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The role of halogen bonding in metal free phosphors
Ramin Ansari,a Daniel Hashemi b and John Kieffer *b

The enhanced spin-orbit coupling necessary for phosphorescence is thought to be due to the halogen bonding that is 
present in the all-organic crystalline systems.1  To elucidate the underlying mechanism, the electronic and optical 
properties of purely organic phosphor candidates are investigated using density functional theory calculations.  The unit 
cell structure of a known organic phosphor containing bromine is used to validate the accuracy of the computational 
methodology.  Compared to experiments, the calculated lattice constants deviate by less than 1 percent for each lattice 
constant.  The same computational approach is then used to predict the lattice constants for molecular analogs containing 
fluorine, chlorine, and iodine.  Electronic structure and photonic properties of the predicted crystals are computed.  
Finally, the presence of halogen bonding is corroborated, with fluorine forming the weakest and iodine the strongest 
halogen bonding interactions.  Our findings demonstrate how computational methods can be effectively used for the 
predictive design of organic materials in lighting devices. 

1  INTRODUCTION
Organic light emitting diodes (OLEDs) based on transition 

metal complexes have been widely investigated over recent 
decades for their display and solid-state lighting applications.2  
Increasing attention is devoted to phosphorescence materials 
because they can theoretically achieve threefold higher 
internal quantum efficiency than fluorescent alternatives, by 
harvesting triplet excitons through intersystem crossing (ISC).3–

6  Most candidates for efficient phosphorescence are based on 
heavy element complexes because the presence of a heavy 
atom enhances spin–orbit coupling (SOC) interactions,7 which, 
in turn, augment the rate of the spin forbidden process.  
Although organometallic materials have high quantum 
efficiency, they require expensive and rare elements such as 
iridium8 and platinum.9  Organometallic materials also exhibit 
short operating lifetimes due to the degradation of weak and 
unstable metal-ligand bonds.10

Unlike organometallics, purely organic materials are less 
costly, lighter, readily functionalized, and easily processed. 
Until now, only a few examples of purely organic molecules 
with high phosphorescence quantum yield have been 
reported.11  This scarcity is related to the fact that purely 
organic phosphors often exhibit long-lived triplet states that 
are easily dissipated by vibrational effects before emissive 
decay can take place.  To be competitive with organometallic 
OLEDs, in purely organic materials one must (1) suppress 
vibrations that could cause non–radiative decays and (2) 

elevate intersystem crossing rates by increasing spin–orbit 
coupling interactions.

To suppress vibrational relaxation of the triplet manifold, 
several approaches have been pursued.  In 2011, Bolton et al.1 
reported enhanced room–temperature phosphorescence 
(RTP) from pure organic luminogens utilizing mixed crystals 
and halogen bonding.  They designed chromophores that 
contain triplet-producing aromatic aldehyde and triplet-
promoting bromine, and diluted them into the crystal of a bi-
halogenated non-carbonyl analogue. One of the crystals they 
made is 2,5-dihexyloxy-4-bromobenzaldehyde (Fig. 1).  2,5-
dihexyloxy-1,4-dibromobenzene (Br6) is a bi-halogenated 
analogue to Br6A. Br6 is the same as Br6A, but with a second 
bromine in place of its aldehyde.  The resulting mixed crystals 
exhibit green phosphorescence with a much higher quantum 
yield compared to pure Br6A crystals.  The ambient 
phosphorescence quantum yield for the resulting crystal 
reached 55%.  Using this finding, they designed a series of 

Figure 1 The unit cell structure of the Br6A crystal. The a lattice constant is along the x 
axis, the b lattice constant is along the y axis, and the c lattice constant is along the z 
axis.
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purely organic phosphors that emit blue, green, yellow and 
orange light.  Follow-up studies by Lee et al.12 explored 
embedding Br6A molecules into a glassy PMMA polymer film, 
which exhibits a bright 7.5% phosphorescence quantum yield 
due to strong halogen bonding between the bromine of Br6A 
molecules and the oxygen of PMMA polymer.  Kwon et al.13 
designed a purely organic RTP system with an amorphous 
polymer matrix by exploiting strong noncovalent interactions 
such as hydrogen and halogen bonds, which effectively 
suppressed vibrational triplet decay and achieved a high 
phosphorescence quantum yield of 24%.

