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An accurate vibrational signature in halogen bonded molecular 
crystals  
Hanine Kalout,a Zahia Boubegtiten-Fezoua,a François Maurel,b Petra Hellwig,*a Sylvie Ferlay*a  

The far infrared (FIR ) and Raman fongerprints of the halogen bond in two representative 1D halogen bonded networks 
based on the recognition of TFIB, tetrafluorodiiodobenzene, with piperazine or diazopyridine, have been accurately 
identified. It was demonstrated that the signature of the halogen bonding in the solid state, especially the N…I signal can be 
simply and directly evidenced in the far infrared region. The DFT theoretical calculations identified the N…I interaction in 
the molecular crystals and allows to estimated the corresponding energies and distances of the involved halogen bonds, in 
accordance with the cristallographic data. 

Introduction 
Molecular crystals are fragile entities due to their rigid 

morphology and periodic structure with a regular pattern. In 
some molecular crystals, weak intermolecular interactions such 
as halogen bonding (XB),1,2 involving noncovalent interactions 
between electron-deficient halogen atom X (Lewis acid, halogen 
bond donor) and electron-rich molecule D (Lewis base, halogen 
bond acceptor), are encountered. The almost linear 
directionality of this non-covalent interaction makes it a 
promising tool for the design and tuning of new functional 
molecular crystals3,4,5 and among them, inherent mechanical 
properties. For example, soft crystals, a subcategory of 
molecular crystals, can present macroscopic deformations, 
under the influence of different external stimuli, such as 
pressure, temperature, humidity and light, for example.6 This 
specificity may find applications in miniatured optoelectronic 
devices, optical waveguides, sensors, biomimetics, explosives, 
etc.1,7 Among soft crystals, elastic8 and plastic crystals9 are 
generally built from weakly interacting molecules, using weak 
supramolecular interactions. In such crystals, the role of the 
weak interactions is crucial and deserve an in-depth 
spectroscopic investigation. 
 Spectroscopic approaches provide reliable and fast access to 
information that contributes to the understanding of strong and 
weak interactions between different components of molecular 
crystals.10 Combined spectroscopies like solid state NMR and 
vibrational spectroscopy for example, may be useful for the 
investigation of non-covalent interactions in molecular networks11 

and also for the comprehension of the intrinsically mechanical 
properties of molecular compounds.  

Since few decades, there were several reports of crystalline 
compounds involving halogen atoms, that have been studied by 
infrared and Raman spectroscopy.1-5,12,13,14 Till now, only few reports 
focus on halogen bonds of molecular crystals in the solid-state, and 
their classical spectroscopic signature.1-3,5,15,16 Though the halogen 
bond spectroscopic signature has been relatively well-known for 
compounds in solution,17,18,19,20 the study in the solid state is still at 
its infancy. For molecular compounds in the solid state, to the best 
of our knowledge, the Raman and far IR spectral signatures of the 
halogen bond have been recently briefly explored for one molecular 
network21 or for iodine-chlorine interhalides salts.22 It seems that the 
spectroscopic signature of the halogen bond has an important 
interest in the understanding of these interactions that accounts for 
their mechanical properties (plastic or elastic, for example).  

 In the present study, we describe the far infrared (FIR) and 
the Raman spectral features of simple XB infinite molecular 
networks and demonstrate that the halogen bonding, in the 
solid state, can be simply and directly monitored. 

Results and discussion 
 

Structure of the obtained networks 

We choose two representative halogen bonded crystalline 
networks based on the ditopic C6F4I2 (TFIB, 
tetrafluorodiiodobenzene)23 building block, that is well-known 
to be involved in strong N…I halogen bonds, as already shown 
in recently reported networks.24,25,26 We studied the 
combination of this building block with a non-aromatic amine 
(Piperazine, adopting a chair like feature), behaving as a X bond 
acceptor and an aromatic X-bond acceptor (Azopyridine), as 
shown in Figure 1. In the solid state, the formed 1D X bonded 
networks have been analysed in the 300 to 50 cm-1 spectral 
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region, by using both FIR and Raman spectroscopies. To 
corroborate and provide valuable insight into the peak 
assignment found in the experimental results, we also 
performed density functional theory (DFT) calculations. 

