induced twist of Series 1, but 

with hydrogens in place of the phenyl substituents (Series 4). Here we provide a quantitative review of 

electronic properties as well as qualitative analysis of the molecular orbitals as a result of intramolecular 

twist.  
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Figure 2: Three different twistacene series were investigated with backbone lengths n=2 to n=7. The smallest 

molecule in each series (n=2) is depicted above.  



Computational Details  

Geometry optimization 

We optimized the geometries of all molecules in Series 1-4 using the hybrid B3LYP47-50 functional with 

the 6-311G basis set, which has been demonstrated to accurately predict the ground-state properties of 

PAHs. For molecules with backbone length 2-4 in Series 1, we also optimized the molecules using the 

conductor-like polarizable continuum model, CPCM,51 with cyclohexane as the solvent represented as a 

dielectric polarizable continuum. Cyclohexane was chosen to correspond with available experimental 

data. We also calculated optimized geometries of the Pascal series using the more robust long-range 

corrected CAM-B3LYP functional.52 We focused on these particular derivatives of the Pascal series for 

additional optimization calculations because they have been synthesized and analyzed so present 

available experimental data with which to benchmark our calculations.   

Electronic properties  

 We explored the electronic properties of our π-conjugated molecular systems by analyzing the 

excitation and ionization energies of the molecules related to the difference in energy between the 

highest occupied molecular orbital (HOMO) and the lowest occupied molecular orbital (LUMO).  We 

compared the calculated HOMO-LUMO gap, fundamental gap, optical gap, and difference between the 

HOMO energy of the molecule in the ground state and the HOMO of the N+1 electron system. The 

HOMO-LUMO gap is the difference between the HOMO energy and LUMO energy provided by the one-

electron wavefunctions on the neutral, ground-state molecular system. The HOMO-LUMO gap 

approximates the fundamental gap, which is the difference between the ionization potential and 

electron affinity, rigorously defined by the following equation: Efund = IEv – EAv = (EN-1 – EN) – (EN – EN+1).53-

55 The anion and cation energies were calculated in the ground state using the previously optimized 

neutral geometries. We used the differences between the HOMO-LUMO and fundamental gap energies 

to evaluate the suitability of our chosen exchange-correlation functional and basis set. The optical gap 

was given from the wavelength associated with the lowest absorption electronic transition (S0 to S1) 

from the TD-DFT energy calculation of each molecule in the excited state. The difference between the 

fundamental gap and the optical gap describes the exciton binding energy, or energy associated with the 

electron and hole in the excited state as opposed to the free electron in the ionized state. We evaluated 

the relationship between backbone length of our series of molecules with a previous theoretical 

description of exciton binding energy as proportional to the inverse of the radius of planar PAHs, BE ≈ 

e2/( (4πε0εR).  All excitation energies are reported in units of electron volts (eV). 56 

 

Figure 3: Influenced by Bredas’ 2014 article Mind the Gap!, this diagram further displays 

the difference between the various calculations of the excitation energies that we 

explored.  

 



Results 

Optimized structures  

We quantified the degree of end-to-end molecular twist unique to these molecules’ backbone 

structures arising from steric effects of phenyl substitution.  This is defined by the torsion angles, either 

∠1234 or ∠2143 depending on twist direction, that span between both ends of the backbone as 

represented in Figure 4.  

 

 

 

 

 

 

Figure 4: Labeled carbon positions for defining the torsion angles of interest for Series 1,2, and 3 from 

left to right for the example of the three-ring backbone derivative.  

The degree of end-to-end molecular twist increases linearly with as the backbone length increases with 

R2 values of 0.9715, 0.9749, and 0.9471 for Series 1-3 respectively (Figure 5a). The increase in end-to-

end torsion angle above 180 °as the backbone increases in length from six to seven benzene rings 

represents the molecule twisting upon itself as the last backbone ring fragment comes into plane with 

the first ring fragment (Figure 5b).  

