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Abstract

Platinum chemistry covers a wide range of applications, including homogeneous and
heterogeneous catalysis as well as cancer therapy. Numerous Pt complexes have been
synthesized and studied in recent years, with NMR spectroscopy serving as the primary
technique for structural characterization. The Pt nucleus has favorable features for
NMR studies, being highly sensitive to ligand type and structural environment. From
a computational perspective, factors such as solvent effects, relativistic corrections, and
the electronic structure of the ligands strongly influence the calculated NMR parameters.
Consequently, establishing a general computational protocol for Pt NMR prediction
remains a challenging task. In this work, we present a systematic validation and extension of
our previously developed computational protocol, originally proposed for Pt(II) complexes,
in studying 195Pt NMR chemical shifts in Pt(I)-Sn(II) complexes. A benchmark set of
100 Pt(II)-Sn(II) complexes was analyzed, yielding good agreement with experimental data
(R? = 0.86, MRD = 3.6%, MAD = 163 ppm), which is remarkable given the structural
diversity and broad range of chemical shifts covered.

Keywords: catalysts; Pt(II)-Sn(II) complexes; Pt-195 NMR; computational protocol;
NMR-DKH basis set

1. Introduction

Platinum chemistry encompasses a wide range of applications, including hetero-
geneous catalysts for automobile exhaust treatment, homogeneous catalysts for organic
synthesis, and potential anticancer drugs [1-7]. In catalysis, Pt(II) complexes coordinated
with Sn(II) are recognized as highly efficient homogeneous catalysts for hydrogenation,
hydroformylation, carbonylation, and dehydrogenation reactions [8-15]. These complexes
exhibit remarkable activity for C-H bond activation and a low propensity for C-C bond
cleavage, offering significant advantages over the Rh- and Co-based catalysts widely used
in industry [9,10,16]. A representative example is the conversion of acetic acid to ethanol,
where Pt-Sn catalysts promote direct ethanol formation with high selectivity [17].

Pentacoordinate complexes of Pt(II) and Sn(II) were first investigated in 1964. The main
species of interest was [Pt(SnCl3)5]3~, characterized by a central Pt(Il) atom coordinated by
five SnCl3 ™ ligands [18]. This complex highlighted the importance of strong trans activation
in both catalytic activity and ligand exchange reactions [19]. Notably, [Pt(SnCl3)5]3~ is
one of the few species capable of catalyzing the hydrogenation of ethylene and acetylene
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under mild conditions, and it can serve either as a catalyst or as a precursor in reactions
such as vinyl halide coupling and styrene hydrogenation [12,20]. Later, in 1984, Pregosin
and Ruegger studied Pt and Pd salts with excess Sn(Il) chloride. From their NMR spectra,
new complexes containing SnCl3~ ligands were identified and recognized as effective
homogeneous hydrogenation catalysts [11].

The %Pt nucleus is the only NMR-active platinum isotope and possesses several
favorable properties (I = 1/2, y(1%°Pt) = 5.768 x 107 rad s~! T~!, resonance frequency
64.5 MHz at 7.05 T, natural abundance of 33.8%, relative sensitivity 0.00994 vs. 'H =1.00,
and absolute sensitivity 0.00336). In addition, its chemical shift (81%Pt) is highly sensitive
to conformation, oxidation state, and molecular environment. The chemical shift range for
195Pt is unusually large, spanning approximately 15,000 ppm (from +8000 to —7000 ppm)
relative to the reference compound [PtClg]>~ [21,22]. The relevance of Pt(I)-Sn(II) com-
plexes in homogeneous catalysis, combined with the attractive spectroscopic properties
of 1%°Pt, makes 1Pt NMR an important analytical tool [23]. Moreover, NMR plays a
fundamental role in elucidating reaction mechanisms [24].