 
 The combination of TFIB with either piperazine or diAzopyridine 
leads to a 1D X bonded network, due to the directional character of 
the N…I interaction, as shown in Figure 1. The crystal structures of 
compound 1 (TFIB combined with piperazine, CCDC Refcode: 
DIVCUH, we also performed structure analysis at 100K, see Table S1 
in the ESI)27 and compound 2 (TFIB combined with azopyridine, CCDC 
Refcode: BULKEA28) have been already reported in the literature. 
Crystals of 1 and 2 have been obtained in self-assembly conditions 
(see experimental part) and the purity of their corresponding 
polycrystalline phase has been checked using powder X-ray 
diffraction (PXRD) (Figure S1 in the ESI). In both cases, a 1D 
compound is formed through the formation of halogen bonds, 
between the nitrogen and iodine atoms. At the temperature of the 
crystallographic measurements (see Table 1), the N…I distance in 1, 
is reported to be 2.842 (5) Å27 (observed at 2.845(3) Å at 100K) and 

close to 2.880(6) Å28 in 2. The qINC values are equal to 176.89°27 for 1 
(measured to be 177.06° at 100K) and 179.48°28 for 2. 

 
Figure 1: Schematic representation of studied 1D molecular networks, 1 and 2 (top). 
Colors are as follows: C, grey; F, yellow; H, pink; I, magenta; N, blue. Experimental ATR-
FIR spectra of TFIB donor (bottom) and related crystals 1 (top) and 2 (middle) (in black), 
compared with the corresponding simulated infrared spectra (in grey) using the 
TFBI..Piperazine and TFBI..Azopyridine models for 1 and 2 respectively. The 
experimental spectra are recorded on powdered crystalline samples. The calculated 
spectral intensities for 1 and 2 respectively are provided in Table 2. 

 
 

Spectroscopic investigations 
 

For both compounds 1 and 2, the signals between 300 and 
50 cm-1, were analysed in the solid state, on powdered 
crystalline samples, at RT, using FIR and Raman spectroscopies. 
The different bands obtained for TFIB and crystals 1 and 2 were 
tentatively assigned to vibrational modes attributed previously 
to similar halogen-bonded crystals involving 
haloperfluoroaromatic donors, as seen in Table 2.21 As shown in 
Figures 1 and 2A, the fingerprints of the C-I (stretching and 
bending) vibrations are shown for TFIB in the low frequency 
range, and they have been compared to the vibrations observed 
for compounds involving TFIB.21  
 
 In the ATR-FIR spectrum of pure TFIB (see black curve in the 
bottom of Figure 1), two bands are found at 209 and 243 cm-1, 
which correspond to C-I bending vibrations (at 209 cm-1) and to 
C-I stretching vibration (at 243 cm-1). Two bands at 142 and 156 
cm-1, tentatively assigned to the C-I bending (142 cm-1) and C-I 
stretching (156 cm-1) vibrations, are observed in the Raman 
spectrum of TFIB (see black curve in the bottom of Figure 2A). 
Upon involvement of TFIB in intermolecular halogen bonds, a 
redshift of around 13 cm-1 was observed for the nC-I vibration, 
whereas the dC-I mode was shown to shift to higher 
wavenumbers (blue shift) by approximately 11 cm-1 (values 
averaged from FIR and Raman data of both crystals networks 1 
and 2) (see black curves in the top and the middle of Figures 1-
2A and Table 2). A similar redshift for nC-I vibration was 
previously reported21 for the halogen-bonded complex of 
pyridine and iodopentafluorobenzene (IPFB) and can be 
correlated to the weakening and lengthening of the C-I bonds29 
in the XB 1D network. Furthermore, the experimental FIR and 
Raman intensities of C-I stretching band of TFIB involved in 
crystals network are two orders of magnitude higher when 
directly compared to the same band in pure TFIB (see black 
curves in Figures 1-2A). An explanation of the increase of 
intensity occurring upon halogen-bond formation may be based 
on the charge-transfer character of the halogen bond and also 
on its partially covalent nature.30 We note, however, that there 
are no changes in the intensity of C-I bending vibrational band 
of TFIB involved in halogen bond. In addition, the spectral 
changes for the C-I stretching band differ for both crystals 
networks, with more changes observed in case of crystal 1 with 
piperazine as halogen-bond acceptor molecule. These results 
confirmed the features that such as red-shift and increased 
intensity of the C-I stretching band are indicative of the 
successful formation of the halogen bond involving TFIB.  
 In the spectral range between 100 and 50 cm-1, infrared 
bands at 67 cm-1 for 1 and 69 cm-1 for 2 (see black curves in the 
top and the middle of Figure 1) were detected and assigned to 
N…I stretching vibration from the respective halogen-bonded 
complexes. The Raman spectra measured for crystals of 1 and 2 
at low frequency also exhibit bands at 61 and 74 cm-1, 
respectively, corresponding to the N…I stretching vibration (see 
black curves in the top and the middle of Figure 2A). In addition, 
this molecular vibration band, that is assigned above to the 
halogen bond, is intense despite of its nature. 