 

Figure 5: a) The end-to-end torsion twist angle as a function of the length of the backbone in benzene ring 

fragments for Series 1,2, and 3. b) The optimized structure for the seven-ring backbone derivative of the Pascal 

series (not yet synthesized) demonstrating that a possible end-to-end 360° twist will emerge as longer derivatives 

or chains of twisted PAHs are developed.  
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While the end-to-end twist is significant, individual bond angle deviations from the theoretical 120° in an 

sp2 hybridized planar PAH are minor. For example, in the optimized structure of the largest molecule in 

Series 1 as seen in Figure 2b, individual bond angles between carbons on the backbone range from 115 -

128°, with the average hovering around 120°. Experimental X-ray diffraction data is available in the solid 

state for molecules 1-4 of Series 1 and 2-5 of Series 3.  

 

 

 

 

 

 

 

 

 

Our DFT optimized geometries (B3LYP with 6-311G ) capture the same trends seen in x-ray diffraction 

results for Series 3 and Series 1 shown in Table 1 and Table 2, respectively. We expected minor variation 

between our optimized structures in gas phase and the experimental solid-state crystal structures due 

to the intermolecular interactions in the different phase environments.  

Supported by previous experimental and theoretical studies, the end-to-end molecular twist has minor 

effects on overall electron delocalization. As seen in Figure 6, the Series 1 HOMO and LUMO orbitals 

from the optimized calculations remain mostly centralized along the fused backbone, with minor 

sections of localized electron density spreading to substituent phenyl groups. The similarity in the 

molecular orbital characteristics of the Series 1 derivatives with their planar parent molecules suggests 

that electronic behavior in material applications would also be similar.  

 

 

 

 

 

 

 

 

 

Backbone 
length 

BY3LP/6-
311G 

X-ray 
diffraction 

1 0.003 0 

2 30.26223 31 

3 68.36581 62.8 

4 107.406 97 

Backbone 
length 

 BY3LP/6-
311G 

 X-ray 
diffraction 

Clevenger 
calculated 

2 37.45597 -- -- 

3 70.91131 66 >60 (MMPI) 

4 108.09458 105 109 
(B3LYP/6-
31G9(d)) 

5 120.7508 144 143 (AM1) 

6 172.59529 184 182 (AM1) 

7 132.38536 -- 220 (AM1) 

Figure 6: The HOMO and LUMO of the optimized structure of dodecaphenyltetracene calculated with the 

B3LYP functional at the 6-311G level of theory.  

Table 1: Series 3 computed torsion angles compared 

with x-ray diffraction torsion angles and calculations 

computed by Clevenger et al. 

Table 2: Series 1 torsion computed angles 

compared with x-ray diffraction torsion 

angles identified by Pascal et al. which 

are also defined by Figure 5. 



For the Series 3 molecules, there is generally more electron density distributed to the side phenyl 

groups (Figure 7). However, this trend decreases as the length of molecule increases: the six-ring 

backbone derivative has essentially all the electron density located on the backbone itself. Series 2 

molecules showed a similar trend to Series 1, but with some LUMOs spread extensively into the 

substituent regions. Bond lengths between the optimized geometries of all molecules analyzed were the 

same as their planar parent molecules, averaging around 1.41 angstroms.  

  

 

Minor differences in optimized structures of molecules 1-4 in cyclohexane using CPCM solvation model 

were observed.   

Fundamental, HOMO-LUMO, and Optical Excitation Energies 

The calculated values for the HOMO-LUMO gap, optical gap, and fundamental gap are displayed along 

with the three experimental UV-vis absorption wavelengths measured in cyclohexane for Series 1 in 

Figure 8. The time-dependent UV-vis absorption wavelengths for molecules 2-4 show excellent 

agreement with the experimental values, with 5.1, 6.0, and 2.5 % differences respectively.57 Both the 

experimental and theoretical UV-vis absorption spectra show broad absorption peaks corresponding to 

excitation in the lowest singlet state (S0 to S1). The general linear decrease in excitation energies relative 

to the increase in backbone ring length is expected for an increase size of a π-conjugated system, 

demonstrating that the increase in intramolecular twist does not affect overall electron delocalization. 
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Figure 7: The HOMO and LUMO of the optimized structure of dodecaphenyltetracene calculated with the 

B3LYP functional at the 6-311G level of theory.  

