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A B S T R A C T   

The NMR spectra of five diplatinum(II) complexes, Pt(μ-Cl)(arylolefin)]2 [arylolefin = Eug (1), iPrEug (2), Meug 
(3), EtEug (4), Saf (5)], in CDCl3 are studied. All the five complexes are formed by the reaction of K[PtCl3(ar-
ylolefinH)] with Ag2O in the mixture of alcohol-water. A mononuclear platinum complex, PtCl(Saf)(CH3CN)], 
which is formed by the crystallization of a dimeric complex 5 in acetonitrile is also investiated. The mononuclear 
platinum complex is characterized by elemental analysis, ESI mass spectrometry, infrared and NMR spectro-
scopic studies and single crystal X-ray crystallography. The single X-ray crystal structure reveals the coordination 
of Pt(II) ion to Saf via C = Callyl and the carbon of the benzene ring. DFT calculations are also performed to collect 
information about the structural parameter and stability of mononuclear platinum complexes. The findings 
reveal that the theoretical data agree with the experimental findings of single crystal X-ray structure. In addition, 
Hirshfeld surface analysis is also carried out to investigate various intermolecular interactions in the crystal 
structure of mononuclear platinum complex.   

1. Introduction 

Platinum-based compounds have been extensively investigated as 
potential chemotherapeutic medicines since the revolutionary discovery 
of cisplatin and its analogs [1–3]. Despite their remarkable efficacy 
against various cancers, platinum-based drugs are accompanied by 
several serious adverse effects [4,5]. This motivates the scientists to see 
out more effective platinum complexes. Lippard et al discovered a novel 
platinum complex, cis-[Pt(NH3)2(Phenanthridine)Cl]NO3, which is 
7–40 times more effective than cisplatin in the early scan of human 
cancer cells from a range of organs [6]. 

The strategy of using a natural compound as a ligand in the formation 
of Pt(II) complexes to minimize their toxicity and consequently harmful 
consequences has gained a lot of interest in recent years [7–9]. The 
platinum complex K[PtCl3(C2H4)], also known as Zeise’s salt, was 
discovered by William Zeise in 1825 as the first example of a transition 
metal–olefin complex through the interaction of platinum chloride with 

ethylene [10]. Olefin ligands, also known as alkene ligands, are good π 
electron donors and are widely used in the organometallic chemistry of 
platinum to produce relatively stable complexes [10–13]. Pt(II) com-
plexes with a single geometry and stability are useful models for 
bonding, structural, and reactivity research [14]. Over the years, several 
Pt(II) complexes with natural arylolefins as ligands, such as safrole (in 
sassafras oil), eugenol (in clove oil), and anethole (in anise and fennel 
oil), and their derivatives have been investigated due to their novel to-
pologies and significant inhibitory activities against human cancer cells, 
and have shown significant anti-inflammatory and analgesic properties 
[9,15–17]. In addition, large number of Pt(II) complexes with caffeine 
[18], theophylline [19], methyleugenol [20,21], safrole [15,16], ole-
anoic acid [22], propyl gallate [23] have been synthesized and their 
biological applications explored. Moreover, several diplatinum(II) 
complexes (Scheme 1) containing phenylpropenoids, [Pt(μ-Cl)(arylole-
fin)]2 have been reported in mild conditions [16,24–26], which, when 
combined with other ligands, L, yield monoplatinum(II) complexes with 
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the general formula [PtCl(arylolefin)(L)] (L: amine or N-heterocyclic 
carbene) [24,26–28]. However, some monoplatinum complexes have 
shown considerable anticancer properties [26,28]. Furthermore, the 
role of these complexes in catalysis has also been studied [27]. Despite 
the significant literature [9,15–17], the structure of these dimeric 
complexes has yet to be thoroughly investigated. 