Investigation of the thermal behavior of halogen bonded 
complexes provides information about their relative stabilities, 



 

 

which is important for their applications. Few data related to the 
influence of temperature on the halogen bond are available, 12,31 and 
the halogen bond length is strongly dependent on temperature. For 
this reason, we decided to study the halogen bond that includes the 
N…I stretching vibration as function of temperature in the 20-70 °C 
range using Raman spectroscopy on crystals 1 and 2 (see Figure S2 
and Figure 2B, respectively).  

A shift of nN-I mode of about 3 cm-1 towards lower wavenumbers was 
shown when the temperature is increasing for crystal 2 (see Figure 
2B), revealing a weakening of the halogen bonding. This change 
undergoing a redshift of nN-I in crystal 2 was found to be fully 
reversible. In case of crystal 1, the shift is not observed for the nN-I 

mode (see the Figure S2) reflecting a different nature of the halogen 
bonding, as shown by its shorter distance.  
 

 
Figure 2: A) Experimental Raman spectra of TFIB (bottom), crystals 1 (top) and 2 (middle) 
(in black) compared to the corresponding simulated Raman spectra (in grey), using the 
TFBI..Piperazine and TFBI..Azopyridine models for 1 and 2 respectively. The 
experimental spectra are recorded on powdered crystalline samples. The calculated 
spectral intensities are given in Table 2. B) the temperature dependence of the halogen 
bonding mode (n (N-I)) of 2 from 20 to 70 °C in the 100-50 cm-1 spectral range.  

Modeling 

 In order to model the behavior of the crystalline extended 
compounds 1 and 2, both bimolecular (TFIB..Piperazine or 
TFIB..Azopyridine) and trimolecular “compounds” 
(TFIB..(Piperazine)2 or TFIB..(Azopyridine)2) involving one or two 
Lewis base have been investigated. In the literature, ab initio 
calculations have been successfully used to study the 

intermolecular interaction energies of halogen bonded complex 
of pyridine with C6F5I29. In addition, very recently, the electronic 
structural origin of the THz and IR spectral changes occurring 
upon halogen-bonding formation has been reported for the 
complexes of C6F5I formed with other halogen-bond accepting 
molecules.30,32  
 In the current work, DFT calculations involving complexes of TFIB 
with either piperazine or 4,4’-azopyridine have been performed in 
the gas phase (see the experimental part for the detailed 
methodology). The optimized geometries for the halogen-bonded 
complexes of TFIB with piperazine and 4,4’-azopyridine are shown in 
Figure 3 and the relevant structural data for the monomers and for 
the complexes are reported in Table S2 (see the ESI). The N…I 
halogen-bond distances are found to be equal to 2.866 Å and 2.913 
Å for 1 and 2 in trimolecular complexes TFIB..(Piperazine)2 and 
TFIB..(Azopyridine)2 respectively, both values are in good agreement 
with the experimental data provided by X-Ray diffraction. 
Furthermore, the halogen-bonded complexes exhibit a nearly linear 
geometry, qINC between 175.9 and 178.9° (see Table S2 in the ESI). 