Furthermore, in 2013, Bergamini et al.14 reported 
outstanding phosphorescence emission in some environments 
that impart rigidity.  While no phosphorescence is recorded in 
solution at room temperature, the reported organic molecule 
shows a very bright phosphorescence in the solid state and at 
low temperature.  In another work, Gao et al.15–17 developed 
phosphorescence co-crystals based on halogen and hydrogen 
bonding.  This peculiar behavior of phosphorescence emission 
in rigid environment is mainly attributed to the suppression of 
conformational mobility and bond rotation.  However, it is 
unclear to what extent the halogen bonding contributes to 
efficient room temperature phosphorescence and how 
different halides affect the emission properties.  Therefore, 
determining their relative influences provides better guidance 
for future metal-free organic phosphor development. 

To promote ISC rates, a common molecular design for 
metal-free phosphors involves addition of a heavy atom to 
enhance the SOC interactions, which is either part of,18, 19 or 
external to20–22 the excited molecule.  The enhanced SOC 
interactions promotes spin-forbidden processes including 
singlet to triplet ISC and radiative decay from the triplet to the 
singlet ground state.  Halides, mostly bromine, have been 
widely used for the heavy atom effect in metal-free organic 
phosphors. The heavy atom effect is not the only factor that 
promotes ISC rates.  The presence of aromatic carbonyl groups 
can also enhance the ISC process.  The generation of the nπ* 
state in aromatic carbonyls enhances ISC rates from an nπ* 
singlet state to a ππ* triplet state, or vice versa, based on the 
El-Sayed’s rule.23, 24   Furthermore, a small energy gap between 
first singlet state and the nearest triplet state also enhances 
ISC process.

In this paper, we computationally corroborate the 
existence of halogen bonding between the halogen and the 
carbonyl oxygen atoms of adjacent Br6A and other derivatives 
of this molecule. Strong halogen bonding in Br6A and its 
derivatives strongly suppresses vibrational dissipation and 
enables RTP with high quantum yields.  This peculiar behavior 
is attributed to the restriction of bond rotation and 
conformational mobility of the molecule, which slows down 
the non-radiative deactivation processes of the 
phosphorescent excited state.  The underlying mechanism of 
purely organic phosphor candidates is examined by means of a 
detailed computational study based on density functional 
theory (DFT) and time dependant DFT (TD-DFT) calculations, 
revealing the role of halogen bonding.  Halogen substituted 
derivatives of Br6A as well as different Br6A conformations are 

investigated.  The calculated density of states (DOS) is used to 
substantiate the halogen bonding interaction.  This paper is 
organized as follows: section 2 describes the details of our DFT 
calculations; in section 3 the results are discussed; a conclusion 
and summary are given in section 4.

2  METHODOLOGIES
Four different Br6A systems are studied: isolated 

molecules, dimers, chains formed along the y-axis, which 
coincides with the halogen bond direction, and three-
dimensional crystals.  Isolated molecules are compared with 
dimers and chains in order to investigate the halogen bonding 
effect.  All calculations are performed using plane-wave DFT as 
implemented in the Vienna ab-initio simulation package 
(VASP).25, 26  The exchange-correlation energy and potential 
are described by Perdew, Burke and Ernzerhof (PBE) 
potentials.27  The electron-ion interaction is described by the 
projector-augmented wave (PAW) scheme,28, 29 and the 
electronic wave functions are expanded by plane waves up to 
a kinetic energy of 500 eV.  The Brillouin zones are sampled 
using a  Monkhorst-Pack mesh for the crystal case30 2 × 2 × 2
and Gamma point for the isolated and dimer cases, since in 
this case there is no interaction between neighbor cells.  The 
convergence of the calculated properties with respect to the 
number of k points and supercell size is ascertained.  The many 
body dispersion method of Tkatchenko et al.31 is used to 
account for van der Waals interactions.  The spin-orbit 
coupling (SOC) was used within the noncollinear approach as 
implemented in VASP (see Ref. 32).  

