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Abstract—A series of neutral and anionic platinum(II) complexes bearing Janus-type N-Heterocyclic car-
benes (NHC) with different extents of π conjugation were constructed theoretically by bridging two cyclome-
tallated platinum(II) centers using diNHC linkers. The diNHCs bind to Pt(II) in either in monodentate
(neutral complex I, II) or bidentate (anionic complex III−V) fashion. Structures of all complexes were first
optimized. Single point and TD-DFT calculations have been carried out using the gas-phased optimized
geometries to gain insight into their electronic structures, possible electronic transitions, and to probe the
influence of diNHC ligand design on the photo-responsiveness of the complexes. The response of complexes
I−III is limited to UV light; however, complexes IV and V, which contain cyclometallated diNHCs, exhibit
absorption bands in the visible region. Additionally, the emissive triplet excited state and the metal-center
triplet excited states (3MC) were also investigated. Interestingly, the results suggest that the internal conver-
sion triplet excited state to 3MC in I and III, which induces significant coordination geometry distortion, is
energetically favorable for complexes I and III suggesting potentially photo-enhanced reactivities of these two
complexes.

Keywords: N-heterocyclic carbene, Janus-type NHC, cyclometallated Pt(II), electronic structures, photo-
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INTRODUCTION
Platinum complexes have always been of particular

interests in coordination chemistry owing to their
many successes in pharmaceutical research as antican-
cer drugs, such as cis-platin, oxaliplatin, nedaplatin of
platinum(II) or platinum(IV) complex satraplatin [1–
3]. Additionally, platinum complexes have also been
recognized as promising scaffolds for the develop-
ments photo-responsive materials [4, 5]. The heavy
platinum(II) center with strong spin-orbit coupling
facilitates the singlet-triplet (S-T) intersystem cross-
ing, leading to better quantum yields of platinum com-
plexes compared to classical organic materials. In par-
allel, excitation of some metal complexes, such as
ruthenium and iridium, can result in the formation of
metal-center triplet excited states (3MC), facilitating
ligand dissociations to generate the coordinatively
unsaturated and more reactive species [6−9]. Photo-
induced ligand dissociations are of great interest due to
their potential application in photo-activated chemo-
therapy (PACT) [10–12]. We notice that, while
photo-activatable octahedral platinum(IV) complexes

have been extensively explored for the development of
prodrugs [13, 14] photo-activation of platinum(II)
complexes remain largely unexplored.

In the recent years, N-heterocyclic carbene
(NHC) ligands have emerged into an important class
of ligands for inorganic chemistry [15–19]. Their
modular syntheses allow convenient access to NHC
complexes of transition metals with different architec-
tures, including mononuclear complexes [17], multi-
ple homo/heteronuclear complexes [18–21] or 3-D
structures [4, 5]. A large number of metal-NHCs have
also demonstrated potential applications in various
fields. For example, complexes bearing ligand with
tunable stereoelectronic properties are excellent catal-
ysis toward various chemical transformations [15, 22].
A number of mono and multinuclear complexes of
NHCs display promising biological activities [23–25].
In addition, NHC complexes bearing extended π-con-
jugation systems are also a vital platform for the design
and development of photo-responsive luminescent
complexes [17, 26–28].
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Despite the success of the two classes of com-
pounds, the exploration of photo-responsive plati-
num(II) NHC complexes as photo-activatable drug
candidates for application in photodynamic therapy
remains almost unexplored [29]. A strong foundation
in understanding of the electronic structures and
behavior of photo-excited states of platinum(II) com-
plexes is crucial for the creating effective designs. To

support this premise, we reported in this work our the-
oretical study on both the ground and excited states of
platinum(II) complexes featuring Janus-Type N-Het-
erocyclic carbenes. Structures of the dinuclear plati-
num(II) complexes of Janus-type NHC linkers C1C
(I), C2C (II), CC1CC (III), CC2CC (IV) and
CC2FCC (V) with numbering scheme for key atoms
are listed in Scheme 1.

Scheme 1.

