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Abstract: Alzheimer’s disease (AD) stands as the predominant form of dementia, accounting for up to 70% of all 
cases worldwide. AD is a complex disease with various contributing factors. Evidence suggests that the metal-
lic complexes formed by the β-amyloid peptide (Aβ) and extraneuronal copper can catalyze the generation of 
reactive oxygen species, consequently increasing oxidative stress and contributing to the decline of neurons. 
This interaction underscores the significance of bioavailable copper as a crucial redox-active target in exploring 
protocols for multifunctional agents in AD treatment. In the field of computational chemistry, density functional 
theory (DFT) is widely accepted as a standard method across different disciplines. Despite this, DFT presents 
computational challenges, particularly in screening extensive molecular sets during the initial phases of drug 
research. Recent advances in semiempirical quantum mechanical methods (SQM) offer a promising alternative, 
providing rapid molecular geometry optimization and approximate estimation of thermodynamical properties, 
being at least two orders of magnitude faster than traditional DFT calculations. In this work, we present an 
evaluation of the GFNn-xTB SQM methods in the rapid screening of antioxidant properties in AD, performed on a 
set of salen ligands by calculating the standard reduction potentials of their copper complexes as key property. 
Results show that the implementation of GFNn-xTB SQM calculations before DFT evaluations is a useful technique 
to expedite the process and save computational time without sacrificing chemical accuracy.
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Evaluación del método semiempírico Xtb para la predicción de 
propiedades antioxidantes en la enfermedad de Alzheimer:  
ligandos tipo Salen

Resumen: La enfermedad de Alzheimer (EA) se presenta como la forma predominante de demencia, representan-
do hasta el 70 % de todos los casos a nivel mundial. La EA es una enfermedad compleja con diversos factores con-
tribuyentes. La evidencia sugiere que los complejos metálicos formados por el péptido β-amiloide (Aβ) y el cobre 
extraneuronal pueden catalizar la generación de especies reactivas de oxígeno, aumentando consecuentemente 
el estrés oxidativo y contribuyendo al deterioro de las neuronas. Esta interacción subraya la importancia del cobre 
bioavailable como un objetivo redox activo crucial en la exploración de protocolos para agentes multifuncionales 
en el tratamiento de la EA. En el campo de la química computacional, la teoría del funcional de la densidad (TFD) 
es ampliamente aceptada como un método estándar en diferentes disciplinas. A pesar de esto, la TDF presenta 
desafíos computacionales, especialmente en el cribado de conjuntos moleculares extensos durante las fases ini-
ciales de la investigación de fármacos. Los avances recientes en métodos cuánticos mecánicos semiempíricos 
(MCMSE) ofrecen una alternativa prometedora, proporcionando una optimización rápida de la geometría molecular 
y una estimación aproximada de las propiedades termodinámicas, siendo al menos dos órdenes de magnitud 
más rápido que los cálculos TFD tradicionales. En este trabajo, presentamos una evaluación de los métodos MCMSE 
GFNn-xTB en el cribado rápido de propiedades antioxidantes en la EA, realizado en un conjunto de ligandos salen 
mediante el cálculo de los potenciales de reducción estándar de sus complejos de cobre como propiedad clave. 
Los resultados muestran que la implementación de cálculos MCMSE GFNn-xTB antes de las evaluaciones TFD es una 
técnica útil para acelerar el proceso y ahorrar tiempo computacional sin sacrificar precisión química.

Palabras clave: cribado virtual; métodos cuánticos mecánicos semiempíricos; enfermedad de Alzheimer; comple-
jos de cobre; potenciales de reducción estándar

Avaliação do método semiempírico Xtb para a previsão de propriedades 
antioxidantes na doença de Alzheimer: ligantes tipo Salen

