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ABSTRACT

Clinical applications ranging from magnetic resonance imaging to cancer therapy are more relying on the use of lanthanide
coordination compounds. However, the coordination properties based on the electronic configuration of lanthanide ions can

be easily sequestered by serum proteins and consequently induce unwanted side effects and/or toxicity if leaked from the biop-

robe/prodrug. The knowledge of the thermodynamic and kinetic stability of the complexes used in these applications is therefore

essential. To close this gap, we present here the determination of the stability constants via spectrometric method of three lan-
thanide monoporphyrinates capped with Kldui’s ligand, LnL1 (Ln = Gd, Er, Yb), whose stability has not been studied yet, under
physiological conditions (37 °C, pH 7.5); the monoporphyrinates are found to be more stable than corresponding EDTA chelates,
but significantly less stable than corresponding macrocyclic DOTA chelates. In addition, we turn our attention to less stable
bimetallic chelates with a Zn-containing Schiff base derivative, LnL3 (Ln= Nd, Gd, Yb, LogK- = 4.8-5.1), and explore the poten-

tiality of LnL1 and LnL3 complexes as NIR imaging probes.

1 | Introduction

Lanthanide coordination compounds are widely used in modern
clinical applications, with established roles in cancer diagnostic
imaging and therapy, including photodynamic therapy and
radiotherapy [1]. Moreover, the distinct photophysical properties
of lanthanide ions, including narrow emission bands, long life-
times, and minimal background interference, have driven con-
siderable research into their utility as optical bioimaging probes.
However, due to the Laporte forbidden electric dipole 4f-4f tran-
sitions, lanthanide ions typically exhibit very weak absorption,
making them difficult to excite. A common strategy to overcome
this drawback is the use of small-molecule photosensitizers,
which excite lanthanide ions through energy transfer (antenna

effect) [2]. These photosensitizers are either directly chelated
to the metal ion or grafted onto the chelating ligand [3].
Lanthanide luminescent probes are ubiquitous in medical anal-
ysis, for instance, in time-resolved luminescence immunoassays,
often based on luminescence resonant energy transfer, which
allow not only the quantitation of antibodies and proteins but
also the study of their dynamics [4].

Regarding clinical applications, well-known examples are the
class of gadolinium-based contrast agents (GBCAs) used in mag-
netic resonance imaging (MRI), where the toxic Gd** ion is safely
administered by being strongly chelated with linear or macrocy-
clic polyaminocarboxylate ligands [5]. In addition, lanthanum
carbonate has been used since its 2004 approval by the FDA
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for reducing phosphate levels in end-stage renal disease patients,
and another FDA-approved drug is Pluvicto (*””Lu vipivotide tet-
raxetan) for radionuclide therapy toward prostate-specific mem-
brane antigen-positive metastatic castration-resistant prostate
cancers [6, 7].

Despite their utility, lanthanides carry certain risks in clinical
use. In rare, specific cases, lanthanide ions have been linked
to severe side effects after frequent use [8]: a notable case which
emerged in the early 21st century is the association between
GBCAs and nephrogenic systemic fibrosis (NSF) in patients with
kidney dysfunction [9], which brought lanthanide safety into
public focus. The toxicity of free lanthanide ions can be primarily
attributed to two factors: (1) the coordination chemistry similar-
ity to calcium ions, which can lead to their sequestration by
serum proteins, and (2) the formation of insoluble precipitates
when they interact with anions commonly found in biological
media like carbonate or phosphate [10, 11]. These two factors
significantly extend the retention of lanthanides within the body
after drug uptake. Consequently, the knowledge of the thermo-
dynamic stability of lanthanide complexes used as drugs is criti-
cal for assessing the amount of metal ion leakage and is a
fundamental parameter in evaluating overall toxicity.

Current approaches to reach the stability constants include
potentiometry and spectrometry. Potentiometry measures the
stability constant according to the change of the solution poten-
tial during the titration, which can provide the information for
calculating the binding site in the process [12, 13]. Spectrometry
focuses on the quantification of components that contain a chro-
mophore. Spectrometric measurement is more species-specific.

