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Abstract−− Both lithium ions and protons have 

been directly implicated in oxygen reduction and evo-

lutionary responses and lithium hydroperoxide and 

lithium hydroxide are recognized as prevailing dis-

charge ingredients. Attributes of lithium hydroperox-

ide shall be evaluated in principle. Impressively, the 

reaction of lithium hydroperoxide to triiodide shows 

quicker material properties, which allows a slightly 

lower excessive-potential during the charging cycle. 

The frontier molecular orbitals (FMOs), UV-Vis, and 

solvation model-based studies remained unknown. 

Therefore, we intended to study the Reaction path 

study, natural bond orbital, FMOs, UV-VIS, thermo-

dynamic properties and medium influence on solva-

tion energies, dipole moment, FT-IR and FT-Raman 

using polarizable continuum model (PCM) and den-

sity-based solvation model (SMD). The electronic 

properties of the molecule were calculated by M06-

2X/6-31G (d,P) and B3LYP/6-31G (d,p) level of theo-

ries. Natural bond orbital discloses that the optimum 

stabilization energy managed to reach 39.64 kJ / mol, 

which is accountable for the extra stability of the com-

pound. Based on materials impacts on FT-IR and FT-

Raman intensities are identified in the understudy 

compound. Frequencies improved from gas to the sol-

vent process. 

Keywords−− Lithium hydroperoxide, DFT, FMO, 

UV-Vis, B3LYP/6-31G (d,p),  

I. INTRODUCTION 

The endeavor of high-energy channels well beyond state-

of-the-art Li-ion batteries has engendered a spike in de-

tailed research of the lithium-air rechargeable batteries 

(Kim et al., 2018) since it has the potential to achieve al-

most the same impact on energy density as those of the 

gasoline (Song et al., 2016). In the past two decades, the 

market for rechargeable batteries has grown owing to 

their growing demand for use in households, factories, 

and automobiles (Hassan et al., 2018). Using the most 

researched aprotic lithium-oxygen (Li-O2) system, for 

example, the creation of insoluble and shielding lithium 

peroxide (Li2O2) during charging and discharging pro-

cess gives rise to surface supersaturation and porous 

blocking up of the cathode materials resulting in low en-

ergy consumption and reduced capacity (Yoo et al., 

2014). Lithium hydroperoxide (LiOOH) has been identi-

fied as one of the prevailing discharge products, an-

nouncing distinct battery chemistry for moisture-contam-

inated Li-O2 battery packs (Tan et al., 2016). Lithium hy-

droperoxide is an inorganic compound of the LiOOH for-

mula. Due to its outstanding function of LiOOH in Li-O2 

batteries, a variety of DFT-based studies have been pub-

lished. This is made up of lithium cation (Li+) and hydro-

gen peroxide anion (HOO-). The excitation of LiOOH is 

the strongest and LiOH is the lowest of oxidation. While 

the distinction is presumably focused on the colorimetry, 

the formulation of LiOOH, its interaction, and, more spe-

cifically, the presence of the compound in the Li-O2 bat-

tery must be clearly defined and established (Nkungli et 

al., 2015).  

II. METHODS 

Total calculations were rendered utilizing Gaussian 09 

software kit 12 including density functional theory (DFT) 

at M06-2X/6-31 G (d, P) and B3LYP/6-31 G (d, p)/6-31 

G (d) theoretical levels. Quantum mechanical calcula-

tions based on density functional theory (DFT) were un-

dertaken to evaluate the intrinsic reaction path study of 

the LiOOH.  Geometry modeling and frequency simula-

tions have been conducted for the compound.  

The thermodynamic characteristics and solvent-free 

energies were tested using their standard equations. It is 

worth noting that perhaps the solvation-free energy (ΔG0 

solv) is measured using a mixed cluster-continuum 

model. The gas-phase energy oscillations, like the den-

sity-based SMD solvent model, have been re-optimized 

to incorporate the solvent effect in oil. The dimethoxye-

thane static dielectric permittivity and the solvent radius 

were drawn from the comparison. 

All input data were designed using Gauss View 

5.0.16 Chemcraft, Gauss View 5.0, and Avogadro Pro-

gram 18 to evaluate output information.  

III. RESULTS AND DISCUSSION 

Our research begins with the theoretical evaluation of the 

permeability of a discharge item (LiOOH) of the Li-O2 

batteries to oxidation by Li2O2 and LiOH reactions. Re-

actions to Li2O2 and LiOH in the Li-O2 battery has been 

confirmed as: 

 Li2O2 + H2O → LiOOH + LiOH (1) 

 LiOH + H2O2 → LiOOH + H2O (2) 

In the presence of surplus water, both products are 

solid (Li et al., 2020). Reactions are required in hydrated 

shape, LiOOH. H2O and LiOH H2O (Ren et al., 2017). 