EXPERIMENTAL

Structures of all the complexes were first optimized
using Gaussian® 16 software. Several functionals
(B3LYP] [30], B3PW91 [31] and BPV86 [32]) and
basis sets (SDD [33], LANL2DZ [34], 6-31G(d) [35])
combinations were tested to find the model which best
describe the molecules. Nature of the stationary opti-
mized points was confirmed to represent minima on
energy potential surface by frequency analysis. Theo-
retically calculated infrared spectra of the complexes
were generated using a 0.96 conversion factor. Using
the best combination of functionals and basis set, elec-
tronic structures and Kohn-Sham orbitals were calcu-
lated. TD-DFT calculations were also performed to
calculate vertical excitation energies. Geometries of
the emissive excited states of the complexes (denoted
as I*−V*) were optimized using unrestricted calcula-
tions starting from the ground state optimized struc-
tures. Frequency checks were also carried out to con-
firm that optimized structures were indeed the min-
ima. It has been noted that the triplet metal center
(3MC) dd excited states are often accompanied by a
severe structural distortion from the ground states [36,
37]. We were able to locate the 3MC excited states
using optimizations started with structures, where the
cyanides ligands were slightly bend out of coordina-
tion plane.

RESULTS AND DISCUSSIONS

Structure and geometry of the complexes. Geome-
tries of all complexes were first optimized in gas-phase
conditions. To select the combination of functional
and basis set which was most suitable for describing
the above molecules, initial tests were carried out for
complex IV, whose similar structure (complex IVR,
Scheme 2) has been experimentally determined by sin-
gle crystal X-ray diffraction [38]. Several combina-
tions of functionals and basis sets, namely B3PW91
(SDD/6-31G(d)) (a); B3PW91 (LANL2DZ/6-
31G(d)) (b); B3LYP (SDD/6-31G(d)) (c); B3LYP
(LANL2DZ/6-31G(d)) (d); and BPV86 (SDD/6-
31G(d)) (e) were utilized to optimize the structure of
IV. Structural parameters, including key bond lengths
and angles, of the optimized structures were compared
to the reported values (IVR) (Table 1). In general, all
the tested combinations can give satisfactory models
of the complexes. Close examination reveals that while
calculations using B3LYP functionals (c, d) slightly
overestimate the bond distances, calculation using
B3PW91 and BPV86 functionals closely resemble the
experimental structure. For further analysis, all calcu-
lations were carried using B3PW91 (SDD/6-31G(d))
combination.
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Table 1. Selected bond length (Å) and bond angle (deg) for optimized geometries of the complexes

Structure
Bond length, Å Bond angle, (deg

Pt–C(1) Pt–C(2) Pt–C(3) Pt–C(4) C(1)PtC(2) C(1)PtC(3) C(2)PtC(4)

IVR 2.008 2.052 2.003 2.025 79.0 172.3 176.9
IVa 2.011 2.055 2.003 2.026 79.2 171.3 178.3
IVb 2.009 2.049 1.999 2.029 79.3 171.4 178.4
IVc 2.027 2.069 2.016 2.043 79.1 171.3 178.0
IVd 2.025 2.063 2.013 2.047 79.3 171.4 178.2
IVe 2.014 2.066 2.005 2.028 79.3 171.2 178.1

Table 2. Selected bond length (Å) and bond angle (deg) for optimized geometries of I–V

Structure
Bond length, Å Bond angle, deg

Pt–C(1) Pt–C(2) Pt–C(3) Pt–C(4) ∠C(1)PtC(2) C(2)PtC(3) C(1)PtC(3) C(2)PtC(4)

I 2.022 2.068 2.035 2.022 94.9 79.2 174.0 177.3

II 2.019 2.068 2.037 2.022 94.8 79.1 173.9 177.2

III 2.016 2.055 2.002 2.025 79.1 92.1 171.2 177.9

IV 2.011 2.055 2.003 2.026 79.2 92.1 171.3 178.3

V 2.010 2.051 2.002 2.029 79.0 92.1 170.9 178.2
Scheme 2.