Common ligands for designing lanthanide bioprobes and/or pro-
drugs include Schiff bases [14] and porphyrinates [15]. Porphyrins
are common photosensitizers consisting of a tetrapyrrolic macro-
cycle with a large conjugation system, facilitating the generation

L1 Porphyrin-type LnL1 Ln=Gd, Er, Yb

&b &b

L3 Salen-type LnL3 Ln=Nd, Gd, Yb

of reactive oxygen species [16]. While complexes with tetrapyrroles
are widely used in many applications in view of their presumed
large stability, complemented by specific magnetic and photophys-
ical properties [16], to the best of our knowledge, no stability con-
stants have been reported to date for this class of chelates. To fill up
this gap and to compare with polyaminocarboxylates, we present
the first study on the stability of lanthanide monoporphyrinates
(LnL1) as shown in Figure 1. In this work, we chose a well-studied
tetrapyrrolic system grafted with 4-methylpyridinium groups
onto the meso- positions to enhance water solubility in this study,
with resulting positive charges compensated by iodide anions.
Porphyrins act as a tetradentate ligands and do not saturate the
coordination sphere of lanthanide ions, which often have large
coordination numbers [17]. Therefore, to obtain stable monopor-
phyrinate complexes, Kldui’s ligand [18] was used as a capping unit
to complete the coordination sphere of the lanthanide ions. The
modifiable phosphite substituents of the Kldui ligand provide
the alternation of solubility [15].

We also turn our attention to less stable Schiff base complexes
(LnL3) to investigate if the photophysical properties of lanthanide
complexes can be correlated with their bioimaging ability. The
salen-type ligand chosen belongs to a family of Schiff-base ligands
obtained by reacting o-vanillin with a diamine. The resulting
bicompartmental, hexadentate molecule is ideally suited for build-
ing 3d-4f heterometallic complexes that have adequate antenna
effects for visible- and NIR-emitting lanthanide ions [19-21]
Stability constants were obtained via direct or competitive spectro-
photometric titration methods with the octadentate corresponding
macrocyclic (LnL2) and linear polyaminocarboxylates (LnL4),
whose stability with lanthanides [22, 23] is quantitatively well
known, which makes them ideal competitors for stability constant
determination. The studied ions include Gd*? in view of its role in
MRI contrast agents and the NIR-emitting Nd**, Er’*, and Yb**
ions, since present trends focus on optical bioprobes emitting in
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FIGURE1l | Chemical structures of the lanthanide complexes LnL1 and LnL3 studied in this work and of reference anionic complexes LnL2- (LnL2)
and LnL4- (LnL4). Chelating structures: L1 (Porphyrin-type): 5,10,15,20-tetrakis(N-methyl-pyridinium-4yl)-21,23H-porphyrin tetraiodide; L2, DOTA:
222", 2. (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetrayl)tetraacetic acid); L3 (Salen-type): [N, N’-bis(3-methoxysalicylidene)propane-1,3-diamine]
zinc(II); L4, H4EDTA: ethylenediamine tetraacetic acid (2,2', 2,’, 2/”—(ethane—1,2»diyldinitrilo)tetraacetic acid).
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the NIR-I and NIR-II biological windows [24]. The luminescent
properties of the lanthanide complexes were analyzed under differ-
ent conditions, including a cell-cultured environment and the pres-
ence of interfering ions, to unravel the potential relationship
between complex stability and bioimaging capability.

2 | Results and Discussion
2.1 | Stability Constants

Figure 2 shows the photophysical properties of the NIR-emissive
complexes YbL1 and NdL3, and of their corresponding ligands.
The spectra of the porphyrin compounds show a significant red
shift between the absorption of the ligand and of the ytterbium
complex, which can be used to determine the speciation in solu-
tion. The most intense absorption bands at 422 and 441 nm of L1
and YbL1, respectively, refer to the ‘Soret’ band (Figure 2a) [25].
The much weaker Q bands appear in the 500-700 nm range.
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FIGURE 2 |

When excited at 420 nm, the free porphyrin L1 generates a broad
emission from 600 to 800 nm peaking at 670 nm (Figure 2b) that
almost completely vanishes for the Yb** complex, due to energy
transfer, with emission in the NIR around 1000 nm (*Fs;,—F,,
transition) (Figure 2c).

