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Abstract 

Criegee intermediates (CIs) play a vital role in the atmosphere – known most prominently for 

enhancing the oxidizing capacity of the troposphere. Knowledge of their electronic absorption 

spectra is of vital importance for two reasons: (1) to aid experimentalists in detecting CIs and (2) 

in deciding if their removal is affected by solar photolysis. 

In this manuscript we report a simple and efficient method based on the nuclear ensemble 

method that may be effectively used to compute the electronic absorption spectra of Criegee 

intermediates without the need for extensive computation of preparing the initial configurations 

of the starting geometry. We use this method to benchmark several excited-state electronic 

structure methods and their efficacy in reproducing the electronic absorption spectra of two well-

known cases of CI: CH2OO and CH3CHOO.  

The success and computational feasibility of the methodology is crucial for its applicability to 

CIs of increasing molecular complexity, that have no known experimentally measured electronic 

absorption spectra – allowing a guide for experimentalists. Application of the methodology to 

more complex CIs (e.g., those with extended conjugation or those derived from endocyclic 

alkenes) will also reveal if solar photolysis becomes a competitive removal process when 

compared to unimolecular decay or bimolecular chemistry. 

 

 

 

 

 



Introduction 

Alkene ozonolysis is an important removal process of volatile alkenes emitted into the troposphere. 

The ozonolysis of a given alkene leads to the formation of a carbonyl-oxide containing compound 

known as the Criegee intermediate (CI). The chemistry of CIs has received significant recent 

interest since they play a vital role in the atmosphere – known most prominently for enhancing the 

oxidizing capacity of the troposphere.1–4 

 

 

Figure 1: Molecular structures associated with (a) formaldehyde oxide and (b) syn-acetaldehyde 

oxide. 

 

The simplest CIs (formaldehyde oxide (CH2OO) and acetaldehyde oxide (CH3CHOO) – both 

displayed in fig. 1) have electronic absorption maxima that are well within the tropospherically 

relevant solar spectrum. Despite the insignificance of solar photolysis for CH2OO and CH3CHOO 

in the troposphere,5,6 understanding the UV absorption profiles of small CIs is none-the-less 

important as electronic spectroscopy may provide an important probe for the detection of CIs.7 

Additionally, UV-excitation may be a significant contribution to the day-time chemistry of 

stabilized CIs and suppress the formation of secondary organic aerosols.8 Despite this, the 



photophysics and photochemistry of CIs have received surprisingly little attention when compared 

to their ground state reactivities. The electronic absorption spectra of the small CIs (≤C4) have 

formed the basis of some experimental6,9–14 and theoretical15–18 studies, and it is now understood 

that the absorption spectra of CIs are dominated by strongly absorbing  states, local to the 

carbonyl oxide moiety.11–13,16,19–22 The spectrum of CH2OO and CH3CHOO has previously been 

simulated with elegant techniques that may be difficult to extend to larger CI systems.15,16,23 

Additionally, the majority of studies have used a reduced dimensionality approach for generating 

the initial starting geometries. Notably, Sršen et al.15 have shown that the computationally 

demanding high-order CC2/3, ADC(3) and EOM-CCSD/T methods perform well and reproduce 

the electronic absorption spectra of CH2OO and CH3CHOO, but these methods are restrictive for 

larger CIs. Guo et al.16 has also shown that the explicitly correlated variant of multi-reference 

configuration interaction theory (MRCI-F12) performs exceptionally well when reproducing the 

electronic absorption spectrum of CH2OO, but this method is also difficult to extend to heavier 

CIs due to its computational demand. 

The ensuing dynamics of CIs, following electronic excitation, has also attracted some attention. 

Using time-of-flight mass spectrometry, Lester and co-workers have demonstrated that UV-

irradiation of a CI can lead to quantitative depletion of the CI ion signal (a proxy for the 

concentration of neutral CIs).19,20,22 Velocity-Map Imaging studies have shown that this depletion 

of the ion signal is attributed to UV-induced O-O bond fission, which generates carbonyl-

containing molecular products plus oxygen.24–26 Theoretical photodissociation studies of the 

simplest CI CH2OO suggest that UV-induced O-O bond cleavage occurs on a picosecond 

timescale.16,21,27  



Upon increases in molecular complexity, unique differences are observed. For example, a simple 

extension from CH2OO to CH3CHOO leads to syn- and anti- conformers, each of which contain 

markedly (and surprisingly) different electronic absorption maxima.28 As a result, understanding 