The theoretical prediction of Pt NMR chemical shifts can provide support to ex-
perimental studies of Pt(I)-Sn(II) complexes. However, this task is far from trivial, as
the computed values are strongly influenced by many factors, including solvent effects,
relativistic contributions, and the geometry and electronic structure of the coordinated
ligands. Gilbert and Ziegler [25] showed that calculations employing DFT with the in-
clusion of relativistic effects in predicting the §!%Pt in neutral PtX,L, type compounds
showed good agreement with experimental data. The importance of including solvent
effects (implicit/explicit) for an adequate description of §!%°Pt is well explored in the litera-
ture [26-30]. Gabano et al. [31] employed a chemometric approach using an artificial neural
network algorithm in 185 Pt(II) complexes with good agreement with experimental data.
Models using machine learning have also been successfully employed in the study of %Pt
NMR [32,33]. Studies employing relativistic four-component calculations were performed
by Semenov et al. [34,35]. On the other hand, Tsipis and Karapetsas calculated 5'%°Pt with
good agreement with experimental data using nonrelativistic Hamiltonians [36-39].

Despite several studies addressing the prediction of !%Pt, computational studies of
Pt(IT) complexes with direct Pt-Sn bonding are scarce, even with rich experimental literature
on %Pt NMR in Pt-Sn compounds.

Paschoal et al. [40] developed an effective nonrelativistic computational proto-
col to predict 5!%Pt shifts for Pt(Il) complexes. To partially recover relativistic effects,
the authors constructed a dedicated Gaussian basis set, named NMR-DKH, for Pt and
all ligand atoms. The §!°°Pt values were obtained using an empirical model based on
the linear correlation between experimental 5Pt chemical shifts and the correspond-
ing calculated shielding constants (c'®Pt). The ¢'*Pt values were computed at the
GIAO-PBE/NMR-DKH/IEF-PCM(UFF)/ /B3LYP /LANL2DZ/ def2-SVP /IEF-PCM(UFF) level
of theory, where geometries were optimized at BALYP/LANL2DZ/def2-SVP /IEF-PCM(UFE)
and shielding constants were calculated at GIAO-PBE/NMR-DKH /IEFPCM(UFF). This
protocol was applied to a dataset of 258 Pt(Il) complexes (with 183 used as the train-
ing set and 75 used as the external validation set), and yielded a mean relative devia-
tion (MRD) of only 5% and a mean absolute deviation (MAD) of 168 ppm with respect
to experimental data. Among the 258 complexes, only two contained Sn(Il) ligands:
trans-[PtC1(SnCl3)(PEt3)>] (MRD = 0.4%, MAD = 100 ppm) and trans-[PtH(SnCl3)(PEts3)]
(MRD = 0.5%, MAD = 126 ppm).

Recently, Kondrashova and Latypov [41] evaluated different DFT functionals, ba-
sis sets, and the inclusion of relativistic effects in predicting §'°°Pt in Pt(I) and Pt(IV)
complexes. The results obtained by the authors showed that the NMR-DKH basis set is
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particularly suitable for studying the 1Pt NMR, since it presents a better description of
the electron density in the core region.

Considering the multiple factors that strongly influence > Pt NMR, the theoretical
prediction of 8'°Pt chemical shifts remains an extremely challenging task, highlighting the
need for a robust and general computational protocol. In this context, the present work
applies our previously proposed nonrelativistic protocol [40] to Pt(II)-Sn(II) complexes,
with the aim of evaluating and validating its performance in predicting 5'°°Pt shifts for a
representative set of complexes containing Pt-Sn bonds.

