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Abstract 
 

Central to the development of optoelectronic devices is the availability of efficient synthetic 

molecular photoswitches, the design of which is an arena where the evolving concept of excited-

state aromaticity (ESA) is yet to make a big impact. The aim of this minireview is to illustrate the 

potential of this concept to become a key tool for the future design of photoswitches. The paper 

starts with a discussion of challenges facing the use of photoswitches for applications and continues 

with an account of how the ESA concept has progressed since its inception. Then, following some 

brief remarks on computational modeling of photoswitches and ESA, the paper describes two 

different approaches to improve the quantum yields and response times of switches driven by E/Z 

photoisomerization or photoinduced H-atom/proton transfer reactions through simple ESA 

considerations. It is our hope that these approaches, verified by quantum chemical calculations and 

molecular dynamics simulations, will help stimulate the application of the ESA concept as a general 

tool for designing more efficient photoswitches and other functional molecules used in 

optoelectronic devices. 
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Introduction 
 

The availability of synthetic molecular switches that can be controlled through light irradiation is 

central to the development of optoelectronic devices.[1–4] A desirable feature of such photoswitches 

is photochromism, whereby the switches exist reversibly in two stable states with different 

electronic properties (e.g., HOMO-LUMO gaps, dipole moments and p-conjugation) and 

photochemical processes are employed to change the populations of the states. In this way, light can 

be used to control the macroscopic electronic properties (e.g., conductance) of the materials into 

which the switches are incorporated. Commonly, although only one of the two directions of 

interconversion between the states needs to be driven by light for the mechanism to be termed 

photochromic, this behavior is realizable by molecules that undergo reversible double-bond E/Z 

photoisomerization[5–8] or photocyclization[9–15] reactions. Alternatively, the photochromic 

mechanism can involve reversible photoinduced electron[16] or H-atom/proton[17–19] transfer 

reactions. Furthermore, there are also synthetic molecular switches where the interconversion 

between the two states can be triggered by both light and other stimuli (such as pH[12]), or is 

triggered by other stimuli than light altogether, such as temperature, pH or electric fields.[20] Among 

the plethora of different classes of useful switches available today, Figure 1 depicts some operated 

through E/Z photoisomerization, photocyclization or photoinduced H-atom/proton transfer 

reactions, including azobenzene switches that tune the conductance of organic semiconductors,[3] 

spiropyran switches that enable the fabrication of organic optical memory devices[1] and 

salicylideneaniline switches that also can be driven by heat.[18] 
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Figure 1. Examples of different types of molecular switches powered by E/Z photoisomerization, 
photocyclization or photoinduced H-atom/proton transfer reactions. 
 

 Besides photochemical bistability, a number of additional factors are important for the 

application of molecular photoswitches. First, the switching from one of the states/isomers to the 

other should have a high quantum yield (QY) in both directions and also occur quickly so as to 

yield fast response times. In this connection, it is not surprising that photoisomerization is the basic 

governing mechanism for many of the synthetic photoswitches developed to date. Indeed, one of the 

most thoroughly studied biological switches – the visual pigment rhodopsin responsible for 

initiating dim-light vision in vertebrates[21] – relies on an ultrafast (~200 fs)[22] Z ® E 

photoisomerization for its function. Second, both isomers should be readily detectable, as a way to 

access or read the “information” associated with the respective state. This requires that the detection 

method (typically UV-Vis spectroscopy) does not trigger switching between the isomers – so-called 

non-destructive read-out.[23] Notably, a key advantage of the chiroptical photoswitches (see Figure 
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1) pioneered by Feringa and co-workers[6] is that the distinct right-handed (P) and left-handed (M) 

helicities of the two isomers enable non-destructive read-out through monitoring of the optical 

rotation at wavelengths well separated from the wavelengths that induce switching.[23] 

