
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

1 
A

pr
il 

20
23

. D
ow

nl
oa

de
d 

on
 4

/3
0/

20
26

 7
:1

2:
22

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
A sulfur monoxid
aDepartment of Radiochemistry, Shangha

Academy of Sciences, Shanghai 201800, Chi
bSchool of Nuclear Science and Technology, U

Beijing 100049, China

† Electronic supplementary information
and computational methods, addition
results. See DOI: https://doi.org/10.1039/d

Cite this: RSC Adv., 2023, 13, 12495

Received 24th March 2023
Accepted 17th April 2023

DOI: 10.1039/d3ra01932b

rsc.li/rsc-advances

© 2023 The Author(s). Published by
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A sulfur monoxide complex of platinum fluoride in the form of PtF2(h
1-SO) was generated via the

isomerization of a molecular complex Pt(SOF2) in cryogenic matrixes under UV-vis irradiation. The

infrared absorptions observed at 1205.4, 619.8 and 594.9 cm−1 are assigned to the S–O, antisymmetric

and symmetric F–Pt–F stretching vibrations of the PtF2(h
1-SO) complex, which possesses nonplanar Cs

symmetry with a singlet ground state according to density functional theory calculations. The

experimental vibrational frequency and computed distance (1.449 Å) of the SO ligand indicate that the

SO ligand features a positively charged character, which is further confirmed by natural bond orbital

analysis and Mayer bond order. Such character is completely different from that for early transition

metal–SO complexes and dioxygen complexes of platinum. Formation of the PtF2(h
1-SO) complex was

found to occur via the consecutive transfer of the two fluorine atoms from SOF2 to Pt in the sulfur

bound Pt(SOF2) complex, which involves a series of intermediates on the basis of the mechanism study

at the B3LYP level. Although the whole process is hindered by the large energy barrier encountered

during the transfer of the first fluorine atom, UV-vis irradiation can provide sufficient energy to surmount

this barrier and facilitates the formation of the nonplanar PtF2(h
1-SO) complex stabilized in matrix.
Introduction

The structure and bonding of transition metal dioxygen
complexes have been widely studied, since they act as model
complexes for the understanding of metal–O2 interactions
involved in a series of important catalytic and biochemical
processes.1–5Depending on the local environment, the O2 ligand
in these complexes either carries positive/negative charge or
serves as a weakly bound neutral ligand, all of which are closely
related to the charge transfer processes upon O2 activation
mediated by transition metal centers.6,7 Compared with the
extensive studies on transition metal–dioxygen complexes, the
complexes formed between transition metal and sulfur
monoxide (SO), a heavy analog of O2, have received much less
attention although the metal–SO interactions play important
roles in some bioinorganic cycles as well as adsorption and
reduction of SO2 on metal surfaces.8–11 This is mainly due to the
transient existence character of SO and the lack of an effective
strategy for the construction of complexes with this functional
group.12–19 Among the known transition metal–SO complexes
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that have been characterized by X-ray crystallography and
spectroscopic methods, several coordination modes including
the end-on SO/OS and side-on SOmodes have been established,
and these modes were identied in both mononuclear and
multinuclear complexes.20,21

Apart from the coordination modes, there have been very
limited understanding on the charge transfer character of the
SO ligand upon interaction with transition metals. Recently, it
was found that this character is correlated to the bond length
and vibrational frequency of the ligand in the SO complexes. For
the side-on complexes of the scandium and vanadium group
metals in the form of MF2(h

2-SO) or OMF2(h
2-SO), they all

possess a SO ligand with the bond length around 1.6 Å and S–O
stretching band located around 900 cm−1, which can be dened
as a superoxo-like SO ligand (SO−).22,23 In the cases of Mo andW,
a peroxo-like SO ligand (SO2−) was identied in the side-on
OMoF2(h