2. Methodology

A set of 100 Pt(I)-Sn(IT) complexes for which experimental 5'*°Pt chemical shifts
are available was selected [11,22,42-50]. The geometries of these complexes were op-
timized and characterized as minima on the potential energy surface (PES) at the
B3LYP/LANL2DZ/def2-SVP/IEFPCM(UFF) level of theory. This approach combines
the hybrid DFT functional B3LYP [51-53] with the LANL2DZ effective core potential (ECP,
60 electrons) and corresponding valence basis set for Pt [54], and the def2-SVP basis set
for the ligand atoms [55,56]. It is important to note that the def2-SVP basis set for Sn also
includes an ECP for the 28 core electrons [55]. Solvent effects on both the geometry and
the NMR calculations were incorporated using the IEF-PCM (Integral Equation Formalism
for the Polarizable Continuum Model) with atomic radii set according to the UFF (Uni-
versal Force Field) [57]. The solvents employed in the experimental NMR measurements
were considered in the calculations. All geometry optimizations were carried out with the
GAUSSIAN 16 Rev. C.01 program [58].

For the complexes [Pt(SnCl3)5]3~ (Cpx39) [59] and trans-[Pt(COCsHs)(SnCl3)(PEt;3)7]
(Cpx61) [50] (Figure 1), experimental X-ray structures are available in the literature. These
structures were therefore used as benchmarks to assess the performance of the computa-
tional protocol in predicting the geometries of Pt(II)-Sn(II) complexes.

_ .
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Cl3Sn,, \ /
“Pt——SnCl, P
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SnCl; Cl3Sn PEt;
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Figure 1. Pt(I)-Sn(II) complexes with experimental X-ray diffraction data available. (a) [Pt(SnCl3) 515~
(Cpx39) [59] and (b) trans-[Pt(COC¢Hs)(SnCl3)(PEts),] (Cpx61) [50]. Straight lines represent bonds in
the plane of the page; solid wedges represent bonds projecting out of the plane toward the observer,
whereas hashed wedges represent bonds projecting behind the plane.

The §'%°Pt chemical shifts were calculated using Equation (1), where ¢'*Pt rep-
resents the shielding constant obtained with the GIAO (Gauge-Independent Atomic
Orbital) [60-64] approximation at the PBE/NMR-DKH/IEE-PCM(UFF) level of theory.
This approach combines the GGA DFT functional PBE [65,66] with the NMR-DKH basis
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set, which is an all-electron basis set specifically designed for all atoms, with particular
emphasis on accurately describing NMR properties [40,67-72].

519°Pt = —2065.7558 — 0.92500°°Pt (1)
The NMR properties were calculated using the GAUSSIAN 16 Rev. C.01 program [58].

3. Results and Discussion
3.1. Structural Analysis

The geometries of the complexes Cpx39—[Pt(SnC13)5]3* and Cpx61-#rans-{Pt{COCsHs)(SnCls)(PEts),]
were optimized and characterized as a minimum point on the PES (all harmonic frequencies found real)
at BSLYP/LANL2DZ/def2-SVP /IEF-PCM(UEF) level (Figure 2). Calculated bond lengths and angles
were compared to the solid-state X-ray structures [50,59] (Table 1).
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Figure 2. Optimized structures for the Pt(IT)-Sn(IT) complexes. (a) Cpx39-[Pt(SnCl3)5]*~, (b) Cpx61-
trans-[Pt(COC¢Hs5)(SnCl3)(PEt3),]. The level of theory employed was B3LYP/LANL2DZ/def2-
SVP /IEF-PCM(UFF).

Table 1. Bond lengths (in A) and bond angles (in degrees) for the complexes Cpx39—[Pt(SnC13)5]3*
and Cpx61-trans-[Pt({COCgHs)(SnCl3)(PEt3),] obtained at the level BALYP/LANL2DZ /def2-SVP /IEF-
PCM(UFF). The experimental X-ray data are also included.