 

  
TFIB..Piperazine TFIB..(Piperazine)2 

  

TFIB..Azopyridine TFIB..(Azopyridine)2 
Figure 3. Equilibrium geometries for the halogen-compounds of TFIB with piperazine 
((analogue to 1, TFIB..Piperazine and TFIB..(Piperazine)2) (top) and with 4,4’-Azopyridine 
(analogue to 2 TFIB..Azopyridine and TFIB..(Azopyridine)2) (bottom)). 

 

 In addition, the interaction energy of the N...I interaction in 
the bi and trimolecular compounds was estimated between -
10.3  and -13.9 kcal/mol and are summarized in Table 1. 
Concerning the predicted interaction energies, they appear to 
be a little bit higher than the intermolecular interaction 
energies calculated for C6F5I-pyridine compound.29 For the XB 
interaction N…I, the dN…I distances are in accordance with values 
obtained experimentally using X-Ray diffraction. Indeed, due to 
a weaker interaction for 2, the observed N…I distance is a little 
longer than the distance observed for 1. 
 

  
Exp 

dN...I 
(100K) Å 

Calc 
dN...I 

(0 K) Å 

Calc ΔEinteraction 
(kcal/mol) 

1 
TFIB..Piperazine 

2.845(3) 
2.866 -13.8 

TFIB..(Piperazine)2 2.866 -13.9 

2 
TFIB..Azopyridine 

2.880(6) 
2.913 -10.3 

TFIB..(Azopyridine)2 2.913 -10.5 

Table 1: Comparison of the experimental and calculated values of dN…I distances for 1 and 
2, as well as an estimation of the N...I interaction energy of involved XB. 

 
 A detailed analysis for the experimental (at 294K) and simulated 
FIR and Raman spectra (at 0K) has been performed and a comparison 
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of the experimental vibrational frequencies with the computed 
values is shown in Figures 1-2A and Table 2. There are many 
similarities in the spectral features obtained from the experimental 
and the spectra modelled in the gas phase for TFBI donor molecule 
and crystals 1 and 2. The total number of bands is comparable; 
however, some additional features are seen in the experimental 
solid-state spectra. The direct comparison of the signal intensities 
shows only a weak correlation likely due to the lack of crystal packing 
in the cluster-based DFT method. Here, no scaling was applied to the 
calculated spectral intensities of TFIB and crystals 1 and 2 in Figures 
1-2A. We increased the intensities of the bands of the calculated 
infrared and Raman spectra by a factor of 5 to show the positions of 
the low intensity bands including the halogen bonding band (see 
Figures 1-2A). The real calculated spectral intensities are provided in 
Table 2.  

The performed calculations also evidenced the weakness of the 
C-I bond after the formation of the crystalline network, by a decrease 
of the frequency of the stretching vibration nC-I in Raman spectra 
from 159 (for TFIB) to 151 cm-1 for 1 and to 154 cm-1 for 2 (see grey 
curves in the Figure 2A and Table 2). An analogue frequency redshift 
of the nC-I vibration is observed in the experimental Raman spectra 
of TFIB..Piperazine and TFBI..Azopyridine (12 and 7 cm-1) (see Table 
2 and Figure 2A). Additionally, upon modelling the XB interaction in 
the gas phase, we noted a decrease of the frequency of the 
stretching vibration nC-I from 159 cm-1 in TFIB to 151 cm-1 and 149 
cm-1 in TFIB..Piperazine and TFIB..(Piperazine)2 Raman spectra, 
respectively (see Table 2 and Figures 2A and S3). A similar trend is 
observed from the calculated infrared spectra, with a redshift of 15 
cm-1 seen for the nC-I vibration upon formation of the trimolecular 
compound (TFIB..(Piperazine)2) (see Table 2 and Figures 1 and S3). 
This change evidences again the weakness of the C-I bond after the 
N….I halogen-bond formation in the molecular crystals. The same 
effect is observed experimentally in the infrared spectral range on nC-

I (redshift of 14 cm-1) of TFIB involved in TFBI..Piperazine crystal 
network (see Table 2 and Figure 1). The nC-I mode is also predicted to 
undergo a pronounced Raman and IR intensities increase in crystals 
1 and 2, thus following the experimental observations.  

