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Abstract
A series of organic sulfur-functionalized trans-platinum(II) bis(alkenylarylalkynyl) complexes, having one anisolylthio 
group with general formula trans-[(PEt3)2Pt{C≡C–Ar–CH=CH(SC6H4–OCH3)}2], (2a-2d), (Ar = phenylene/biphenylene/2,5-
dimethylphenylene/2,5-dimethoxyphenylene) was synthesized in excellent yields. All the new platinum(II) complexes have 
been fully characterized by physico-chemical and spectroscopic methods. Photophysical properties of the complexes were 
studied by absorption and emission spectroscopy. The lowest energy absorption band for the complexes, in the UV/Vis spec-
tra, in THF solution, at room temperature, 2a-2d was observed in the range 355–391 nm, which depend on the spacers in the 
acetylide ligand e.g., the absorption of 2d is red shifted to 391 nm for the donor (OCH3) substituents in phenyl spacer. These 
absorptions originated predominantly from π–π*orbitals of acetylide ligand with significant contribution from the platinum 
dπ orbital as evident from the HOMO and LUMO, obtained from TD-DFT calculations. Fluorescence was observed in all 
complexes at room temperature in the range 400–428 nm with PLQY of 2–5%. At 77 k, the complexes 2a-2b only exhibited 
phosphorescence in the range 579–585 nm, but there is no phosphorescence at ambient temperature.

Introduction

There has been a lot of interest in the synthesis of small, 
medium, and large π-conjugated acetylenic materials due 
to the growing interest in the production of novel classes of 
materials with exciting optical properties and applications 
[1–3]. The potential uses of transition metal acetylide com-
plexes and polymers in various areas of materials science, 
such as organic light emitting diodes [4, 5], photovoltaic 
cells [6–8], and field-effect transistors [9], have sparked sig-
nificant interest concurrently. Over the last three decades, 
there has been a growing interest in the design of conjugated 
materials that exhibited a range of material properties such 
as linear and non-linear optics [10, 11], organo-gelators [12, 
13], liquid crystals [14, 15], photovoltaic behavior [16–18], 
depending on the structure of the molecules, and the nature 
of the intermolecular interactions as well as their long-lived 
triplet excited states [19, 20]. The unique physical properties 
of transition metal acetylides are caused by their rigid rod 
structures and prominent π-electron conjugation involving 
the metal’s d-electrons and the π-system of the carbon–car-
bon triple bond [1–3]. On the other hand, the chemical and 
physical properties of carbon-rich organic oligomers often 
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cannot be exploited due to their poor solubility, but this 
can be improved by incorporating alkyl substituent’s on the 
ligand as well as metal center on the oligomeric backbone 
[21]. The presence of platinum as a heavy metal induces 
strong spin–orbit coupling which in turn accelerates the inter 
system crossing by reducing the singlet–triplet energy gap 
[4, 5, 16]. Multi-functionalized platinum(II) bis(acetylide) 
complexes are well known in the field of photophysics due to 
their extensive photophysical characteristics [22–24].

In order to synthesize a wide variety of transition metal 
alkynyl complexes, several M–C≡C bond-forming reactions 
are available [25, 26]. Due to the π-unsaturated nature of 
alkynyl groups and their linear shape when connected to 
metal centers, metal alkynyls are easily coupled to create lin-
ear complexes, oligomers, and polymers with potential uses 
in materials science [1–3]. Particularly, extensive research 
has been done on the square planar geometry of the func-
tionalized alkynyl system of platinum(II) complexes [16, 
27–30].

Recently, we have reported the palladium catalyzed 
synthesis of novel organosulfur-functionalized trans-
platinum(II) bis(acetylide) complexes having two phe-
nylthio groups in each alkenyl backbone [31] and the photo-
chemical synthesis of novel organoselenium-functionalized 
trans-platinum(II) bis(acetylide) complexes having two 
phenylseleno groups in each alkenyl backbone [32]. The 
radical facilitated thiolation of terminal alkyl/arylacety-
lenes is well-precedented in synthetic organic chemistry 
[33, 34], which is rare in organometallic chemistry. Our 
group only reported this type of reactions recently for the 
functionalization of platinum acetylides [35–37]. Among the 
π-conjugated organometallic materials, the conjugated poly-
mers are promising for their ease of preparation, solution 
process ability and wide range of materials properties [1–3], 
but it has not been well regarded to small molecules [12, 16, 
38, 39]. Therefore, researchers focused on the photochemi-
cal synthesis, spectroscopic characterization and optoelec-
tronic properties of four new p-anisolylthiol-functionalized 
trans-platinum(II) bis(alkenylarylalkynyl) complexes, trans-
[(Et3P)2Pt{C≡C–Ar–CH=CH(SC6H4OCH3-p)}2], (2) (where, 
Ar = phenylene/biphenylen/2,5-dimethylphenylene/2,5-
dimethoxyphenylene), bearing one anisolylthio group in 
each alkenyl backbone, which are stabilized by the presence 
of monodentate ancillary phosphine ligands.