The absorption spectrum of the salen-type ligand (L3) (Figure 2d)
is weak, due to small solubility; it displays three bands at 261,
297, and 419 nm assigned to © — =* transitions. Upon coordina-
tion with Nd>*, two main bands remain, at 266 nm, with should-
ers at 279 and 341 nm. Upon excitation at 355nm, a broad
emission band is observed, with a maximum at 462 nm for L3
(Figure 2e), while this band is absent for the complex, pointing
to efficient energy transfer to the neodymium ion. The sharp and
weak emission band at around 400 nm corresponds to the Raman
band of the water stretching vibration (Figure 2e inset). In the
NIR range (Figure 2f), emission bands at 900, 1062, and
1334nm are observed that can be assigned to *Fi, — Iy,
“F3/, = “T11/2, and *Fs;» — *L13), transitions of Nd** [21].
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Photophysical properties of lanthanide complexes and their corresponding ligands. (a) Absorption, (b) visible emission, and (c) NIR

emission spectra of the porphyrin-based ligand L1 (10 pM in 20 mM Tris, 150 mM NaCl, pH 7.5, Aex. = 420 nm) and its ytterbium complex YbL1 (10 pM
in 20 mM Tris, 150 mM NaCl, pH 7.5, Aexc =420 nm). (d) Absorption, (e) visible emission, and (f) NIR emission spectra of the salen-based ligand L3
(50 pM in 20mM Tris, 150 mM NaCl, pH 7.5, Aexc =355nm) and its neodymium complex NdL3 (50 pM in 20 mM Tris, 150 mM NaCl, pH 7.5,
Aexc =355 nm). Insets in (b) and (e) show magnified views of the visible emission for YbL1 (165x magnification) and NdL3 (256x magnification),

respectively.
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Since the NIR emission intensity may not be linearly proportional
to concentration [26], we turned to the absorption spectra for the
determination of the stability constants. Two different protocols
were used, depending on the stability of the complexes (Figure
S24a) direct measurement and the competing method. The direct
method involves the spectrophotometric monitoring of absorption
bands to quantify the concentrations of the metal complex. By
applying the Beer-Lambert law to these measured absorbance val-
ues, we can directly calculate both the dissociation rate constants
and the thermodynamic stability constants. However, a direct
method cannot be applied to the measurement of the stability con-
stant of the Ln-porphyrin-based complexes, as they are highly sta-
ble. Their kinetic inertness requires an impractically long duration
to reach thermodynamic equilibrium. The spectrometer cannot
detect the subtle absorbance changes occurring in a short period,
as the changes could be masked by instrumental noise or baseline
drift, making it impossible to accurately calculate the stability con-
stant. Therefore, a competition strategy was selected with ethylene-
diaminetetraacetate disodium salt (Na,-EDTA) as the competing
ligand. The final equilibrium involving 5 components, Ln*,
LnL1, L1, EDTA%, and Ln-EDTA (LnL4) was reached after a long
time, over 90 days (Figure S24b), pointing to very slow ligand
exchange kinetics, as expected for this type of macrocyclic com-
plexes. Calculation of the stability (association) constant defined
by Equation (2) was made using Equation (6) (see Experimental
Section): linear regression of the log plot yields the difference
between the stability constant of the complex with the competing
ligand and the stability constant of LnL1 (Figure S25-20). The
data obtained are reported in Table 1. They point to the porphyrin
complexes being 1-2 orders of magnitude more stable than EDTA
chelates, but 4-7 orders of magnitude less stable than DOTA com-
plexes. One of the reasons for better stability compared with EDTA
is related to the cyclic structure of porphyrin, which has a pre-orga-
nized conformation for metal binding, while L3 is a semi-preorgan-
ised open ring. Kldui’s cap also helps to satisfy the coordination
number of the trivalent lanthanide and enhances the stability of
the monoporphyrinates. [15, 29, 30]