Using the B3PW91 (SDD/6-31G(d)) methodol-
ogy, gas-phased optimized structure of all the com-
plexes were obtained (Fig. 1). Selected bond lengths
and angles are listed in Table 2. In general, the opti-
mized geometries of the complexes show highly sym-
metrical structures. All the complexes possess centers
of inversion, which coincide with the centers of the
diNHC ligands. In addition, the coordination geome-
tries of the platinum(II) centers are essentially square
planar. In complexes I and II, the platinum(II) coor-
dination planes are near perpendicular to the diNHC
plane, forming dihedral angles of 80.4° (I) and 82.1°
(II). Conversely, the Pt(II) coordination planes in
complex III−V align with the diNHC plane and the
entire fragments are coplanar. Perfect planarity is
observed for structure of III and IV. On the other
hand, due to steric effect caused by the larger f lorines
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(as compared to hydrogen), the phenyl rings bend
slightly out of the diNHC plane, forming dihedral
angle of 13.5°. All the Pt−CNHC bond lengths are in the
2.010−2.035 Å range, which is close to reported values
[39]. Slightly longer distances (2.051−2.068 Å) are
observed for Pt−Ccarbanion bonds. In the structure of
III−V, the distance between platinum(II) and the car-
bon of the cyanido ligands Pt−C(4) are slightly longer
than the Pt−C(3), which agrees well with stronger
trans effect exerted by the anionic carbanion com-
pared to the neutral carbene carbon. The bidentate
bite angles are in the range of 79.0°−79.2°, which is
closed to the angle of 79.0° determined for IVR [40]. It
should be noted that increasing the number of fused
benzo-ring in the Janus-type diNHC from one in I
(C1C), III (CC1CC) to two in II (C2C) and IV/V
(CC2CC/CC2FCC) does not induce any significant
changes in the bond lengths or bond angles around the
platinum(II) centers.

Stretching vibration of the complexes. All the com-
plexes bear cyanido ligands, whose vibrational absorp-
tions are intense and well separated from the rest.
Stretching frequencies of the CN ligands in the com-
plexes are listed in Table 3. The cyanido ligands in I
and II exhibit absorption bands at 2124 cm−1 in their
theoretical IR spectra. Absorptions at slightly higher
energy were observed for C3≡N and C4≡N in spectra of
III (2149 and 2131 cm−1), IV (2150, 2133 cm−1) and V
(2152 and 2135 cm−1). Noted that, while the C(4)≡N
  Vol. 49  No. 11  2023
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Fig. 1. Optimized structures of the neutral (I, II), dianionic (III−V) complexes and experimentally determined structure of
anionic IVR.

(I) (II)

(III) (IV)

(V) (IVR)
are trans to the strong donor carbanion, the C(3)≡N
ligands are trans to the less donating carbene. There-
fore, it is reasonable that stretching frequency of
C(3)≡N are higher compared to that of C(4)≡N. In
addition, there values are somewhat comparable to the
C≡N stretching frequency for the [Pt(CN)4]− anionic
complex (2118 cm−1) [40].

Electronic structure of the complexes. To shed light
on the electronic structure of the complexes, single
RUSSIAN JOURNAL OF CO

Table 3. Stretching frequency of CN ligands in the complexes

Complex
νC≡N stretching frequency, cm–1

C(3)≡N C(4)≡N

I 2124

II 2124

III 2149 2131

IV 2150 2133

V 2152 2135
point calculations were carried out using the opti-
mized geometries. The surfaces of frontier molecular
orbitals are presented in Fig. 2 along with definition of
coordinates (Scheme 3). For complex I, the highest
occupied molecular orbital HOMO, HOMO − 1 are
degenerate and are primarily composed of π conjuga-
tion of the cyclometallated phenyl imidazoline-2-
ylidene (ImPh) ligands with small contribution from
the Pt(II) dyz orbital. On the other hand, the LUMO
orbital is primarily comprised of π* of the C1C bridg-
ing ligand with a small contribution of Pt(II) dxy
orbital. The LUMO + 1 is mainly derived from the π*
of the cyclometallated ImPh ligands. For complex II,
the HOMO and LUMO orbitals are essentially com-
posed of π conjugation system of the C2C ligands,
which is in line with the expectation that extending the
π conjugation from C1C to C2C will reduce the
HOMO−LUMO energy gap. Moreover, HOMO − 1
and LUMO + 1 are delocalized on the ImPh back-
bone with significant contribution from dyz (for
HOMO − 1) and dxz (for LUMO + 1). Substantial
changes in the electronic structure of the complexes
were observed upon converting the bridging diNHC
into cyclometallated ligands (i.e. CC1CC, CC2CC,
CC2FCC).
ORDINATION CHEMISTRY  Vol. 49  No. 11  2023
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Fig. 2. Frontier orbitals of the complexes calculated at B3PW91/(SDD + 6-31G*) level (isovalue 0.035).
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V

HOMO – 1 HOMO LUMO LUMO + 1
Scheme 3.