The calculations have been carried out with and without 
taking the van der Waals interactions, spin polarization, and 
SOC interactions into account.  Consequently, the relative 
weight of each interaction and its compounding effect in the 
overall behavior has been established.  The experimental XRD 
data is only available for Br6A crystal.1  However, for the other 
halogenated versions of this molecule (aka F6A, Cl6A and I6A), 
no experimental data is available.  The electronic 
configurations of the halogens are similar; only their size and 
electronegativity are different.  They do not create any 
additional dangling bonds nor missing bonds when 
substituted.  Therefore, it is to be expected that with only one 
atom exchanged, the halogen, F6A, Cl6A, and I6A have unit cell 
structures similar to that of Br6A, and that the most significant 
changes are manifest in the lattice constants.  Hence, using the 
atomic positions and orientations of Br6A as the starting 
coordinates for the new molecules, stable crystalline 
structures are derived based on accurate total energy 
minimization.  The lattice constants for each compound can be 
determined by varying them independently along all 3 
dimensions, and identifying the combination of a, b, and c 
values that result in the lowest energy.  To validate this 
approach, we submit a slightly perturbed Br6A configuration 
to the minimization procedure. The experimental and 
calculated lattice constants are summarized in Table 1.  
Optimized lattice parameters of Br6A are found to be 9.51 Å, 
9.64 Å and 10.85 Å, while the corresponding experimental 
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values are 9.51 Å, 9.69 Å and 10.95 Å, respectively.  The lattice 
mismatch between the two is less than 1 percent for any 
lattice constant.  After judiciously calculating the lattice 
constants for the other halogenated version of this molecule, 
we have analyzed the halogen bond formation of the X6A (X=F, 
Cl, Br, and I) molecules using the density of states (DOS), the 
real space charge density and the crystal orbital Hamilton 
population (COHP) analysis, which can provide important 
information about the local chemistry of the species. 

The TD-DFT calculations were performed using Gaussian 
1633 for the molecular dimers.  We used the B3LYP functional 
with the 6-31G(d,p) basis set, except that for Iodine atom we 
used the 3-21G basis set.  Optimization of the ground state 
geometries is followed by an analysis of normal modes of 
atomic motion to confirm the stability of the optimized 
structures.  The TD-DFT calculations are then carried out to 
study the nature of the low-lying excited states.  Furthermore, 
the natural bond orbital (NBO) analysis is performed on 
molecular dimers in order to calculate the second-order E(2) 
interaction energies.

3  RESULTS AND DISCUSSION

Single-crystal X-ray diffraction (XRD) data for Br6A 
molecules indicates close proximity between the carbonyl 
oxygen and the bromine of the neighboring molecule.  The 
measured value of 2.86 Å for the bromine–oxygen halogen 
bond length is among the shortest halogen bonds reported34 
and suggests definite electronic interaction between the two 
atoms.  Moreover, phosphorescence from Br6A crystals is 
strong, but cannot be detected when Br6A is in solution.  
These experimental findings strongly suggest that halogen 
bonding is the prevalent reason for the remarkably efficient 
phosphorescence of Br6A.  A halogen bond occurs when there 
is a net attractive interaction between an electrophilic region 
associated with a halogen atom in a molecular entity and a 
nucleophilic region in another, or the same molecular entity.35  
To investigate the existence of halogen bonding, DFT 
calculations are performed for Br6A dimers in which the 
spacing between the Br atom of one of the molecules and the 
aldehyde group of the other, i.e., the two moieties expected to 
form the halogen bond, is systematically varied.  When 
simulations are carried out without accounting for van der 
Waals interactions, the minimum energy of the system occurs 
at a halogen bond length of 3.025 Å.  By contrast, when 
including van der Waals interactions the molecules of the 
dimer approach closer to each other and the equilibrium 
halogen bond length drops to 2.976 Å.  Since our system is not 
spin polarized, taking spin polarization into account has no 
effect on the halogen bond length.  However, accounting for 
SOC interactions shortens to the halogen bond length to 2.936 
Å.  This trend highlights the interaction between the carbonyl 
oxygen and the bromine of the neighboring molecule.  
Moreover, performing the same calculations for a chain of 
Br6A molecules shows the same decreasing trend and clearly 
reveals the energy-lowering electronic interaction between 
the two atoms (Fig. 1).