Experimental

Material and methods

All reactions were performed under a nitrogen atmos-
phere. Solvents were dried, distilled by using appro-
priate drying agents and degassed before use [40]. All 

chemicals, except where stated, were purchased from 
commercial sources and used without further puri-
fication. The compounds HC≡C–C6H4–C≡CH [41], 
HC≡C–C6H4–C6H4–C≡CH [41], HC≡C–C6H2(p-
CH3)2–C≡CH [41], HC≡C–C6H2(p-OCH3)2–C≡CH 
[41], trans-[(Et3P)2Pt{C≡C–C6H4–C≡CH}2] [25], trans-
[(Et3P)2Pt{C≡C–C6H4–C6H4–C≡CH}2] [25], trans-
[(Et3P)2Pt{C≡C–C6H2(p-CH3)2–C≡CH}2] [25], and trans-
[(Et3P)2Pt{C≡C–C6H2(p-OCH3)2–C≡CH}2] [25] were 
prepared according to literature methods. NMR spectra 
were recorded on Bruker 400 MHz FT NMR spectrometer 
in CDCl3. 31P{1H} NMR spectra were referenced to exter-
nal trimethylphosphite. 1H NMR spectra were referenced to 
internal TMS, and 13C{1H} NMR spectra were referenced 
to solvent resonances. Infrared spectra were recorded on 
Shimadzu FTIR prestige 21 spectrometer by using KBr 
pellets, and ESI-HR mass spectra were recorded on JEOL 
JMS-T100LC spectrometer. Microanalyses were performed 
on the analytical section of BCSIR, Dhaka. The UV vis-
ible absorption spectrum was recorded using a Shimadzu 
UV-1800 dual-beam spectrophotometer, and steady-state 
emission photoluminescence measurements were done 
using an Edinburgh FLS1000 spectrophotometer. Low tem-
peratures emission was obtained using fingertip Dewar con-
tained liquid nitrogen. The absolute quantum yield of the 
complexes was measured using an integrating sphere. Fluo-
rescence lifetime decay was measured from a Pico Quant 
FT300 time correlated single photon correlation (TCSPC) 
instrument using Ti: Sapphire laser source. DFT and TD-
DFT calculations were performed using Gaussian 16, with 
B3LYP functionality and SDD basis set. The calculations 
were conducted using the University of Texas HPC system. 
Column chromatography was performed on silica gel.

Synthesis of complex 2a

A mixture of trans-[(Et3P)2Pt{C≡C–C6H4–C≡CH}2] (1a) 
(0.068 g, 0.1 mmol) and p-anisolylthiol (0.035 g, 0.25 mmol) 
was added in chloroform (0.6 mL) and degassed under nitro-
gen atmosphere in a sealed tube. The resulting mixture was 
irradiated under tungsten lamp 500 W for 3 h (cool water 
was passed over the sealed tube to maintain room tempera-
ture). The completion of the reaction was examined by TLC 
and IR. The solvent was removed under reduced pressure. 
The resulting crude product was purified by silica column 
chromatography, eluting with hexane and dichlorometh-
ane, and the title complex 2a was isolated as a yellow solid 
in 98% yield (0.094 g), E/Z ratio: 60/40. IR (solid state, 
KBr): ν2099 (C≡C) cm−1; 1H NMR (400 MHz, CDCl3): 
(E/Z ratio: 60/40): δ 7.41–6.87 (m, 16H, Ar–H, SAr-H), 
6.73 (d, 1.20 × 1H, JH–H = 15.2 Hz), 6.48 (d, 1.20 × 1H, 
JH–H = 15.2 Hz), 6.42 (d, 0.80 × 1H, JH–H = 10.8 Hz), 6.31 
(d, 0.80 × 1H, JH–H = 11.2  Hz), 3.79 (s), 3.78 (s) {6H, 
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SAr-OCH3-p}, 2.20–2.14 (m, 12H, CH2) and 1.26–1.16 
(m, 18H, CH3); 13C{1H} NMR (100 MHz, CDCl3): δ 8.2, 
16.2, 55.3, 109.2, 109.3, 109.6, 109.8, 114.7, 114.7, 124.1, 
124.8, 125.4, 125.7, 126.9, 127.0, 127.4, 127.7, 128.2,129.4, 
130.6, 131.0, 132.7, 133.0, 133.3, and 159.3; 31P{1H} NMR 
(161.83 MHz, CDCl3): δ11.6 (JPt–P = 2370 Hz); ESI-HRMS 
[M]+m/z = 962.2823 (100%), Calc. mass: 962.0932, Anal. 
Calc. for C46H56O2P2PtS2: C, 57.43; H, 5.87%. Found: C, 
57.39; H, 5.98%.

