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Abstract

Among many molecules, spiropyran derivatives are still a target of interest for various research fields due to the distinctive physico-
chemical properties of their isomers in response to a variety of triggers, including light irradiation and solvent—solute interaction.
Herein, 14 coordination complexes (LnMC) using the lanthanide ion series (from La** to Lu’™, excluding the Pm ion) were coor-
dinated with a spiropyran derivative (SPCOOH—I-(b-carboxyethyl)-3',3'-dimethyl-6-nitrospiro(indoline-2’,2[2H-1]benzopyran).
The ligand binding to these metal ions was achieved in organic solvent solution, using UV radiation to precipitate the complex.
These complexes were characterized using electronic and spectrometric techniques, revealing that more than one structure can be
obtained for the same metal ion by coordinating two or three SPCOOH in the lanthanide ion. The photochromic properties of these
complexes were evaluated using electronic spectroscopy, with absorption maxima wavelengths ranging from 463 to 479 nm. The
emission results showed no significant wavelength variation for most of the ions (ranging from 560 to 578 nm), suggesting that
data emission is primarily dependent on the merocyanine isomer. The solvatochromic data exhibited a strong linear correlation for
these LnMC complexes using 1-propanol, compared to other alcohols tested.
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Introduction

Recently, there has been a growing interest in chromic phe-
nomena, driven by the remarkable ability of materials to
undergo color transformation in response to various stim-
uli. This phenomenon comprises a significant alteration in
the molecular structure of the molecules involved, thereby
exerting a considerable influence on their optical character-
istics (Klajn 2014). Solvatochromism is gaining prominence
among various stimuli to which molecules can be exposed,
allowing to understand their electronic structure and molecu-
lar interactions with different environments resulting in a
variation of colors (Homocianu 2024). This phenomenon is
influenced by solvent properties such as polarity and solva-
tion energy, which are crucial in eliciting diverse responses
from chromic molecules (Danylchuk et al. 2021; Kortekaas
and Browne 2019; Morimoto et al. 2018; Pandey et al. 2022;
Stock et al. 2015). The polarity of the solvent influences the
electron density distribution within the molecule, directly
impacting the energy gap between the molecular orbitals
of the ground and excited states involved in the electronic
transition. Additionally, solvation energy can affect the com-
plexation process, significantly influencing the ratio of the
complex to free MC in solution. This, in turn, contributes
to the color change, albeit through a different mechanism
(Danylchuk et al. 2021). Among the different molecules
capable of being responsive to the solvent medium spi-
ropyrans stand out (Hur and Shin 2015; Liu et al. 2022;
Miguez et al. 2019; Wang et al. 2023; Zhang et al. 2009).
Spiropyrans are a category of organic compounds dis-
tinguished by their ability to undergo a reversible isomeri-
zation process. This transformation occurs between two
thermodynamically stable isomers, the spiro form (SP),
which is non-planar and usually colorless in solution with a
closed-ring structure, and the merocyanine (MC), an open-
ring planar isomer characterized by its vivid coloration
and due to its conjugated p system (Kortekaas and Browne
2019; Kozlenko et al. 2023; Menzonatto and Lopes 2022).
As previously mentioned, spiropyrans molecules present
solvatochromic properties, which have been detailed in a
few research studies. Tian and colleagues also studied the
solvatochromic phenomenon in 2014 (Tian and Tian 2014).
In their study, the solvatochromic effect was analyzed using
spiropyrans while employing the Hansen solubility param-
eters, which account for the energy of intermolecular forces,
dispersion, and hydrogen bonding. It was demonstrated that
the factors predominantly influencing the variation in maxi-
mum wavelength (A,,,,,) are solvent polarity and hydrogen
bonding interactions; while the dispersion forces play a
more significant role in determining absorbance variations
(whether they increase or decrease) due to the solvation
of the MC isomer. Abdollahi and coworkers demonstrated
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the solvatochromic behavior of a hydroxyl-functionalized
spiropyran derivative (SPOH) by analyzing its interactions
with various solvents and how the A, values are corre-
lated with the intrinsic properties of the solvents (protic and
aprotic) (Abdollahi et al. 2017). This was accomplished by
employing the Hansen solubility parameters, as well as the
Reichardt polarity scale. The study revealed that in aprotic
environments, solvatochromism shows a strong dependence
on the Hansen parameters, whereas in protic environments,
there is a significant reliance on polarity. Further studies by
Florea and coworkers applied spiropyran-polymer brushes
for the functionalization of fused silica microcapillaries
through surface-initiated ring-opening metathesis polym-
erization (Florea et al. 2013). Owing to the solvatochromic
properties of these functionalized capillaries, they were suc-
cessfully employed for the photo-identification of solvents
with varying polarities as they flowed continuously through
the microcapillary under UV irradiation (365 nm).