In complex III−V, the HOMO orbitals are delocal-
ized over the entire CC1CC (III) and CC2CC (IV)
ligands, including the carbanion phenyl ring. Small
contributions from the Pt(II) dyz orbitals are also evi-
denced. Fluorination of the bridging ligand
(complex V) leads to a decrease in contribution of the
fused benzo-ring to the HOMO. In addition, the
HOMO − 1 orbitals of III−V share similar feature with
that of complex I and II. These HOMO − 1 orbitals
are primarily comprised of the π of the carbanion phe-
nyl ring with substantial contribution from Pt(II) dyz
orbitals, and to a lesser extend, the π orbital of the
cyanido ligand. On the other hand, the LUMO orbit-
als of complex III−V are centralized on the benzo-ring
and the two heterocycle of the bridging diNHC cores.
In addition, the LUMO + 1 orbitals for III and IV
span over the entire molecules, showing contribution

from the CC1CC (III) and CC2CC (IV) π* conjuga-
tion, Pt(II) dxz and cyanido-π* orbitals.

Energy level of the frontier orbitals in the com-
plexes are plotted in Fig. 3 for comparison. It can be
seen that, addition of a benzo-ring to the C1C (I) to
form C2C (II) ligands extends the π conjugation of the
bridging ligands, and significantly reduces the diNHC
π−π* gap. The π−π* gap sinkage leads to alteration in
the nature of the HOMO orbitals from ImPh-based
(in I) to C2C-based (in II). Though LUMO orbital of
III has similar energy compared to that of complex I,
the HOMO energy is relatively higher, which can be
attributed to an increased Coulombic repulsion in the
anionic complex III. Further extending the π-conju-
gation system results in a smaller HOMO−LUMO gap
in IV. Moreover, the addition of f luorine atoms to the
CC2CC ligand backbone stabilizes the LUMO and to
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Fig. 3. Comparison energy level of frontier orbitals
(HOMO-blue; HOMO – 1, black; LUMO, magenta;
LUMO + 1, red).
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a lesser extend the HOMO of V and therefore this
complexes have the smallest HOMO−LUMO energy
gap (Fig. 3).

Vertical excitation of the complexes. Electronic
transitions of the complexes were investigated by TD-
DFT calculation to gain understanding on their pho-
tophysical properties. The calculated vertical exci-
tations are listed in Table 4 and simulated UV-Vis
absorption spectra of the complexes in the
200−600 nm range are presented in Fig. 4. The data
clearly show that complex I is not responsive to visible
light, showing the lowest energy transition calculated
at 323 nm with high extinction coefficient. This tran-
sition is originated from πImPh →  ligand-to-ligand
charge transfer (LLCT), πImPh →  intra-ligand
charge transfer (ILCT) as well as metal d−d transitions

and dPt(II) →  metal ligand charge transfer
(MLCT) (Table 4, Fig. 4).

In the simulated UV-Vis spectrum of II, the
intense absorption at 351 nm represents the lowest
energy transition, which is predominantly C2C ILCT.
Other higher energy absorption bands at 347 and
318 nm result from the mixing of C2C, ImPh intra-

ligand charge transfer, Pt(II) →  MLCT and
metal center d−d transition. It is notable that neither
of the complexes are responsive to visible light activa-
tions. In complex III, the design of the bridging ligand
is changed by incorporating the phenyl π systems
coplanar to the diNHC, resulting in the formation of
CC1CC with a more extended π conjugation. As a
consequence, the complex exhibits lowest energy tran-
sition at 387 nm, which is largely attributed to CC1CC
ILCT with contribution from Pt(II) → CC1CC
MLCT. This weak absorption band is accompanied by
an intense absorption center at 326 nm, which origi-