2-SO) and OWF2(h
2-SO) complexes where the SO

ligand absorbs at 755.3 and 737.9 cm−1 with an S–O bond
length of 1.710 and 1.741 Å respectively.24 The SO complex of
titanium OTiF2(h

1-OS) was characterized to possess an oxygen-
bound side-on geometry. The S–O distance of 1.493 Å and
vibrational frequency of 1149.0 cm−1 are very close to those of
neutral SO molecule, suggesting a description of SO0 for the
weakly bound SO ligand in the titanium complex.25 There has
been no report on the nature of the coordinated SO beyond
these three categories.
RSC Adv., 2023, 13, 12495–12501 | 12495
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Fig. 1 Infrared spectra in the 1345–1195, 820–700 and 640–
585 cm−1 regions from codeposition of laser-ablated platinum atoms
with 0.5% SOF2 in solid argon at 4 K: (a) codeposition for 60 min, (b)
after 25 K annealing, (c) after l > 220 nm irradiation, (d) after 30 K
annealing, and (e) after 35 K annealing. The arrows indicate the posi-
tions of other bands of Pt(SOF2).
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Herein, we report the generation of the SO complex of plat-
inum uoride in the form of PtF2(h

1-SO) via the isomerization
of a molecular complex Pt(SOF2) in cryogenic matrixes under
UV-vis irradiation. The structure of this end-on complex was
characterized by infrared spectroscopy and further conrmed
by density functional theory (DFT) calculations. Bonding anal-
ysis of the SO ligand in this complex reveals SO+ character that
is completely different from those SO complexes reported
previously.

Experimental and theoretical methods

Details of the experimental setup for the generation of the
platinum products have been described elsewhere.26 SOF2 was
synthesized by the reactions of AgF (98%, Alfa Aesar) and sulfur
powder (99.9%, Sinopharm Chemical Reagent, China) in the
presence of trace H2O in a stainless steel container.27 Isotopi-
cally substituted S18OF2 and 34SOF2 samples were synthesized
with H2

18O (97%, Sigma-Aldrich) or 34S powder (99.3%, ISO-
FLEX). The gaseous SOF2 and its isotopomers were subjected to
several freeze–pump–thaw cycles using liquid nitrogen before
use. The 0.5% (V/V) SOF2/Ar gaseous samples were prepared by
mixing SOF2 and high purity argon (99.999%, Xiangkun Special
Gas, China) using a homemade stainless steel manifold. The
platinum atoms were generated by laser ablation of the plat-
inum target (99%, Metalium) xed on a rotating rod using
a pulsed Nd:YAG laser fundamental at 1064 nm (Continuum
Minilite II, 10 Hz repetition rate and 10 ns pulse width). The
laser-ablated platinum atoms were codeposited with argon
containing 0.5% SOF2 onto a CsI window for 60 min at
a temperature of 4 K maintained by a closed cycle helium
refrigerator. The platinum products were generated by anneal-
ing or irradiation that allows the reactions in the cryogenic
matrixes. For the matrix samples aer annealing to 25 K, they
were irradiated by a 250 W mercury arc lamp (l > 220 nm). The
outer sphere of the lamp was removed such that the sample can
be directly irradiated by UV-vis irradiation. The infrared spectra
of the matrix samples containing the reaction products were
recorded on an FT-IR spectrometer (Bruker Vertex 70 V) with
a resolution of 0.5 cm−1 using a KBr beam splitter and
a DLaTGS detector.