Synthesis of complex 2b

The same procedure was followed for the synthesis of 
platinum(II) complex 2b as previously applied for the syn-
thesis of 2a, but platinum(II) bis(acetylide) complex 1b, 
trans-[(Et3P)2Pt{C≡C–C6H4–C6H4–C≡CH}2] was used 
instead of trans-[(Et3P)2Pt{C≡C–C6H4–C≡CH}2] (1a), and 
the reaction was carried out for 5 h. The resulting crude 
product was purified by silica column chromatography, elut-
ing with hexane and dichloromethane, and the title complex 
2b was isolated as a yellow solid in 90% yield (0.100 g), E/Z 
ratio: 63/37. IR (solid state, KBr): ν 2097 (C≡C) cm−1;1H 
NMR (400 MHz, CDCl3): (E/Z ratio: 63/37): δ 7.62–7.32 
(m, 20H, Ar–H, SAr-H), 6.92–6.83{5.26H (m, 4H, SAr-
H; d, 1.26 × 1H), 6.53 (d, 1.26 × 1H, JH–H = 13.6  Hz), 
6.50 (d, 0.74 × 1H, JH–H = 8.8  Hz), 6.40 (d, 0.74 × 1H, 
JH–H = 10.4  Hz), 3.81 (s), 3.80 (s) {6H, SAr-OCH3-p}, 
2.21–2.16 (m, 12H, CH2) and 1.29–1.19 (m, 18H, CH3); 
13C{1H} NMR (100 MHz, CDCl3): δ 8.3, 16.3, 55.3, 109.1, 
109.4, 114.77, 114.8, 124.5, 125.3, 125.5, 126.1, 126.2, 
126.4, 126.5, 126.7, 126.8, 127.9, 128.2, 128.5, 129.0, 131.2, 
132.9, 133.3, 135.3, 135.3, 136.9, 137.0, 139.3, 139.7, 159.4, 
and 159.5;31P{1H} NMR (161.83  MHz, CDCl3): δ11.6 
(JPt–P = 2396 Hz); ESI-HRMS [M]+m/z = 1114.3478 (100%), 
Calc. mass: 1114.2851, Anal. Calc. for C58H64O2P2PtS2: C, 
62.52; H, 5.79%. Found: C, 62.24; H, 5.87%.

Synthesis of complex 2c

The synthetic procedure was the same as for the synthesis of 
platinum(II) complex 2a, but platinum(II) bis(acetylide) com-
plex 1c, trans-[(Et3P)2Pt{C≡C–C6H2(CH3–p)2–C≡CH}2], 
was used instead of trans-[(Et3P)2Pt{C≡C–C6H4–C≡CH}2], 
1a, and the reaction was carried out for 3 h. The result-
ing crude product was purified by silica column chroma-
tography, eluting with hexane and dichloromethane, and 
the title complex 2c was isolated as a pale yellow solid 
in 99% yield (0.101 g), E/Z ratio: 50/50. IR (solid state, 
KBr): ν 2091 (C≡C) cm−1; 1H NMR (400 MHz, CDCl3): 
(E/Z ratio: 50/50): δ 7.40–7.36 (m, 5H, SAr-H, Ar–H), 7.18 
(s, 1H, Ar–H), 7.12 (s, 1H, Ar–H), 7.05 (s, 1H, Ar–H), 
6.88 (d, 2H, SAr-H, JH–H = 6.4 Hz), 6.85 (d, 2H, SAr-H, 
JH–H = 6.4 Hz), 6.76 (d, 1 × 1H, JH–H = 15.6 Hz), 6.66 (d, 

1 × 1H, JH–H = 15.2 Hz), 6.54 (d, 1 × 1H, JH–H = 10.4 Hz), 
6.35 (d, 1 × 1H, JH–H = 10.8 Hz), 3.79 (s), 3.78 (s) {6H, 
SAr-OCH3-p}, 2.44 (s, 3H, Ar-CH3-p), 2.36 (s, 3H, 
Ar-CH3-p), 2.24 (s), 2.22 (s){6H, Ar-CH3-p)}, 2.18–2.11 
(m, 12H, CH2) and 1.24–1.14 (m, 18H, CH3); 13C{1H} 
NMR (100 MHz, CDCl3): δ 8.2, 16.2, 19.1, 19.3, 20.7, 
20.9, 55.2, 108.5, 108.7, 114.6, 114.7, 124.4, 124.5, 125.4,
　125.5, 127.1, 127.1, 127.6, 127.6, 127.7, 127.8, 127.9, 
128.0, 128.8, 131.6, 131.7, 131.7, 132.0, 132.0, 132.5, 
132.6, 132.7, 132.9, 135.6, 136.1, and 159.1; 31P{1H} NMR 
(161.83 MHz, CDCl3): δ 12.2 (JPt–P = 2384 Hz); ESI-HRMS 
[M]+ m/z = 1018.3453 (100%), Calc. mass: 1018.1995, Anal. 
Calc. for C50H64O2P2PtS2: C, 58.98.89; H, 6.34%. Found: C, 
58.84; H, 6.44%.