ClC
*π

ImPh
*π

ClC
*π

C2C I mPh
*π
RUSSIAN JOURNAL OF CO
nates from ILCT of the CC1CC ligand. Metal to
ligand (Pt(II) → CC1CC) charge transfer is found at
higher energy (322 nm), overlapping with Pt(II) d−d
transition (Table 4). The additional fused benzo-ring
in complex IV causes a lowering of the
HOMO−LUMO gap, which shifts the lowest energy
absorption to visible region. The simulated UV-Vis
spectrum of conplex IV shows a weak absorption band
at 432 nm. The band share similar feature with the
lowest energy absorption of III, which is CC2CC

ILCT with contribution from Pt(II) →  MLCT.
All of the higher energy absorptions in these complex
originate primarily from metal perturbed π → π* tran-
sition. Notably, a further shift into the visible region
was successfully achieved by f luorinating the diNHC
core. Although the absorption intensity is low, the f lu-
orinated complex V exhibits a lowest energy absorp-
tion band centered at 447 nm, which is predominantly
πCC2FCC →  intra-ligand charge transfer with
substantial contribution from Pt(II) → 
MLCT.

Emissive triplet states of the complexes. It is well
established that strong spin-orbit coupling of the plat-
inum(II) center promote S  T singlet-triplet inter-
system crossing, and platinum(II) complexes have a
strong tendency to form triplet excited states. The trip-
let excited states can be emissive 3MLCT, 3ILCT or
structurally distorted non-emissive metal centered
(3MC) ones and understanding their nature is helpful
for exploring the potential applications of the com-
plexes.

Optimization of the emissive triplet excited state
was carried out using the same functional and basis
sets, starting from the optimized ground state geome-
tries. The optimized geometries (I*−V*) of the com-
plexes are presented in Fig. 5, along with their plots of
spin density distributions, while selected structural

CC2CC
*π

CC2FCC
*π

CC2FCC
*π

→
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Table 4. Vertical excitation energies of I–V