Resumo: A doença de Alzheimer (DA) se apresenta como a forma predominante de demência, representando 
até 70% de todos os casos a nível mundial. A DA é uma doença complexa com diversos fatores contribuintes. 
Evidências sugerem que os complexos metálicos formados pelo peptídeo β-amiloide (Aβ) e o cobre extraneuronal 
podem catalisar a geração de espécies reativas de oxigênio, aumentando consequentemente o estresse oxidativo 
e contribuindo para o deterioro dos neurônios. Esta interação destaca a importância do cobre biodisponível como 
um alvo redox ativo crucial na exploração de protocolos para agentes multifuncionais no tratamento da DA. No 
campo da química computacional, a teoria do funcional da densidade (DFT) é amplamente aceita como um mé-
todo padrão em diferentes disciplinas. Apesar disso, a DFT apresenta desafios computacionais, especialmente na 
triagem de grandes conjuntos moleculares extensos durante as fases iniciais da pesquisa de medicamentos. Os 
avanços recentes em métodos quânticos mecânicos semiempíricos (SQM) oferecem uma alternativa promissora, 
proporcionando uma otimização rápida da geometria molecular e uma estimativa aproximada das proprieda-
des termodinâmicas, sendo pelo menos duas ordens de magnitude mais rápido que os cálculos tradicionais de 
DFT. Neste trabalho, apresentamos uma avaliação dos métodos SQM GFNn-xTB na triagem rápida de propriedades 
antioxidantes na DA, realizada em um conjunto de ligantes Salen por meio do cálculo dos potenciais de redução 
padrão de seus complexos de cobre como propriedade chave. Os resultados mostram que a implementação de 
cálculos SQM GFNn-xTB antes das avaliações DFT é uma técnica útil para acelerar o processo e economizar tempo 
computacional sem sacrificar a precisão química. 

Palavras-chave: triagem virtual; métodos quânticos mecânicos semiempíricos; Doença de Alzheimer; complexos 
de cobre; potenciais de redução padrão
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Introduction
Alzheimer’s disease (AD) is the most common 
form of dementia worldwide, accounting for up to 
70% of all global cases. [1] AD presents both genetic 
and environmental risk factors and is considered a 
multifactorial disease, with the main leading cause 
yet to be clearly identified. One hypothesis regard-
ing the disease involves oxidative damage mediat-
ed by redox-active metal ions and their interactions 
with biomolecules, such as the β-amyloid peptide 
(Aβ) commonly found in AD-affected brains [2]. 
Among these metallic ions, copper is recognized 
as a highly redox active metal whose complexes 
with Aβ can activate O2 into reactive oxygen spe-
cies through a catalytic cycle, as illustrated in Fig-
ure 1. This effect would increase oxidative stress in 
the brain and promote neuronal death [3].

Figure 1. Schematic representation of oxidative stress 
mediated by copper cations and Aβ peptide. Adapted 
with permission from reference [2]

Strategies involving metal chelating constitute 
a significant area of study that has emerged as an 
option to prevent or reverse the metallic dysregu-
lation and oxidative stress observed in AD [4], [5]. 
Many of these strategies are currently focused on 
the search for so-called multifunctional ligands, 
i.e., molecules with more than one pharmaco-
logical target. Computational chemistry methods 

have become powerful tools for evaluating large 
sets of candidates while reducing time and costs 
[6]. In terms of quantum computational meth-
ods, Density Functional Theory (DFT) methodolo-
gies have become widely used in many fields due 
to their excellent balance between accuracy and 
computational cost compared to wave function-
based methods [7]. However, DFT remains compu-
tationally intensive when applied to the screening 
of extensive molecular sets, a common procedure 
in the initial phases of drug research. Conversely, 
recent advancements in Semiempirical Quantum 
Mechanical methods (SQM) offer a compelling al-
ternative, providing rapid molecular geometry 
optimization and approximate estimation of ther-
modynamic properties. SQM procedures are at least 
two orders of magnitude faster than conventional 
DFT methods [8]. 

In a previous study by Puentes-Díaz et al., the 
potential pharmacological activity of a family of 
salen-type ligands in AD was investigated using 
DFT with the M06-2X functional. A method cali-
brated for an accurate description of the standard 
reduction potentials (SRP) of the salen-copper 
complexes was employed, with this value being 
the determining factor for classifying a ligand 
as an antioxidant candidate [3]. In this work, we 
assessed the performance of the SQM methods 
GFN1-xTB and GFN2-xTB, provided by Grimme et 
al. [9] in screening antioxidant candidates among 
a molecular set comprising 56 salen-type ligands 
previously evaluated by Puentes-Díaz et al. The 
precursors of these ligands are presented in Fig-
ure 2, and the nomenclature used throughout this 
work follows their respective precursor amine 
and aldehyde, outlined in Scheme 1. Accordingly, 
the ligands are formed by combining a diamine 
(numbered from 1 to 10) with a single aldehyde 
(designated from A to K), generating a symmetri-
cal tetradentate structure comprising a total of 36 
2N2O-type ligands and 20 4N-type ligands.
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Computational methods
To assess the performance of the GFNn-xTB meth-
ods, equilibrium geometry and frequency cal-
culations were conducted for all salen-copper 
complexes in both oxidation states of the metal, 
Cu+ and Cu2+, using the standalone xTB version 
6.6.1 code [8], [9], [10]. The GFN1-xTB and GFN2-xTB 
SQM methods available in the xTB code were uti-
lized, with geometry convergence criteria set as 
normal (5 x 10-5 Eh), tight (1 x 10-6 Eh), very tight 
(1 x 10-7 Eh), and extreme (1 x 10-8 Eh). Addition-
ally, the 0074wo solvation models included in the 
xTB code were considered: Analytical Linearized 
Poisson-Boltzmann (ALPB) and generalized Born 
surface area (GBSA) implicit solvation models [11]. 
Consequently, all possible combinations of these 
parameters - solvation method, force field, and 
geometry convergence criteria - were taken into 
account, resulting in a total of 16 methods. The no-
menclature for these is illustrated in Figure 3.