Theoretical calculations were performed using the Gaussian
09 soware package.28 The hybrid B3LYP functional was
employed,29,30 and the 6-311+G(3df) basis set for O, F and S as
well as the 60 core electrons pseudopotential basis set (SDD) for
Pt.31–36 The geometrical parameters were fully optimized, and
the harmonic vibrational frequencies were obtained analyti-
cally. Zero-point energies were included in the energy calcula-
tions. Transition state structures were located using the Berny
algorithm, and intrinsic reaction coordinate calculations were
used to conrm that they smoothly connected the correspond-
ing two adjacent minima.37,38 Natural bond orbital (NBO) anal-
ysis was carried out using the NBO 6.0 program based on the
results obtained at the B3LYP/6-311+G(3df)/SDD level.39 The
localized orbital locator (LOL) maps were plotted using Mul-
tiwfn,40 and the wave functions for LOL analysis were generated
by Gaussian 09 at the B3LYP/6-311+G(3df)/SDD level.
12496 | RSC Adv., 2023, 13, 12495–12501
Results and discussion

Fig. 1 shows the infrared spectra from the reactions of Pt atoms
with 0.5% SOF2 in argon matrixes. A group of three weak
infrared absorptions of the platinum reaction product was
observed at 1205.4, 619.8 and 594.9 cm−1 aer sample deposi-
tion. These bands slightly sharpened upon sample annealing to
25 K, but increased to a marked extent when the sample was
subjected to l > 220 nm irradiation (Fig. 1, trace c). No signi-
cant change was observed when the sample was annealed to 30
K and 35 K. In addition to this set of product bands, the infrared
spectra also reveal the presence of another set of absorptions
that are more or less covered by other absorptions. Careful
examination of the 594.9 cm−1 band in the infrared spectrum
aer sample annealing to 25 K shows the existence of another
band at 596.6 cm−1 that is partially overlapped with the
594.9 cm−1 band. This band disappeared aer being irradiated
at l > 220 nm, and was barely recovered during the subsequent
annealing processes. Sample annealing to 25 K also allows for
the signicant increase of the shoulders of the SOF2 bands at
1330.2 and 798.1 cm−1, respectively, and l > 220 nm irradiation
caused the decrease in their intensities to the levels before
irradiation. The exact band positions of 1316.4 and 794.3 cm−1

were obtained from the difference spectrum (Fig. S1, ESI†). Note
that the disappearance of these two absorptions together with
the 596.6 cm−1 band is accompanied by the appearance of the
1205.4, 619.8 and 594.9 cm−1 bands upon l > 220 nm
irradiation.

To help identify the new products, the experiments were
repeated using isotopically labeled 34SOF2 and S18OF2 samples.
The resulting infrared spectra are shown in Fig. 2 and S1 (ESI†),
and the product band positions are listed in Table S1 (ESI†). The
behaviors of these bands during sample annealing and irradi-
ation are the same as those in the SOF2 experiment. It is worth
noting that the 596.6 and 594.9 cm−1 bands that are partially
overlapped in the spectra from the reactions of Pt and SOF2 are
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Infrared spectra of laser-ablated platinum atoms and isotopi-
cally labeled SOF2 reaction product (1225–1150 and 625–585 cm−1) in
solid argon at 4 K: (a) 0.5% SOF2, (b) 0.5%

34SOF2, (c) 0.5% S18OF2. All of
the spectra were recorded after l > 220 nm irradiation followed by
annealing to 30 K.

Fig. 3 Optimized structures of the singlet (a) PtF2(h
1-SO) and (b)

Pt(SOF2). Bond lengths are in angstroms, and bond angles are in
degrees.
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completely separated when the 34SOF2 or S18OF2 sample was
used. The rst band shied to 590.6 and 587.5 cm−1 upon 34S
and 18O substitution while the second band was barely affected
by isotopic substitution. The second band appeared at the cost
of the rst band upon l > 220 nm irradiation as observed in the
experiment using SOF2.