Herein, in this article, we will investigate the NMR studies of five 
diplatinum complexes [Pt(µ -Cl)(arylolefin)]2 (1–5) in CDCl3 and 
CD3CN. In addition, a mononuclear platinum complex, [PtCl(Saf) 
(CH3CN)] obtained from the slow evaporation of the diplatinum com-
plex 5 upon recrystallization in acetonitrile at room temperture will also 
be investigated. However, the mononuclear platinum complex [PtCl 
(Saf)(CH3CN)] has been characterized by elemental analyses, FT-IR, ESI- 
MS, NMR spectroscopic studies and single crystal X-ray crystallography. 
Time-dependent NMR spectroscopy has attracted lot of attention as it is 
used to better understand the synthesis of platinum complexes [29]. As 
the name suggests, time-dependent is used in NMR spectroscopic 
approach to improve the intensity and resolution of a group of peaks 
over time, allowing for a more precise interpretation of chemical 
structure of platinum complex. Therefore, Time-dependent DFT studies 
are also carried out to to know about the bonding insights into the 
structure of monoplatinum complex using B3LYP-6-31G(d,p)/LANL2DZ 
level of theory [30]. In addition, Hirshfeld surface analysis is also per-
formed to determine various intermolecular interactions in the crystal 
structure of mononuclear platinum complex. 

2. Experimental 

2.1. Materials and methods 

All chemicals and solvents (AR grade) used in the experiment were 
obtained from Sigma and used as received. The NMR spectra of com-
plexes 1–4 was recorded on Bruker AVANCE 500 MHz with TMS as an 
internal standard in chloroform‑d1 and acetonitrile‑d3. However, NMR 
spectra for complex 5 were recorded on Bruker AVANCE 300 MHz with 
TMS as an internal standard in acetonitrile‑d3. The elemental analysis 
for complex [PtCl(Saf)(CH3CN)] was performed on a Perkin-Elmer PE 
2400 elemental analyzer. The ESI-Mass spectrum was measured using a 

Finnigan MAT LCQ spectrometer. Infrared spectra were recorded on 
IMPACK-410 NICOLET spectrometer as KBr discs in the range 400–4000 
cm− 1. The single crystal X-ray diffraction was carried out on a Bruker 
AXS SMART APEX diffractometer using graphite monochromatic MoKα 
radiation (λ = 0.71073 Å). The software packages SMART [31], SAINT 
[32], SHADABS [33] and SHELXTL [34] were used for data collection, 
reflection indexing, determination of lattice parameters, integration of 
reflections and scaling, empirical absorption correction, space group 
determination, structure solution, and refinements, respectively. 
Anisotropic thermal parameters were refined for the remaining non- 
hydrogen atoms. The hydrogen atoms were placed in their ideal 
positions. 

2.2. Synthesis of complexes 1–5 

The complex [Pt(μ-Cl)(Eug)]2 (1) was synthesized in high yield 
following the protocols described in the literatures [26]. However, when 
Ag2O was used instead of AgNO3 in the synthetic procedure, the yield of 
complex 1 increased from 40 % to 65 %. A mixture of Ag2O (278 mg, 1.2 
mmol) and K[PtCl3(EugH)] (505 mg, 1.0 mmol,) in an ethanol–water 
mixture (12 mL, 1:5, v/v) in round bottom flask covered with aluminum 
foil to shield from light was stirred at room temperatue for 6 h. The 
reaction mixture was extracted with chloroform multiple times until the 
chloroform phase became colorless. The solvent from the resultant 
organic phase was removed under vacuum, yielding a solid product, 
which was washed with acetone and dried under vacuum. The product 
was recrystallized in chloroform, providing lemon yellow small crystals 
suitbale for single crystal X-ray diffraction. Complexes [Pt(μ-Cl)(arylo-
lefin)]2 ((arylolefin: iPrEug/2 [25], Meug/3 [24], EtEug/4 [24], Saf/5 
[16]) were synthesized using the precursor K[PtCl3(arylolefin)] as 
described previously with yield 70%, 80%, 65% and 75% , respectively. 
The synthesized complexes yielded lemon yellow crystals upon crys-
tallization in chloroform. However, complex 5 on recrystallization in 
concentrated acetonitrile solution provides crystals on slow evaporation 
at room temperature over 24 h for mononuclear platinum complex, 
[PtCl(Saf)(CH3CN)]. The crystals were found appropriate for single 
crystal X-ray diffraction. 

Anal. Calc. for C12H12O2NClPt: C, 33.29; H, 2.77; N, 3.24. Found: C, 

Scheme 1. Anti-structure of complexes 1–5 and the ligands (the numeration on structures used for NMR analysis).  
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33.27; H, 2.60; N, 3.23. -MS (ESI) Calcd for [M − CH3CN + Cl]-, 
C10H9O2Cl2Pt: m/z 427. Found (%): m/z 427 (100). Calcd for [2 M −
2CH3CN + Cl]-, C20H18O4Cl3Pt: m/z 819. Found (%): m/z 819 (60). FT- 
IR (KBr pellet, cm− 1): 2302 (CN); 1602, 1507, 1460 (C––C). 