Synthesis of complex 2d

The same procedure as for the platinum(II) com-
plex 2a was followed for the synthesis of 2d, but 
platinum(II) bis(acetylide) complex 1d ,  trans-
[(Et3P)2Pt{C≡C–C6H2(OCH3-p)2–C≡CH}2], was used 
instead of trans-[(Et3P)2Pt{C≡C-C6H4-C≡CH}2], 1a, and 
the reaction was carried out for 3 h. The resulting crude 
product was purified by silica column chromatography, elut-
ing with hexane and dichloromethane, and the title com-
plex 2d was isolated as a deep yellow solid in 88% yield 
(0.096 g), E/Z ratio: 65/35. IR (solid state, KBr): ν 2094 
(C≡C) cm−1; 1H NMR (400  MHz, CDCl3): (E/Z ratio: 
65/35): δ 7.42–7.38 (m, 4H, SAr-H),7.18 (s, 0.70 × 1H, 
Ar–H), 6.90–6.73 [m, 10.6 × 1H, {SAr-H (4H), Ar–H 
(3.3 × 1H), –CH = CH– (3.3 × 1H)}], 6.34 (d, 0.70 × 1H, 
JH–H = 10.4 Hz), 3.85–3.75 (18H, SAr-OCH3-p, Ar-OCH3-
p), 2.27–2.22 (m, 12H, CH2) and 1.27–1.17 (m, 18H, CH3); 
13C{1H} NMR (100 MHz, CDCl3): δ8.4, 16.1, 55.3, 56.1, 
56.2, 56.3, 105.4, 109.0, 111.8, 114.7, 115.2, 116.0, 117.9, 
120.5, 123.1, 123.2, 123.2, 124.7, 124.8, 125.3, 125.4, 
125.5, 126.9, 127.0, 132.7, 132.8, 150.3, 150.4, 154.0, 
154.4, 159.2, and 159.3; 31P{1H} NMR (161.83  MHz, 
CDCl3): δ11.8 (JPt–P = 2395  Hz); ESI-HRMS [M]+ 
m/z = 1082.3258 (100%), Calc. mass: 1082.1971, Anal. Calc. 
for C50H64O6P2PtS2: C, 55.49; H, 5.96%. Found: C, 55.37; 
H, 6.03%.

Results and discussion

Syntheses

Under UV light irradiation, the platinum(II) com-
plex, which has an extended ethynyl ligand trans-
(Et3P)2Pt{C≡C–C6H4–C≡CH}2 (1a), was reacted with p-ani-
solylthiol [34, 35], and provided a yellow solid platinum(II) 
bis(alkenylarylalkynyl) complex (2a) in excellent yield 
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(98%, isolated yield; Table 1, entry 1; Scheme 1). p-Ani-
solylthiol photolysis requires UV light with a wavelength 
between 300 and 250 nm, which was achieved using a 500 
W tungsten lamp [42]. According to Oliver et al. (2012), 
the photodissociation of para-substituted thiophenols took 
place at ~ 280 nm. They discovered that UV irradiation in 
the range 305 > phot > 240 nm causes the fission of the S–H 
bond and the production of the p-YPhS˙ radical (Y = CH3/F/
OCH3) [42]. The structure of the complex was identified 
by IR, multi-nuclear NMR spectroscopy, and ESI-HR mass 
spectrometry as well as elemental analysis.

With the analogous reaction conditions (Table  1, 
entry 1), various platinum(II) bis(acetylides), trans-
(Et3P)2Pt(C≡C–Ar–C≡CH)2, (1) (Ar = biphenylene/2,5-
dimethylphenylene/2,5-dimethoxyphenylene) were also 
examined (Scheme 1) by adding p-anisolylthiol under UV 
radiation. The outcome of these reactions is general, which 
gave expected p-anisolylthiol-functionalized complexes, 2b-
2d (Table 1). This methodology tolerates trans-platinum(II) 
bis(acetylide) complexes, with extended ethynyl ligand of 
diterminal alkynes, containing aryl rings as well as substi-
tuted aryl rings.

All the reactants were converted to thiolated products 
within 3 to 5 h under irradiation with UV light (Table 1). 

The crude products were purified by silica column chroma-
tography, eluting with hexane/dichloromethane. The highly 
pure E/Z isomers are inseparable mixtures which displayed 
a single spot on TLC plate. The pure compounds were iso-
lated as yellow to deep yellow solids in 88–99% yields. 
The complexes are soluble in common organic solvents but 
are insoluble in hexane. The p-anisolylthiol-functionalized 
trans-platinum(II) bis(alkenylarylalkynyl) complexes are air-
stable. In our previous study, the reaction of benzenethiol/p-
tolylthiol with platinum(II) bis(acetylide) provided the thi-
olated complexes in 70–90% yields [35–37]. In the present 
study, methoxy substituted thiol gives much higher yields 
(88–99%). The trans-platinum(II) complexes (2) provided 
satisfactory elemental analyses. The products were also 
characterized by IR, 1H, 13C and 31P NMR spectroscopy 
and positive ESI-HR [M]+ mass spectrometry.