Cpx39-[Pt(SnCl3)s13~ Calc. Expt. [59] RD ?
Pt-Sn (axial) 2.64 2.55 3.7%
Pt-Sn (equatorial) 2.70 2.57 5.0%
Sn-Pt-Sn (axial) 179.5 180.0 0.3%
Sn-Pt-5n (equatorial) 120.0 120.0 0.0%
MRD 2.2%
Cpx61-trans-[Pt(COCsH;5)(SnCl3)(PEt;),] Calc. Expt. [50] RD?2
Pt-Sn 2.79 2.63 6.1%

Pt-P 2.40 2.32 3.4%

Pt-C 2.04 2.05 0.5%

P-Pt-P 173.8 170.8 1.8%
C-Pt-Sn 171.9 173.1 0.7%

P-Pt-C 90.9 90.3 0.7%
P-Pt-Sn 90.3 92.2 2.1%

MRD 2.2%

a RD = relative deviation; P MRD = mean relative deviation.
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For Cpx39, the calculated Pt-Sn(axial) and Pt-Sn(equatorial) bond lengths showed
relative deviations (RD) of 3.7% and 5.0%, respectively. In contrast, the bond angles were
less sensitive, with Sn-Pt-Sn(equatorial) and Sn-Pt-Sn(axial) angles showing RD of only
0.3% and 0.0%. For Cpx61, which contains Pt-Sn, Pt-C, and Pt-P bonds in the coordination
sphere, the RD were 5.8%, 0.3%, and 3.3%, respectively. The corresponding bond angles
(P-Pt-P, C-Pt-Sn, P-Pt-C, and P-Pt-Sn) showed deviations below 2.5%. Overall, the MRD
across all structural parameters was 2.2% for both complexes. Most of the deviation is
due to the Pt-Sn bond, which was consistently overestimated. These results demonstrate
that the theoretical level used for geometry optimization provides a reliable description of
Pt(II)-Sn(Il) complex structures. It is important to note that some differences are expected,
as the calculations represent solution-phase structures (continuous model), whereas the
experimental data are obtained in a solid state.

3.2. Calculation of 6'%° Pt

Equation (1) was first applied to predict the §1°°Pt chemical shifts of complexes Cpx39
and Cpx61, where the shielding constant (c1%°Pt) was calculated at the GIAO-PBE/NMR-
DKH/IEF-PCM(UFF) level of theory. In these calculations, the all-electron NMR-DKH basis
set was employed for all atoms. The predicted values were —5916 ppm and —4460 ppm,
respectively, both in excellent agreement with the experimental data (—5894 ppm [11] and
—4532 ppm [50]). Next, we applied the same computational protocol to a broader set of
Pt(II)-Sn(Il) complexes for which experimental data are available (Table S1).

The experimental shifts range from —2748 to —5894 ppm and show a strong cor-
relation with the predicted values (Figure 3), with the regression explaining about
86% of the variance (R*> = 0.86). Statistical analysis further indicates a mean abso-
lute deviation (MAD) of 163 ppm, corresponding to a mean relative deviation (MRD)
of only 3.6%. The largest deviation was found for [PtClAsEt;](u-Cl),[Pt(SnCl3) AsEts]
(20.1%), [PtCl3(SnCls)2]~ (17.6%), followed by [Pt(SnCls)3(P(OPh)s)2]~ (12.7%), cis-
[PtCly(SnCl3),]*~ (11.8%), cis-[Pt(SnPhy(SCH,Ph))Ph(PPhs),] (11.8%), and [PtCIPEts](p-
CD)2[Pt(SnCl3)PEt3] (11.1%). For the remaining 94 complexes, the absolute RD was below
10%, demonstrating that the computational protocol is robust and applicable to a broad set
of Pt(II)-Sn(Il) complexes.

When a direct comparison between calculated and experimental values is performed
(Figure 4), good agreement is observed for most complexes. To better assess the reliability
of the computational protocol, the dataset was divided into groups according to their net
charge (0, —1, —2, and —3; see Table S1). For neutral complexes (81 compounds), the
MRD was 3.2%, increasing to 4.7% for anionic complexes with charge —1 (12 compounds)
and 8.5% for those with charge —2 (5 compounds). For the group with net charge —2,
the calculated 5'%°Pt values are generally more negative than the experimental values,
indicating that the %Pt nucleus is more shielded than observed experimentally. The larger
MRD observed for these complexes can therefore be attributed, at least in part, to counterion
effects that were not included in original protocol and consequently in the calculations
of the present work. By contrast, the two complexes with charge —3 were satisfactorily
described by the computational protocol, with RD values below 2.5%.