During the isomerization process, a phenolic group forms
on the MC molecule, which increases its affinity to inter-
act with metal ions, such as lanthanides (Abdel-Mottaleb
et al. 2018; Attia et al. 2006; Reis et al. 2020; Gao et al.
2020; Netto et al. 2024; Selvanathan et al. 2016). Due to
their unique properties, for example, luminescence, lantha-
nides have been applied in the formulation of lasers, and
amplifiers for communication (Rocha et al. 2011). They also
have medical applications, with elements like gadolinium,
dysprosium, terbium, and europium being used as contrast
agents in NMR analysis (Chen et al. 2014). Unlike d-block
metals, lanthanides can support high coordination numbers,
and the formation of coordination complexes offers benefits
such as increased light absorption of the molecule (Bao et al.
2021), which can lead to unique characteristics and changes
when exposed to different solvents, particularly when spiro-
pyrans are used as ligands.

The study of solvatochromic properties in lanthanide
complexes coordinated with spiropyran derivatives offers
significant insights into the fundamental electronic interac-
tions within these systems. Lanthanides, with their unique
f-orbital characteristics, display intriguing photophysical
properties that are highly sensitive to their environment.
Coupling these properties with the well-known photochro-
mic behavior of spiropyrans allows for a deeper explora-
tion of the electronic structure and solvent-dependent
shifts in absorption spectra. While previous research has
often focused on practical applications such as sensors or
molecular switches, the intrinsic electronic interactions in
these hybrid systems remain less understood. By focusing
on the solvatochromic responses, this work aims to elucidate
the role of solvent polarity and coordination effects on the
electronic properties and stability of these complexes. Such
a study not only contributes to the broader understanding
of photo-responsive materials but also lays the groundwork
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Scheme 1 Representation of NO,
the reaction of lanthanide nitrate
ions and SPCOOH (MC isomer)
to form LnMC complexes

HOO

AUV | AVis

@ KOL o
no” ©

iy i
2 + La(NO3); —2Y

A\ L MC 3+ AUV
e N, MO 5 Eer

[Ln(MC), 15

Ln = La’*, Ce**, Pr**, Nd*', Sm?*, Eu’f, Tb**, Dy3*, Ho*", Er’*, Tm?*, Yb**, Lu?*

for future applications by revealing key structure—property
relationships.

Herein, we report the synthesis of 14 new complexes
using the spiropyran derivative a N-substituted 6-nitroben-
zospiropyran (SPCOOH) as ligand, and all the elements of
the lanthanide’s series except for the Promethium. The new
complexes called LnMC (independent of the number of
coordinated MC molecules) were structurally characterized
by Fourier transform infrared spectroscopy, Raman spec-
troscopy, and mass spectrometry. UV—visible spectroscopy
was used for electronic analysis and for determining the
complexes’ stability in acetonitrile. The solvatochromism
properties, besides their luminescence property, were inves-
tigated through the electronic emission spectroscopy tech-
nique varying the alcohol size chain.