2.3. Theoretical investigations 

The Gaussian 09 program package [35] was used to perform quan-
tum chemical calculations on the X-ray structure of mononuclear plat-
inum complex, [PtCl(Saf)(CH3CN)]. The crystallographic information 
file (cif) of the complex was used as an input file for theoretical calcu-
lations with GaussView [36], which was also used for post-processing in 
the result description. The ground state geometries of the complex were 
optimized in the gas phase using Becke’s three-parameter Lee-Yang-Parr 
(B3LYP) DFT functional with 6-31G(d,p) basis set for Cl, O, H, N, C 
atoms and LANL2DZ for Pt atoms for FMOs and MEP studies. Crystal 
Explorer (21.5 v) [37] was used to calculate Hirshfeld surfaces and 
corresponding 2D fingerprint plots over the crystal structure of [PtCl 
(Saf)(CH3CN)]. 

3. Results and discussion 

The complexes [Pt(μ-Cl)(arylolefin)]2 (2–5) were synthesized in high 
yield (65–80%) using the procedure reported in the literatures 
[16,24,25]. However, the synthesis of complex [Pt(μ-Cl)(Eug)]2 (1) was 
improved by utilizing Ag2O instead of AgNO3, resulting in the higher 
yield of 65 %, from 40% [26]. 

Complexes 1–5 are insoluble in water, ethanol, and acetone, but 
soluble in chloroform and acetonitrile. However, complex 5 is not sol-
uble in chloroform. Complexes 1–4 have lemon-yellow color in chloro-
form, but look light yellow in acetonitrile. 

Complexes 1–5 with anti-structures as proposed in Scheme 1 were 
reported in previous investigations using ESI MS, IR and NMR spectral 
analyses [16,24–26]. The occurrence of two sets of signals in the 1H 
NMR spectra of 1–4 in CDCl3 has, however, not yet been discussed 
[Supplementary Information Figs. S1, S3, S4, S5, S6]. Furthermore, 
several analogs of complexes 1–5, such as [PtCl(µ-Cl)(alkene)]2 [38], 
[PtCl(µ-Cl)(alkyne)]2 [38], [Pt(µ-Cl)(κ2-P,C)]2 [39] and [Pt(µ-Cl)(κ2-N, 
C)]2 [40] exist in both anti and syn isomers. The time-dependent 1H NMR 
spectra of [Pt(μ-Cl)(Eug)]2 1 in CDCl3 were studied to see if the complex 
has similar structural properties [Supplementary Information Fig. S2] 
[26]. Complex 5 is insoluble in CDCl3, which prevents us from partici-
pating in the same study. Furthermore, while trying to develop single 
crystals of complex 2 in acetonitrile, we discovered a mononuclear 
complex [PtCl(iPrEug)(CH3CN)] by serendipity [41]. In this investiga-
tion, we additionally studied the 1H and 13C NMR spectra of complexes 
3–5 in CD3CN [Supplementary Information Figs. S7, S8, S9, S13, S14]. 
The chemical shift (δ), intensity, shape, spin–spin splitting pattern were 
used to assign the 1H and 13C signals in the spectra. The ambiguous 1H 
and 13C signals were additionally assigned using the HSQC, HMBC and 
NOESY spectra [Supplementary Information Figs. S10, S11, S12]. The 
signal at 123.0 ppm, for example, has cross peak A of H3 and cross peak 
B of H8a, indicating that it belongs to C5 (Fig. 1). The signal at 142.0 
ppm, belonging to C4 is confirmed by the cross-peak C of H6 and cross 
peak D of H9. The signal of C1 at 146.0 ppm was confirmed on the basis 
of cross peak E with H3. The cross-peak F of the signal at 6.55 ppm with 
two 195Pt satellites of H6 indicate the signal at 148.8 for C2. The 
assigned 1H and 13C NMR signals are listed in Table 1 and Table 2, 
respectively. Figs. 2 and 3 show the time-dependent 1H NMR spectra of 2 
in CDCl3 and the 13C NMR spectra of 3 in CDCl3 and CD3CN, 
respectively. 