Stereochemistry

The newly synthesized complexes exhibited good regiose-
lectivity. The isomeric nature (E/Z) of the complexes was 
ascertained using the measured values of the coupling con-
stant of the vinylic protons, which are made obvious by 1H 
NMR spectroscopic analysis (Table 1). For instance, the 

Table 1   Synthesis of 
p-anisolylthiol-functionalized 
various trans-platinum(II) 
bis(acetylides) 

Reactions were carried out in chloroform solvent upon irradiation by using 1, trans-(Et3P)2Pt{C≡C–Ar–
C≡CH}2 (0.1 mmol) and p-anisolylthiol (0.25 mmol)
i Isolated yields
a Inseparable mixture of E/Z isomers were estimated by 1H NMR spectroscopy

Entry Platinum(II) acetylide, trans-
(Et3P)2Pt{C≡C–Ar–C≡CH}2, 1

Thiol (XSH) Duration (h) Product, 2i (%), (E/Z)a

1 Ar = phenylene, 1a p-MeOC6H4SH 3 98 (2a) (60/40)
2 Ar = biphenylene,1b p-MeOC6H4SH 5 90 (2b) (63/37)
3 Ar = 2,5-dimethylphenylene, 1c p-MeOC6H4SH 3 99 (2c) (50/50)
4 Ar = 2,5-dimethoxyphenylene, 1d p-MeOC6H4SH 3 88 (2d) (65/35)

Scheme. 1   Synthetic route of p-anisolylthiol-functionalized various trans-platinum(II) bis(alkenylarylalkynyl) complexes
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observed values of the vinylic protons coupling constant for 
the trans-platinum(II) complex 2a are 10.8 and 11.2 Hz for 
Z isomers and 15.2 and 15.2 Hz for E isomers (Table 2) [36]. 
The E isomer is preferred over the creation of the Z isomer.

Characterization

The new organometallic complexes were characterized by 
using traditional methodologies such as elemental analy-
sis, IR, 1H, 13C{1H} and 31P{1H} NMR spectroscopy and 
mass spectrometry (positive [M]+ ion in ESI-HR MS). The 
selected basic spectroscopic data for all the new compounds 
in this study are summarized in Table 2.

The platinum-alkyne carbon bond (Pt–C≡C) is con-
firmed to be sustained by a sharp single absorption band 
on the range of 2099–2091  cm−1 in the IR spectra of 
the p-anisolylthiol-functionalized trans-platinum(II) 
bis(alkenylarylalkynyl) complexes 2. In the IR spectra, 
the absence of the terminal ≡C–H absorption band con-
firms the completion of the reaction. As for example, 
platinum(II) complex 2a displayed a sharp single absorption 
band at 2099 cm−1, which is assigned to ν(C≡C) stretch-
ing vibration (Table 2) and showed no bands in the range 
3200–3300 cm−1, which is the characteristic region for the 
≡C–H stretching vibration [32]. It is clear that the anisolylth-
iol and terminal acetylenic group had a specific reaction.

The vinyl protons exhibit new peaks in the range of 
6.31–6.92 ppm in the 1H NMR spectra of platinum(II) 
bis(alkenylarylalkynyl) complexes 2 (Fig. 1). For instance, 
platinum(II) complex 2a displayed two sets of doublets at 
6.73 and 6.48 ppm for E isomer, and 6.42 and 6.31 ppm for 
Z isomer (Table 2) [36, 37, 43]. On the other hand, in the 1H 
NMR spectra of complexes 2, there was no signal at about 
3 ppm, which is the characteristic region for the terminal 

alkyne proton ≡C–H. In the 1H NMR spectra of platinum(II) 
complex 2a, the methyl protons of two isomers (E/Z) of the 
p-anisolylthio group were seen as two singlets at 3.79 and 
3.78 ppm. In each case, signals from the p-anisolylthio moi-
ety, organic spacers, and ethyl phosphine protons likewise 
displayed peaks in the anticipated area. In 1H NMR spectra, 
platinum(II) complex 2b showed three vinyl proton doublets 
and one vinyl proton overlapped with the aromatic ring of 
the organic spacer, platinum(II) complex 2c showed four 
vinyl proton doublets, platinum(II) complex 2d showed one 
vinyl proton doublet and three vinyl protons overlapped with 
the aromatic ring of the organic spacers, and all other pro-
tons display peaks at the expected region.