the electronic absorption spectra of more complex CIs is paramount, primarily because their UV 

absorption cross sections are relatively insensitive to variations in molecular 

complexity.19,20,22,23,29–31 In contrast, loss via bimolecular reaction with water and water dimer 

strongly depends on the molecular structure (substituents and conformations) of the given CI and 

their isomeric forms.31 This suggests that solar photolysis may become highly competitive for 

certain CI geometries and alkyl chain lengths that disfavor bimolecular reaction. Increasing 

molecular complexity of CIs could have a profound impact on the relative importance of their 

atmospheric photochemistries, as bimolecular reactions become less competitive32 and when a 

greater number of conformers contribute and introduce a greater selection of unimolecular decay 

paths.12,13,23,33,34 Furthermore, additional functional groups may introduce new excited state decay 

paths that become competitive with O-O bond fission, completely altering the photochemistry and 

photophysics of the CI. For example, recent experimental studies have focused on the UV-induced 

photophysics of MVK-OO35 and methacrolein oxide (MACR-OO)36, both of which derive from 

the ozonolysis of isoprene. In both cases, their absorption spectrum extends into the visible region. 

This implies that photoexcitation may become a significant tropospheric loss process in MVK-OO 

and MACR-OO (cf. unimolecular ground state decay). As with CH2OO these experiments on 

MVK-OO and MACR-OO reveal O-O bond fission but are blind to rival excited state decay paths 

that may compete with such O-O bond fissions.  

In extending to CIs of greater molecular complexity it is important to first understand the simplest 

cases, CH2OO and CH3CHOO. Developing an effective yet computationally inexpensive method 



that performs well for these small cases is paramount for describing and extending to heavier CIs. 

Therefore such a method will first need to be tested on the simplest CIs with experimentally known 

electronic absorption spectra.  

In this manuscript we present a simple, yet effective method for computing the electronic 

absorption spectra of CIs – namely CH2OO and CH3CHOO – without the need for extensive 

computation of preparing the initial configurations of the starting geometry. The initial 

geometries that define the absorption profile are also generated with low computational expense 

and in a full-dimensional manner – wherein all degrees of freedom of the molecule are 

considered. Both CH2OO and CH3CHOO have experimentally measured electronic absorption 

spectra and thus provide for an effective benchmark. The method, more commonly referred to as 

the nuclear ensemble method,37 generates the initial geometries in an even-handed way, and at 

each returned geometry, computes the vertical excitation energies and transition intensities using 

high-level multi-reference (or single-reference) methods. Multi- and single- reference methods 

for computing these vertical excitation energies and therefore simulating the absorption profiles 

will be benchmarked, in order to ascertain the best computational method for the future 

computation of the electronic absorption spectra of CIs of greater molecular complexity and with 

experimentally unknown spectra. The overarching aim is to devise a simple yet versatile 

technique for computing the absorption spectra that may be used to calculate the UV absorption 

spectra of CIs of varying molecular complexity. The nuclear ensemble method has previous been 

successfully applied to simulating the electronic absorption spectra of other atmospherically 

relevant systems.38–44 

 

 



Theoretical Methodology 

The ground state minimum energy geometry of CH2OO and CH3CHOO was optimized using 

Grimme’s B2PLYP-D345 functional of Density Functional Theory, alongside Dunning’s 

correlation-consistent basis set of triple- quality: cc-pVTZ.46 Normal mode wavenumbers were 

then computed on the optimized ground state geometry using the same level-of-theory. B2PLYP-

D3 has been previously shown to perform well when obtaining the ground state geometry and 

normal modes of Criegee intermediates.47,48 

The phase-space of the ground state vibrational level, with n atoms, was modelled using the 

Wigner distribution37,49,50 as given in equation 1. 
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In equations 1-3, qi is the projected coordinate and pi is the associated momentum for each 

normal mode i with reduced mass i and angular frequency i. At each returned Wigner 

geometry, vertical excitation energies and transition dipole moments (𝜇𝑖𝑗) were computed using 

a variety of electronic structure methods as described below. The excitation energy dependent 

photoabsorption cross section P(E) was then obtained using equation 4, 
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where g is a Lorentzian line shape function given by equation 5, 
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fij is the oscillator stretch given by equation 6. 
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and ∆𝐸𝑖𝑗
𝑁 = (𝐸𝑗

𝑁 − 𝐸𝑖
𝑁), me and e are the mass and charge of the electron, respectively, while c is 

the speed of light. The internal sum in equation 4 is expressed over the set of total Wigner 

geometries (NTOT = 500) while the external sum includes transitions from the initial state i (the 

ground state) to final state j (i.e. S1, S2, S3, … , S7) with respective oscillator strengths 𝑓𝑖𝑗
𝑁 as 

given by equation 6.  is a broadening factor, which is arbitrarily set to 0.1 eV for each of the 

calculated absorption profiles reported herein. 