The stability constants of the salen-type complexes (LnL3) have
been measured directly, as they are not very stable, while the sta-
bility constant can be calculated via dissociation without a third
additive. The absorption spectra were measured immediately
after dissolution in water and then were monitored for 10 days,
the time needed to reach equilibrium. The absorption at both 265
and 345 nm decreases with time, and considering the negligible
absorption of the ligand at 345 nm, this absorption can be used
for quantifying the complex concentration. The extracted

constant logK for NdL1 is 4.82 + 0.20. Using the same method,
logKc for the other two lanthanides was found slightly larger
(Table 1), in line with increasing electron density on the metal
ion as well as the lanthanide contraction [31]. Furthermore, the
stability constants exhibit a progressive increase across the lan-
thanide series. We attributed this trend to the lanthanide contrac-
tion, where the decreasing ionic radii and increasing charge
density of the heavier Ln>' ions facilitate stronger electrostatic
interactions and a superior fit within these pre-organized chelat-
ing cavities.

2.2 | Imaging Capability

To assess the influence of the stability of NIR-emitting lanthanide
complexes on their imaging feasibility, emission spectra were
measured in three different solvents, including water, phosphate
buffer saline (PBS), and the cell culture minimum essential
medium (MEM); they are displayed in Figure 3.

The YbL1 macrocyclic complex remained NIR-emissive in all 3 sol-
vents upon excitation at 420 nm. However, because the MEM back-
ground emission is also excited at this wavelength (Figure 3a), this
causes a decrease in Yb*>* emission in this medium (Figure 3b) with
absorption overlapping. On the other hand, the Nd** emission was
almost quenched when NdL3 was dissolved into PBS and MEM,
while the ligand emission in the visible was enhanced significantly
(Figure 3d-e). These changes suggest that Nd** dissociates from the
light-harvesting ligand in a biological environment.

To test the feasibility of the lanthanide complexes for bioimaging,
the luminescent spectra were further measured after the addition
of large amounts of different potentially interfering cations,
which are common trace elements in the human body.

In the case of YbL1, the addition of Mg>*, Ca**, Cr**, Fe**, Cu®*,
and Zn** enhances the porphyrin emission, particularly for Cr**
(1.5-fold), Fe** (3.7-fold) and Zn** (2.4-fold). Turning to the
NIR emission intensity, N a™ and Zn?* have almost no effect, while
the other ions decrease it, marginally for Mg**, Ca**, Co®*, and
Cu** (~12%-25%), ~30% for Cr**, and > 99% for Fe**. The large
quenching effect from Fe** probably arises from a strong interac-
tion of this ion with the porphyrin, leading to Yb** dissociation.

Regarding the Schiff base complex NdL3, the addition of Na*,
K™, and Mg?" has no influence on the ligand emission intensity,
while only Mg”* quenches the metal ion luminescence (~13%),
indicating the preservation of the complex structure. However,
the addition of Ca®* decreases the NIR emission by ~69% while
largely enhancing (tenfold) the ligand emission at 450 nm,

TABLE 1 | Experimental stability constants for LnL1 and LnL2 complexes and corresponding data for LnL2 [22, 27] and LnL4 [28].

Stability constants log K¢

L2 [°
Ln L1 [*] (this work) (Ref.[2]2) L3 [“] (this work) L4 [] (Ref. 31)
Nd n.d. 23.0 4.82 = 0.20 15.75 = 0.06
Gd 17.30 £ 0.02 24.7 497 £ 0.07 16.28 * 0.06
Er 18.91 *= 0.03 24.4 n.d. 17.45 = 0.06
Yb 21.11 £ 0.11 25.0 5.12 £ 0.13 18.04 £+ 0.07

Standard deviation calculated on triplicate repeat experiments. Equilibrium at 37°C in PBS buffer (0.1 M NaCl, pH 7.5).
® Spectrophotometric measurement in 0.01 M acetate buffer, 0.1 M NaCl, pH 3.89; room temperature.
¢ Standard deviation calculated on triplicate repeat experiments. Measurement at room temperature, in water at pH 7.