Alternatively, non-destructive read-out can be more easily realized by switches, such as the 

oxazolidine ones,[13] that show large changes in a non-linear optical property (e.g., the first 

hyperpolarizability) between the isomers. Third, it is also important that the photoswitch can 

withstand numerous reaction cycles without concomitant degradation (fatigue resistance)[6] and that 

its unique, intrinsic photochemical properties are retained as best as possible when it is incorporated 

into a device whose other components invariably perturb those properties. Finally, it is desirable to 

avoid having to trigger the switching with energetic UV light,[24] which is more damaging to the 

device and its environment than visible or near-infrared light. However, since synthetic 

photoswitches are usually made up of rather small conjugated systems, this goal is difficult to reach. 

 In this minireview, we illustrate based on computational research how the performance of 

molecular photoswitches can be improved with respect to the first of the aforementioned criteria by 

invoking the evolving concept of excited-state aromaticity (ESA).[25,26] First, developed as part of 

our own research on photoswitches more commonly known as light-driven rotary molecular motors 

(because their switching produces 360° unidirectional rotary motion),[27–31] we describe a novel 

approach using this concept for the design of E/Z photoswitches with high QYs and fast response 

times.[30] The discussion of this approach is followed by a presentation of another ESA-based 

strategy to achieve fast response times for photoswitches driven by H-atom/proton transfer 

reactions, due to Rocha-Rinza and co-workers.[32] By illustrating the merits of ESA for the design of 

photoswitches, we hope that the minireview will also help stimulate the application of this concept 

for the design of other functional molecules within optoelectronics. 

 

ESA 
 

Aromaticity is a central concept in organic chemistry and is widely employed to rationalize and 

predict structures and reactivities of cyclic conjugated compounds in the electronic ground state. 

Outside this realm, the concept was first applied to excited states in the 1960s by Dewar[33] and 

Zimmerman,[34] who studied electrocyclic reactions and proposed that these, whether they occur 

thermally in the ground state or photochemically in an excited state, proceed via aromatic transition 
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states. Subsequently, in 1972, Baird[35] used molecular orbital theory (both qualitative arguments 

and semiempirical calculations) to predict rules for aromaticity and anti-aromaticity in the lowest 

triplet excited state (T1) of cyclic conjugated hydrocarbons. Specifically, his analysis indicated that 

4np-electron systems (n = 0, 1, 2, …) are aromatic and (4n+2)p-electron systems are anti-aromatic 

in T1. Notably, these rules, now known as Baird’s rules, are the reverse of Hückel’s 4n+2 and 4n p-

electron rules for aromaticity and anti-aromaticity in the ground state (S0). However, Baird’s rules 

were not immediately put to use in studies of photochemical reactivity. 

 Much later, in 1998, support for Baird’s results was presented by Gogonea, Schleyer and 

Schreiner,[36] in the form of quantum chemical evidence that triplet states of 4np-electron annulenes 

are aromatic rather than anti-aromatic. This work was followed by a renewed interest in 

ESA,[25,26,37–44] particularly from Ottosson[25,26,38,39,43] and Karadakov.[40,41,44] For example, in 2008, 

Karadakov[40,41] reported quantum chemical calculations showing that Baird’s rules apply also to the 

lowest singlet excited state (S1) of benzene and cyclooctatetraene. The S1 state of cyclobutadiene, in 

contrast, was found to follow Hückel’s rules.[40,42] As for the second singlet excited state (S2), in 

turn, cyclobutadiene follows Baird’s rules[42] whereas benzene follows Hückel’s rules.[44] Thus, the 

computational results regarding the aromatic character of cyclobutadiene and benzene in different 

electronic states can be summarized as in Figure 2. 