Interestingly, if not conveniently, both of them Reactions 

refer to the same product LiOH, asserting that this mole-

cule could induce drying. 
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Fig. 1a. Schematic description of the fate of LiOOH dur-

ing Li2-O2battery. 

 
Fig. 1b. Optimized geometry of Lithium hydroperoxide (Li-

OOH) 

Identifying electronic influences that facilitate or im-

pede the production of primary discharge/charge items or 

secondary intermediate is essential to the identification 

of the primary chemical reactions that can occur inside 

the population and the specific electrolytic media of the 

lithium-air battery (Kwak et al., 2020).  

The geometry of the compounds was optimized by 

using M06-2X (Glendening et al., 2012)as well as 

B3LYP (Szafran and Katrusiak, 2007) levels of theory 

based on 6-31G(d, p). Nevertheless, the compound is also 

designed for B3LYP/6-31G(d) in the gaseous state and 

dimethyl sulfoxide as a solvent for the analysis of solvent 

effects over-optimized geometry(Ledesma et al., 2009). 

A. Molecular orbital analysis 

Frontier molecular orbital theory has indeed been identi-

fied as the most exceptional theory for the elucidation of 

the chemical inertness of species (Wiesbrock and 

Schmidbaur, 2003). The highest occupied molecular or-

bital is represented by HOMO and the lowest unoccupied 

molecular orbital is represented by LUMO, which is re-

garded as a significant orbital of frontier molecular orbit-

als. 

Typically, HOMO vitality shows the capacity to con-

tribute an electron, but LUMO vitality refers to the po-

tential to pick up an electron. The boundary orbital en-

ergy difference is a crucial feature to obtain information 

about the functional stability and chemical reactivity of 

the organisms (Janjua, 2018). The LiOOH orbital analy-

sis was calculated using the M06-2X/6-31G(d, p) test. 

The computed energy of HOMO, LUMO, HOMO-1, 

LUMO+1, HOMO-2, LUMO+2 was approximately -

0.18632,-0.05209, -0.21782, 0.01418,-0.27846 and 

0.2307 a.u. Eventually, energy gaps such as EHOMO–

ELUMO, EHOMO-1–ELUMO+1, EHOMO-2–ELUMO+2 were identi-

fied as 0.249, 0.319, and 0.388, respectively. FMO ener-

gies are useful for determining global reactivity de-

scriptors (Anguile et al., 2018) including such global 

softness (S) (Mahmoud et al., 2020), electron affinity ( 

EA), ionization potential (IP), electron negativity (X), 

global hardness (Δ) (Anguile et al., 2018), global electro-

philicity index (ω) as well as the calibrated chemical po-

tential (μ) using equations. 

 IP= -EHOMO (3) 

 EP= -ELUMO (4) 

where IP determines the ionization potential (a.u), EA de-

termines the electron affinity (a.u). 

The chemical potential (μ), electro-negativity (χ), and 

chemical resilience were calculated using the theorem of 

Koopmans accompanying equations. 

 χ = ([IP+EA])/2 = ([ELUMO + EHOMO])/2 (5) 

 η = ([IP-EA])/2 = ([ELUMO-EHOMO])/2 (6) 

 ꭓ = ([ELUMO + EHOMO])/2 (7) 

Global softness (σ) is characterized by the equation. 

 σ =1/2η (8) 

The electrophilicity index has been implemented and 

from the following Equation. 

 ω =
𝜇2

2η
 (9) 

This metric was introduced to characterize the elec-

trophilic intensity 

The stability, specificity, and excitability of the spe-

cies can be defined by global reactivity parameters. The 

most essential chemical feature is electronegativity 

(Prabhakara et al., 2016), which defines the capacity of 

the species to draw electrons with itself. The global soft-

ness (S) of this molecule has been discovered to be 11.00, 

2.380 and 3.125 Eh (Table 2).  

This is 16 times more than the level of the general 

hardness (Δ). Such results indicated that this compound 

has lower toughness and higher softness values owing to 

the low energy difference between HOMO and LUMO. 

The softness factor means that the molecule may be 

chemically activated (Prakash and Malhotra, 2017). As a 

consequence, the bond interest quantities (when soft BV 

has used Parameters) of all atoms in the optimized con-

figuration are similar to the predicted value contributing 

to a small GII 1⁄4 0.077 global instability index underpin-

ning the plausibility of the structure model (Yang et al., 

2017) 

B. FT-IR and FT-Raman analysis 

The number of atoms with asymmetry point groups and 

effective vibratory normal modes was observed to be like 

that in the FT-IR as well as FT-Raman spectra  
 

 

Table 1.  Bonding Lengths (Å) as well as angles (°) Of LiOOH. 