The unit cell structure of the Br6A crystal, as derived from 
experimental XRD data,1 is shown in Fig. 1.  The structures of 
the other derivatives of this molecule, F6A, Cl6A and I6A, 
obtained using the approach described above, are 
geometrically similar, except for the differences in the unit cell 
parameters, which are reported in table 1.

All four halogen species are capable of acting as halogen 
bond donors and follow a general trend in terms of bond 
strength: F < Cl < Br < I, with iodine normally forming the 
strongest interactions.36  When the halogen is bonded to an 
electron-withdrawing moiety, like phenyl, it is more likely to 
form stronger halogen bonds.37  According to our calculations, 
the halogen bond distance in X6A molecules is 3.15 Å, 2.86 Å, 
2.81 Å and 2.77 Å for X=F, Cl, Br and I, respectively, which 
follows the same trend as in the literature, and indicates that 
iodine forms the strongest and fluorine the weakest 
interaction.  We have also calculated the formation energy of 
the halogen bonds.  The formation energy is the amount of 
energy released upon the formation of a bond.  Therefore, 
bond formation is always an exothermic process.  As it can be 
seen from table 2, the bond formation energy for Cl, Br, and I 
are exothermic, which suggests formation of a strong halogen 
bond.  In these molecules halogen and oxygen are located in 
close proximity, closer than the sum of the van der Waals radii 
(Table 2).  These anomalously short intermolecular distances 
are among the strongest halogen bonds ever reported.  

The standard procedure of handling halogen interactions is 
using sigma-hole and lone-pair to sigma* interactions.38  
Therefore, We have carried out a natural bond order B3LYP 
analysis of the molecular dimers.  As can be seen in table 2 
(NBO charge on halogen), our results show the presence of a 
positive electrostatic region on the outermost portion of the 
halogen’s surface known as a σ-hole38 for the Cl, Br and I 
derivatives.  However, fluorine has a negative electronic 
charge on the outermost portion of its surface, which 

Table 1 Calculated and experimental lattice constants for F6A, Cl6A, Br6A, and I6A

Lattice 
Constants F6A1 Cl6A1 Br6A1 Br6A2 (error) I6A1

a 9.51 Å 9.51 Å 9.51 Å 9.51 Å (0%) 9.51 Å

b 9.49 Å 9.59 Å 9.69 Å 9.64 Å (0.52%) 9.79 Å

c 10.95 Å 10.95 Å 10.95 Å 10.85 Å (0.91%) 11.05 Å

1 Calculated lattice constants
2 Experimental lattice constants

Table 2 Calculated properties of halogen bond interaction for F6A, Cl6A, Br6A, and I6A

Crystal F6A Cl6A Br6A I6A

Halogen Bond Length (Å) 3.15 2.86 2.81 2.77

Sum of the van der Waals radius 
of oxygen and halogen (Å) 2.75 3.20 3.35 3.55

NBO charge on halogen -0.339 +0.049 +0.103 +0.202

Formation energy of the 
halogen bond (eV) +0.0225 -0.0612 -0.1097 -0.1773

Second-order E(2) interaction 
energy (kcal/mol) 0.06 2.13 4.39 10.12
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substantiates the positive value of the halogen bond formation 
energy.  These findings indicate that the interaction between F 
and the neighboring oxygen is repulsive.