Experimental
Reagents and solvents

The following reagents were acquired from Sigma-Aldrich:
2,3,3-trimethylindolenine (98%), 3-iodopropanoic acid
(95%), 2-hidroxy-5-nitrobenzaldehyde (98%), 4-methylpi-
peridine (96%), tetrahydrofuran (THF) anhydrous (>99.9%),
Methanol (MeOH) (>99.8%) and diethyl ether (Et,O) anhy-
drous (=99.0%), nitric acid (65%), 1-Propanol (=99.5%),
1-butanol (>99.5%) and 1-octanol (>99.5)% from Quimex,
acetonitrile (MeCN) (>99.5%) from Synth, the Ln,0,
acquired from STARM were used to prepare the Ln(NO;),
salt using HNO; 65% (Quimex) (see procedure in Support-
ing Information-SI 1).

Ligand and coordination complex synthesis

The spiropyran (SPCOOH) molecule, (I-(f-Carboxyethyl)-
3',3'-dimethyl-6-nitrospiro (indoline-2',2[2H-1]

benzopyran), was synthesized following the literature proce-
dure (Fissi et al. 1995). The Ln>* complexes with SPCOOH
(LnMC) were synthesized using a molar ratio of 2:1 (ligand:
metal) according to our previous works (Reis et al. 2020;
Miguez et al. 2019, 2020), and its synthesis is presented
in Scheme 1. Briefly, SPCOOH was solubilized in anhy-
drous THF and kept under UV radiation (at 365 nm) for
15 min, followed by the addition of Ln** salts (previously
solubilized in anhydrous THF). Immediately following the
Ln’* addition into the SPCOOH solution, a color change
was observed from purple to dark red/orange, accordingly
with the lanthanide salt added. The reaction was kept for 1 h,
at room temperature, under UV radiation (at 365 nm), and
N, atmosphere. The solid-state complexes (red or orange
powders) were obtained from the precipitation of its THF
solution in anhydrous Et,O induced by UV light irradiation
at 365 nm.

Structural characterization of LnMC

FTIR analyses were obtained using a PerkinElmer Spec-
trum 100 instrument equipped with a diamond crystal ATR
module (wavelength range 650-4000 cm™'; 4 cm™! reso-
lution; 64 scans) for the complexes LnMC and the ligand
SPCOOH. Raman spectra were obtained using a RFS 100
FT-Raman Bruker spectrophotometer equipped with a ger-
manium detector, liquid nitrogen cooling, and a 1064 nm
NdYAG laser for excitation. Samples were placed on small
aluminum holders, and scattered radiation was collected at
a 180 ° angle. An average of 256 scans was performed to
acquire each spectrum, with a resolution of 4 cm™! within
the range of 4000400 cm™".

For the mass spectrometry, the experiments were con-
ducted using a 6530 Accurate-Mass Q-TOF system with a
Dual AJS ESI source and a 1260 Infinity II high-perfor-
mance liquid chromatography instrument, both from Agilent
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Technologies. The room temperature was maintained at
23 °C through air conditioning, and humidity levels were
monitored (56—-60%). Mass calibration and system cleaning
were performed before analyses. Mobile phase cleaning runs
were conducted, and each sample (10.0 L) was directly
injected into the high-performance liquid chromatograph
(HPLC) system. Data were collected in positive ESI mode,
scanning from m/z 100 to 2000 at 1 spectrum/sec scan rate,
with capillary voltage at +3.5 kV and fragmentor voltage at
+ 10 V. Nebulizer pressure, drying gas, and sheath gas were
set at specified conditions for optimal performance.

Electronic characterization of LnMC

Absorption spectra were measured in the UV—visible range
(from 200 to 800 nm) using a Varian Cary 50 Scan spectro-
photometer and quartz cuvettes with a path length of 10 mm
and volume of 1.5 mL. The photochromism of SPCOOH
and the LnMC complexes were evaluated by UV—visible
measurements using MeCN at 1 x 10~ mol L™!. The LnMC
complexes’ stability in MeCN solution was also investigated
(107 mol L. Then, kinetics studies were carried out using
the UV-visible spectrophotometer, in which the analyses
were conducted over a total duration of 16 h, with spectra
taken every minute for the first hour and every 5 min thereaf-
ter. A quartz cuvette of 1 mL with a Teflon cap was used for
the analyses in the absence of external visible radiation dur-
ing the analysis. UV-visible spectra using methanol, 1-pro-
panol, 1-butanol, and 1-octanol were obtained, as well as to
conduct a solvatochromic study for the LnMC complexes.
All UV—visible studies were conducted in the dark, at room
temperature (20 + 1 °C).