Table 1 shows that the 1H NMR spectra of 1–4 in CDCl3 have certain 
similar properties. Firstly, two sets of signals in 1:1 ratio are observed, 
and they don’t change throughout the course of 48 h (Fig. 2). There are 
only a few signals that differ slightly (bold highlight in Table 2). The 
proton H6, for example, produces two singlets at 6.41 and 6.38 ppm for 

2, 6.47 and 6.46 ppm for 3, and 6.43 and 6.46 ppm for 4. Second, strong 
evidence in both sets of signal was found to support the coordination of 
arylolefin with Pt(II) via C = Callyl and C5 of benzene ring: i) all H9, H10 
resonances shift upfield in comparison to non-coordinated arylolefin 
[16,24–26]; ii) only two singlets are observed for H3 and H6 at 
6.53–6.69 in the spectra of the free arylolefin. However, no signal was 
observed for H5; iii) The 195Pt satellites from the signals of H9, H10, H8 
are clearly observed with the distance between them (2JPtH for H9 and 
H10, 65–75 Hz, 3JPtH for H8, 105–110 Hz) (Table 1). In light of the 
foregoing observations, it can be concluded that complexes 1–4 exist in 
two isomers with syn and anti-structures in both solid-state and chlo-
roform solution, as reported in Scheme 2. However, both these isomers 
in the investigated condition are not interchangeable. This is corrobo-
rated by the findings in the 13C NMR spectra of 2 and 3 in CDCl3 (Table 1 
and Fig. 3a). In particular, two sets of signals arise in each spectrum that 
is characteristic of the coordination of aryolefins with Pt(II) as 
π/σ-chelator ligands [27]. Although there are no 1H NMR spectra of 5 in 
CDCl3, the existence of 1–4 in solid form can be utilized to demonstrate 
the presence of analog 5. 

A question has been raised over whether complexes 1–5 in CD3CN 
also have the two syn/anti isomers or give complexes of the type [PtCl 
(arylolefin)(CH3CN)] as complex 2 did. Therefore, to answer this ques-
tion, the 1H and 13C NMR spectra of 3–5 in CD3CN were explored. The 
assigned results in Table 2 reveal that each spectrum has only a single set 
of signals that differs from the equivalent spectrum recorded in CDCl3, 
suggesting that the two syn/anti isomers of 3–5 were transformed to 
different complexes in CD3CN. Furthermore, the NMR signals of the 
arylolefins H9, H10, C9, C10, H3, and H6 in Table 2 reveal that they are 
coordinated with Pt(II) as π/σ-chelator ligands, as observed in CDCl3. 
These results can be explained due to the cleavage of the bridge chlorido 
in the dimeric complexes 3–5 by coordinating solvent CD3CN to form 
mononuclear complexes of general formula [PtCl(arylolefin)(CH3CN)]. 
Elemental analysis, ESI mass spectrometry, IR, and XRD methods were 
used to identify the structure of the [PtCl(Saf)(CH3CN)] complex. 

The ESI mass spectra of [PtCl(Saf)(CH3CN)] in the negative mode 
reveals the existence of a base peak with a relative intensity of 100%, 
which is consistent with pseudomolecular anion [PtCl2(Saf)]-, suggest-
ing the coordination of Saf and CH3CN. Furthermore, the calculated 
pattern on the basis of zoom scan spectrum corresponds to the iso-
topic envelopes of the anion [Figs. 4, 5]. 

The IR spectra of [PtCl(Saf)(CH3CN)] exhibits bands for the coordi-
nation of Saf and CH3CN. The existence of CH3CN in the complex is 
shown by the weak absorption band for νC–

–
–

N at 2302 cm− 1. However, 
decrease in frequency of the characteristic band for the νC=Callyl from 
1640 cm− 1 in the non-coordinated SafH to ~1602 cm− 1 in [PtCl(Saf) 

Fig. 1. Partial HMBC NMR spectrum of 3 in CD3CN.  

P.V. Thong et al.                                                                                                                                                                                                                                



Table 1 
1H and 13C NMR signals of 1–4 in CDCl3, δ (ppm), J (Hz).  