Tsipis et al. [37,38] showed that in solution, ion-pairing interactions between charged
complexes and their counterions can result in changes in the geometry and electronic
structure around the coordination sphere of the Pt nucleus, which would result in changes
in the calculated 5!%°Pt values. In order to evaluate the effect of the counterion on Pt(II)-
Sn(Il) anionic complexes, the computational protocol was applied to the study of these
complexes with the explicit inclusion of counterions.
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Figure 3. Correlation between the calculated and experimental values of §'%°Pt for 100 Pt(IT)-Sn(IT)
complexes. Charged complexes are highlighted in orange, bimetallic complexes in green, and other
complexes in blue.
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Figure 4. Comparison between the calculated (green line) and experimental (red line) 519Pt values
for the 100 Pt(IT)-Sn(II) complexes studied. The relative deviation (RD) is shown as blue bars. 5195pt
values are displayed on the left vertical axis, while RD values are plotted on the right vertical axis.

From the calculated results (Figure 5 and Table S2), it can be seen that the inclusion of
counterions results in small variations in the calculated §19°Pt, with variations of around 20
to 300 ppm being observed. Despite the variations, the general trends observed in the cal-
culated 5%°Pt remain the same when the counterions are included, with the experimentally
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observed trend being adequately described with and without the inclusion of counterions.
These results indicate that the computational protocol employed can recover the electronic
effects that influence the shielding of the '®>Pt nucleus in Pt(Il)-Sn(I) complexes. It should
also be kept in mind that the applied protocol was not constructed with the inclusion of

counterion effects in the charged complexes.

~2000
3000
—4000
~5000
-6000
~7000
W a¥ W N N ¥ \¢ N o N4 N\ N o O &N I el 3
S T ST LI T I LT TS TS
F o dF T FE NS I P R R IR I
ST LTS CF I TSI FFS S EFTFES
R (Ol R QS Qo S S X ¢ ¢ 8 >
& FFE FTF & FE W E S S &
£ L & & & & ¢ 0 O o ha & N
DR\ AR MR N O & & & &
RS N . & <& &
< Q é‘%'\ < oo ® ®

—o—Experimental -~®-Charged -#i=With Counterion

Figure 5. Comparison between the experimental and calculated with (MRD = 5.2%) and
without (MRD = 5.5%) the inclusion of counterions §!%°Pt values for the charged Pt(II)-Sn(II)
complexes studied.

When the subset of complexes containing two Pt centers is considered (7 complexes
with 10 signals; see Table S3), the MRD increases to 8.7%. This higher deviation can
be attributed to stronger relativistic effects arising from the presence of two Pt nuclei.
However, it is observed that the calculated values adequately describe the experimentally
observed trends.

The complexes were also analyzed with respect to the number of SnCl;~ ligands,
which ranged from one to five (see Table S4). It can be observed that the values of 519Pt
vary between —2748 and —5322 ppm for one SnCl;~ ligand, —4178 and —5480 ppm for
two ligands, —4829 and —5629 ppm for three ligands, —5615 and —5824 ppm for four
ligands, and —5894 ppm for five ligands. The observed trends in '*°Pt values can also be
qualitatively interpreted in terms of ligand electronic effects. In general, stronger o-donor
ligands increase electron density at the platinum center, leading to increased shielding
and therefore more negative §!°°Pt values. The presence of SnCl3~ ligands significantly
influences the Pt electronic environment due to their strong trans influence and o-donor
character, which contributes to the large shielding observed for many complexes.