Figure 8: The B3LYP/6-311G fundamental gap, HOMO/LUMO gap, and optical gap 

(TD) for Series 1 compared with UV-vis 1st singlet excitation energies for molecules 

2-4. 57 



Similar trends showing expected decrease in excitation energies with increasing size of the molecular 

backbone are also reflected in the Series 2 calculations (Figure 9). One exception is an outlier in the 

HOMO-LUMO gap for four-ring backbone derivative. While we are still looking into reasons to explain 

the outlier, one contributing cause could be the difference in the LUMO molecular orbital. Unlike the 

LUMOs of the other molecules in the series which extend widely into the side phenyl substituent groups, 

the four-ring molecule’s LUMO is tightly packed around the backbone. There is no evidence in the 

literature of the synthesis of Series 2 molecules so there is no experimental data to compare the 

excitation energies.  

 

 

 

The excitation energies in Series 3 follow the trends for Series 1 and 2, supporting the conclusion that 

twisting does not disrupt end-to-end electron delocalization in conjugated systems (Figure 10). The two 

optical gap experimental values for molecules 5 and 6 in Series 3 were measured in CHCl3, and our 

theoretical measurements differed by only 6.4% and 0.47%, respectively. 58,46 Not included in Figure 10 

is an experimental HOMO-LUMO gap value determined using cyclic voltammetry for molecule 6 of 

Series 3 of 2.14 eV which is within 4.41% of our calculated value.46 

Exciton Binding Energy: 

We compared the calculated exciton binding energy (Efund – 

Eopt) to the theoretical calculation previously developed by 

Nayak Ebind ≈ e2/( (4πε0εR) used for planar PAHs.56 Using the 

general relationship of BE = C*(1/R), with C = e2/( (4πε0ε), we 

calculated C for each theoretical Ebind
  using the molecular 

bond distance between the two farthest hydrogen atoms on 

phenyl substituents as R (Figure 11). The average value of C 

was determined to be 42.7 ± 2.9. Using C, we calculated a 

theoretical EBT for each molecule in the series. We 

performed the same methods to calculate the exciton 

binding energies for the planar PAH derivatives: 

0

2

4

6

8

0 2 4 6 8

∆
E 

(e
V

)

Backbone Ring Length

Excitation Energies Series 2 

HOMO-LUMO Optical Gap Fundamental Gap

Figure 9: The fundamental gap, HOMO-LUMO gap, and 

optical gap (TD) for Series 2.   

Figure 10: The fundamental gap, HOMO-LUMO gap, and 

optical gap (TD) for Series 1 compared with UV-vis 1st 

singlet excitation energies for molecules 5 and 6.   
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Figure 11: The molecular radius R incorporated in Ebind ≈ e2/ 

(4πε0εR) is the distance between both hydrogen atoms 

labelled “x” in this 2D figure of dodecaphenyltetracene 

(Series 1, molecule 4). 



naphthalene, anthracene, tetracene, pentacene, hexacene, and heptacene. Using the average C value, 

6.14 ± 1.38, we compared Ebind with EBT.  

Table 3: Displaying the exciton binding energy (EBind), molecular radius (R), theoretical constant (C), 

theoretical exciton binding energy (EBT), and the percent difference between EBind and EBT. All data have 

been obtained at the B3LYP/6-311G level of theory. 

Backbone Ring 
Length 

Ebind R C EBT % Diff  

1 3.00 13.63 40.87 3.13 4.36 

2 2.54 15.57 39.58 2.74 7.36 

3 2.32 17.33 40.19 2.47 5.93 

4 2.15 19.22 41.23 2.22 3.50 

5 2.04 22.47 45.86 1.90 7.33 

6 1.88 24.68 46.51 1.73 8.84 

7 1.68 26.74 44.85 1.60 4.98 

 

 

 

 

 

 

 

 

 

 

 

As seen in Figures 12 and 13, the calculated exciton binding energies for Series 1 follow the relationship 

of Ebind = C/R, suggesting that the intramolecular twist does not affect predicted exciton binding energies 

in small molecule organic semiconductors. 