A subset of electronic structure methods was used to calculate the 𝐸𝑖𝑗
𝑁 and 𝑓𝑖𝑗

𝑁 values in 

constructing the absorption profiles in equation 4. The methods used were complete active space 

self-consistent field (CASSCF), complete active space second-order perturbation theory 

(CASPT2),51–53 its explicitly correlated variant (CASPT2-F12),54 multi-reference configuration 

interaction (MRCI)55,56 and time-dependent density functional theory (TDDFT). For both 

CH2OO and CH3CHOO, the CASSCF computations were state-averaged across seven singlet 

electronic state configurations. An active space of ten electrons in eight orbitals and twelve 

electrons in ten orbitals was used. The CASPT2 and MRCI computations were based on a SA7-



CASSCF reference wavefunction, the former method requiring an imaginary level shift of 0.3 EH 

in order to mitigate the involvement of intruder states. The TDDFT computations used the 

B97XD57 and CAM-B3LYP58 functionals in order to describe both local and long-range 

correlation effects that may become important. In all cases the aug-cc-pVDZ Dunning basis set46 

was used for the CASSCF/CASPT2(-F12)/MRCI computations whilst 6-311+G(d,p)59,60 was 

used for the TDDFT computations. The above-described method is known as the nuclear 

ensemble method. 

The Wigner points were generated using a Newton-X49,61 subprogram interface, the (TD)DFT 

used the Gaussian 16 computational package62 while the CASSCF, CASPT2 and MRCI 

computations were performed using the Molpro computation package.63,64 

 

Results and Discussion 

Benchmarking the Electronic Absorption Spectrum of CH2OO 

Figs. 2 and 3 present the simulated electronic absorption spectra of CH2OO calculated using 

multi-reference and single-reference methodology, respectively. For comparative purposes, the 

experimentally measured UV absorption spectra, reproduced from Sheps et al.,14 Ting et al.5 and 

Beames et al.,22 are superimposed on each simulated absorption spectrum. Alongside this figure, 

table 1 presents the absolute photoabsorption cross sections at the peak maxima of the stimulated 

absorption spectra at the various levels-of-theory.  

 

 

 



 

Table 1: Photoabsorption cross sections ( 10-17 cm2) of CH2OO and CH3CHOO simulated at 

the various levels-of-theory. 

Method CH2OO CH3CHOO 
syn-CH3CHOO Anti-CH3CHOO 

CASPT2(12,10) 1.10 0.81 1.15 
CASPT2(10,8) 1.12 0.69 1.05 
CASPT2-F12(10,8) 1.02 0.68 1.75 
MRCI(10,8) 1.36 0.79 1.20 
CAM-B3LYP 2.95 1.81 2.10 
wB97XD 2.96 1.78 2.11 

Experimental 
1.23 (ref. 5) 
5.00 (ref. 22) 
3.60 (ref. 14) 

1.27 (ref. 6)* 
5.00 (ref. 20)* 

1.20 (ref. 13)    
1.20 (ref. 13)   

 Estimated, not directly measured. 
 *Spectra represents a convolution of both conformers. 

 

We start by considering the electronic absorption spectra that were simulated using the various 

multi-reference methods, which are displayed in fig. 2. The overlaid experimental spectrum of 

CH2OO, recorded by Ting et al. and Sheps et al. (panels (a) and (b), respectively), shows a long-

wavelength rising-edge at ca. 450 nm which reaches a maximum in absorbance at ca. 350 nm. At 

hypsochromic wavelengths the absorption cross section drops sharply, with almost no absorption 

at wavelengths < 300 nm. In contrast the spectrum recorded by Beames et al. shows a narrower 

wavelength distribution. This can be plausibly understood by considering that the electronic 

absorption spectrum recorded by Beames et al. was done so under jet-cooled conditions. As table 

1 shows, the experimentally derived photoabsorption cross sections at the peak maxima are 

mutually inconsistent reinforcing our choice to display normalized intensities rather than 

absolute photoabsorption cross sections, as returned by equation 5. The photoabsorption cross 

sections displayed in table 1, for CH2OO, agree well with those reported by Sršen et al.15  



 

Fig. 2: Simulated electronic absorption spectra of CH2OO using the multi-reference methods 

CASSCF, CASPT2, CASPT2-F12 and MRCI. The experimental spectra of (a) Ting et al., (b) 

Sheps et al. and (c) Beames et al. are superimposed. 