In general, the MRD increased with the number of SnCl;~ ligands, except for
the complexes containing four or five ligands. For complexes with one SnCl3~ ligand
(42 compounds with 45 signals), the MRD was 4.0%, being 2.9% without the three bimetal-
lic complexes that presented the highest RD in this series. The MRD increased to 3.4% for
complexes with two ligands (19 complexes) and to 4.8% for complexes with three ligands
(6 compounds). In contrast, the MRD values were lower for complexes containing four and
five SnCl3 ™ ligands, 3.1% (3 compounds) and 0.4% (1 compounds), respectively. Overall,
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the increase in MRD can be attributed to the higher negative charge generally associated
with a greater number of SnCl3 ™~ ligands, as well as to stronger relativistic effects resulting
from the increasing number of Pt-Sn bonds.

The nature of the ligand trans to the SnClz ~ group also influences the §'%°Pt. A clear
trend can be observed for the series trans-[PtX(SnCl3)(PEt3),], where X (COC¢Hs~, CI7,
CH,Ph~, CH3~, SnCl3 ™, and H™) represents different ligands coordinated to platinum. The
§1%Pt values (Figure 6) become progressively more negative as the o-donor strength of the
ligand increases. For example, the acyl ligand COCgHs~, which has significant r-acceptor
character, leads to the least negative chemical shift (—4532 ppm), indicating reduced
shielding at the Pt nucleus. In contrast, strongly o-donating ligands such as hydride (H™)
and SnCl; ™~ produce substantially more negative chemical shifts (—5302 and —5152 ppm,
respectively), reflecting increased electron density at the Pt center. Alkyl ligands such as
CH3~ and CH,Ph™ show intermediate behavior, consistent with their strong o-donor but
weak 7-acceptor character. This trend demonstrates that the computational protocol can
reproduce subtle electronic effects associated with ligand donor properties.

-4000
COCHy < CI' < CH,Ph" < CH; < SnCl; < H-

4200 Increase o-donor character
—4400
i —4600
]
&
&£ —4800
)
-5000
-5200
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& & & & &
N N g N o8 R
& & & & &
&° oF o &% & ¢
& % g & N &
Y & & & o &
& Rid \Q‘\ &N § &
N & {’o
& & $
‘@9 &
—8—Calculated ~#—Experimental

Figure 6. Assessment of nature of the ligand trans to the SnCl3 ™ in the 5195Pt chemical shift values
for the series trans-[PtX(SnCl3)(PEt;3),], where X = COC¢Hs~, Cl—, CH,Ph—, CH3 —, SnCl3~,and H™.

Lastly, nine of the complexes studied present coordination number (CN) = 5, adopting
trigonal bipyramidal geometry (see Table S5). For this subset, the MRD was 3.4%. Although
the computational protocol was originally developed for Pt(II) complexes with CN = 4
and square-planar geometry, the MRD obtained for these nine complexes is of the same
order as the average of the full dataset (3.6%). The similar level of accuracy observed for
four- and five-coordinate complexes suggests that the protocol captures the main electronic
factors governing the %Pt shielding in these systems. This finding also indicates that the
method may be applicable to a broader range of Pt(II) coordination geometries, which
may be largely attributed to the use of the all-electron NMR-DKH basis set for Pt and the
coordinating ligand atoms.

