
Aqilah Abdul Latiff, Yan Yi Chong, Wun Fui Mark-Lee and Mohammad B. Kassim*

Crystal structure of 2-(1H-pyrazol-3-yl-κN)
pyridine-κN-bis(2-(2,4-difluorophenyl)
pyridinato-κ2C,N)iridium(III) sesquihydrate,
C30H18F4IrN5·1.5[H2O]

https://doi.org/10.1515/ncrs-2022-0076
Received February 17, 2022; accepted April 28, 2022;
published online May 25, 2022

Abstract
C30H18F4IrN5·1.5[H2O], tetragonal, I41/a (no. 88),
a = 37.5562(5) Å, b = 37.5562(5) Å, c = 9.2031(2) Å,

V = 12980.7(4) Å3, Z = 16, Rgt(F ) = 0.0312,wRref(F
2) = 0.1166,

T = 300(2) K.

CCDC no.: 2169203

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displace-
ment parameters.

Table : Data collection and handling.

Crystal: Colorless block
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Bruker APEXII, φ and ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker [], SHELX [–], OLEX []
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Source of material

The chemicals iridium(III) trichloride hydrate (99.9%,
Sigma-Aldrich), 2-(2,4-difluorophenylpyridine) (97%,
Sigma-Aldrich), 3-(dimethylamino)-1-(2-pyridyl)-2-propen-
1-one (95%, Sigma-Aldrich) and hydrazine hydrate (50–
60%,Sigma-Aldrich)wereusedwithout furtherpurification.

The ancillary ligand pyridylpyrazole (PyPz) was
obtained by mixing 3-(dimethylamino)-1-(2-pyridyl)-
2-propen-1-one (30 mmol, 5.50 g) and hydrazine hydrate
(5 ml) in ethanol (7 ml). The solution was heated to 60 °C
and stirred for 30 min. Next, distilled water (37.5 ml) was
added into the solution and left at temperatures 4–6 °C
overnight. A white precipitate was formed. The solid was
filtered with Büchner filter and washed with distilled
water to give a white powder (2.85 g, 63%) [6].

The precursor complex [Ir(dfppy)2Cl]2 (Di-μ-chloro-bis
{bis[2-(2,4-difluorophenyl)pyridinato-κ2C, N)iridium(III)) was
synthesized using Nonoyama’s reaction [7], where
iridium(III) trichloride hydrate (1 mmol, 0.30 g) and
2-(2,4-difluorophenylpyridine) (2.5 mmol, 0.48 g) were
poured into a round bottom flask containing 2-ethoxyethanol
(30 ml) and distilled water (10 ml). The solution was brought
to refluxing temperature and was heated for 24 h under inert
conditions. A yellow precipitate ([Ir(dfppy)2Cl]2) was formed
and collected using Büchner filtration and used for the next
step.

2-(1H-pyrazol-3-yl-κN)pyridine-κ2N-bis(2-(2,4-difluoro-
phenyl)pyridinato-κ2C,N)iridium(III), [Ir(dfppy)2PyPz] was
obtained by adding PyPz into[Ir(dfppy)2Cl]2 in 30 ml
dichloromethane under inert condition. The mixture was
stirred and refluxed for 7 h. Crystals of the title compound
were obtained through slow evaporation in a mixture of
dichloromethane and acetone solvents.

Experimental details

All hydrogen atoms were positioned geometrically and
allowed to ride on their respective parent atoms with C–H
distances = 0.93 Å, and with Uiso(H) = 1.2Ueq for aryl H
atoms. The diffuse electron density of part of the water
molecule was removed with the solvent-mask procedure

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Ir . () . () . () . ()
C . () . () . () . ()
H . . . .*
F . () . () −. () . ()
F . () . () −. () . ()
C . () . () . () . ()
H . . . .*
F . () . () . () . ()
C . () . () . () . ()
H . . . .*
F . () . () . () . ()
C . () . () . () . ()
H . . . .*
N . () . () . () . ()
N . () . () −. () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () −. () . ()
C . () . () . () . ()
C . () . () −. () . ()
C . () . () −. () . ()
H . . −. .*
C . () . () −. () . ()
C . () . () −. () . ()
H . . −. .*
C . () . () −. () . ()
C . () . () −. () . ()
C . () . () . () . ()
C . () . () −. () . ()
H . . −. .*
C . () . () . () . ()
H . . . .*
C . () . () −. () . ()
H . . −. .*
C . () . () . () . ()
C . () . () −. () . ()
H . . −. .*
C . () . () . () . ()
H . . . .*
C . () . () −. () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () −. () . ()
C . () . () −. () . ()
C . () . () −. () . ()
H . . −. .*
C . () . () −. () . ()
H . . −. .*
C . () . () −. () . ()

