




Table 2. The dipole moments of the dye molecules range from
1.6 D for Ir(ppy)2(acac) to 11.8 D for fac Ir(pmp)3. This wide

range gives us the possibility to analyze the role of dipole−
dipole interactions on the orientation anisotropy. If available, a
comparison with literature values is included in the table.
Deviations can arise because of different functionals, basis sets,
or further methodological differences within DFT. We
furthermore analyzed the orientation anisotropy in neat films
of the hole conducting and electron blocking molecule fac
tris(1,3 diphenyl benzimidazolin 2 ylidene C,C2′)iridium(III)
[Ir(dpbic)3].
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The shape of the dipole orientation distribution function is
described fully by the averages over all emitter molecules of the
quantities [cos θz]

n, with θz the angle of the static dipole
moment vector with respect to the perpendicular (out of the

film, positive z) direction and with n = 0, 1, 2, .... The mean
static dipole orientations ⟨o⟩ ≡ ⟨cos θz⟩ obtained for mixed
films with guest concentrations c of 6 and 15 mol % are given in
Table 1. In the mixed systems, only the iridium dye dipole
moments were included, whereas, in the case of neat Ir(dpbic)3
films, all dipole moments were taken into account. We find
significant deviations from the isotropic expectation value of ⟨o⟩
= 0, indicating systematic dipole orientation effects in all
investigated systems. In all cases, the more positive parts of the
molecules are oriented toward the vacuum.
Figures 3c, 4a, and 5a show for all systems studied the

emitter orientation distribution as obtained from the
simulations, expressed as the normalized number of occur
rences in nine equally large bins of ⟨cos θz⟩. For neat Ir(dpbic)3
films (Figure 3c), we observe a significant deviation from an
isotropic orientation (dashed line), with an excess of molecules
oriented with their partially positively charged pole toward the
vacuum. The mean orientation is ⟨o⟩ = 0.105. For the
heteroleptic iridium complexes incorporating one single acac or
ppy ligand [Ir(bppo)2(acac), Ir(bppo)2(ppy), and Ir
(ppy)2(acac)], we observe a similar orientation anisotropy
(Figures 4a and 5a). These relatively small partially positively
charged groups point with a higher probability away from the
surface while the van der Waals interaction of the other ligands
with the already deposited film reduces the total energy. A
similar but more subtle effect occurs for TCTA containing fac
Ir(ppy)3, whose dipole moment arises from the asymmetry of
the positions of the partially positively charged nitrogen atoms.
The excess electron density on the opposite side of the
molecule increases the van der Waals attraction with the
surface, leading to a preferential orientation of fac Ir(ppy)3 with
the nitrogen atoms pointing toward the vacuum (Figure 4a). In

Figure 2. Chemical structures, electrostatic potential on surfaces of constant electron density, and electrostatic dipole moments of all host and dye
molecules used in this work. Colors of the atoms: carbon, gray; hydrogen, white; nitrogen, blue; oxygen, red; iridium, brown; silicon, light brown;
and phosphorus, yellow. The red arrows indicate the direction of the static dipole moments and point in the direction of the negative pole.

Table 2. Static Dipole Moments of the Host and Guest
Molecules, As Obtained from DFT

dipole moment [Debye]
(this study)

dipole moment [Debye]
(literature)

Ir(bppo)2(acac) 5.8
Ir(bppo)2(ppy) 8.2
Ir(bppo)(ppy)2 8.1
fac-Ir(pmp)3 11.8 17.25

mer-Ir(pmp)3 7.5 10.85

fac-Ir(ppy)3 6.2 6.34

Ir(ppy)2(acac) 1.6 1.94

Ir(dpbic)3 8.4
TSPO1 3.8
TCTA 0.1
CBP 0.0
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