 

 
 

Figure 2. The aromatic character of cyclobutadiene and benzene in different electronic states as 
predicted by quantum chemical calculations.[35,36,40–42,44] 
 

 The foregoing discussion makes it clear that, from a theoretical viewpoint, there is ample 

support for the occurrence of aromaticity reversal (relative to S0) in low-lying excited states. From 
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an experimental viewpoint, spectroscopic evidence for this phenomenon has recently appeared in 

UV-Vis and IR studies of hexaphyrins by Kim and co-workers.[45–47] Furthermore, direct structural 

evidence for the onset of ESA has been reported in studies of cyclooctatetraene-featuring molecules 

by electron diffractometry.[48] However, despite ESA now being a well-established concept, its 

application to rationalize or tailor photochemical reactivity is still in an early stage,[30,32,49–52] with 

one notable exception being its use by Aihara already in the 1970s to predict the allowedness of 

pericyclic reactions.[53] Hence, we believe it is a very worthwhile goal of this minireview to 

illustrate the vast potential of ESA for the design of efficient molecular photoswitches. 

 

Some computational considerations 
 

Computational studies of photochemical reactions and ESA come with a number of challenges. In 

this section, we will briefly discuss two of them, which we believe are the main ones in the context 

of the present minireview. 

 The first challenge is that a reliable assessment of the efficiency (or QY) of a photochemical 

reaction demands both an accurate quantum chemical description of the excited state(s) involved as 

well as explicit modeling of the reaction dynamics. Given that many photochemical reactions (such 

as E/Z photoisomerizations[54]) involve situations where an excited state is brought closer and closer 

to the ground state as the reactions proceed, it is often the case that expensive multi-reference 

quantum chemical methods like those based on complete active space self-consistent field 

(CASSCF) theory[55,56] have to be used. Furthermore, although the possibility to propagate the 

nuclei with classical mechanics does make modeling of the reaction dynamics feasible, this comes 

at the prize of having to calculate numerous photoisomerization trajectories with different initial 

nuclear configurations and velocities, as a way to account for nuclear quantum effects in an indirect 

fashion. Also, there is a need to calculate the trajectories through non-adiabatic molecular dynamics 

(NAMD) simulations,[57–60] so as to allow hops from one state to another depending on the energy 

gap and non-adiabatic coupling between the states. The NAMD results that we will present below 

were obtained by computing the non-adiabatic coupling with the algorithm developed by Robb and 

co-workers[57] as implemented in the MOLCAS 8.0 suite of programs.[61] 

 The second challenge concerns the choice of approach to quantify the ESA. For this, several 

calculable aromaticity indices are available, such as the Shannon aromaticity (SA) index,[62] the 
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harmonic oscillator model of aromaticity (HOMA) index,[63,64] or the nucleus-independent chemical 

shift (NICS) index.[65] Focusing, for the sake of brevity, here on the SA and HOMA indices used in 

our own work, SA is an electronic index based on Bader’s theory of atoms in molecules.[66] More 

precisely, this index probes the variation in electron density at bond critical points (BCPs) of the 

presumed aromatic ring and is formulated in terms of the Shannon entropy,[67] defined as 

 

 

 

Here, rc is a BCP, N is the number of BCPs, and pi(rc) is the normalized probability electron density 

at a given BCP, defined as 

 

 

 

where ri(rc) is the electron density at that BCP. With these definitions, the SA index is obtained as 

the difference between the Shannon entropy that the system under investigation would have if it 

was perfectly aromatic and the Shannon entropy that it actual has. Thereby, a small SA value 

indicates that the variation in electron density at BCPs is small, as expected for an aromatic 

system.[62] As a rough rule of thumb, aromatic compounds show SA values below 0.003.[62] 

 HOMA, finally, is a geometric index based on the deviation of the carbon-carbon bond 

lengths Ri of the presumed aromatic ring from an ideal aromatic reference bond length Ropt,[63,64] 

which is taken to be that of benzene. Specifically, 

 

 

where n is the number of carbon-carbon bonds and a is an empirical normalization factor chosen 

such that the HOMA value approaches 1 for an aromatic compound with all Ri close to Ropt, and 

approaches 0 for the corresponding non-aromatic Kekulé structures.[63,64] 
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Photoswitching aided by ESA: E/Z switches 
 

In this section, we will describe our recently discovered strategy to exploit ESA for the design of 

E/Z photoswitches with high QYs and fast response times.[30] The background is as follows. 