The 1205.4, 619.8 and 594.9 cm−1 absorptions produced
during the reactions of platinum and SOF2 show identical
behaviors upon sample annealing and UV-vis irradiation, sug-
gesting that they should be attributed to the different vibra-
tional modes of the same species. The band at 1205.4 cm−1

shied to 1162.0 cm−1 with an 16O/18O isotopic frequency ratio
of 1.0373 and to 1193.0 cm−1 with a 32S/34S ratio of 1.0104. Both
the band position and 32S/34S frequency ratio are very close to
the values of the isolated SO molecule (1136.7 cm−1; 32S/34S:
1.0096),41 and the 16/18O ratio approaches that of the S–O stretch
of SOF2 (1.0409). The 1205.4 cm−1 band is therefore assigned to
the S–O stretching mode of the new molecule. Note that this
band is more than 300 cm−1 higher than the vibrational
frequencies of the side-on coordinated SO ligand,22–24 indicating
it is most likely due to a SO ligand with end-on geometry. The
absorptions at 619.8 and 594.9 cm−1 appear in a region where
the Pt–F stretching bands are generally located in argon
matrixes.42,43 Both absorptions show very small isotopic shis in
the spectra from the reactions of Pt and 34SOF2 or S18OF2,
suggesting the sulfur and oxygen atoms are almost not involved
in the vibrational modes. We therefore assign these two bands
to the antisymmetric and symmetric F–Pt–F stretchingmodes of
the PtF2 moiety. On the basis of the observed infrared absorp-
tions that correspond to the S–O and F–Pt–F stretching vibra-
tional modes, the new product should be a PtF2(SO) complex
with an end-on bound SO ligand.

Geometry optimization gave a 1A′ ground state for the sulfur
bound complex with the PtF2 plane perpendicular to the PtSO
plane, resulting in a nonplanar Cs symmetry (Fig. 3). Another
singlet isomer with planar Cs symmetry is 2.9 kcal mol−1 less
stable according to the B3LYP calculation results, and the triplet
© 2023 The Author(s). Published by the Royal Society of Chemistry
is 7.8 kcal mol−1 less stable. The nonplanar end-on PtF2(h
1-SO)

complex was predicted to absorb at 1245.7, 614.4, 587.7 and
480.2 cm−1 above 400 cm−1 with relative intensities of
180:136:49:7. The 614.4 and 587.7 cm−1 bands approach the
observed bands at 619.8 and 594.9 cm−1, and both the experi-
mental and calculated band shis are negligible upon either
18O or 34S substitution (Table 1) except for the 34S counterpart of
the antisymmetric F–Pt–F stretch that exhibits an unusual
2.3 cm−1 blue shi. Although the exact reason for this abnormal
shi is unclear, it has been observed for the metal uoride
stretching bands of some metal sulfur monoxide and dioxide
complexes.22,44 For the most intense S–O stretching band pre-
dicted at 1245.7 cm−1, the 32S/34S frequency ratio of 1.0105 and
16O/18O frequency ratio of 1.0381 agree well with the experi-
mental values of 1.0104 and 1.0373, respectively, for the
observed band at 1205.4 cm−1. The infrared intensity of the last
band at 480.2 cm−1 is too low to be observed. On the basis of the
match on both the band positions and isotopic frequency ratios
between the experimental and calculated values, the assign-
ment of the 1205.4, 619.8 and 594.9 cm−1 bands to the PtF2(h

1-
SO) complex is established. Besides the sulfur-bound structure,
possible end-on oxygen bound isomers were considered at the
B3LYP level as well. A planar Cs structure with 3A′′ ground state
is most stable, but is 38.1 kcal mol−1 higher in energy than the
nonplanar PtF2(h

1-SO) complex. The S–O stretching band for
the oxygen bound isomer was predicted at 1007.1 cm−1 with an
intensity about 1/4 that of the antisymmetric F–Pt–F stretching
band. Apparently, the assignment of the observed bands at
1205.4, 619.8 and 594.9 cm−1 to the oxygen bound structure
PtF2(h

1-OS) can be excluded.
For the other set of the new platinum product absorptions at

1316.4, 794.3 and 596.6 cm−1, they disappeared when the
PtF2(h

1-SO) bands showed up, suggesting these three bands
should arise from a structural isomer of PtF2(h