The second-order E(2) interaction energies we calculated 
are reported in table 2.  This analysis is carried out by 
examining all possible interactions between filled Lewis-type 
NBOs and empty non-Lewis NBOs, estimating their energetic 
importance via 2nd-order perturbation theory.  The strongest 
interaction is identified for the interaction of the lone-pair 
orbitals of oxygen with the adjacent sigma* C-X (X=F, Cl, Br, 
and I) bonds of the neighboring molecule.  As expected, 
bromine and iodine form the strongest halogen bonds with 
second-order E(2) interaction energies of 4.39 and 10.12 
kcal/mol, respectively.

The excited-state properties and the nature of the singlet 
and triplet states of X6A molecules have been examined using 
TD-DFT calculations.  All the X6A molecules exhibit (nπ*) S1 
and (ππ*) T3 states.  After excitation to the (nπ*) S1 state it 
undergoes efficient intersystem crossing to the triplet 
manifold.  The presence of oxygen atom in the aldehyde group 
generates the nπ* state and   leads to strong spin–orbit 
coupling (SOC) that facilitates intersystem crossing from 
(nπ*) S1 to (ππ*) T3 according to El-Sayed’s rule,39,40 followed 
by internal conversion to the (ππ*) T1 state.

As mentioned earlier, the relaxation of the Br6A crystal 
yields a lattice constant of b = 9.636 Å, and a halogen bond 
length of 2.807 Å.  The b lattice constant, as well as the 
halogen bond length are deliberately increased to investigate 
the effect of halogen bonding on the density of states (DOS) 
and the HOMO-LUMO energy gap.  As can be seen in Fig. 2, 
which shows the DOS near the HOMO-LUMO gap, decreasing 
the halogen bond length results in a red shift of the LUMO 
states.  We surmise that HOMO and LUMO orbitals include 
mostly oxygen and bromine interactions, which cause the 
change in the energy gap.  A more precise analysis is provided 
below. F6A, Cl6A and I6A also exhibit the same trend as Br6A, 
where I6A exhibits the greatest decrease in the LUMO 

energies, since it has the strongest halogen bonding 
interaction.

The projected DOS plot in Fig. 3 and HOMO-LUMO orbital 

renders in Fig. 4 also reveal the contribution of the Br and O in 
HOMO and LUMO states.  It is known that aromatic aldehydes 
produce triplet states with high quantum yield at room 
temperature.41, 42  It is expected that HOMO and LUMO states 
of Br6A molecule localize on the benzaldehyde group, but as 
can be seen in Fig. 4, the bromine atom also contributes to the 
HOMO and LUMO states. Such a contribution may be uniquely 
useful.  The configuration of the oxygen of the aromatic 
carbonyl group adjacent to a bromine exhibits some degree of 
spin–orbit coupling. However, because of the heavy atom 
effect, bromine shows stronger spin–orbit coupling 

interactions.  In Br6A molecules, carbonyl oxygen internally, 
and bromine of the neighboring molecule externally promote 
singlet-triplet conversion and improve the phosphorescence 
property of these molecules.

Among the interesting advantages of the triplet–producing 
aromatic aldehydes is the possibility of generating triplet 
states from other molecules by direct transfer of energy from 
carbonyl triplets to a neighboring molecule.41, 43  As mentioned 

Figure 3 Site projected electronic density of states of Crystal Br6A. Bromine in crystal 
(blue trace), oxygen in crystal (red trace), total density of states of Br6A crystal (black 
trace). All spectra are aligned relative to the Fermi level.