Comp. H8a H8b H9 H10cis H10trans H3 H6 Others 

1 (1:1)[a] 2.57/2.56 d  
2J 17 3JPtH 105 

3.79 ov 5.08 m 
2JPtH 70 

4.31/4.26 d 
3J 7.5 
2JPtH 65 

4.0/3.98 d 
3J 12.5 
2JPtH 65 

6.53–6.54 ov OH: 5.31 s 
H7: 3.79 ov 

2 (0.8:1)[a] 2.59/2.57 d 
2J 16.5  
3JPtH 110 

3.74–3.79 ov 5.07 m 
2JPtH 70 

4.29/4.26 d 
3J 7.5  
2JPtH 65 

4.01 d 
3J 13.5 
2JPtH 65 

6.57  
s 

6.41/6.38 S H7a: 4.57 s 
H7b: 3.74–3.79 ov 
H11: 5.13 m 
H12: 1.28/1.27 t, 3J 7.5 

3 (1:1)[a] 2.58 d  
2J 16.5 3JPtH 110 

3.87− 3.79 ov 5.11 m 
2JPtH 70 

4.33/4.30 d 
3J 6.5 2JPtH 65 

4.03 d 
3J 13 2JPtH 65 

6.53 s 6.47/6.46 s H7a/H7b: 3.87− 3.79 ov 

4 (1:1)[a] 2.58 d  
2J 17 3JPtH 110 

3.79 ov 5.09 m 
2JPtH 70 

4.28− 4.24 ov 4.01 d 
3J 13.5 
2JPtH 65 

6.57 s 6.43/6.40 s H7a: 4.60 s 
H7b: 3.79 ov 
H11: 4.28− 4.24 ov 
H12: 1.30, t, 3J 7.0  

Comp. C9 C10 C1 C2 C3 C4 C5 C6 Others 

2 91.2/90.9 64.2/63.8 145.4 148.7 109.2 143.6 141.1 116.9 168.7: C=O; 68.9: C11; 66.8: C7b; 56.2: C7a; 38.2: C8; 21.9: C12 
3 91.6/91.2 64.2/63.7 145.2 148.1 108.4 139.4 126.0 114.0 56.0: C7a/C7b 

[a] Intensitive ratio of the two sets of signals. 

Table 2 
1H and 13C NMR signals of 3–5 in CD3CN, δ (ppm), J (Hz).  

Comp. H8a H8b H9 H10cis H10trans H3 H6 Others 

3 2.65 d  
2J 17 3JPtH 105 

3.84− 3.53 ov 5.0 m 
2JPtH 70 

4.14 d 
3J 7.5 2JPtH 65 

3.84− 3.53 ov 6.47  
s 

6.55 s 
3JPtH 42 

H7a/H7b: 3.84− 3.53 ov 

4 2.70 d  
2J 17 3JPtH 110 

3.79–3.70 ov 5.01 m 
2JPtH 70 

4.22–4.18 ov 3.79–3.70 ov 6.68 s 6.79 s 
3JPtH 42 

H7a: 4.60 s  
H7b: 3.79–3.70 ov 

H11: 4.28− 4.24 ov 
H12: 1.27 t, 3J 7.5 

5 2.70 d  
2J 17 3JPtH 106 

3.67 dd 
3J 17 3J 6 

5.03 m 
2JPtH 75 

4.16 d 
3J 8 2JPtH 75 

3.82 d 
3J 13 2JPtH 75 

6.57  
s 

6.82 s 
3JPtH 45 

H7: 5.82/5.79 s  

Comp. C9 C10 C1 C2 C3 C4 C5 C6 Others 

3 91.9 63.7 146.0 148.8 109.9 142.0 123.0 118.3 56.5/56.4: C7a/C7b 
4 91.7 63.8 144.1 148.9 110.2 143.5 122.8 119.9 170.3: C=O; 67.0: C11; 61.8: C7a; 56.5: C7b; 39.0: C8; 14.6: C12 
5 90.6 62.6 142.7 145.8 105.0 140.9 122.9 113.2 100.1: C7  

Fig. 2. The time-dependent 1H NMR spectra of [Pt(µ-Cl)(iPrEug)]2 (2) in CDCl3.  

Fig. 3. (a) 13C NMR spectra of 3 in CDCl3 and CD3CN (b); 195Pt satellites are 
under the asterisks (*). 

Scheme 2. The formation of anti/syn-[Pt(µ-Cl)(arylolefin)]2 from K 
[PtCl3(arylolefinH)]. 
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(CH3CN)] shows the coordination of Saf with Pt(II) ion via the C =
Colefinic [Supporting Information Fig S15]. 