The 31P{1H} NMR spectra of each platinum(II) 
bis(alkenylarylalkynyl) complexes 2 showed the expected 
signals consisting of three lines due to coupling with 195Pt, 
such as, platinum(II) complex 2c displayed a sharp singlet 
at 12.2 ppm along with two satellites positions on 19.5 and 
4.8 ppm (Fig. 2). The trans geometry around the platinum-
diphosphine centers was confirmed by 31P{1H} NMR spec-
troscopy based on the JPt–P coupling constant [36, 37]. The 
E/Z intimate mixtures mutually displayed a sharp singlet in 
31P{1H} NMR (Table 2), because in both cases (E/Z), geom-
etry is only associated with the terminal alkene, which is iso-
lated from the phosphine ligands. The JPt–P values obtained, 
i.e., 2370, 2396, 2384, and 2395 Hz for the platinum(II) 
complexes 2a, 2b, 2c, and 2d, respectively, are in agree-
ment by the values earlier reported for other square planar 
platinum(II) complexes which bearing trans geometry [44, 
45]. 13C{1H} NMR spectrum was also performed for each 
complex and display signals in the expected region.

The molecular formula of the newly synthesized com-
plexes was also recognized by the intense molecular 
ion [M]+ peaks in the positive ion ESI-HR mass spectra 

Table 2   Some spectroscopic data for the trans-platinum(II) bis(alkenylarylalkynyl) complexes 2a-d 

a Referenced to internal TMS
b  Referenced to external trimethylphosphite and JPt–P value (in Hz) is given in parentheses
c JH–H value (in Hz) is given in parenthesis

Platinum(II) complexes (2) IR (KBr) 
υ(C≡C) 
(cm−1)

1H NMR (ppm)a [–CH=CH(SX)], 
vinyl proton (Doublet = d)c (E/Z)

31P{1H} NMR (ppm)b ESI-HR (Calc.) m/z Mass

trans-[(Et3P)2Pt{C≡C−C6H4−
CH=CH(SC6H4OMe-p)}2] (2a)

2099 6.73 (d, 15.2), 6.48 (d, 15.2), 6.42 
(d, 10.8), 6.31 (d, 11.2), (60:40)

11.6 (2370) 962.2823 (962.0932) [M]+

trans-[(Et3P)2Pt{C≡C−C6H4−
C6H4−CH=CH(SC6H4OMe-
p)}2] (2b)

2097 6.92–6.83 (d, merge with SAr-H), 
6.53 (d, 13.6), 6.50 (d, 8.8), 6.40 
(d, 10.4), (63:37)

11.6 (2396) 1114.3478 (1114.2851) [M]+

trans-[(Et3P)2Pt{C≡C–C6H2(2,5-
Me)2-CH=CH(SC6H4OMe-p)}2] 
(2c)

2091 6.76 (d, 15.6), 6.66 (d, 15.2), 6.54 
(d, 10.4), 6.35 (d, 10.8), (50:50)

12.2 (2384) 1018.3453 (1018.1995) [M]+

trans-[(Et3P)2Pt{C≡C–C6H2(2,5-
OMe)2-CH=CH(SC6H4OMe-
p)}2] (2d)

2094 6.90–6.73 (d, d, d, merge with 
SAr-H), 6.34 (d, 10.4), (65:35)

11.8 (2395) 1082.333258 (1082.1971) [M]+
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observed at m/z 962.2823 for 2a, at m/z 1114.3478 for 2b, at 
m/z 1018.3453 for 2c, and at m/z 1082.3258 for 2d (Table 2).

Photophysical properties

The absorption and emission properties of complexes 2a-2d 
were recorded in THF at room temperature and presented 
in Fig. 3a, b, c. The platinum(II) bis(alkenylarylalkynyl) 
complexes of 2a, 2b, and 2c showed the absorption max-
ima at around ~ 362 nm, whereas 2d displayed a red-shifted 
absorption peak at 491 nm due to the presence of an OMe 
substituent, which releases electrons. All complexes showed 
a relatively weak peak at around 300 nm. Compared to the 
absorption band of platinum(II) bis(alkynylarylalkynyl) 
complexes 1, we find that the position of the lowest energy 
absorption bands in the platinum(II) bis(alkenylarylalkynyl) 
complexes 2 are red-shifted, after the functionalization of 
p-anisolylthiol. The highest red-shift (20 nm) observed for 
our trans-platinum(II) complexes is recorded for complex 
2c. The UV/Vis absorption maxima of complexes 1a, 1b, 1c, 
and 1d are observed at 345, 356, 335, and 377 nm, respec-
tively, whereas those of their corresponding p-anisolylthiol 
functionalized complexes 2a, 2b, 2c, and 2d are observed 
at 362, 363, 355, and 391 nm, respectively. In each case, 
a small red-shift is observed, and the shifts are 17, 7, 20, 