E, nma Osc. Strb Transitions Con., %c Assignment

I

323 0.0133

H → L 42 πImPh + dyz → 

H-1 → L + 1 35 πImPh + dyz →  + dxz

H → L + 2 20 πImPh + dyz →  + 

307 0.010
H → L 53 πImPh + dyz → 

H → L + 2 30 πImPh + dyz →  + 

292 1.16 H-2 → L 88 πImPh + dxy → 

II

351 0.071 H → L 94 πC2C → 

347 0.010 H-2 → L 94 πImPh + dyz → 

319 0.326

H-3 → L 32 πC2C + dxy → 

H-2 → L + 2 30 πImPh + dxy →  + dxz

H-1 → L + 1 30 πImPh + dyz →  + dxz

318 0.712
H-3 → L 54 πC2C + dxy → 

H-1 → L + 1 20 πImPh + dyz →  + dxz

III

387 0.039 H → L 94 πCC1CC + dyz →  + dxz

326 0.858 H-2 → L 93 πCC1CC + dxz →  + dxz

322 0.047
H-5 → L 88

 →  + dxzH-4 → L + 1 11

315 0.203 H-3 → L 79 πCC1CC + dyz →  + dxz

H-1 → L + 1 9 πCC1CC + dyz →  + dxz

IV

432 0.032 H → L 100 πCC2CC + dyz →  + dxz

359 0.273
H-2 → L 87 πCC2CC + dxz →  + dxz

H-1 → L + 1 6 πCC2CC + dyz →  + dxz

345 0.878 H-3 → L 90 πCC2CC + dxz →  + dxz

C1C*π

ImPh*π

ImPh*π C1C*π

C1C*π

ImPh*π C1C*π

C1C*π

C2C*π

C2C*π

C2C*π

ImPh*π

ImPh*π

C2C*π

ImPh*π

CC1CC*π

CC1CC*π

2
zd CC1CC*π

CC1CC*π

CC1CC*π

CC2CC*π

CC2CC*π

CC2CC*π

CC2CC*π
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parameters are presented in Table 5. In general, the
triplet excited state optimized geometries display no
significant rearrangement of the ligands with all the
Pt(II) coordination planes remain essentially square
planar. In the structures of I* and II*, the coordina-
tion planes form dihedral angles of 75.8° and 87.4° (for
I*) and 86.5° and 86.5° (for II*) with the diNHC
mean planes. On the other hand, in the structures of
complexes III*−V*, the diNHC and coordination
planes are essentially coplanar. It should be noted that
the structures of II*, IV* and V* remain symmetrical,
adopting nearly C2 symmetry. These geometries show
a slight elongation of the Pt−CdiNHC bond by
0.01−0.02 Å. For example, the length of Pt−C1 bonds
are 2.019 Å (in II) and 2.010 Å (in V) while the values
are 2.039 and 2.026 Å in II* and V*, respectively
(Table 5). The other bonds between Pt(II) and the
other ligands remain relatively the same. On the other
hand, complexes I* and III* loss their symmetry up on
excitation giving complexes with two Pt(II) centers
with non-identical geometries. In the structure of I*,
the Pt(1)−C(1) is drastically elongated, while
Pt(1)−C(2) bond is significantly shorter compared to
the respective bond in I. Similarly, a markedly shorter
Pt(1)−C(2) bond is also observed in the structure of
III*. In all cases, the change in bond angle around the
Pt(II) centers is insignificant.
RUSSIAN JOURNAL OF CO
Figure 5 also clearly shows that the spin density of
II*, IV* and V* is delocalized on the diNHC ligands
with negligible contribution from the Pt(II) d-orbitals,
and these states are assigned as intra-ligand charge
transfer triplet states (3ILCT). In sharp contrast, sig-
nificant contribution from the d-orbital of one of the
Pt(1) is evidenced for I* and III*. In I*, the triplet
excited state arises from a metal-to-ligand charge
transfer state (3MLCT), showing spin density distrib-
uted over the ImPh ligand and the d-orbital of Pt(1)
(spin density 0.26). A similar 3MLCT nature of the
triplet excited state for III* is also noticed, where Pt(1)
d-orbital significantly contributes to the over all spin
density in addition to that of the diNHC ligands. A
spin density of 0.16 was observed for Pt(1).

It has been established that the excited plati-
num(II) complexes may be accessible to metal cen-
tered triplet excited state, and thereafter undergo
ligand distortion [36, 37, 41]. We are able to locate the
low-lying metal-centered triplet excited state (3MC)
for the complexes and the optimized structures for
these 3MC excited state are presented in Fig. 6. Spin
density localizes on the Pt(1) was determined to be
1.29 (I*), 1.23 (II*), 0.71 (III*), 1.33 (IV*) and 1.31
(V*). Additionally, representative spin density distri-
bution for III* and IV* are plotted in Fig. 7.
a Excitation energy; b oscillator strength; c contribution; d experimental UV absorption maxima.

316 0.409

H-1 → L + 1 54 πCC2CC + dyz →  + dxz

H → L + 2 34 πCC2CC + dyz → 

H-2 → L 6 πCC2CC + dxz →  + dxz

301 0.179
H → L + 2 35 πCC2CC + dyz → 

H-8 → L 34 πCC2CC →  + dxz

V

447 0.0164 H → L 95 πCC2FCC + dyz →  + dxz

373 0.1236 H-2 → L 88 πCC2FCC + dxz →  + dxz

348 0.0248 H-6 → L 82  →  + dxz

344 0.1095 H-3 → L 68 πCC2FCC + dxz →  + dxz

327 1.6819
H → L + 2 54 πCC2FCC + dyz → 

H-3 → L 22 πCC2FCC + dxz →  + dxz

315 0.2210 H-1 → L + 1 57 πCC2FCC + dxz →  + dxz

E, nma Osc. Strb Transitions Con., %c Assignment

CC2CC*π

CC2CC*π

CC2CC*π

CC2CC*π

CC2CC*π

CC2FCC*π

CC2FCC*π

2
zd CC2FCC*π

CC2FCC*π

CC2FCC*π

CC2FCC*π

CC2FCC*π

Table 4. (Contd.)
ORDINATION CHEMISTRY  Vol. 49  No. 11  2023
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Fig. 5. Optimized lowest energy triplet excited state of the complexes and their spin density plots.
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I*

Spin density surfaceT1
 geometry

Pt1

Pt1

Pt1

Pt1
Pt1

Pt1

Pt1

Pt1

Pt2

Pt2

II*

III*

IV*

V*
In general, these 3MC excited states exhibit a heav-
ily distorted coordination sphere. In each structure,
one cyanido ligands, which is bonded to Pt1 and in
trans configuration with respect to the carbanion, sig-
nificantly bends out of the plane form by Pt1 and the
three remaining donor atoms (Fig. 6). The
C(2)Pt(1)C(4) bond angles are 94.7° (I*, II*),
104.1 (III*), 104.5 (IV*) and 107.3 (V*). The energy
levels of the ground and excited states are presented in
Table 6 and a comparison between these states is pre-
sented in Fig. 8.