 

 

 

 

 

 

Figure 12: The exciton binding energy (Ebind) along with the 

theoretical relationship Ebind ≈ e2/( (4πε0εR) used previously in 

planar PAHs.  
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Figure 13: The exciton binding energy (Ebind) along with the 

theoretical relationship Ebind ≈ e2/( (4πε0εR) applied for our B3LYP/6-

311G calculations on linearly fused PAHs (naphthalene- heptacene). 



Isolating the Twist:  

We used two sets of model systems to isolate the effect of twist from substituent effect on the 

excitation energies in the Series 1 molecules. The first set of model systems was developed by 

constraining the backbone geometries of the Series 1 derivatives to a planar configuration leaving the 

phenyl groups attached perpendicular to the backbone (Figure 14).  

 

 

 

 

 

 

 

 

After constraining the molecule to its planar configuration, we were able to calculate their HOMO-LUMO 

and optical gaps. In the case of these molecules with inherent locked-in strain, the HOMO and LUMO 

orbitals showed localization adjacent to the backbone along the stacked phenyl substituent groups. 

Visualizing the molecular orbitals in Gaussview, we instead selected the appropriate orbitals near the 

HOMO-LUMO that represented the ones with localized along the molecular backbone. The difference 

between these calculated HOMO-LUMO gaps and the optimized HOMO-LUMO gaps are displayed in 

Figure 15.  
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Figure 14: Optimized twisted form of dodecaphenyltetracene (A) adjacent to the geometrically 

constrained form that maintains planarity of the fused ring backbone (B). 

Figure 15: The relationship between the backbone length of the twisted aromatic 

hydrocarbons and the approximated fundamental gap showing the results for the 

constrained (blue) and twisted (red) geometric configurations. 



It is expected that the optimized configuration of any molecule is its lowest energy configuration which 

would be reflected in lower energy molecular orbitals. However, the red shift from the constrained to 

twisted geometric configuration is significant considering magnitude and that the HOMO-LUMO orbitals 

investigated were localized primarily along the backbone in both instances. This suggests that the 

twisting π-conjugated systems does not negatively impact the frequently desired low excitation energies 

for OSC applications. Alternatively, the significant redshift could suggest that small molecule OSCs with 

twisted geometries could possess HOMO-LUMO excitation energies lower than what would be predicted 

if they were planar.   

The second set of model systems we investigated were designed by replacing the phenyl substituent 

groups from the optimized Series 1 derivatives with hydrogen (Figure 16). We then calculated the 

HOMO-LUMO excitation energies on these molecules and compared them to the planar PAH parent 

molecules.  

 

 

 

 

 

 

 

 

The HOMO-LUMO gaps for the smaller derivatives of backbone lengths 2 and 3 are slightly lower in 

energy from the natural structure, which is somewhat surprising considering we would expect optimized 

structures to have lower total energy and correspondingly, lower energy molecular orbitals. The average 

difference in eV between the HOMO-LUMO gaps of the twisted and untwisted configurations (∆avg) is 

 
∆ % Diff 

2 0.3031 6.591 

3 0.1706 4.871 

4 0.3233 11.616 

5 0.3725 16.321 

6 0.3793 19.920 

7 0.3791 23.326 

Figure 16: The planar PAH tetracene (left) and the twisted tetracene model system (right). 
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Figure 17: The relationship between the backbone length of the 

twisted tetracene with hydrogen substituents and the HOMO-

LUMO gap showing the results for the twisted fused backbone 

and the non-twisted, optimized geometric configurations. 

Table 4: The absolute difference (∆ )and percent 

difference between the HOMO-LUMO gap of 

twisted and untwisted molecules in the model 

series. 



0.3213 eV. The HOMO-LUMO gap decreases with increasing molecular size and the corresponding ∆ 

does not decrease. This results in an increase in percent difference between the planar and twisted 

HOMO-LUMO excitation energies (Table 4).  

Evaluating dispersion and solvation effects  

Often long-range corrected functional groups are applied for calculating excitation energies of large 

organic molecules due to the possibility of intrinsic dispersion effects. To address the possibility of these 

dispersions affecting the electronic behavior of our large molecular series, we also calculated the 

fundamental and optical gaps of Series 1 derivatives using the CAM-B3LYP functional.  