and 14 nm for complexes 2a, 2b, 2c, and 2d, respectively 
as compared to complexes 1a, 1b, 1c, and 1d, respectively. 
These absorption bands are predominantly based on intra-
ligand charge transfer consisting of acetylenic (C≡ C) π–π*, 
and aromatic and aliphatic (C=C) π–π*transitions [46–49]. 
The assignment of UV/Vis absorption peaks is further sup-
ported by DFT optimized frontier molecular orbitals-HOMO 
and LUMO of 2a, 2b, 2c and 2d. The HOMO is delocalized 
along the acetylenic, phenyl and ethene π–π*orbitals with 
a small contribution from the platinum dπ orbital (Fig. 5). 
The delocalization of the HOMO and LUMO (ground and 
excited states) is the origin of the red shift of the absorp-
tion band of 2d compared to 2a, 2b and 2c. In addition, 
the excitation energies, along with their related transitions 
confirmed the presence of HOMO and LUMO in acetylene 
ligands.

All of the complexes exhibited violet to blue fluorescence 
emission at room temperature. As complexes 2a, 2b, and 2c 
showed emission around 405 nm, while 2d appeared in the 
blue region (Fig. 3a, b, c). The complexes retained the same 
fluorescence emission in degassed THF solution, indicat-
ing no sign of phosphorescence at room temperature. Low 
temperature emission spectra were recorded in 2-Me THF 
to investigate the existence of any triplet state emission in 
the glassy state. Interestingly, 2a and 2b showed intense 

Fig. 1   1H NMR spectra of Platinum(II) bis(alkenylarylalkynyl) complex 2a 
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triplet state emission (phosphorescence) at 579, and 585 nm, 
respectively with a sharp peak due to the corresponding 
vibrational relaxation (Fig. 3a, b, c).

However, triplet emission did not show for complexes 2c 
and 2d. It is believed that the substitution of organic spacer 
with methyl and methoxy groups leading to rises the non-
emissive decay from triplet state to ground state at low tem-
perature (77 K), and thereby radiative decay of triplet state to 
ground state may not observe [50]. Yam VWW et al. (2011) 
reported that a series of multifunctional platinum(II) bipy-
ridine complexes in which some of examples were alkoxy 
substituted bipyridine platinum(II) acetylides, that did not 
show triplet state emission at 77 K [50, 51], but those com-
plexes showed fluorescence at room temperature. In going 
from room temperature to 77 K, non-radiative decay rate 
from the triplet state becomes suppressed by the restricted 
rotational and vibrational motion of the molecules in glassy 
state [52–55], hence the appearance of phosphorescence for  
the complexes 2a and 2b. The fluorescence lifetime of all 
four complexes were measured in THF at room temperature. 
The singlet state fluorescence lifetime for complexes 2a and 
2c were found at 327 and 322 ps whereas a comparatively 
shorter lifetime of 309 ps was obtained for complex 2b 
(Fig. 3d). However, the excited singlet state lifetime for the 
complex 2d was shortened by around half (169 ps), which 

limits the intersystem crossing between singlet to triplet state 
significantly. Fluorescence quantum yields (Фfl) for the com-
plex 2b and 2d was higher (~ 5%) than that of 2a and 2c 
(~ 2%). The photophysical data is summarized in Table 3.

Electrochemistry

Cyclic voltammetry (CV) is widely used to obtain the 
highest occupied molecular orbitals (HOMO) and lowest 
unoccupied molecular orbital (LUMO) energy levels of 
redox active molecules/polymers [56]. The electrochemi-
cal measurements of the complexes 2a-2d were conducted 
in dichloromethane, in a three electrode system—glassy 
carbon as working electrode, platinum as auxiliary elec-
trode, and Ag/Ag+ in acetonitrile as reference electrode 
[57]. In all measurements Fc/Fc+ (0.18 V vs. Ag/Ag+) 
were used as internal standard. The CV traces were pre-
sented in Fig. 4 and the oxidation potentials were summa-
rized in Table 4. All the complexes exhibited one or more 
irreversible oxidation waves. The first oxidation waves of 
2a, 2b, 2c, and 2d were observed at 0.47, 0.55, 0.45, and 
0.25 V, respectively (Fig. 4 and Table 4). The TD DFT cal-
culations (next section) revealed that the oxidations in the 
complexes were originated from the acetylide ligands of 
the complexes (Fig. 5). These oxidations are related to the 

Fig. 2   The 31P{1H} NMR spectra of platinum(II) bis(alkenylarylalkynyl) complexes 2c 
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HOMO energies of the complexes [30, 56, 58]. No reduc-
tion was observed within the potential windows (− 2 V 
to + 2 V). However, LUMO energies of the complexes 
were obtained from the difference between the HOMO 

energies and optical gap (Eopt). The HOMO and LUMO 
energies are listed in Table 4.