The single crystal X- Ray Diffraction analyses (Fig. 6) reveals that the 
resulting product was a monoplatinum complex [PtCl(Saf)(CH3CN)] 
rather than complex 5. The square-planar coordination environment of 
the Pt(II) atom is surrounded by one Cl atom, the phenyl C atom, and the 
C––C of the allyl group of the Saf and neutral acetonitrile. The whole 
crystallographic details are mentioned in Table 3 and selected bond 
lengths and angles are listed in Tables 4, 5. In comparison to the allyl 
group, CH3CN is in the cis position in the structure. [PtCl(Saf)(CH3CN)] 
crystallizes in the P2(1)/n space group. The observed distances for the 
analogues complexes [PtCl(arylolefin)(L)] (arylolefin: Saf, Eug, EtEug, 
iPrEug; L: monodentate amine, CH3CN and (CH3)2SO) [16,24,26] 
correspond to the Pt − C9, Pt − C10, Pt − Caryl, Pt − Cl, and Pt − N 
distances. However, it’s worth mentioning that the C9 = C10 distance is 
1.400(6) Å, which increases significantly in comparison to the non- 
binding Saf, 1.29(4) Å [42]. The decrease in chemical shift of the H9, 
H10, C9, C10 observed in the 1H and 13C NMR spectra support this 
observation. 

The optimized geometries of [PtCl(Saf)(CH3CN)] in the gas phase 
were obtained by combining the mixed 6-31G(d,p) and LANL2DZ basis 
sets with the appropriate density functional theory-based function 

B3LYP. The computed and observed values of geometrical parameters 
(angles) for [PtCl(Saf)(CH3CN)] were quite close as shown in Table 4. 
The correlation between experimental and predicted bond distances is 
R2 = 0.9977 (Fig. 5), showing that the DFT/B3LYP/LanL2DZ basis set 
yielded good results. The completely optimized structure of [PtCl(Saf) 
(CH3CN)] was used to generate HOMO (highest molecular orbital) and 
LUMO (lowest molecular orbital) plots to better understand the nature 
of the complex using frontier molecular orbital (FMO) analysis. The 
resulting HOMO and LUMO energy can be utilized to figure out how 
complexes donate and release electrons. The energy gap of the frontier 
molecular orbital contributes to the structural stability of the system. 
FMOs also provide information on the kinetic stability and chemical 
reactivity of a molecule. FMOs can also be used to predict the most 
reactive region within a complex. The DFT calculations reveal that the 
HOMO and LUMO orbitals have energies of − 4.99 and − 1.02 eV, 
respectively. The energy gap of the FMO of the studied metal complex is 
3.97 eV as indicated in Fig. 6a. The HOMO and LUMO energy gaps 
revealed that the complex under investigation has high chemical reac-
tivity, biological activity, and polarizability. The maximum charge 
density was centered around the benzodioxole ring in the HOMO orbital, 
whereas the charge density was focused on the platinum and its 
neighboring atoms in the LUMO orbital, indicating that ligands involved 
in the formation of platinum complex can drift electrons to metal 
through transitions. 

The physical and chemical properties of any chemical structure can 
be investigated using the molecular electrostatic potential (MEP) map-
ping (Fig. 6b). The negative and positive electron density ranged from 
− 6.208e-2 to 6.208e-2 a.u. The MESP is represented by the color iso-
surface in Fig. 6b at various points on the electron density isosurface. 
Red and blue in the MEP represent more electron-rich and electron-poor 
zones, respectively. In general, MEP plots can be utilized to understand 
nucleophile or electrophile attacks at more appropriate locations in 
chemical systems [43]. MEP mapping depicts the magnitudes of elec-
trostatic potential in chemical systems using different colors such as 
green, orange, blue, red, and yellow. 

Fig. 4. ESI mass spectrum of complex [PtCl(Saf)(CD3CN)] Fig. 4. Solid-state 
molecular structure of complex [PtCl(Saf)(CH3CN)] showing 50% probability 
ellipsoids. Hydrogen atoms have been omitted for clarity. 

Fig. 5. (a) Experimental; (b) and simulated isotopic pattern for anion 
[PtCl2(Saf)]-. Fig. 5. The correlation between experimental and predicted 
bond distances. 

Fig. 6. (a) HOMO and LUMO plots for Pt-complex, as well as the energy gap 
(Egap) and (b) MEP surfaces of Pt-complex calculated by DFT study. 