The potential antioxidant behavior of the set 
of salen-type ligands was assessed by estimat-
ing the standard reduction potentials (SRP) using 
the thermochemical properties obtained from 
the frequency calculations for each Cu2+-L/Cu+-L 
pair with all methods. The optimized geometries 
obtained by each method were compared using 

1 2 3 4

A

OH
OH

B

OH
OH

F

OH
OH

I J
OH

O

OHH

E

OH
OH

G

OH
OH

B

OH
OH

C

OH
OH

N

K

OH

NH

Me

Me Me

Cl ClCl OMe

t-Bu t-But-Bu

Me Me

Me

H2N

H2N H2N H2N

NH2

H2N NH2
NH2

NH2 NH2

NH2 NH2

NH2

NH2

NH2

H2N

H2N

NH2

Cl Cl

H2N NH2

Amines only for J and K aldehydesAmines for all aldehydes

Aldehydes 5

8 9 10

6 7

Figure 2. 2D structure of the compounds used as precursors to construct the set of ligands under study. Adapted 
with permission from reference [3]
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Figure 3. Nomenclature code for the evaluated me-
thods. These codes are derived from the combination of 
the respective letter/number assigned to the solvation 
method, force field, and optimization level.
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Scheme 1. Nomenclature used in this work for the set of salen-type ligands.



107
Evaluation of the Xtb Semiempirical Method for the Prediction of Antioxidant Properties in Alzheimer’s Disease: 
Salen-Type Ligands

Revista Facultad de Ciencias Básicas  ■  Vol. 18(2)

root-mean-square deviation (RMSD) [12] using the 
Kabsch algorithm [13] with the previous equilib-
rium geometries reported from DFT calculations 
[3]. For SRP calculation, two methodologies were 
employed: the direct method for K aldehyde de-
rivatives, and the isodesmic method for all other 
ligands, following the procedure reported by 
Chaparro and Alí-Torres [14], utilizing phenylala-
nine as a reference pair for all 2N2O-type ligands 
and tris(pyridyl ethyl) amine for J aldehyde deriva-
tives. A brief description of these methodologies is 
provided below. 

	◾ Direct method. This involves the reduction of 
the complex against the Standard Hydrogen 
Electrode (SHE) and is calculated according to 
the following equation:
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Where E°(Cu2+/Cu+) represents the SRP of the 
copper complex in volts, ΔGCu is the free energy 
change associated with the reduction of the Cu-
complex (in kcal/mol), ΔGSHE is the free energy 
change of the standard hydrogen electrode (99.9 
kcal/mol [15]), and F is Faraday’s constant (23.06 
kcal/mol V).

The constant value of 0.158 V accounts for the 
error in the direct determination of the standard 
reduction potential (SRP) for the aqua-copper 
[Cu(H2O)4]2+/[Cu(H2O)3]+ couple [16], and is in-
cluded as an empirical correction term.

	◾ Isodesmic method. This method utilizes an 
external reference pair characterized by an 
experimental SRP value. The oxidation of the 
reference pair is coupled with the reduction of 
the complex of interest, as illustrated in Equa-
tion 2. It is crucial that this reference pair ex-
hibits certain resemblances to the complex of 
interest. Specifically, it should share the same 
coordination sphere, possess an identical num-
ber of bonds in both oxidized and reduced spe-
cies, and have a similar size. These similarities 
are essential for achieving effective error can-
cellations between the complexes. Ultimately, 
the potential value is determined through the 
application of Equation 3.
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Where LACu+/2+ represents the complex of in-
terest with the obtained SRP value of E°, LBCu+/2+, 

ref denotes the reference pair with experimental 
SRP value of E°ref, and ∆E°rxn signifies the calcu-
lated change in potential for the reaction shown in 
Equation 2.