 



The simulated spectra at the different levels of multi-reference theory are strikingly different. 

The spectral profiles show that MRCI (based on a SA-CASSCF(10/8) reference) overestimates 

the excitation energy when compared to CASPT2; the CASPT2 methods are shown to perform 

moderately better than MRCI, despite the lower computational expense. The spectral profiles 

computed with CASPT2(10/8) and its explicitly correlated analogue CASPT2-F12(10/8) are 

almost indistinguishable. Upon increasing the active space to 12 electrons in 10 orbitals (12/10), 

the spectrum computed at CASPT2(12/10) shows a bathochromic shift (cf. CASPT2(-F12)(10/8) 

and MRCI). The CASPT2(12/10) profile is in good agreement with the experimental UV-

absorption profile measured by Ting et al. (see fig. 2(b)) and in excellent agreement with the 

UV-absorption profile measured by Beames et al. In the latter case, the better agreement may be 

a manifestation of the jet-cooled nature of the spectrum recorded by Beames et al. and that a 

Wigner distribution most closely resembles sampling across the lowest vibrational level of the 

ground state molecule in a multi-dimensional manner. As noted previously,16,22 the peak of the 

absorption band is dominated by a strong * excitation – which, as evident from the orbital 

promotions presented in Figure S3, involves an *   electron promotion from a wherein the 

participating orbitals are both localized on the COO moiety.  

The spectra computed with CASPT2(12/10) most closely resemble the previously simulated 

spectra of Guo et al.16, Sršen et al.15 and Yin et al.23, which have all used sophisticated, but 

computationally demanding methods for computing the electronic absorption spectrum of 

CH2OO that require expert experience and knowledge. Additionally, Sršen et al. have shown that 

the most effective methods for simulating the electronic absorption profiles of CH2OO and CH3-

CHOO are the computationally demanding CC3 and ADC(3) methods.  



Our present findings on CH2OO show that our simple and versatile approach may be used with 

reasonable computational expense and that the Wigner distribution provides an effective way for 

generating the ground state ensemble. Additionally, the spectrum obtained with CASPT2 is of 

comparable quality to the MRCI-F12 absorption profile computed by Guo et al. but at a much 

smaller computational expense. This is a significant benefit of the present methodology for 

computing the absorption profile, since the much lower computational expense of CASPT2, with 

a modest active space, may feasibly be used to compute the required 500 Wigner points that 

make up the spectrum. The methodology may then be feasibly extended to CIs of increasing 

molecular complexity. 

 

 



Fig. 3: Simulated electronic absorption spectra of CH2OO using the single-reference TDDFT 

functional wB97XD and CAM-B3LYP. Panel (a) shows the B97XD and CAM-B3LYP raw 

simulated alongside the measured electronic absorption spectra by Sheps et al.,14 whilst panel (b) 

shows the simulated electronic absorption spectrum, shifted in order to match the maximum 

associated with the experimental spectrum recorded by by Sheps et al. Panels (c) and (d) are 

analogous to (a) and (b) but are compared and shifted with respect to the measured electronic 

absorption spectra by Ting et al.5  

 

We now turn our attention to the electronic absorption spectra computed using TDDFT. Fig. 3 

presents the returned CAM-B3LYP and B97XD profiles, presented alongside the experimental 

UV absorption spectra of CH2OO. Panels (a) and (c) feature the same CAM-B3LYP and 

B97XD functionals but are distinguishable by the experimental spectrum to which the 

simulated spectra are compared. Panel (a) depicts the spectrum recorded by Sheps et al. whilst 

the panel (c) is that recorded by Ting et al. As evident from figs. 3(a) and 3(c), both DFT 

functionals overestimate the absorption maximum by ca. 60 nm. This is a common occurrence 

for vertical excitation energies derived by long-range corrected TDDFT. Despite this, B3LYP 

and PBE were also benchmarked (see fig. S2 of the supporting information) and both also 

overestimate the absorption profiles when compared to that measured experimentally. 