Fig. 1 a FTIR-ATR spectra of

SPCOOH and GAMC complex. a)
b Raman spectra of SPCOOH

and GAMC complex

SPCOOH

Transmittance (%)

Emission spectra in MeCN diluted solution (10~ mol L™")
were recorded in a spectrofluorophotometer model Shi-
madzu RF-5301PC, with a xenon lamp as an excitation
source. The RFPC software equipment control was used,
to select an excitation wavelength at 460 nm, with excita-
tion and emission, slits at 3, and slow scanning speed. Solu-
tion preparation and experimental handling were performed
under controlled light intensity.

Results and discussion
Structural characterization of LnMC complex

The LnMC complexes were characterized using FTIR-ATR
analysis, to get insights about their structures. Then, a com-
parison between the SPCOOH and the GAMC complex spec-
tra (Fig. 1a) was carried out in the solid state.

Upon comparing both spectra, subtle variations are
observed in the bands. Specifically, minor variations are
discernible concerning the bands associated with the -OH
stretching for the hydration water and the carboxyl acid
molecules (see Figure SI 1). However, upon closer exam-
ination of the bands associated with the C=0 stretching,
notable differences are detected. In the GAMC complex, as
an example, this band is situated at 1588 cm™!, while in
the SPCOOH ligand, it manifests at 1710 cm™'. This clear
distinction, characterized as a bathochromic shift, is indica-
tive of the complexation reaction taking place (Miguez et al.
2019, 2020). These two shifts in the -OH and C=0 bands
suggest the coordination of the metal ion by both binding
sites (Miguez et al. 2024; Sylvia et al. 2018). A similar
phenomenon is observable, albeit with lower shifts, with
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bands that correspond to the -NO, asymmetric and -NO,
symmetric stretching, with values of 1483 and 1328 cm™!
for the ligand and 1447 and 1286 cm™! for the complex,
respectively. Additionally, in lower wavenumbers, bands
indicate the presence of two and four aromatic hydrogen
atoms within the cycle, with values of 802 and 749 cm™! for
the ligand and 811 and 745 cm™! for the complex. Notably,
the spiropyran ligand exhibits distinct bands at 1234 and
1091 cm™, related to asymmetric and symmetric stretches
of the C—O-C ether bonds (De Sousa et al. 2010; F. Reis
et al. 2020; Miguez et al. 2019, 2020), which is not pre-
sent in the complex’s spectrum. The observed bathochromic
shift, coupled with the emergence of a secondary band as a
shoulder adjacent to the C—O band of the complex (attrib-
uted in this context to phenolate), suggests coordination by
lanthanide metals (Ln>") at these sites. This inference gains
support from subsequent mass analysis confirming the pres-
ence of two and three ligands coordinated with the metal
ions. Similar analyses can be extended to other complexes,
as indicated by the minor variations observed in the bands
discussed earlier. These findings are summarized in Table
SI 1 and Figure SI 1.

To support these findings, Raman spectroscopy was
performed, and the spectra for both the ligand and the
GdMC complex can be found in (Fig. 1b); spectra for
remaining complexes are presented in Figure SI 1. Com-
paring the spectra, one initially observes a band in the
3200-2800 cm™! region, which corresponds to the C-H
stretching from the sp? carbon in the H-C=C—-H group
of the SPCOOH ligand; this band is missing in the com-
plex’s spectrum due to its lower resolution. Additionally,

Table 1 Values of molecular ion peaks observed for LnMC complexes

a notable bathochromic shift in the band associated with
C=O0 stretching, moving from 1660 cm™~! in the ligand
to 1595 cm™! in the complex, suggests a complexation
reaction (Mcmillan & Hofmeister 1996). Based on this
solid-state analysis, Scheme 1 represents the binding coor-
dination of a MC isomer to the metal ion.