Chaparro and Alí-Torres demonstrated that 
the use of the isodesmic method significantly re-
duces errors associated with SRP calculations. In 
their study involving a set of 62 copper complexes, 
the direct method with empirical water correction 
resulted in errors of 0.39 V, whereas the applica-
tion of the isodesmic method reduced the errors to 
0.08 V placing the error margin below the experi-
mental uncertainty associated with electrochemi-
cal methods for copper complexes [17]. 

Similar outcomes were observed by Orjuela et 
al. in their investigation of a series of iron com-
plexes, further supporting the efficacy of the iso-
desmic method [18]. The SRP obtained from the 
direct and isodesmic method with the 16 methods 
evaluated were compared with the previous SRP 
reported from DFT calculations [3] through mean 
absolute error (MAE).

Results and discussion

Aqua-copper complex
To analyze the performance of xTB methods in 
modeling copper complexes, we considered the 
tetraaqua [Cu(H2O)4]2+/+ complexes, a model rep-
resenting the free copper state in biological con-
ditions. The initial geometries of the coordination 
sphere for the optimization process were estab-
lished in both planar and tetrahedral modes, as 
these are among the most common geometries 
exhibited by Cu2+ and Cu+ complexes, respectively 
[19]. 

The free energies of the optimized geometries 
derived from these two configurations were com-
pared by calculating their difference as ΔG°diff = 
G°planar -°tetrahedral. The obtained free energy chang-
es are illustrated in Figure 4. It can be observed 
that ΔG°diff takes values near zero (-.19 ± 0.43 kcal/
mol) for all methods, indicating that the starting 
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geometry did not significantly affect the stabil-
ity of the optimized Cu+ complexes. The final 
geometries converged to tetrahedral configura-
tions, accordingly to the expected outcome for 
[Cu(H2O)4]+.

In the case of the Cu2+ complexes, the initial 
geometry significantly impacts both the free ener-
gies and final geometries. Initial planar geometries 
yielded optimized planar geometries by all GFN2-
xTB related methods, while the GFN1-xTB meth-
ods generated tetrahedral optimized structures. 
Conversely, with tetrahedral starting geometries, 
only the GFN2-xTB methods coupled with the ALPB 
solvation model yielded planar configurations, 
while the remaining methods produced final tet-
rahedral geometries. This behavior is illustrated - 
in Figure 4, where the total free energy difference 
for the Cu2+ complexes vary considerable between 
-4.8 and 1.2 kcal/mol. These observations for the 
aqua-copper species suggest a greater difficulty 
and higher errors in the calculated thermodynam-
ical properties for xTB methods in the modeling of 
open shell Cu2+ systems, highlighting the impor-
tance of beginning with an appropriate planar ini-
tial structure for Cu2+ geometry optimizations and 
frequency calculations.

Root- Mean- Square Deviation (RMSD)
The quality of geometry optimizations was evalu-
ated by calculating the RMSD between the calcu-
lated values and the DFT reference data. Figure 

5 presents the average RMSD for each complex 
across the 16 methods, indicating that lower 
RMSD values were achieved for Cu2+ complexes 
compared to Cu+ complexes in most cases. For 
Cu2+ complexes, RMSD values range from 0.03 Å 
(4K complex, G1N method) to 3.6 Å (10J com-
plex, G1V method). In contrast, for Cu+ com-
plexes, the minimum RMSD value was 0.15 Å 
(1J complex, G1V method), while the maximum 
reached 5.1 Å (4C complex, A2V method). These 
results demonstrate that all xTB methods per-
formed better in estimating the planar geometry 
of Cu2+ complexes, compared to the more variable 
and higher RMSD values obtained for the tetrahe-
dral geometry of Cu+ complexes. It is important 
to note that concerns associated with GFNn-xTB 
methods include the potential impact of approxi-
mate electrostatic interactions and/or the use of 
small Atomic Orbital (AO) basis sets [8], which 
may occasionally lead to qualitatively incorrect 
molecular geometries.

The methods with the lowest average RMSD 
and their corresponding standard deviations for 
the 2N2O and 4N complexes are presented in Table 
1. It is noteworthy that the best methods for DFT 
geometry optimization utilize the GFN1-xTB SQM 
method. However, the RMSD values remain high, 
limiting the use of xTB-derived methods solely to 
rough estimations of which could be more benefi-
cial for preoptimization steps within a DFT-orient-
ed methodology.
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Table 1. Methods displaying the minimum average 
RMSD (Å) for all 2N2O and 4N complexes. Averages and 
deviations were computed individually for each method 
across the 36 2N2O and the 20 4N complexes.