Panels (b) and (d) in fig. 3 show the TDDFT simulated electronic absorption profiles shifted to 

match the absorption maximum of the measured spectrum recorded by Ting et al. and Sheps et 

al., respectively. The applied shift in each case is 0.69 and 0.83 eV (to match Ting et al. and 

Sheps et al., respectively) for the CAM-B3LYP spectra and 0.73 and 0.86 eV (again, to match 

Ting et al. and Sheps et al., respectively) for the B97XD spectra. These same shift values will 



be used in the next section to shift the TDDFT profiles of CH3CHOO in order to ascertain the 

extent to which the shift values derived from the simplest CI extend to a more complex CI. 

 

 

Benchmarking the Electronic Absorption Spectrum of CH3CHOO 

Upon ozonolysis of propene, CH3CHOO is formed following unimolecular decay of the nascent 

primary ozonide. CH3CHOO represents the simplest alkyl-substituted CI. The addition of a 

methyl substituent leads to syn- and anti- conformers of CH3CHOO – distinguishable by whether 

the terminal oxygen atom is pointing towards or away from the CH3 group, respectively. Both 

conformers are illustrated in fig. 4. 

 

 



Fig 4. Simulated electronic absorption spectra of syn- and anti- CH3CHOO using multi-reference 

electronic structure methods. Displayed alongside are the measured electronic absorption spectra 

by Sheps et al.13 (dotted lines). 

 

Fig. 4 presents the experimentally measured and computationally simulated electronic absorption 

spectra of the syn- and anti- conformers of CH3CHOO. In both cases, and as with CH2OO, 

CASPT2 performs far better than MRCI. As with CH2OO, CASPT2 and CASPT2-F12 are of 

equal quality but the former is less computationally demanding. As evident from fig. 4, the 

simulated CASPT2 electronic absorption spectra of syn-CH3CHOO and anti-CH3CHOO are in 

excellent agreement with the experimentally measured spectra by Sheps et al.13 and are less 

sensitive to the active space than those used for the spectral profiles of CH2OO. As with CH2OO, 

CASPT2(12,10) may be effectively used to simulate the electronic absorption profile of 

CH3CHOO at a reasonable computational expense. Table 1 presents the absolute 

photoabsorption cross sections at the peak maxima of the simulated absorption spectra, as 

returned from equation 5. Since the experimentally derived photoabsorption cross sections of the 

individual conformers are not directly measured, we cannot directly compare our current results 

to the experimental spectra. The photoabsorption cross sections displayed in table 1, for 

CH3CHOO, are consistently smaller than those reported by Sršen et al.15 using the ADC(3) and 

CC3 methods. Of particular noteworthiness is that both our study and Sršen et al.15 predict a 

more intense A-band excitation for anti-CH3CHOO (cf. syn-CH3CHOO).  

We will now discuss the simulated electronic absorption spectra of CH3CHOO computed at the 

TDDFT level – using the CAM-B3LYP and B97XD functionals. Fig. 5 presents the simulated 

electronic absorption profiles of the syn- and anti- CH3CHOO. These simulated spectra are 



derived by first computing the absorption profile with the relevant TDDFT functional and then 

shifting the resulting spectra by the appropriate shift factor derived for CH2OO above. The raw 

unshifted spectra are given in fig. S1 of the supporting information. As evident from fig. 5, 

following the application of the shift values derived for CH2OO, the simulated spectra of 

CH3CHOO accord well with the experimentally measured electronic absorption spectra of both 

syn- and anti- CH3CHOO. The shifted spectrum derived from Ting et al. agree better with the 

experimental spectral profile of CH2OO, when compared to the shift value derived from that of 

Sheps et al. The electronic absorption profiles computed with the CAM-B3LYP and B97XD 

functions are almost indistinguishable owing to the similarity in the parameterization of the long-

range components of these functionals. Both functionals also perform well when considering the 

breadth of the electronic absorption profiles. 

 



Fig 5. Simulated electronic absorption spectra of syn- and anti- CH3CHOO using TDDFT 

electronic structure methods. Panels (a) and (b) show the shifted TDDFT spectra for syn- and 

anti-CH3CHOO, using the bathochromic shift values derived for CH2OO from the Sheps et al. 

(0.83/0.86 eV) and Ting et al. (0.69/0.73 eV), respectively. 