9 Potentiometric titration in 0.50 M NaCIQ, at 25°C.

4 of 9

Chemistry - Methods, 2026

85UB0|7 SUOLUWIOD BAIERID 3ot idde 8y} Aq peusAof ae 9oL O 88N 4O S3|N. 10} ARIq 1T BUIIUO 481 UO (SUOIPUCD-PU-SLLLIBYLIOD" A3 1M Ae.c] U1 Uo//SIIL) SUORIPUOD pUe SULB L 83 89S *[9202/S0/vT] U0 ArigiTauliuo ABIM ‘WOH DN NH ALISHIAINN DINHOILATOd DNOM ONOH Ad Z0TOL PILUS/Z00T 0T/10p/wiod" A3| i Ase.qijeut|uo ado.ne-ALs ILweyo//sdny woiy pepeojumod ‘S ‘9202 ‘5268292



—~
()
~

water
——YbL1 in water

PBS
——YbL1 in PBS

MEM
——YbL1 in MEM
Aexe = 420 Nm

exc

Intensity (a.u.)

450 500 550 600 650 700 750 800
Wavelength (nm)
(b)

water
——YbL1 in water

PBS
——YbL1in PBS

MEM
——YbL1 in MEM
Aoye =420 Nm

exc

Intensity (a.u.)

800 1000 1200 1400 1600
Wavelength (nm)

(c)

B 670 nm
= 3{ [ 1024 nm
£
o 2]
=
B
c“é 1

Ctrl Na* K' Mg* Ca®* Cr** Fe** Co?" Cu** Zn*"

FIGURE 3 |

—
o
~

water
—— NdL3 in water
PBS
——NdL3 in PBS
MEM
—— NdL3 in MEM
Aexc = 355 Nm

‘exc

Intensity (a.u.)

400 450 500 550 600 650 700 750
Wavelength (nm)

O
2,

water
—— NdL3 in water
PBS
——NdL3 in PBS
MEM
—— NdL3 in MEM
Maye = 355 Nm

exc

Intensity (a.u.)

800 1000 1200 1400 1600
Wavelength (nm)

B 450 nm
I- 1060 nm

-
o
L

N
N

Relative Intensity
w

-

0
Ctrl Na* K* Mg? Ca* Cr** Fe* Co?* Cu?* Zn**

Emission spectra of (a), (b), (c) YbL1 (10 uM, 0.1%DMSO0), and (d), (e), (f) NdL3 (50 pM, 0.5%DMSO), in different solvents and in

presence of different potentially interfering ions (5 mM); (a), (b) ligand emission; (b), (e) Ln>* emission; (c), (f) black bars: ligand emission, red bars:

Ln>* emission.

pointing to Ca®* replacing Nd**. The addition of Zn** has simi-
lar but much less important effects with the 450-nm emission
enhanced ~threefold and the NIR emission decreased by ~ 17%;
we interpret these data as arising from partial displacement of
Nd**. The transition metal ions all substantially quench the
Nd** emission while inducing diverse effects on the ligand emis-
sion, with Cr** and Cu®* increasing it, and Fe** and Co** que-
nching it. This translates to the Nd** complex being dissociated
upon competition with these ions.

To further test the stability of the lanthanide porphyrin complexes,
we have titrated them with trivalent iron. Unlike the Yb** complex,
the Gd** and Er** porphyrin complexes did not display the metal-
centered luminescence due to the unmatched energy level.
Therefore, the effect of Fe>* was unraveled by monitoring the
intensity of the excitation spectrum of the 670-nm ligand emission
band. The excitation band at around 450 nm increases with increas-
ing Fe**concentration, while the intensity of the 400-nm band
decreases, which indicates the formation of an iron-porphyrin
complex. This was confirmed by titrating the porphyrin ligand
(L1) with Fe** (Figure 4). The trend of change follows the trend
of stability constants. The more stable the lanthanide complex is,
the smaller the difference between the excitation pattern changes.