Finally, a subset of structurally related complexes was selected to evaluate the abil-
ity of the computational protocol to distinguish subtle structural differences. Figure 7
shows the series of complexes with general formula trans-[Pt(CsHs-m-L)(SnCl3)(PEts)s],
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where L = Br, OCH3, or CH;. The experimental §'°°Pt values for this series range
from —4851 ppm (L = Br) to —4868 ppm (L = CH3). The calculated 5'°Pt values were
—4827 ppm (L = Br), —4839 ppm (L = OCH3), and —4843 ppm (L = CHj3). The experimen-
tal variation in chemical shift across the three complexes was 17 ppm, while the calculated
variation was 16 ppm. Moreover, the computational protocol correctly reproduced the
experimental trend, confirming its ability to capture subtle substituent effects on §'%°Pt.
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Figure 7. Comparison of the 519Pt chemical shift of the three compounds with a trans-[Pt(CgHy-m-
L)(SnCl3)(PEt3);] profile of L = Br, OCHj3 and CH3.
A comparison was also performed for the complexes with general formula trans-
[PtH(SnCl3)(PL), ], where L = Et3, PhoyCH,Ph, or Phs (Figure 8). These species differ only
in the nature of the phosphine ligands, leading to experimental §!*°Pt values ranging
from —5302 ppm (L = Et3) to —5195 ppm (L = Ph3). The calculated values reproduced the
experimental trends with high accuracy, with the largest absolute deviation being only
5 ppm for the complex with L = PhyCH,Ph.
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Figure 8. Comparison of the chemical shift of the three compounds with trans-[PtH(SnCl3)(PL),]
molecular formula with L = Et;, PhyCH,Ph e Phs.
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In summary, the computational protocol previously proposed for Pt(II) complexes [30],
satisfactorily reproduced the 5'°Pt chemical shifts of Pt(Il)-Sn(Il) complexes. Furthermore,
the protocol was sensitive enough to distinguish subtle variations in ligand environments,
making it a reliable and practical tool for assigning '*>Pt NMR spectra of these complexes.

4. Conclusions

In this work, the 1Pt chemical shifts were calculated for a set of 100 Pt(IT)-Sn(II)
complexes (103 §'°°Pt). The computational protocol employed was previously devel-
oped for Pt(II) complexes and incorporated our custom basis set for NMR predictions,
named NMR-DKH. The protocol consisted of three steps: (i) geometry optimization at the
B3LYP/LANL2DZ/def2-SVP /IEF-PCM(UFF) level; (ii) calculation of shielding constants
(c1%°Pt) at the GIAO-PBE/NMR-DKH /IEF-PCM(UFF) level; and (iii) determination of
§19°Pt values from a linear scaling relationship: 5!%Pt = —2065.7558 — 0.92500'%°Pt.

The first part of the protocol was evaluated using two probe complexes for
which experimental X-ray structures were available: [Pt(SnCl3)5]3~ (Cpx39) and trans-
[Pt(COCeHs5)(SnCl3)(PEts )] (Cpx61). The mean relative deviation (MRD) for both com-
plexes was 2.2%, with most of the discrepancy arising from the Pt-Sn bond lengths, which
were predicted to be ~6% longer than observed experimentally.

For the NMR analysis, 5'°°Pt values were calculated for 100 complexes with experi-
mental shifts ranging from —2748 ppm to —5894 ppm. The computed values showed
satisfactory agreement with experimental values, with R?> = 0.86, MAD = 163 ppm,
and MRD = 3.6%. Among these, 26 complexes exhibited MRD > 5%, and only 6 had
MRD > 10%. Part of the deviation can be attributed to the increase in negative charge: the
MRD was 3.2% for neutral complexes, rising to 4.7% and 8.5% for complexes with net
charges of —1 and —2, respectively. Complexes containing two Pt nuclei also showed devi-
ations above the average (MRD = 8.7%), suggesting more pronounced relativistic effects
that are not fully captured by the current protocol. Nevertheless, the methodology proved
capable of distinguishing subtle differences between isomers of Pt(II)-Sn(Il) complexes.

Opverall, the NMR-DKH basis set combined with the computational protocol previously
proposed for Pt(I) complexes provides a reliable approach for predicting 5'°Pt in Pt(II)-
Sn(Il) complexes and demonstrates that it may serve as a practical computational tool for
future studies of Pt coordination chemistry, including octahedral Pt(IV) complexes.

Supplementary Materials: The following supporting information can be downloaded at
https:/ /www.mdpi.com/article/10.3390/magnetochemistry12040049/s1: Tables S1-S5 provide
molecular formulas, NMR data, and classification of complexes by net charge, counterions, Pt
content, number of SnCl3~ ligands, and Pt coordination number 5.
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