It can be observed that the 3MC excited states of I*
and II*, as well as of III*, IV*, and V*, exhibit a con-
siderable similarity in their energy levels, due to the
comparable ligand field strength between C1C, C2C,
CC1CC, CC2CC, and CC2FCC. On the other hand,
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
the 3ML/ILCT excited state of II*, IV* and V* are
more stabilized compared to I* and III*, which can be
attributed to the more extensive π-conjugation of C2C
in comparison to C1C and of CC2CC and CC2FCC
compared to CC1CC. As a result, the 3MC state of I*
and III* lie at significantly lower energy levels than the
respective 3ML/ILCT states, indicating that the dis-
tortion induced by photoexcitation is energetically
favored. Investigating the thermodynamic factor may
be worthwhile for developing and designing of com-
plexes, which are capable of undergoing photo-
induced ligand dissociation, thereby enhancing their
interaction with biomolecules.

Electronic structures of five neutral and anionic
dinuclear platinum(II) complexes bearing bridging
diNHC ligands have been investigated. The initial cal-
  Vol. 49  No. 11  2023
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Table 5. Selected bond length (Å) and bond angle (deg) for ILCT3 optimized geometries of the complexes

Structure
Bond length, Å Bond angle, deg

Pt–C(1) Pt–C(2) Pt–C(3) Pt–C(4) C(1)PtC(2) C(2)PtC(3) C(1)PtC(3) C(2)PtC(4)

I* 2.048
2.034

2.011
2.067

2.004
2.042

2.029
2.022

94.3
93.5

79.9
79.1

174.2
172.6

178.1
178.2

II* 2.039 2.067 2.041 2.021 93.4 79.1 172.6 178.2

III* 1.999
2.021

2.016
2.054

2.005
1.999

2.027
2.025

79.7
79.2

93.1
92.8

172.8
171.9

178.6
178.7

IV* 2.024
2.026

2.053
2.053

2.000
2.000

2.023
2.023

78.9
78.9

92.8
92.8

181.7
171.7

178.4
178.4

V* 2.026 2.051 1.997 2.026 78.8 92.9 171.5 178.4
culations tested various functional and basis sets and
suggested that the B3PW91/(6-31G(d)/SDD) combi-
nation could best reproduce the structures of the
cyclometallated platinum(II)-NHC complexes. Sin-
gle point calculations revealed the nature of frontier
orbitals of the complexes. It was noted that by integrat-
ing the cyclometallated phenyl to the diNHC ligands,
extending the π-conjugation to the entire molecules, it
RUSSIAN JOURNAL OF CO

Fig. 6. Optimized geometries for 3M

Pt1

Pt2

3MC-I*

Pt1

Pt2

3MC-III*

Pt2

3MC-I

Fig. 7. Spin density distribution for 3MC-I

(a)
is possible to shift the lowest absorption band of com-
plexes IV and V toward the visible region. Interest-
ingly, study on triplet excited state of the complexes
suggest that the internal conversion from 3MLCT to
3MC states are energetically favorable in case of com-
plex I and III, accompanied by heavily distorted coor-
dination geometry. This phenomenon may have
implication in exploring this platform to develop pho-
ORDINATION CHEMISTRY  Vol. 49  No. 11  2023

C excited state of the complexes.

Pt1

Pt2

3MC-II*

Pt1

V*

Pt1
Pt2

3MC-V*

II* (а) and 3MC-IV* (b) (isovalue 0.005).

(b)
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Table 6. Energy level of the ground and excited states of the
complexes

Complex
Energy level, Ha

S0 3ML/ILCT 3MC

I –2100.73 –2100.63 –2100.64
II –2254.31 –2254.23 –2254.22
III –1677.14 –1677.04 –1677.05
IV –1830.72 –1830.64 –1830.63
V –2227.46 –2227.39 –2227.37

Fig. 8. Energy comparison for triplet excited state energy
for the complexes.
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toactivatable complexes for potential application in
photo-activated chemotherapy.
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