However, the change only happens at high iron concentrations
with a molecular ratio greater than 100, which is in line with
the large stability constant of LnL1.

To further test the imaging potential of the studied lanthanide
complexes, luminescence titrations with human serum albumin
(HSA) were performed (Figure 5).

Regarding the stable complex YbL1, the addition of HSA up to 10
equivalents did not reduce the NIR emission, meaning that the
complex structure was maintained. The increasing emission at
around 470 nm (Figure S34) is due to the increasing concentra-
tion of free HSA during the titration process. Conversely, the
porphyrin emission at 670nm remains constant, pointing to
the non-dissociation of the macrocyclic complex. These results
indicate that the imaging ability of YbL1 will not be affected
by serum proteins such as HSA.

On the contrary, the addition of HSA to NdL3 resulted in a
large variation of the emission intensity (Figure 5d-f). As soon
as HSA is added to the solution, Nd*>* luminescence increases
sharply up to a [HSA]/[NdL3] ratio of 0.1, for which the inten-
sity is fivefold the initial one. But with further HSA addition,
the Nd** emission constantly decreases to reach 24% of the
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FIGURE 4 | Luminescence titration of L1 and LnL1 complexes by Fe

3+ : 11 (a), GdL1 (b), ErL1 (c), and YbL1 (d) (10 uM in 20 mM Tris, 150 mM

NaCl, pH 7.5, Aem = 670 nm). (e) Relative intensity change upon addition of Fe**, C = [L1] or [LnL1], Relative Intensity Change = I4sonm/Is20nm — Lasonm/

I420nm at [Fe3+] =0.

initial intensity. Figure S35-36 shows the emission spectra 5,
10, and 15 min after HSA addition, pointing to the fast reaching
of the chemical equilibrium. In parallel, the ligand emission
intensity steadily increases up to a [HSA]/[NdL3] ratio of
1.5 and then stabilizes. Initial interaction of HSA favors energy
transfer onto the Nd>* ion, but the NdL3-HSA resultant con-
jugate rearranges, and transmetallation occurs, indeed, HSA is
the main carrier of Zn?* in blood plasma and has, therefore, a
high affinity for this ion.

The above results clearly emphasize the importance of assessing
bioprobe stability when used for luminescence imaging since
both biomolecules, such as proteins, or common metal ions pres-
ent in the plasma and other biological fluids, such as iron, will
otherwise interfere and, at least partially, destroy the probe.
During measurement of the stability constants, complexation
kinetics must be considered; that is, the stability constants should

be determined at equilibrium. In addition, experimental condi-
tions like temperature [13], ionic strength [32], and pH [33] also
influence the stability of the metal complexes.

3 | Experimental
3.1 | Photophysical Properties

UV-visible absorption spectra in the spectral range 200-1100 nm
were recorded with an HP Agilent UV-8453 spectrophotometer.
A Horiba Fluorolog-3 spectrophotometer setup equipped with a
visible to near-infrared-sensitive photomultiplier in a nitrogen
flow-cooled housing was used for both luminescence lifetime
and steady-state emission measurements. All data were proc-
essed with Origin 2021 from OriginLab.
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FIGURES5 | Luminescent titration of LnL1 complexes with HSA (20 mM Tris buffer, 150 mM NacCl, pH 7.5). Emission spectrum of YbL1 (10 pM) in
the visible (a) and NIR (b) with the addition of HSA, and summarized trend (c). Emission spectrum of NdL3 (50 pM) in the visible (d) and NIR (e) with
the addition of HSA, and summarized trend (f).