Mass analyses were carried out to validate the forma-
tion of coordination compounds and to identify the chemi-
cal species formed from the chemical reaction in the solu-
tion. Table 1 presents the most relevant peaks identified
for each complex (see Figure SI 2 for all spectra), which
were correlated with their respective molecular formu-
las. Based on these data, it is possible to verify that not
only one complex can be obtained from the precipitation
method used. However, the molecular formulas found can
be correlated with other data previously observed in the
literature. After analyzing all the peak values presented
in Table 1, it is noticeable that in all cases there is the
presence of the molecular ion peak, with values ranging
from 898 to 934 m/z, corresponding to the general formula
[Ln(MC)2]3+. Similar results have been reported in the
literature with the same spiropyran derivative, involving
ions such as Zn%*, Co?*, and also La** and Eu®" (Reis
et al. 2020; Miguez et al. 2019, 2020; Netto et al. 2024),
as well as with other spiropyran derivatives coordinated to
different metal ions (Baldrighi et al. 2016; Feuerstein et al.
2019; Liu et al. 2022). In addition, a ratio of 3:1 ligand to
metal ion was verified for the La**, Sm>*, Ho?*, and Lu®*
ions; these structures are probably observed due to the
metal ion radius. Similarly, data were observed for Ca%*
ion reported by Feuerstein et al. (2019).

Complexes [Ln(MC),]** [Ln(MC),]** [Ln(MC),(H,0)1** [Ln(MC),(H,0),1** [Ln(MC),(NO3)]**
LaMC 898.29 (899.18) 1279.11 (1279.32) 1299.28 (1297.33) - 1341.31 (1341.31)
CeMC 900.71 900.18 - - - -
PrMC 900.38 (900.98) - 1301.37 (1303.42) - -
NdMC 904.77 (902.18) - - - -
SmMC 912.26 (912.19) 1293.33 (1292.33) 1311.92 (1310.34) 1329.90 (1328.35) -
EuMC 913.22 (913.20) 1291.79 (1293.33) 1311.34 (1311.34) - -
GdMC 918.20 (918.20) 1298.24 (1298.34) 1316.39 (1316.35) - -
TbMC 917.02 (919.20) 1297.10 (1299.34) 1319.00 (1317.35) - -
DyMC 922.23 (924.20) 1304.12 (1304.34) 1322.29 (1322.35) - -
HoMC 924.05 (925.200 1304.43 (1305.34) 1322.88 (1323.35) 1341.69 (1341.36) -
ErMC 925.94 (926.20) - - - -
TmMC 929.66 (929.20) - 1329.18 (1327.36) - -
YbMC 934.61 (934.21) - 1332.50 (1332.36) - -
LuMC 934.18 (935.22) 1314.33 (1315.35) 1335.40 (1333.36) 1349.30 (1351.37) -

(in italic) the calculated values
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Electronic properties for the LnMC complex

The UV-vis and emission spectroscopies were employed to
obtain information about electronic transitions for the LnMC
complexes in solution. The UV-vis spectra for the GAMC
complex under UV radiation (on) and under visible light
radiation (off), as well as for the spiropyrans isomers (SP
and MC), are presented in Fig. 2a.

Analyzing the spectra presented in Fig. 2a, a hypsochro-
mic shift of 93 nm is observed comparing the bands in the
visible region for the black spectrum (GdMC—on) to the
orange spectrum (MC isomer). This shift indicates complex
formation, corroborating the infrared and Raman analysis
results. When comparing the spectra for the complex irradi-
ated with UV or visible radiation, the absence of a band in
the visible region for the red spectrum (GdAMC—off) indi-
cates the ligand dissociation of the complex and formation
of the SP isomer, which does not coordinate with metal ions
(Keyvan Rad et al. 2022; Kumar and Kumar 2020; Sylvia
et al. 2018). The bands observed in the UV region for both
spiropyran (SPCOOH) molecule and the GAMC—off com-
plex is originated from electronic transitions in the indole
region of the SPCOOH molecule (Tyer and Becker 1970).
Data for the other complex are presented in Figure SI 3, and
the hypsochromic shifts of the bands in the visible region
for all complexes are listed in Table 2.