1-SO). The
1316.4 cm−1 band shied to 1302.8 and 1270.8 cm−1 upon 34S
and 18O substitutions with the 32S/34S frequency ratio of 1.0104
and 16O/18O frequency ratio of 1.0359 (Table 1). Both the band
position and isotopic frequency ratios are close to the values of
the 32S/34S (1.0103) and 16O/18O (1.0409) ratios of the S–O
stretching mode of SOF2 at 1330.2 cm−1. The 781.5 and
793.4 cm−1 bands correspond to the 34S and 18O counterparts of
the 794.3 cm−1 band observed when Pt reacted with SOF2. The
experimental isotopic frequency ratios are 1.0164 and 1.0011,
which are close to the values of the symmetric F–S–F stretches of
SOF2 (32S/34S: 1.0132, 16O/18O: 1.0014). For the low frequency
absorption at 596.6 cm−1, it shied to 590.6 cm−1 upon 34S
RSC Adv., 2023, 13, 12495–12501 | 12497
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Table 1 Comparison between the calculated and experimental frequencies and isotopic frequency ratios of PtF2(h
1-SO) and Pt(SOF2)

Mode

Frequency/cm−1 32S/34S 16O/18O

Calcda Exptl Calcd Exptl Calcd Exptl

PtF2(h
1-SO) S–O str. 1245.7(180) 1205.4 1.0105 1.0104 1.0381 1.0373

Antisym. F–Pt–F str. 614.4(136) 619.8 1.0000 0.9963 1.0000 1.0003
Aym. F–Pt–F str. 587.7(49) 594.9 1.0002 1.0002 1.0000 1.0000
Pt–SO str. 480.2(7) b 468.5(7) b 478.3(7) b

Pt(SOF2) S–O str. 1328.8(183) 1316.4 1.0108 1.0104 1.0372 1.0359
Sym. F–S–F str. 763.8(394) 794.3 1.0162 1.0164 1.0007 1.0011
Antisym. F–S–F str. 714.5(130) c 1.0132 1.0003
Wagging 565.2(48) 596.6 1.0093 1.0102 1.0153 1.0155

a Calculated infrared intensities (km mol−1) in parentheses. b Too weak to be observed. c Covered by the SOF2 precursor band.

Fig. 4 Natural bond orbitals showing the S–O interactions and the
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substitution with a 32S/34S ratio of 1.0102, and the 16O/18O
frequency ratio is 1.0155. These ratios approach those of the
wagging mode of SOF2 (32S/34S:1.0078, 16O/18O:1.0190). The
appearance of the S–O, F–S–F stretching mode and SOF2
wagging mode indicates the presence of a SOF2 moiety in the
new product, and the molecular complex Pt(SOF2) is the best
candidate responsible for these absorptions that are converted
to the absorptions of PtF2(h

1-SO) upon irradiation. This is also
consistent with the fact that the 1316.4, 794.3 and 596.6 cm−1

absorptions are all within 50 cm−1 of the SOF2 absorptions.
The assignment is further supported by the DFT calculations

at the B3LYP level which gave an optimized structure with 1A′

ground state and nonplanar Cs symmetry (Fig. 3). The triplet
state is 33.0 kcal mol−1 higher in energy. For the S–O and
symmetric F–S–F stretching bands predicted at 1328.8 and
763.8 cm−1, they are close to the experimental values of 1316.4
and 794.3 cm−1, and both the calculated 32S/34S and 16O/18O
ratios agree well with the experimental values (Table 1). Similar
agreement can be found for the wagging mode computed at
565.2 cm−1 with further support from the consistent 32S/34S and
16O/18O ratios as shown in Table 1. For the remaining anti-
symmetric F–S–F stretching band at 714.5 cm−1 with moderate
intensity, it seems that there is no experimental band appro-
priate for this assignment. Considering the difference between
the calculated and the experimental symmetric F–S–F stretching
bands (∼30 cm−1), the experimental counterpart of the
714.5 cm−1 band would appear around 745 cm−1 which is about
the same as the center of the intense SOF2 precursor band.
Therefore, it is unlikely for this band to be observed
experimentally.