Namely, through NAMD simulations of light-driven molecular motors that utilize E/Z 

photoisomerizations to produce unidirectional rotary motion, it has been found that a viable 

approach to extract high QYs from such motors is to incorporate in them a protonated or alkylated 

nitrogen Schiff base (see Figure 3).[29,68] This approach relies on the electron-withdrawing ability of 

the cationic nitrogen center to promote heterolytic rather than homolytic cleavage of the p-bond of 

the isomerizing carbon-carbon double bond. Thereby, the rotary motion becomes less disturbed by 

pyramidalization of these carbons and can proceed in an efficient axial (rather than precessional) 

fashion (see Figure 3).[69] 

 

 
 

Figure 3. Photoinduced heterolytic p-bond cleavage of the isomerizing bond in a Schiff-base 
molecular motor and comparison of axial and precessional rotary motion. Adapted with permission 
from Ref. [69]. Copyright 2014, American Chemical Society. 
 

 Against this background, it is clearly of interest for the design of efficient E/Z photoswitches 

to develop new chemical strategies that can replicate the behavior of Schiff-base motors, but 

without making use of a cationic nitrogen center to trigger heterolytic p-bond cleavage. Pleasingly, 

one such strategy is afforded by ESA. The underlying idea, exemplified by molecule 1 in Figure 4, 

is to favor a heterolytic process by allowing one of the rings connected to the isomerizing olefinic 

bond to become aromatic in the excited state through electron donation from the other ring. To this 

end, 1 features a cyclopentadiene motif, which is not aromatic but can be transformed into a 
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cyclopentadienyl anion (which is well known to be aromatic) in the bright S2 state of 1 through 

electron donation from a N-methylpyrrolidine motif. The computational assessment of this idea,[30] 

which we turn to next, was done using molecule 2 in Figure 4 as reference system. As can be seen, 

2 is an isoelectronic analogue of 1 where the cyclopentadiene motif is replaced by cyclopentene. 

Hence, ESA is not possible in 2. 

 

 
 

Figure 4. Chemical structures of molecules 1 and 2 shown in the E isomeric forms with respect to 
the central olefinic bond, and the manifestation of ESA in the S2 state of 1. 
 

 First, the UV-induced E/Z photoisomerizations of 1 and 2 were modeled by performing 

CASSCF minimum energy path (MEP) calculations starting from the vertically excited Franck-

Condon (FC) points in the respective bright state – S2 for 1 and S1 for 2, as predicted by 

calculations with the complete active space state-interaction (CASSI) and complete active space 

second-order perturbation theory (CASPT2) methods.[56,70] From the MEP results summarized in 

Figure 5, which give an unbiased description of how the systems respond to light absorption 

without enforcing a pre-defined reaction coordinate, it is clear that the geometric evolution in the S2 

state of 1 and the S1 state of 2 is dominated by barrierless E/Z torsional motion around the central 

olefinic bond. Thus, even though neither 1 nor 2 would qualify as a particularly good E/Z 

photoswitch (i.e., for both molecules the electronic features of the E and Z isomers are too similar), 

they are proper models for investigating how ESA might influence E/Z photoisomerization. This is 

also confirmed by the fact that starting CASSCF S0 geometry optimizations from the end points of 

the MEPs for the E isomers yields the Z isomers, and vice versa.[30] 
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Figure 5. CASSCF MEPs from the FC points of the E (a) and Z (b) isomers of 1 and of the E (c) 
and Z (d) isomers of 2. All calculations carried out with the cc-pVTZ basis set and with active 
spaces comprising eight electrons (six p and the nitrogen lone pair) distributed in seven orbitals. 
Shown are also selected molecular geometries along the paths, as well as the corresponding 
isomerization dihedral angles. Encircled points are close to assumed conical intersection (CI) 
regions where the systems can decay from the upper state to the lower. Notably, upon decay to the 
S1 state through a S2/S1 CI, 1 reaches a S1/S0 CI with little further geometric distortion. Adapted 
with permission from Ref. [30]. Copyright 2017, American Chemical Society. 
 