Figure 2 Total DOS of Br6A Crystal, with different b lattice constant. By decreasing b 
lattice constant, the halogen bond length decreases accordingly and there is a red shift 
in the LUMO states. All spectra are aligned relative to the Fermi level.

Figure 4 Calculated distributions of HOMO (bottom) and LUMO (top) orbitals of 
the Br6A molecule using B3LYP/6-31g(d,p) level in vacuum
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earlier, the quantum yield of Br6A is enhanced by diluting Br6A 
into the crystals of Br6.  We hypothesize that triplet states 
produced by Br6A molecules transfer to Br6 molecules and the 
presence of two bromines in the Br6 molecule increases the 
spin–orbit coupling interactions, which, in turn, promotes the 
phosphorescence emission. 

To illustrate the detailed nature of the X-O (X=F, Cl, Br, and 
I) halogen bonding, we illustrate the charge redistribution by 
means of the electron density difference.  The electron density 
difference, , directly reveals where and how much the ∆𝜌
electron gain and loss take place, and is defined as 

,∆𝜌 = 𝜌𝑑𝑖𝑚𝑒𝑟 ―(𝜌𝑋6𝐴1 + 𝜌𝑋6𝐴2)
where  is the electron density of the combined two 𝜌𝑑𝑖𝑚𝑒𝑟

molecules of X6A (dimer), while  and  are the 𝜌𝑋6𝐴1 𝜌𝑋6𝐴2

electron densities of the isolated individual molecules, which 
are calculated by freezing the atomic positions of the 
respective dimer system.  It should be noted that  is a ∆𝜌
function of the x-, y-, and z-coordinates, and therefore, it is 
impossible to give a quantitative three-dimensional 
representation of it in a single figure.  Instead, Fig. 5 shows the 
charge density difference plots of X6A with the isosurface level 
of 0.0006 eÅ–3, where the density differences can be 
qualitatively assessed.  Blue and red regions denote loss 
(depletion) and gain (accumulation) of charges, respectively.

As in many other works,44–46 we chose to calculate the 
plane-averaged electron density difference (PAEDD) along the 
direction of the halogen bonding, which allows for a 
quantitative evaluation of electron redistribution upon 
formation of the halogen bonds.  PAEDD is the average of 

electron density difference ( ) on a certain plane, which in ∆𝜌
this work is defined as

,𝜎(𝑦) =
1
𝐴

∬ 
𝐴∆𝜌(𝑟)𝑑𝑥𝑑𝑧

where  is the electron density difference at point r ∆𝜌(𝑟)
and A is the area of x-z-plane, perpendicular to the hydrogen 

bonding direction (y-direction).
Fig. 6 shows the plane-averaged electron density 

difference (PAEDD) along the direction of the halogen bonding, 
which allows for a quantitative evaluation of electron 
redistribution upon formation of these halogen bonds.  This 
figure reveals the nature of halogen bonding between the 
halogen X (X=F, Cl, Br, and I) and the oxygen of the nearest 
molecule.  Solid lines represent a charge accumulation region 
and dotted lines represent charge depletion regions.  

Figure 4 Calculated distributions of HOMO (bottom) and LUMO (top) orbitals of 
the Br6A molecule using B3LYP/6-31g(d,p) level in vacuum

Figure 5 Charge density difference plots of X6A with the isosurface level of 0.0006 eÅ-3. Blue and red regions denote loss (depletion) and gain (accumulation) of charges, 
respectively. a lattice constant is along x axis, b lattice constant is along y axis, and c lattice constant is along z axis.

Figure 6 Plot of the plane-averaged electron density difference along the direction of 
the halogen bonding. The solid and dotted line represent charge accumulation and 
depletion, respectively.
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Accumulation of more charge along the X-O (X=F, Cl, Br, and I) 
signifies an enhancement of halogen bonding.  Evaluation of 
the integrals of  suggested that the charge accumulation for ∆𝜎
the X6As are as follows: F 0.0653 e, Cl 0.103 e, Br 0.139 e, 
I 0.195 e.  As expected, I6A exhibits the most accumulation of 
charge, which is consistent with it forming the strongest 
halogen bond, while F6A incurs the least accumulation of 
charge. 