Figure 2b displays the emission spectra obtained for all
14 complexes. Although the emission bands of Ln** ions
are distributed across different spectral regions and are char-
acteristically narrow (Zinna and Di Bari 2015), the studied
complexes show similar band profiles in terms of width
and region. The A, values ranged from 560 to 578 nm;

a) —— GdMC, - On
: —— GAMC, - Off
MC
——SpP
(]
Q
=1
<
=
S
2]
O
<
200 300 400 500 600 700
Wavelength (nm)

800

in nm) for the LnMC complexes
=Apax LOIMC—A . SPCOOH.

Table 2 Maximum wavelength (A,
at visible spectrum region and AA .
All spectra were obtained in MeCN

Complexes Amax LNMC (nm) Ay (NM)
LaMC 465 97
CeMC 477 85
PrMC 476 86
NdMC 474 88
SmMC 470 92
EuMC 478 84
GdMC 469 93
TbMC 471 91
DyMC 479 83
HoMC 465 97
ErMC 470 92
TmMC 464 98
YbMC 466 96
LuMC 463 99
Amax SPCOOH at 562 nm

however, most complexes had their maximum emission at
565 nm, with LaMC, CeMC, and NdMC complexes display-
ing some variation. Previous studies reported similar band
profiles with A, at 594, 566, and 600 nm in solution, for
complexes containing the same spiropyran derivative with
Zn>* Eu’", and La*, respectively (Reis et al. 2020; Miguez
et al. 2020; Netto et al. 2024). Although the studied cations
belong to the same series (lanthanides) and have electrons in
f orbitals, these ions differ in their ionic radius and electronic
transitions. Their coordination to spiropyran derivatives can

—— LaMC (574 nm)

CeMC (578 nm)
PrMC (565 nm)

—— NdMC (560 nm)
SmMC (565 nm)
EuMC (565 nm)
GdAMC (565 nm)
TbMC(565 nm)

DyMC (565 nm)
HoMC (565 nm)
ErMC (565 nm)

TmMC (565 nm)
YbMC (565 nm)
LuMC (565 nm)

o
~
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s
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Fig.2 a UV-vis spectra for the GAMC complex (on and off), SP, and MC. b Emission spectrum for all complexes studied. All spectra were

obtained in MeCN
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lead to variations in the absorption spectra, including using
the SPCOOH. However, this effect appears to be less pro-
nounced in emission for the coordination complexes between
the lanthanides and the SPCOOH, suggesting that the spi-
ropyran ligand (SPCOOH) is primarily responsible for this
characteristic emission, independently of the metal ion.

To qualitatively investigate the complexes’ stability in
solution, UV-vis experiments were carried out as a func-
tion of the time for all synthesized complexes using MeCN
as solvent. Previous studies (Miguez et al. 2020; Ozhogin
et al. 2019, 2023) have highlighted the enhanced stability
of the spiropyran ligands and their coordination complex in
this solvent. Upon analyzing all the spectra shown in Figure
SI 4, data presented for these 14 complexes demonstrated a
greater stability over time for the coordination complexes
formed by the following ions: La**, Ce**, Sm**, Gd**, Tb**,
Ho**, Tm?*, and Yb>*. A common observation across all
the complexes spectra is in no case the absorbance reaches
zero, suggesting that the LnMC complex is predominant in
solution, compared to the dissociated species (Ln>* ion and
SPCOOH ligand). However, due to the dissociation of part
of the complex, an equilibrium between coordinated MC
and free SP is present in the solution, which is supported
by reports showing that with no radiation influence, there is
a portion of MC in solution formed by solvent interactions
given its solvatochromic properties (Liu et al. 2022; Tian
and Tian 2014).