In order to quantitatively assess the effect of ESA on the photochemical efficiency, the 

photoisomerizations were then modeled by means of NAMD simulations, again starting from the 

FC points in the respective bright state (S2 for 1 and S1 for 2). The simulations were run at the 

CASSCF level for maximally 800 fs and with 200 different initial nuclear configurations and 

velocities for both the E and Z isomers of 1 and 2. Defining a successful photoisomerization 

trajectory as one that completes a net 180° rotation around the central olefinic bond within 800 fs, 
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the percentage of successful trajectories among the 200 can be taken as a measure of the 

corresponding QY. Furthermore, trajectory-averages of the time it takes to first reach the S0 state 

and the time needed to complete a net 180° rotation give estimates of the excited-state lifetime <t> 

and photoisomerization time <PIT> of each process. All of these results are presented in Figure 6, 

alongside the distributions of t and PIT values for individual trajectories. 

 

 
 

Figure 6. CASSCF NAMD trajectories from the FC points of the E (a) and Z (b) isomers of 1 and 
of the E (c) and Z (d) isomers of 2. All calculations carried out with the 6-31G(d) basis set and with 
active spaces comprising eight electrons (six p and the nitrogen lone pair) distributed in seven 
orbitals. The distributions of t and PIT values are shown in blue and red fonts, respectively, 
alongside the corresponding changes in the isomerization dihedral angle (w) relative to the starting 
nuclear configurations (in black font). Adapted with permission from Ref. [30]. Copyright 2017, 
American Chemical Society. 
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As can be deduced from Figure 6, the presumed ESA of 1 has a major positive effect on the 

QYs and <t> and <PIT> values shown by this molecule. Specifically, the QYs of 1 are not only 

high (0.75 and 0.77), but are also markedly higher than the QYs of 0.40 and 0.49 achieved by 2, 

which we know cannot exhibit ESA. In a similar vein, the <t> and <PIT> values of 1 are small both 

in an absolute sense (only ~200 and ~320 fs) and relative to 2, for which they amount to ~450 and 

~570 fs, respectively. Interestingly, even though 1 lacks the ability of Schiff-base molecules to 

facilitate E/Z photoisomerizations through the presence of a cationic center,[69] the photochemical 

performance of 1 compares very favorably with that of Schiff-base molecules as predicted by 

analogous NAMD simulations.[29,68] Overall, then, Figure 6 highlights the vast unexplored potential 

of ESA to facilitate the future development of E/Z photoswitches with high QYs and fast response 

times. 

The above-described investigation also provided direct evidence that the cyclopentadiene 

motif of 1 does indeed become aromatic in the S2 state of 1 by attaining the character of a 

cyclopentadienyl anion, as hitherto merely assumed.[30] This evidence, in the form of electronic SA 

and geometric HOMA indices calculated from CASSCF wave functions and geometries along the 

photoisomerization MEPs of 1, is shown in Figure 7. Notably, the SA values become very small 

(0.0001–0.001) as the reactions proceed, compared to the situation at the S2 FC points (~0.007). 