Cu2+

Coordination 
sphere Method

Average 
RMSD  

(Å)

Standard 
deviation 

(Å)

2N2O A1T 1.02 0.79

4N G1T 1.96 0.95

Cu+

2N2O G1T 2.09 1.10

4N G1N 2.18 1.00

	◾ Prediction of antioxidant properties. The 
primary objective of an antioxidant ligand in 
copper-associated oxidative stress is to mitigate 
the brain’s deficit of natural antioxidants du-
ring the catalytic generation of reactive oxygen 
species, as depicted in Figure 1 [3]. To achieve 
this, their associated copper complexes must 
possess SRP values surpassing that of the O2/
H2O2 pair under biological conditions (0.30 V 
[20]).
As a rapid methods to screen the best antioxi-

dant candidates from the ligand set, we propose 
standardizing all obtained salen-copper xTB-SRP 
values for all methods against their respective 
xTB-SRP values for the [Cu(H2O)4]2+/+ calculated 
via direct method. Figure 6 illustrates the results, 
showing a consistent pattern across all J aldehyde 

derivatives with a positive ΔSRP when assessed us-
ing the GFN1-xTB methods. This aligns with the 
findings reported by Puentes-Díaz et al., indicating 
that J aldehyde derivatives were the most promis-
ing antioxidant candidates in this set, given their 
DFT-SRP values exceeding 0.30 V. In fact, recent 
experimental evidence attributes versatile anti-
oxidant capability to the 2 J ligand, demonstrat-
ing catalase and superoxide dismutase mimicking 
activity [21]. The suggested antioxidant capacity 
screening method provides a robust preliminary 
assessment, circumventing the conventional DFT 
method’s 0.30 V limit. It reveals only two outliers 
in the trend (A1E and A1V methods for 9J SRP stan-
dardization), displaying marginally negative ΔSRP 
value (-0.01 V). Detailed computed values for this 
section are provided in Table S2, accessible in the 
supporting information.

Analysis of the data reveals consistently posi-
tive ΔSRP values for the J aldehyde derivatives 
with GFN1-xTB methods. Notably, when utilizing 
the GBSA solvation model for GFN1-xTB methods, 
a significantly higher positive value was evident 
compared to the ALPB solvation model. This stands 
in contrast to the outcomes derived from the GFN2-
xTB method, where the same complexes exhibited 
negative ΔSRP values. In general, the GFN2-xTB 
methods incorporating the GBSA solvation model 
displayed more pronouncedly negative ΔSRP val-
ues than those using the ALPB solvation model (re-
fer to all standardized SRP values in the supporting 
information). As illustrated in Figure 6, ligands 
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other than J aldehyde derivatives did not exhibit 
a positive ΔSRP. These findings are consistent with 
the results presented by Puentes-Díaz et al., where 
these remaining ligands similarly displayed nega-
tive SRP values.

	◾ Standard reduction Potentials. The mean ab-
solute error (MAE) in xTB-SRP determination 
for the 2N2O-type and 4N-type complexes is 
depicted in Figure 7. The MAE values exhibit a 
consistent reduction of at least 1.16 V for the 
GFN2-xTB methods in comparison to the GFN1-
xTB methods, with no significant difference 
between the ALPB and GBSA solvation models. 
This better performance of GFN2-xTB could be 
attributed to its anisotropic electrostatic and 
exchange-correlation terms, which are not in-
cluded in the GFN1-xTB methods [22], [23]. Des-
pite this, all xTB-SRP values calculated are still 

large compared to the DFT-SRP values previous-
ly reported in the reference[3].
In SQM methods, the error associated with the 

electronic structure component becomes nota-
bly influential for SRP calculations, as achieving 
precise modeling of redox processes relies on ac-
curately depicting changes in the electronic struc-
ture of the target molecule in two oxidation states. 
The currently employed GFNn-xTB methods com-
promise a delicate balance between accuracy and 
computational cost, where the primary sources of 
error encompass self-interaction errors, the mono-
pole description of electrostatic interactions (for 
GFN1-xTB), deficiencies in the atomic orbital (AO) 
basis set, and parametrization errors. Particularly, 
the tight binding methods tend to overestimate the 
delocalization of electrons, resulting in small or-
bital energy gaps [8]. In this sense, a reason for the 
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large SRP values obtained could lie in the overesti-
mation of the free energy of the Cu2+-salen com-
plexes, a problem that leads to higher free energy 
gaps between the oxidized and reduced species 
and consequently increases their calculated SRP. 
This hypothesis is supported by the difficulties dis-
cussed previously in the modeling of the oxidized 
aquo-copper complex ([Cu(H2O)4]2+).