For the experimentally identied PtF2(h
1-SO) complex shown

in Fig. 3, the Pt–F bond length is 1.930 Å according to the DFT/
B3LYP calculations, comparable with the values of the same
bond in other platinum uoride complexes.42,43 The S–O bond
length is computed to be 1.449 Å, which is much shorter than
that of the side-on peroxo-like (∼1.7 Å) and superoxo-like (∼1.6
Å) SO ligands.22–24 Note that this bond is even shorter than that
of diatomic SO molecule whose bond length is 1.488 Å on the
basis of the B3LYP calculations, suggesting a different nature of
the SO ligand in PtF2(h

1-SO) than in diatomic SO and other SO
complexes reported previously.22–25 As revealed by NBO
12498 | RSC Adv., 2023, 13, 12495–12501
calculations, the doubly occupied S–O bonding orbitals are
composed of one s bond formed between the O 2s2p and S 3s3p
hybrids and one p bond that is basically formed between the O
2p and S 3p orbitals (Fig. 4). A total population of 0.87 was
found in the S–O and Pt–S antibonding orbitals with 63%
residing in the former orbital that is constituted by the O 2p and
S 3p orbitals. Note that this orbital is occupied by an unpaired
electron in SO molecule. Thus, the valence electrons were
transferred from SO to the PtF2 moiety upon formation of the
PtF2(h

1-SO) complex, and the antibonding character of the SO p

orbital where the electrons come from leads to the decrease of
the S–O bond length from 1.488 Å to 1.449 Å. Therefore, the
Mayer bond order for the SO bond increases from 1.33 in SO
molecule to 1.53 in PtF2(h

1-SO). This is consistent with the fact
that the SO ligand in PtF2(h

1-SO) is positively charged by 0.37e,
and the PtF2 fragment is negatively charged with the charge on
Pt reduced from 1.03e in free PtF2 to 0.82e upon SO coordina-
tion. To verify the positively charged nature of the SO ligand in
the PtF2(h

1-SO) complex, natural population analysis was
repeated on the geometries optimized using the M06,45 M06L,46

PBE0 47 and TPSSh48 functionals which show good performance
in predicting the properties of transition metal compounds.49

As shown in Table S3 (ESI†), the natural population analysis
(NPA) charges are rather similar regardless of the functionals,
natural population analysis charge distribution in PtF2(h
1-SO).

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 Potential energy profile for the structural transformation
between Pt(SOF2) and PtF2(h

1-SO) at the B3LYP/6-311+G(3df)/SDD
level of theory. Bond lengths are in angstroms.
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consistent with the results from B3LYP calculations. Further
support of the positively charged character can be found from
the experimental S–O stretching vibrational frequency that is
∼70 cm−1 higher than that of neutral SO (1136.7 cm−1)
molecule.41

Apparently, the PtF2(h
1-SO) complex with positively charged

SO ligand is completely different in nature from the LaF2(h
2-SO)

resulting from the reaction of La and SOF2.22 A superoxo-like SO
ligand with negatively charged character was identied in the
lanthanum complex, and the S–O stretching band was observed
at 900.5 cm−1, ∼300 cm−1 lower than that of the PtF2(h

1-SO)
complex. Although the coordination mode changes from side-
on for La to end-on for Pt, it is mainly the electron transfer
from La to SO that leads to the formation of the negatively
charged SO ligand, and the bonding between La and SO
dominates by ionic interactions. Ionic interaction between Pt
and SO is identied as well as revealed in Fig. 5 though it is not
as ionic as the Pt–F interaction. Since it is less favorable for late
transition metals like Pt to transfer electrons to the ligand than
early transition metals like La due to the increase in ionization
energy across the third row,50 it seems reasonable that the SO
ligand carries positive charges when it is complexed with PtF2.
However, it has been demonstrated that such metal-to-ligand
charge transfer occurs when Pt is coordinated by O2, an
analog of SO. This causes the decrease in the O–O stretching
vibrational frequencies, and is not dependent on the coordi-
nation mode though the extent is different as exemplied in the
dioxygen complexes of Pt.51 Therefore, the positively charged
character is unique to the SO ligand in complexes like PtF2(h