Indeed, SA values of such small magnitudes are perfectly consistent with an aromatic system.[62] 

The same conclusion can be drawn from the HOMA values, which are ~0 at the S2 FC points and 

then approach ~0.8 – a value well within the range considered to reflect aromaticity.[63,64] 

Furthermore, NICS values that were also calculated (albeit less comprehensively so) reveal a gain 

in aromaticity during the photoisomerizations also based on widely used[65,71,72] magnetic criteria.[30] 

As outlined in Ref. [30], the reason why less focus was put on NICS values than on SA and HOMA 

values in the analysis is technical. Namely, while the MEPs needed to be calculated with state-

averaging over the S0, S1 and S2 states in the CASSCF treatment, NICS values are more easily 

obtained from state-specific CASSCF wave functions. However, such wave functions are difficult 

to converge as the states come closer in energy as the photoisomerizations proceed. 
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Figure 7. SA and HOMA values for the cyclopentadiene motif along the photoisomerization MEPs 
of the E (a) and Z (b) isomers of 1. Adapted with permission from Ref. [30]. Copyright 2017, 
American Chemical Society. 
 

 The fact that the SA and HOMA values offer a consistent picture of the onset of aromaticity 

in the S2 state of 1 is particularly pleasing given that no single aromaticity index is universally 

applicable and different indices are not always correlated.[73–76] For example, the HOMA index is 

not well suited to probe the aromaticity of transition states for pericyclic reactions.[77] Furthermore, 

of more direct relevance for this work, caution must be exercised when using HOMA to describe 

ESA, as the Ropt parameter in Eq. 3 refers to the ground state. However, the above HOMA-based 

assessment of changes in aromaticity in an excited state should not be marred by this problem. 
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Photoswitching aided by ESA: H-atom/proton transfer switches 
 

While the previous section highlights a route to improve the performance of E/Z photoswitches by 

the onset of aromaticity in an excited state, Rocha-Rinza[32] and co-workers have nicely 

demonstrated how the performance of photoswitches involving H-atom/proton transfer reactions 

conversely is helped by the loss of aromaticity upon photoexcitation. Specifically, these researchers 

set out to identify the driving force responsible for the ultrafast (50 fs[78]) excited-state 

intramolecular proton transfer (ESIPT) of salicylideneaniline that, as shown in Figure 8a, converts 

the more stable enol isomer[79] to the keto isomer and is a key step for the function of 

salicylideneaniline photoswitches.[17,18] Clearly, this proton transfer is expected to be difficult to 

achieve in the S0 state, as the aromatic phenol moiety is transformed into a cyclohexadienone motif. 

But what about the situation in the photoactive S1 state? To address this question, these authors first 

used density functional theory (DFT) and time-dependent DFT (TD-DFT) at the level of the 

tHCTH-hyb functional[80] to calculate potential energy curves for the enol-keto tautomerization of 

salicylideneaniline in the S0 and S1 states, along a reaction coordinate where the distance between 

the phenol oxygen and the transferred proton (dO–H) increases. As can be seen from Figure 8b, these 

calculations predict markedly different energy profiles in the two states; uphill in S0 through a 

barrier of about 5 kcal mol–1 and downhill in S1 through no barrier at all. 

 

 
 

Figure 8. (a) Excited-state intramolecular proton transfer in salicylideneaniline. (b) S0 and S1 
potential energy curves for the enol-keto tautomerization of salicylideneaniline calculated at the 
tHCTH-hyb/6-311G++G(d,p) level of theory. Adapted from Ref. [32] with permission from the 
PCCP Owner Societies. 
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 Next, Rocha-Rinza and co-workers[32] proceeded to rationalize these results by means of 

atoms in molecules techniques based on TD-DFT that allow electron densities to be assigned to 

individual atoms also in excited states.[81] Specifically, of particular interest are the changes in 

aromatic character of the C6H4 fragment (see Figure 9) in the S0 and S1 states as the enol isomer is 

converted to the keto isomer (and the bonding in the C6H4 fragment changes). Employing an 

electronic aromaticity index that probes how well the carbon electrons of the C6H4 fragment are 

delocalized in the S0 and S1 states of salicylideneaniline compared to the carbon electrons in the S0 

state of benzene,[82] the results of this analysis are presented in Figure 9. 

 

 
 

Figure 9. Aromaticity index q defined in Ref. [82] for the C6H4 fragment along the S0 and S1 
potential energy curves for the enol-keto tautomerization of salicylideneaniline. Adapted from Ref. 
[32] with permission from the PCCP Owner Societies. 
 