Additionally, even though the performance of 
GBSA and ALPB solvation methods has been proven 
to be sufficient for many practical purposes [11], 
[24], [25], the solvation treatment can play an im-
portant role in accurate calculating SRP values. 
Pantazis et al. identified the solvation contribution 
as the foremost source of error and a pivotal factor 

constraining the precision of redox potential cal-
culations in organic aqueous systems[26]. Accord-
ing to Neugebauer et al., more elaborate solvation 
models such as COSMO-RS describe significant sol-
vation effects better than the GBSA or the COSMO 
models used in SQM methods [22]. Nevertheless, 
the adoption of alternative solvation models such 
as COSMO-RS is not fully matured for SQM and 
proves to be more demanding compared to GBSA 
[22] or ALPB solvation models, thereby limiting 
their utility in screening studies. 

To rectify these errors in SRP determination, 
we conducted a standardization process for the 
obtained xTB-SRP values, as illustrated in Figure 8. 
The reference complexes chosen to establish SRP = 
0 were those with the least substituted structure.

The MAE analysis was conducted with the stan-
dardization for both xTB-SRP and DFT-SRP values. 
[3] The results are shown in Figure 9. Noticeably, 
the MAE of the standardized xTB-SRP values with 
respect to the standardized DFT-SRP ones is con-
siderably lower than the raw SRP values presented 
in Figure 7. This occurs due to a proper cancella-
tion of the xTB derived electronic and/or solvation 
errors, as the standardization process involves 
a comparison between similar pairs of oxidized 
and reduced species. Thus, it is critical to stan-
dardize only using similar structures to retrieve 
good results. This process highlights xTB meth-
ods as effective tools in the screening of changes 
in SRP values resulting from small substitutions in 
the scaffold of complexes with known SRP values 
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(via experimentation or higher theory calculation 
methods).

In this context, the G1V method demonstrated 
superior performance for 2N2O complexes, achiev-
ing a minimal average error (MAE) of 0.08 V. Con-
versely, A2T emerged as the most suitable for 4N 
complexes, displaying a MAE of 0.13 V. As depicted 
in Figure 9, there is no notable distinction among 
the various GFN2-xTB methods across coordina-
tion types. In contrast, a substantial difference is 
observed with the GFN1-xTB methods, where high-
er MAE values were obtained for 4N complexes. 
These latter methods exhibited slightly lower effi-
ciency, particularly when incorporating the ALPB 
solvation model.

Conclusions
GFNn-xTB SQM methods consistent produced tet-
rahedral final geometry in aqua-Cu+ complexes. 
GFN2-xTB with ALPB solvation accurately depicted 
planar geometry in aqua-Cu2+ complexes, regard-
less of the initial geometry. Despite the variabil-
ity, xTB methods, with their cost-effectiveness 
and rapid computational turnaround, justified 
their use as an initial step for geometry optimi-
zation before transitioning to DFT. Specific com-
plexes showcased remarkable RMSD values below 
0.5 Å, contributing significantly to computational 
efficiency.

Regarding the screening of plausible antioxi-
dant candidates in AD, J ldehyde derived com-
plexes showed positive ΔSRP with GFN1-xTB 
methods respect to the SRP of the aquo-copper 
pair: [Cu(H2O)4]2+/+, consistently indicating them 
as antioxidant candidates. We recommend using 
this aquo-copper SRP standardization screening 
employing all methods to verify consistent positive 
and negative behavior for the candidates.

The evaluation of the 56 salen-copper com-
plexes using GFNn-xTB revealed elevated xTB-SRP 
values. Although GFN2-xTB exhibited improved 
results, it still deviated from reference SRP values. 
In this regard, the conducted xTB-SRP standard-
ization, using complexes with similar structure 
as SRP reference, highlights GFNn-xTB methods as 
an effective pre-screening protocol for predicting 

ΔSRP values in salen-copper complexes. This could 
be particularly useful in calculating ΔSRP due to 
substitutions or other modifications upon a refer-
ence scaffold with known SRP value.
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