Table 3 
Selected X-ray crystallographic data for the complex [PtCl(Saf)(CH3CN)].  

Empirical formula C12H12ClNO2Pt  

Formula weight 432.77  
Temperature 100(2) K  
Wavelength 0.71073 Å  
Crystal system Monoclinic  
Space group P2(1)/n  
Unit cell dimensions a = 6.8927(11) Å a = 90◦ .  

b = 10.3419(16) Å b = 98.774 
(3)◦.  

c = 16.941(3) Å g = 90◦. 
Volume 1193.5(3) Å3  

Z 4  
Density (calculated) 2.408 Mg/m3  

Absorption coefficient 11.967 mm− 1  

F(000) 808  
Crystal size 0.31 × 0.26 × 0.08 mm3  

Theta range for data collection 2.43 to 27.49◦.  
Index ranges − 8≤h≤8, − 13≤k≤7, 

− 21≤l≤21  
Reflections collected 8202  
Independent reflections 2728 [R(int) = 0.0352]  
Completeness to theta =

27.49◦

99.8 %  

Absorption correction Semi-empirical from 
equivalents  

Max. and min. transmission 0.4477 and 0.1189  
Refinement method Full-matrix least-squares on F2  

Data / restraints / parameters 2728 / 0 / 159  
Goodness-of-fit on F2 1.083  
Final R indices [I > 2sigma(I)] R1 = 0.0249, wR2 = 0.0645  
R indices (all data) R1 = 0.0265, wR2 = 0.0653  
Largest diff. peak and hole 2.357 and − 1.604 e.Å− 3   
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The magnitude of the electrostatic potential was discovered to in-
crease in the following order: red > orange > yellow > green > blue. The 
chlorine atom produced the red highlighted region of the MEP plot, 
which depicts the area of negative potential and may be the ideal site for 
electrophile attack. The highlighted blue or green area, on the other 
hand, emphasizes the area of positive potential and may be the optimum 
target for nucleophile attack. The blue and green were noticed on 
hydrogen atoms as well as some carbon atoms that formed electron- 
deficient zones. In addition, utilizing CIF of X-ray structure and Crys-
tal Explorer (v 21.5), molecular Hirshfeld analysis and accompanying 
2D fingerprint plots were generated. 

Hirshfeld surfaces for [PtCl(Saf)(CH3CN)] was mapped over dnorm 
(default parameters), displaying hydrogen bond between the chlorine 
atom and the hydrogen atom flanked by electronegative oxygen atoms 
(Fig. 7a). Another intermolecular non-bonding interaction were formed 
between the delocalized electrons on carbon atoms of the aromatic ring 
and the hydrogen atoms of another moiety of metal complex, assisting in 
the crystallization and production of a stable complex. Generally, the 
red dots on the surface represent closer contacts and negative dnorm 
values corresponding to the Cl—H and C–H… π interactions. The 
intermolecular interactions and their percentage distributions on the 
Hirshfeld surface are depicted in the 2-dimensional fingerprint plots in 
Fig. 7 (b-g). H…H interactions (38.2%, Fig. 7e) are a substantial 
contributor to the total Hirshfeld surface, while Cl…H/H…Cl (17.1% 
Fig. 7c), H…O/O…H (12.9%, Fig. 7d), H…C/C...H (18.3% Fig. 7f), and 
N...H/H...N (4.4% Fig. 7g) contacts also contribute significantly. These 
contributions are both substantial and significant in the crystal packing. 

4. Conclusion 

The results conclude that, unlike CDCl3, the complexes 1–5 don’t 
exist in two isomeric forms in CD3CN; instead, the chloride-bridge is 
broken in CD3CN and produce mononuclear complexes with the general 
formula [PtCl(arylolefin)(CD3CN)]. In the present study, Complex 5 
produce [PtCl(Saf)(CH3CN)] complex in acetonitrile with platinum 
residing in the square planar environment. Furthermore, DFT studies 
reveal that the energy gap of the FMOs of the fully optimized mono-
nuclear complex is 3.97 eV, suggesting that the [PtCl(Saf)(CH3CN)] 
complex has strong chemical reactivity, biological activity, and 

polarizability. The Hirshfeld surface analysis also suggest the consider-
able interactions in the [PtCl(Saf)(CH3CN)] complex. 
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