 

Conclusions 

In this manuscript, we have reported a systematic simulation of the electronic absorption spectra 

of CH2OO and CH3CHOO using a variety of excited-state quantum chemical methods with the 

view to develop an effective yet inexpensive way of computing the electronic absorption spectra 

of larger CIs. We have shown that the CASPT2 method with a moderate active space performs 

well for both CH2OO and CH3CHOO and is a good candidate for extension to CIs of greater 

molecular complexity, such as methacrolein oxide and methyl vinyl ketone oxide (both derived 

from isoprene ozonolysis), -pinene oxide and CIs derived from the ozonolysis of endocyclic 

alkenes such as cyclopenta(di)ene and -pinene. As mentioned above, the ozonolysis of such 

large alkenes is likely to form CIs with extended -conjugation, thereby shifting their electronic 

absorption maxima to within the peak of the tropospherically relevant solar spectral window. 

Additionally, two functionals of TDDFT (CAM-B3LYP and B97XD) were used to simulate 

the absorption profile of CH2OO and CH3CHOO. In both cases TDDFT overestimates the peak 

of the absorption profiles but the computation of the spectra using this method is considerably 

less expensive than multi-reference methods and some other single reference methods. A 

bathochromic shift value for each functional was derived for CH2OO in order to match with the 

experimentally measured electronic absorption spectrum. The same shift values were then 



applied to the returned raw TDDFT spectrum of CH3CHOO and the agreement with the 

experimentally measured spectrum was remarkable.  

The derivation of such bathochromic TDDFT shift values is important since a variety of CIs may 

be formed from the ozonolysis of a myriad of complex alkenes. Given the complicated electronic 

structure of CIs a shift value for a computationally inexpensive method is required in order to 

extend to CIs of greater molecular complexity.  

We note however that the nuclear ensemble method has some shortcomings, as described in 

detail elsewhere.65 In short, it is unable to capture vibrational structure and any band asymmetry 

of the spectral profile. The artificial broadening of stick spectra from each Wigner geometry is 

largely arbitrarily defined. Lifetime broadening, for example, is uncaptured in the present 

method but would be a much more accurate way in defining the broadening factor  in equation 

5. Trajectories could in principle be initiated at each Wigner geometry for short-propagation 

times in order to define a better value for  Given these shortcomings, our presently simulated 

spectra are none-the-less informative as they are able to reproduce the peak maxima and 

photoabsorption cross sections reasonably well, which may then be used to extend to CIs of 

increasing molecular complexity with experimentally unknown UV absorption spectrum and 

thus guiding experimentalists towards their most likely probe wavelength regions. 

It is also noteworthy that the choice of method for optimizing the ground state structure and 

computing the normal mode wavenumbers are also important factors, since the Wigner 

distribution of geometries is based on these. Our choice of B2PLYP-D3 for the optimization of 

the ground state geometry and normal mode calculations is motivated by previous studies that 

have shown this function to perform well when obtaining the ground state geometry and normal 

modes of Criegee intermediates.47,48 Benchmark computations of the optimized parameters and 



normal mode wavenumbers, using B2PLYP-D3, B3LYP and MP2, are given in tables S4 and S5 

of the supporting information. In both cases only modest differences are observed; we therefore 

we do not expect significant differences in the spectral profiles calculated at a given level-of-

theory, but when based on the ground state minimum energy geometry obtained by B2PLYP-D3, 

B3LYP or MP2. 

In future studies we aim to extend the current methodology for computing the electronic 

absorption spectrum of more complex CIs. CASPT2 with a modest active space is adequate for 

the medium sized CIs and is likely to be in good agreement with the ‘true’ electronic absorption 

spectrum. For more complex CIs, TDDFT can be used effectively with the appropriate shift 

value.  

Modelling the electronic absorption spectra of large CIs is paramount since most of these CIs do 

not have experimentally measured electronic absorption spectra. As a result, the returned results 

are expected to guide experiments in deciding the most appropriate wavelength regions to 

measure such larger CIs. Additionally, computing the electronic absorption spectra using this 

simple and versatile method will provide crucial information on whether photoexcitation, and 

subsequent excited state chemistry contributes to the removal process of larger CIs. 

In future, we plan to implement our methodology into our SArCASM package66 in an automated 

way. The user would need to specify the number of points, the level-of-theory (and active space 

if required) and SArCASM calls the necessary quantum chemical programs to calculate the 

energies, transition dipole moments and/or oscillator strengths and outputs the absorption profile. 

This interface allows for computation of the electronic absorption spectrum in a simple and 

accurate manner. 
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selected Wigner geometries; Cartesian coordinates of the ground state minimum energy 

geometries; A comparison of the optimized parameters of CH2OO calculated at the B2PLYP-D3, 

B3LYP and MP2 levels of theory; A comparison of the normal mode wavenumbers of CH2OO 

calculated at the B2PLYP-D3, B3LYP and MP2 levels of theory. 
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