Bond length Gas-phase Solvent phase Bond angles Gas-phase Solvent phase 

R(1,2)                                        1.66       1.65 A(1,2,3)               120.0009          120.0005 

R(2,3) 1.66 1.71 A(2,3,4)               109.4709          109.4500 

R(3,4) 0.97 0.95 D(1,2,3,4)             180.0000   179.8970 



 A.U. HASSAN, C. GULERYUZ 

 

155 

 
Fig. 2. Molecular orbital analysis of LiOOH at (a) HOMO-LUMO (b) HOMO+1- LUMO-1 and (c) HOMO+2- LUMO-2 .4

Table 2. Thermodynamic parameters of LiOOH 

Parameter Molecular orbitals 

HOMO-LUMO HOMO-1-LUMO+1 HOMO-2-LUMO+2 

IP -0.052 0.186 0.218 

EA -0.142 0.231 0.421 

x 0.097 0.240 0.102 

μ -0.097 0.240 0.102 

η 0.045 0.210 0.160 

S 11.00 2.380 3.125 

ω 0.104 0.137 0.033 

Table 3 Optimized vibratory modes of LiOOH by tilizing B3LYP/6-31G(d) 

Parameters Model number 

1 2 3 4 5 6 

Frequency 336.67 100.39 441.84 898.430 1090.39 3786.36 

FTIR 185.00 80.68 11.67 128.701 48.75 24.33 

VCD* 0.00 0.00 -0.00 -0.003 -0.00 0.00 

FT-Raman 5.52 3.38 23.17 18.539 7.96 143.77 

Dipolar-P 0.75 0.31 0.35 0.29 0.69 0.27 

Depolar-U 0.86 0.47 0.52 0.45 0.82 0.42 

 

(Marchewka, 2002). The modes FT-IR and FT-Raman of 

the LiOOH hydroxyl group (OH) were positioned at 

3418, 1456, and 896 (Marchewka, 2002). The vibratory 

frequency for O-H is centered at 3897 and also is allo-

cated to it. Raman intensity levels were observed to be 

greater than FT-IR levels of intensity in the above-men-

tioned vibrational frequencies (Table 3). The Raman 

spectrum demonstrated a unique characteristic peak at 

about 860 cm, designated to the stretching of the O-O 

bond based on the Density Functional Theory (DFT) 

computations. Other fingerprint peaks for LiOOH were 

also noted at 80–150 cm (Fig. 3). 

C. Reaction path study  

Many of the unresolved questions in the elucidation of 

secondary structure components are how the atoms deter-

mine the right structure on a rational time scale (Jain and 

Mishra, 2016). It is believed that random searches 

through all possible configurations are just too slow and  
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Fig. 3. Theoretical spectra of LiOOH 

that some stable intermediates are biasing the actual fold-

able mechanism (Torres and Balbuena, 2018). Compre-

hensive microscopic simulations of the dynamics of crys-

tal structures creation are not yet practicable (Kwak et al., 

2020). Even so, research of simpler model systems is be-

ing published previously, striving at formative construct 

into transcriptional activation in atomic skeletons 

(Czerminski and Elber, 1989). Detailed microscopic 

computations of the mechanics of secondary structural 

properties are not yet viable. The peroxide anion is a 

powerful nucleophile and is quite large. The O−O bond 

dissociative indications of dissociation energy are 47 

kcal/mol equivalent to 118 kcal/mol. The computed reac-

tion route for LiOOH in the gaseous state and with an 

apparent solvent (dimethoxyethane) is shown in Fig. 4. It 

should be remembered that Li is seen in the first stages 

of the reaction process since it was used to calculate the 

relative energy and to answer to the chemical reaction 

(Czerminski and Elber, 1989).  

IV. CONCLUSIONS 

In the present study, the basic chemical encounters that 

assist to justify the innovative ingredients identified in 

the electrolyte solution media of the Li-O2 battery have 

been studied theoretically. The resulting reaction to recy-

cle oxygen is unaffordable based on the experimental 

findings collected. The current study also shows that the 

optimized bond lengths and bond angles demonstrate ex-

cellent communications with the X-ray and DFT data 

published. The catalytic impact of iodide in the peroxide 

bond depolarization is seen to be possible owing to the 

halogen-bond association here between iodine atom and 

the oxygen nucleophilic site contributing to the O−O 

bond deformation. FT-IR and Raman's frequencies have 

increased in comparison to recorded values in all ap-

proaches, but good continuity has been developed be-

tween the processes investigated. 
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