The above discussion of charge redistribution into hybrid 
states is a global view of overall orbital types and energies.  
The nature of the halogen bonds can be understood by 
considering the crystal orbital Hamilton populations (COHP) 
analysis.47, 48  The DOS analysis shows where the electrons are, 
but nothing about their bonding character.  However, a COHP 
diagram shows the bonding (positive values) and antibonding 
(negative values) contributions to the band-structure energy.  
It divides the band-structure energy into orbital-pair 
interactions; in other words, it is a bond-weighted DOS 
between a pair of adjacent atoms.  Fig. 7 shows the COHP 
analyses, obtained with the LOBSTER (Local Orbital Basis Suite 
Towards Electronic-Structure Reconstruction) code.49  These 
are normalized by the number of bonds and are represented 
with reversed sign, so that positive values of the COHP 
represent bonding, and negative values antibonding 
contributions.

We carried out COHP analyses for different combinations 
of s, px, py, and pz orbitals between halogen and the oxygen of 
the neighboring molecule for X6A (X=F, Cl, br, I).  Since the 
halogen bonding is in y-direction, we find that only s and py 
orbitals have large COHP peaks.  Therefore, here, we have only 
presented the COHP diagrams of the s and py orbitals.  In Fig. 
7, for F6A, we notice strong bonding contributions from F2py-
O2py in the interval from –11 eV to -7 eV, but also some 
antibonding contributions in the intervals from –6 eV to -4 eV 
and from –1 eV to 0 eV.  However, COHP strength is 
significantly reduced compared to the other halogens, which 
also indicates weak halogen bonding strength in F6A case. 

On the other hand, we observe substantial bonding 
contributions from X-O (X=Cl, Br, and I) in the interval from 
-9 eV to -1 eV, accompanied by smaller antibonding 
contributions in the interval from -5 eV to -1 eV.  The larger 
footprint of X-O bonding contributions noticed in the COHP for 
I-O in comparison to X-Br(Cl), compounded with the bonding 
charge density of X-O bonds described earlier, suggests that 
the bonding contributions increase from Cl, Br, and I, 
respectively.

4  Conclusions
We report a first-principles quantum mechanical 

investigation of Br6A and its derivatives based on DFT and TD-

Figure 7 COHP analysis for halogen and Oxygen orbitals. The various components show the dominating orbital interactions in each case. Note that x axis for F is ten times 
smaller than others. All spectra are aligned relative to the Fermi level.
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DFT methods, in order to explain experimentally observed 
properties and to provide guidance for the design of purely 
organic phosphorescence compounds.  The presence of 
halogen bonding in Br6A and other derivatives of this molecule 
are demonstrated.  It is revealed that iodine forms the 
strongest halogen bonding interaction and fluorine forms the 
weakest interaction.  The strong halogen bonding present in 
crystals of Br6A and I6A more effectively suppress vibrations 
and prevent non–radiative decays compared to F and Cl 
derivatives.  Along with suppression of vibration-induced 
losses, for heavy atoms, spin-orbit coupling is large and a 
change in spin is thus more favorable.  Consequently, triplet to 
singlet transitions are most common in molecules containing 
iodine and bromine.  This work also highlights that there is a 
decrease in electrical energy band gap as larger halogens are 
involved.  The dependence of energy band gap on the halogen 
species is important in the context of tuning molecules for 
their emission colors.  For device fabrication, film forming 
materials, like polymers and amorphous solids are preferred.  
Although these molecules are very promising for developing 
purely organic phosphors, they still cannot be used for 
practical applications because they require crystalline 
materials.  However, the insights gained from computational 
analyses can serve to develop materials design strategies for 
suppressing vibrational losses in polymers and amorphous 
solids.
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