3.2 | Stability Constants K - [ML] @
=

3.2.1 | LnL1l: Competitive Titrations With EDTA M] > [L]

Reactions were performed in phosphate buffer solutions (PBS, K, = MIx[L] _ 1 3)

pH 7.4) and were monitored by UV-visible spectroscopy until [ML] K,

equilibrium was reached. Typically, 3 ml solutions of LnL1

10puM in PBS containing different amounts of Na4-EDTA [ case of competition with a second ligand L', Equation (1)
(0-1mM for GdL1, 0-10mM for ErL1, and 0-15mM for  becomes

YbL1) were shaken for longer than 90 days to reach equilib-
rium. Absorption bands at 422 (L1) and 441 nm (LnL1) were
monitored. There is some overlap between these bands, so a
correction had to be applied considering the molar absorption

[ML]+L = [ML]+L @)

can be derived from Equation (3) :

coefficients of each species. To increase accuracy, another pair Ky [M]x[L]  [M]x[L]

of absorption bands at 519 and 564 nm was included in the cal- K_:i = [ML] - [ML] ®)
culations performed with OriginLab 2021. All experiments

were conducted in triplicate. After mathematical rearrangement, the relationship between the

Stability constants were calculated as follows. The formation  stability constants of the two complexes can be written as:
equilibrium of a 1:1 complex, described by the chemical equation [ ] [ ]
ML L

ML + logKp =log o +logK |, (6)

M+L = [ML] Q) log

is characterized by the corresponding association (Equation (2) ) Since the concentration of the newly formed metal complex with
or dissociation (Equation (3) ) constants the competing ligand is equal to the concentration reduction of
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the original complex, the logarithm of their quotient is 0. The
relationship between the known stability constant and the stabil-
ity constant of interest is, therefore:
L] :
logKp = logm +logKD, @)

After calculation of the actual concentration of complex and
ligand with different additions of EDTA, the logarithm of the
ratio between the concentrations of Gd-EDTA (with known
pKp) and GdL1 (with unknown pKp) was plotted against the log-
arithm of the quotient between the concentrations of EDTA and
L1 according to Equation (6) [34]. When the concentrations of
the 2 metal complexes are equal, the log of their quotient is 0,
and the stability constant can be easily calculated.

3.2.2 | LnL3: Direct Method

Solutions of propylene(C3)-Zn-Nd-salen (50 pM in Milli Q water)
were prepared in 1-month time interval. The absorption and
emission spectra in the visible and NIR were obtained with
the HP Agilent UV-8453 spectrophotometer. The absorption
spectra were monitored at 345 nm; experiments were made in
triplicate.

3.3 | Interference Determination

All experiments were conducted in triplicate. 3 mL of solutions of
LnL3 (10 uM for Yb, 50 pM for Nd) containing 5 mM of different
metal chlorides (NaCl, KCl, MgCl,, CaCl,, ZnCl,, CuCl,, CoCl,,
CrCl, FeCl;) were shaken for 3 days. Emission spectra were
recorded in both visible and NIR spectral ranges.

3.4 | Luminescent Titration With HSA

To a 2.5mL solution of lanthanide complex (10 uM for YbLI,
50 pM for NdL3) in TBS, HSA was added gradually. The emission
spectra were recorded in both visible and NIR spectral ranges.

3.5 | Luminescent Titration With Fe>*

3 mL of solutions of LnL1 and L1 (10 pM) were reacted with var-
ious concentrations of FeCl; (0, 10, 50, 100, 500, 1000, and
5000 uM), respectively. Emission spectra were recorded in both
visible and NIR spectral ranges.

4 | Conclusion

The stability constants for lanthanide monoporphyrinates
capped with Kldui’s ligand were determined for the first time.
The LnL1 complexes exhibit slightly higher thermodynamic sta-
bility than Ln-EDTA complexes (by 1-3 orders of magnitude),
which might be due to the pre-organized coordinating ring
and to the capping ligand. On the other hand, despite their favor-
able encapsulation of the lanthanide ions, these complexes
remain 4-7 orders of magnitude less stable than the correspond-
ing Ln-DOTA complexes. A second point dealt with in this work
is the luminescence behavior of the LnL1 and LnL3 complexes
toward the addition of common metal ions within the framework

of potential imaging experiments. The response depends heavily
on the nature of the interfering ion and protein, and therefore
careful consideration of the medium in which the bioimaging
experiments are to be performed should be made.
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