Additionally, in device applications, these molecules are incorporated into OFETs by solution 

evaporation in organic solvent. Consequently, the excitation energy predictions including solvent effects 

could more directly relate to relevant experimental values, so we also calculated the fundamental and 

optical gaps including an implicit solvent model of cyclohexane.  

Table 5: The fundamental gap calculated using neutral, cation, and anion energies at different levels of 

theory.  
 

B3LYP CAMB3LYP w/B3LYP Geometry CAMB3LYP  CPCM 
Cyclohexane 

1 7.435106879 8.179311458 
  

2 6.126102482 6.526790347 6.652479804 4.963495 

3 5.045564999 5.385707499 5.530853107 3.940837 

4 4.282394075 4.577556131 4.76180452 2.13702 

5 3.711798228 3.986034718 4.224406582 2.731344 

6 3.263844162 3.520583721 
  

7 2.818937772 3.182999092 
  

 

There is no experimental data providing fundamental gap calculations for Series 1 derivatives to 

benchmark which calculation in gas phase most closely predicts the actual value. As seen in Table 5, the 

lowest fundamental gaps are computed with the B3LYP level of theory, with the CAM-B3LYP energy 

calculations using the B3LYP optimized geometry being slightly higher, and the CAM-B3LYP energy 

calculations using the CAM-B3LYP optimized geometry being higher still.  

For the optical gap calculations (Figure 18), the B3LYP level of theory gas-phase results for molecules 2-4 

have the closest agreement with the experimental values characterized with broad UV-vis absorption 

peaks. This is surprising considering the B3LYP gas-phase calculations did not include the corrected 

physics of solvent or long-range interactions. The next “best” calculations were performed using the 

IPCM solvation model which have slightly larger deviations from the experimental values than the gas-

phase calculations. The long-range corrected CAM-B3LYP functional calculations were higher than the 

experimental values, suggesting the effect of dispersions on the molecules’ electronic behavior is 

negligible. The CPCM calculated optical gaps are significantly lower than the experimental values, 

suggesting this model is not recommended for calculating excitation energies in these series of 

molecules. More experimental data is necessary to make certain conclusions on recommendations for 

the best level of theory used for calculating these excitation energies. However, it is useful to know that 



employing the straightforward B3LYP gas-phase optical gap calculations is sufficient for capturing trends 

and in good agreement with experimental optical gap excitation energies for these twisted PAHs.   

 

Figure 18: The theoretical optical gap calculations at various levels of theory compared with previously acquired 

experimental values. 

Conclusion 

We presented a theoretical study analyzing the effect of intramolecular geometric twist on electronic 
character in three families of phenyl-substituted polycyclic aromatic hydrocarbons. We first optimized 
the structures in the ground state at the B3LYP/6-311G level to analyze the relationship between 
intramolecular twist and molecular length measured by the number of rings along the fused benzene 
ring backbone. In all three families of twisted PAHs investigated, we found a linear relationship between 
backbone length and degree of twist. Using the optimized structures, we computed the HOMO-LUMO 
gap, fundamental gap, and optical gap in each series. We observed an approximately linear negative 
relationship between each excitation energy gap calculated and corresponding backbone length for all 
three series investigated. This decrease is expected for an increase in size for π-conjugated systems, 
supporting previous conclusions that intramolecular twist does not disrupt overall end-to-end electron 
delocalization. For Series 1 and Series 3, we found that our theoretical optical gap calculations were in 
agreement with UV-vis 1st singlet excitation energies. We found that the inverse relationship between 
molecular radius and exciton binding energy demonstrated for planar PAHs also applies to Series 1 
derivatives, suggesting that the intramolecular twist may have a negligible effect on exciton binding 
energies. We analyzed two model systems to isolate twist effects from substituent effects on electronic 
character. Our results supported previous experimental and theoretical studies concluding that end-to-
end intramolecular twist does not disrupt end-to-end electron delocalization. Lastly, we analyzed 
different levels of theory incorporating dispersion and solvent effects on the fundamental and optical 
gaps for Series 1 derivatives. We found the B3LYP gas-phase optical gap calculations are sufficient for 
capturing trends and in good agreement with experimental optical gap excitation energies for Series 1 
PAHs.   
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