 Notably, with the index defined in such a way that it amounts to 0 for S0 benzene and 

increases with reduced aromatic character,[82] in both states the C6H4 fragment loses aromaticity as a 

result of the enol-keto tautomerization. However, whereas the loss is gradual in S0, in S1 almost all 

of the aromaticity that is lost is lost already upon light absorption of the parent enol isomer. This 

means that the subsequent ESIPT to form the keto isomer is not at all hindered like the proton 

transfer in the ground state is. In fact, these results suggest that the ESIPT is facilitated and made 

barrierless by the considerable loss of aromaticity from the initial photoexcitation. Thus, for the 

design of molecular switches that utilize a photoinduced H-atom/proton transfer reaction to convert 

an aromatic isomer into a non-aromatic one (but utilize heat for the reverse process, see Figure 8a), 
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fast response times appear achievable by ensuring that the aromatic character is substantially 

weakened upon light absorption. 

 Finally, it should be mentioned that the above idea was probably first put forth by Ottosson 

and co-workers,[49] who suggested – but without providing any direct proof of fast photoswitching – 

to use photoinduced H-atom/proton transfer reactions for the construction of molecular conductance 

switches that incorporate a central aromatic benzene moiety as shown in Figure 10. Designating the 

isomers as “OFF” and “ON”, a key distinguishing feature between the two species is the occurrence 

of a saturated sp3 C-atom at the benzylic position of the OFF species that breaks the p-conjugation 

and limits the conductance. It was hypothesized that the OFF/ON photoswitching that involves 

conversion of this sp3 C-atom to an sp2 C-atom is facilitated by a loss of aromaticity in the central 

benzene moiety upon photoexcitation.[49] 

 

 
 

Figure 10. Molecular conductance switch proposed by Ottosson and co-workers.[49] The central 
aromatic benzene moiety (in red font) of the OFF isomer is transformed into a non-aromatic ortho-
xylylene motif (in blue font) in the ON isomer. 
 

Summary and Outlook 
 

In view of the need to develop more efficient and faster molecular photoswitches that can enhance 

the performance of optoelectronic devices, we have in this minireview outlined two different 

approaches to reach this goal that invoke the ESA concept in fundamentally opposite ways. The 

first approach concerns the design of E/Z photoswitches and is based on allowing a moiety adjacent 

to the isomerizing double bond to become aromatic in the photoactive excited state. The potency of 

this strategy is discussed in light of recent NAMD simulations performed to compare the 

photoisomerization efficiency of two molecules with and without a moiety behaving in this way.[30] 

Specifically, we describe how these simulations predict that the strategy holds great promise in 

improving both the QYs and response times of E/Z photoswitches. The second approach, in turn, is 
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Δ
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due to work by Rocha-Rinza[32] and co-workers and applies to the design of switches powered by 

photoinduced H-atom/proton transfer reactions. Here, conversely, the idea is to facilitate the 

switching by rather allowing an aromatic donor moiety to lose aromaticity by photoexcitation, 

whereby it becomes more reactive and the transfer process is made fast and barrierless. 

 In closing, we emphasize that the potential of using ESA as a photochemical design tool is 

heavily unexplored. Therefore, given the positive results reported in this minireview and the proven 

merits of computational modeling in studies of molecular photoswitches,[83–87] it appears 

worthwhile for future research to investigate whether the ESA concept also can be employed to 

improve molecular photoswitches in other aspects than those discussed herein.  
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High quantum yields and fast response times are desirable features of molecular photoswitches in 

optoelectronics. The switches are often based on E/Z photoisomerization or photoinduced H-

atom/proton transfer reactions, whereby it is of interest to develop new strategies to facilitate such 

reactions as much as possible. This minireview describes how recent computational studies have 

found that the concept of excited-state aromaticity has a key role to play for these endeavors. 
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