Table : (continued)

Atom x y z Uiso*/Ueq

H . . −. .*
C . () . () −. () . ()
H . . −. .*

690 A. Abdul Latiff et al.: Crystal structure of C30H18F4IrN5·1.5[H2O]



implemented in OLEX2 [5]. There were 240 electrons found
in a volume of 3620 Å3 in two voids per unit cell. This is
consistent with the presence of 1.5[H2O] per formula unit
which accounts for 252 electrons per unit cell.

Comment

Iridium(III) complexes arewell known that someof themare
light-emitting and were used for various applications such
as organic light-emitting diodes (OLEDs) [8], light-emitting
electrochemical cells (LECs) [9] and sensors [10]. Previous
work has demonstrated that choosing the right ancillary or
cyclometalating ligand is very crucial in determining the
desired photophysical properties [11] and these can be done
by modifying the ligand structures [12]. Over the years,
extensive studies have beenmade on iridium(III) complexes
with various conjugated aromatic compounds especially
phenylpyridyl derivatives for tuning the emission color of
the complexes [13]. In the present work, the synthesis and
crystal structure of 2-(1H-pyrazol-3-yl-κN)pyridine-κ2N-
bis(2-(2,4-difluorophenyl)pyridinato-κ2C,N) iridium(III),
[Ir(dfppy)2PyPz] is described.

The title compound shows an octahedral geometry
where the iridium metal is coordinated with two difluor-
ophenylpyridine (dfppy) groups andaPyPz ring viaC,N and
N, N atoms, respectively (Figure 1). The octahedral geometry
of this complex is similar to the geometry of archetypal iri-
dium(III) complexes [14]. The complex crystallizes in the
tetragonal I41/a space groupwhereby a similar complexwas
reported to crystallize in the monoclinic P21/c space group
[15]. The coordination of the iridium metal center with ni-
trogen atoms of PyPz moiety gives slightly longer Ir–N dis-
tances, ca 2.1 Å than that of dfppy moiety [Ir1–
N1= 2.046(4) Å; Ir1–N2= 2.043(4)Å]. This observation is also
associatedwith a smaller bite angle for the formerwith Ir(III)
center [N3–Ir1–N5 = 76.31(14)°] compared to the latter
chelating ligands [N2–Ir1–C18 = 80.54(16)°; N1–Ir1–
C7 = 80.32(16)°] [16–18]. The PyPz ring is essentially planar,
with a distortion of 4.24° between the twomean planes. The
dfppy and PyPz moieties are twisted with a dihedral angles
of 85.6–92.5°. The observedbonddistances for Ir–Cand Ir–N
of dfppy are similar to the corresponding bond lengths of
related structures [19, 21].

The packing of the title compound is dominated by
weak intramolecular interactions and exhibits a column
along c-axis. Two C–H/F interactions (C4–H4/F2 and
C15–H15/F4) between fluorine atom of the phenyl ring and
hydrogen atom of the pyridine ring from the same moiety,
dfppy are observed (Figure). Besides, another two C–H/N
interactions involving the dfppy moieties and pypz

(C1–H1/N4 and C12–H12/N5) help to stabilize the struc-
ture. The hydrogen bonds involving the electronegative F
atoms engendering two intramolecular S(6) motifs whereas
the C–H/N interactions gave the S(6) and S(5) motifs. The
presence of the electronegative F atom has influenced the
X-ray structure. This hypothesis was further corroborated
when an analogous crystal (2-(1H-pyrazol-1-yl-κN)pyridine-
κ2N-bis(2-(2,4-difluorophenyl)πyridinato-κ2C,N) iridium(III)
hexafluorophosphate), [Ir(dfppy)2(PzPy)]PF6 exhibited
similar intramolecular interactions between fluorine of
difluorophenyl and hydrogen atom from the adjacent pyri-
dine rings [20]. In addition, no observable π/π interaction
is exhibited by the complex, albeit with the presence of six
heterocyclic rings. A previously study also reported no
discernable π/π interactions for Ir(III) complex consisting
of seven heterocyclic rings [18].
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