Solvatochromic properties

Spiropyran derivatives are also well known for its ability to
interact in different ways when exposed to different solvents;
these changes are traditionally associated with a few param-
eters such as solvent polarity and hydrogen bonding interac-
tions (Liu et al. 2022; Tian and Tian 2014). In addition to
the solvatochromic behavior of the SPCOOH (MC isomer)
in methanol, 1-propanol, 1-butanol, and 1-octanol, this prop-
erty was also investigated for all 14 complexes using the
same solvents. Although the solvatochromism for spiropyran
derivatives has been reported in the literature, there are few
data for the coordination complexes using these organic mol-
ecules as ligand. Figure SI 5 depicts the absorption spec-
tra for these complexes and for the ligand (SPCOOH) in
methanol, 1-propanol, 1-butanol, and 1-octanol. Table ST 2
detailed the corresponding A, for all samples in the vis-
ible region.

Initially, the SPCOOH ligand (in its MC isomer form)
displayed vivid colors in all four tested alcohols, ranging
from red in methanol to purple in 1-octanol. After 12 h with-
out exposure to UV or visible light, the MC isomer was

max

partially stabilized in methanol, 1-propanol, and 1-octanol.
This behavior aligns with previous literature (Abdollahi
et al. 2017; Menzonatto and Lopes 2022), which reports that
protic solvents stabilize the MC isomer of spiropyran deriva-
tives due to hydrogen bonding between solvent and solute.
Following irradiation with visible light, the SP isomer was
restored, confirming the reversible nature of the isomeriza-
tion process. Figure 3 illustrates the relationship between the
maximum absorption wavelength and the lanthanide ion for
all 14 complexes.

Upon analyzing the results for methanol, 1-propanol,
I-butanol, and 1-octanol, a decreasing trend in wavelength
values was observed with increasing atomic number of the
metal center across the series. In methanol (Fig. 3a), the
maximum absorption in the visible range varied from 486
to 503 nm, although the correlation with the lanthanide
electronic configuration was weak (R>=0.33). However,
in 1-propanol (Fig. 3b), a stronger linear correlation was
observed between the electronic configuration of the lantha-
nides and the A, (R?=0.94), suggesting a greater degree
of hydrogen bonding between the solvent and solute (LnMC
complexes). As the alcohol chain length increased, the cor-
relation weakened, with R? values of 0.67 in 1-butanol and
0.76 in 1-octanol (Fig. 3c and 3d). Since no correlation was
verified for each LnMC coordination complex with solvent
polarity, the hydrogen bond interaction could be related to

these A, variation.

Conclusion

This study offers a detailed examination of the synthesis,
structural characterization, and electronic properties of novel
lanthanide complexes (LnMC) derived from a spiropyran
ligand (SPCOOH). The successful synthesis, confirmed
through techniques like FTIR-ATR, Raman spectroscopy,
and mass spectrometry, highlights the effective complexa-
tion between lanthanide ions and the ligand. The electronic
characterization, using UV-visible and emission spectros-
copy, reveals significant shifts in absorbance and emis-
sion profiles, further confirming complex formation and
demonstrating stability in acetonitrile, which underscores
their potential, not limited to the solvatochromic applica-
tions. The observed solvatochromic and electronic transi-
tion (absorption and emission) properties of these complexes
open promising avenues for further research, particularly
in the development of advanced materials for optical and
electronic devices. Future studies could explore interactions
with other solvents and ions or examine their behavior in
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Fig. 3 Relationship between maximum wavelength (A,,) values observed in the spectra of LnMC complexes for: a methanol (R*=0.33), b
1-propanol (R?=0.94), ¢ 1-butanol (R?=0.67), and d1-octanol (R*=0.76)

varied environmental conditions. This work enriches the
understanding of lanthanide-sensitized materials, providing
a strong foundation for future research and practical applica-
tions in the field of chemistry.
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