1-
SO), and it is possible to weaken or inverse such character via
the choice of electron-donating ligands around the metal center
as found in other systems.52–54

On the basis of the experimental results, it is clearly that the
PtF2(h

1-SO) complex results from the isomerization of Pt(SOF2)
under UV-vis irradiation. To further understand themechanism
associated this process, the potential energy prole was
explored. As displayed in Fig. 6, isomerization of the PtF2(h

1-SO)
complex occurs via the consecutive transfer of the two uorine
atoms from SOF2 to Pt in the Pt(SOF2) molecular complex,
which involves a series of intermediates. The rst one-uorine
transfer product PtF(SOF) (IM1) is formed with an energy
release of 7.2 kcal mol−1, but it is hindered by an energy barrier
Fig. 5 LOL maps of PtF2(h
1-SO) in the PtSO (left) and PtF2 (right)

planes.

© 2023 The Author(s). Published by the Royal Society of Chemistry
(TS1) as large as 45.3 kcal mol−1. A much lower energy barrier
(TS2) of 13.4 kcal mol−1 leading to a less stable intermediate
with a uorine-bridged structure (IM2) where the uorine atom
is connected to both sulfur and platinum. Aer going through
a transition state lying 2.2 kcal mol−1 (TS3) higher in energy
along with the complete transfer of the second uorine, the
uorine-bridged structure is converted to the planar PtF2(h

1-SO)
structure (IM3) which eventually becomes the observed
nonplanar structure via rotation of the SO ligand about the Pt–S
bond. Although the whole process is kinetically hindered by the
large energy barrier encountered when the rst uorine transfer
starts, the energy provided by UV-vis irradiation is sufficient to
surmount the barrier, and the nonplanar PtF2(h

1-SO) complex is
nally stabilized in matrix.
Conclusions

In summary, the SO complex of platinum uoride in the form of
PtF2(h

1-SO) was generated via UV-vis photon-induced isomeri-
zation of Pt(SOF2) that is formed upon reactions of platinum
atoms and SOF2 in cryogenic argon matrixes. Both products
were identied on the basis of characteristic infrared absorp-
tions and their isotopic frequency ratios. The end-on sulfur
bound PtF2(h

1-SO) complex possesses a singlet ground state
with nonplanar Cs symmetry and a sulfur bound singlet ground
state was found for the molecular complex Pt(SOF2) according
to the DFT calculations. Bonding analysis reveals electron
transfer from SO to PtF2 upon formation of the PtF2(h

1-SO)
complex, resulting in positively charged character of the SO
ligand. This is consistent with the decrease in bond length and
increase in vibrational frequency and Mayor bond order for SO
when complexed by PtF2. This differs from the negatively
charged character of ligated SO in early transition metal–SO
complexes and does not follow the structural change of O2 when
complexed by Pt. The mechanism associated with the isomeri-
zation of Pt(SOF2) to give PtF2(h

1-SO) under UV-vis irradiation
probed at the B3LYP level shows the presence of a series of
intermediates along with the consecutive transfer of the two
RSC Adv., 2023, 13, 12495–12501 | 12499
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uorine atoms from SOF2 to Pt in Pt(SOF2). The whole process is
initially hindered by a large energy barrier of 45.3 kcal mol−1

upon transfer of the rst uorine atom, but it can be overcome
by the energy provided through UV-vis irradiation, which facil-
itates the formation of the nonplanar PtF2(h

1-SO) complex
stabilized in matrix.
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