Theoretical calculations

In order to investigate the electronic structures and ener-
gies of frontier molecular orbitals of the complexes (2a-d), 
we employed density functional theory (DFT) and time-
dependent DFT (TD-DFT) calculations. These calculations 
utilized the Gaussian 16 program [59] and were based on the 
hybrid exchange correlation functional B3LYP [60] in con-
junction with the Stuttgart–Dresden (SDD) basis set [61]. 
GaussView, the graphical user interface used with Gaussian 
software, was employed to visualize the frontier molecular 
orbitals using an isovalue of 0.02.

Fig. 3   a Absorption spectra in THF b room temperature emission spectra in THF c emission spectra at 77 K in Me-THF of complexes 2a-2d. d 
fluorescence lifetime decay of complexes 2a-2d 

Table 3   Detailed photophysical data of complexes 2a-2d 

Conc. = 1.0 × 10−5 M

Compound Room Temperature 77 K τFl (ps)

λmax (nm) Фfl λfl (nm) λph (nm)

2a 362 2.0% 400 579 327
2b 363 5.5% 407 585 309
2c 355 2.1% 408 – 322
2d 391 4.6% 428 – 169
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To simplify the computations and reduce the computa-
tional cost, the -Et groups on the phosphine ligands were 
substituted with -Me groups. Figure 5 displays the frontier 
molecular orbital diagrams for the geometry-optimized 
complexes (2a-d). A visual examination of the orbital plots 
reveals that the HOMO consists of p orbitals originating 
from each of the phenylacetylene units and a d orbital local-
ized on the platinum atom. The LUMO consists of p orbitals 
on the phenylacetylene units and an empty d orbital on the 
platinum. Analyzing the LUMO images for complexes 2a 
and 2c from Table 5, it is evident that the electron density 
on one of the phenylacetylene units is notably less than the 
other, with reduced participation from the d orbital on the 
platinum atom. The TD-DFT results provided further insight 
into the basis of the complexes near-UV absorption bands, as 
demonstrated in Tables 1, 2, 3, and 4 in the SI section. These 

results indicate that the lowest energy transition exclusively 
involves the HOMO → LUMO transition. The lowest energy 
absorption, observed at 362 nm with a significant oscilla-
tion strength, precisely corresponds to the experimentally 
recorded maximum absorption at 362 nm for complex 2a. 
For complex 2c, the theoretically determined lowest energy 
absorption aligns closely with the experimental result of 
355 nm. However, in the case of complexes 2b and 2d, the 
experimental absorptions are lower than the calculated val-
ues. Considering the distributions of the frontier orbitals, it 
is reasonable to conclude that the transition is predominantly 
π–π* in nature with a small degree of metal-to-ligand charge 
transfer character [62].

Conclusions

We have synthesized a series of p-anisolylthiol functional-
ized trans-platinum(II) bis(alkenylarylalkynyl) complexes 
in excellent yield (88–99%) by photochemical reaction. The 
optical absorption and emission spectra of the complexes are 
influenced by the nature of spacers in the acetylide ligand. 
All complexes showed emission bands in the violet-blue 
region of the electromagnetic spectrum at room temperature. 
Complexes without any substituents in the phenyl spacer 
displayed intense triplet state emission (phosphorescence) at 
low temperature, whereas complexes with substituted phenyl 
spacers (with CH3 and OCH3) did not. The TD-DFT calcu-
lations of the complexes shows that the absorption bands 
are originated from intra-ligand charge transfer (π–π*) with 
the participation of platinum dπ-orbital. Cyclic voltammetry 
(CV) and the TD DFT calculations revealed that the oxida-
tions in the complexes were originated from the acetylide 
ligands of the complexes. These oxidations are related to the 
HOMO energies of the complexes.

Fig. 4   Cyclic voltammograms of trans-[(PEt3)2Pt{C≡C–Ar–
CH=CH(SC6H4–OCH3)}2] (Ar = C6H4 (2a), Ar = C6H4–C6H4 (2b), 
Ar = C6H2(2,5-Me)2, (2c) and Ar = C6H2(2,5-OMe)2 (2d) in dichlo-
romethane using Bu4NPF6(0.01 M) as supporting electrolyte

Table 4   Redox potentials and HOMO and LUMO energies

a All potentials are referenced to Fc/Fc+. HOMO = − (4.8 + Eox); LUMO = − (4.8 + Ered)
b First oxidation
c LUMO = HOMO + Eopt
d Eopt.is obtained from the intersection of normalized absorption and emission spectra
e Obtained from density functional theory calculations

Complex E1/2
abox /V E1/2 red /V HOMO/eV LUMOc/eV ΔEopt

d/eV HOMOe/eV LUMOe/eV ΔEDFT/eV

2a 0.47, 0.65 – − 5.27 − 2.03 3.24 − 4.94 − 1.21 3.73
2b 0.55, 0.11 – − 5.35 − 2.11 3.24 − 5.08 − 1.48 3.60
2c 0.45 – − 5.25 − 1.95 3.30 − 4.86 − 1.16 3.70
2d 0.22, 0.11 – − 5.02 − 2.0 3.02 − 4.57 − 1.29 3.28
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