A very weak intensity band is calculated at 153 cm-1 and 208 cm-1 in 
the respective Raman and FIR spectra of TFIB and assigned to the C-
I bending (dC-I) vibration (see Table 2 and Figures 1-2A). The position 
of this band is slightly modified upon interaction of TFIB with 
piperazine halogen-bond acceptor molecule (blueshift of 5 cm-1) (see 
Table 2 and Figures 1-2A and S3). Similar changes are found for the 
dC-I band in IR and Raman spectra of TFIB-Azopyridine halogen-
bonded compounds (blueshift of 5 cm-1) (see Table 2 and Figures 1-
2A and S4). The calculated Raman and IR intensities of the C-I 
bending mode of TFBI are changed marginally upon halogen bond 
formation with piperazine and azopyridine acceptor molecules. The 
trends observed for dC-I in the experimental data are well 
reproduced. 

 Stretching C-I 
nC-I 

 Raman IR (cm-1) 
Experimental   

TFIB 156 243 
1 144 229 
2 149 231 

Calculated    
TFBI    159 (4)      245 (2) 

1 TFBI..Piperazine 151 (23) 237 (11) 
1 TFBI..(Piperazine)2 149 (56) 230 (38) 
2 TFBI..Azopyridine    154 (8) 239 (10) 

2 TFBI..(Azopyridine)2  151 (124) 236 (30) 
 Bending C-I 

dC-I 
 Raman IR (cm-1) 

Experimental   
TFIB 142 209 

1 160 213 
2 159 210 

Calculated    
TFBI   153 (2) 208 (0.5) 

1 TFBI..Piperazine 156 (1.5) 212 (0.5) 
1 TFBI..(Piperazine)2   157 (1) 216 (0.7) 
2 TFBI..Azopyridine 157 (2.5) 211 (0.4) 

2 TFBI..(Azopyridine)2   159 (3) 215 (0.4) 
 Stretching N-I (XB) 

nN-I 
 Raman IR (cm-1) 

Experimental   
TFIB - - 

1 61 67 
2 74 69 

Calculated    
TFBI - - 

1 TFBI..Piperazine 50(0.01) 50(1.9) 
1 TFBI..(Piperazine)2 55(0.09) 48(3.7) 
2 TFBI..Azopyridine 49(0.6) 46(12) 

2 TFBI..(Azopyridine)2 38(1.5) 51(39) 
 

Table 2: Overview on the assignments of the TFIB, 1 and 2 vibrations in the spectral 
region from 300 to 50 cm-1. Comparison of the experimental vibrational 
frequencies (Raman and FIR) with computed frequencies (Intensities) for the 
fundamentals (ν: stretching and d: deformation in cm-1). Intensities are given in 
brackets for the calculated values. 

 
 The DFT simulations also allow to highlight the N…I 
stretching vibration in the IR (Raman) spectra for both 1 and 2 
at 50 (50) and 48 (55) cm-1 for TFIB..(Piperazine) and 
TFIB..(Piperazine)2, respectively, and also at 46 (49) and 51 (38) 
cm-1 for TFIB..(Azopyridine) and TFIB..(Azopyridine)2, 
respectively (see Table 2 and Figures 1-2A and S3-4). The nN-I 
computed frequencies are smaller than the observed values 
(see Table 2 and Figures 1-2A). The weak agreement between 
the gas phase calculated and solid state measured N..I 
wavenumbers in the halogen bonded cocrystals is probably due 
to the different environmental effects that are known to exist 
in the co-crystals, as crystal packing effects.33 This could be due 



 

 

also to the used finite model that ignore the anharmonic effect 
from the calculations based on the numerical differentiation.   

Experimental 
 

Synthetic procedures 

Synthesis of the crystalline compounds was performed by 
slightly modifying the already reported procedures. 
 

1: 1,4-diiodotetrafluorobenzene + piperazine27 

1,4-diiodotetrafluorobenzene (5,226*10-5 mol, 21 mg) was dissolved 
in 3 mL dichloromethane and piperazine (1,056*10-4 mol; 9,1 mg) 
was dissolved in 6 mL CH2Cl2. The resulting colourless solutions were 
mixed together without stirring. After two days, colourless crystals 
were obtained from the filtrate, dried in air and stored. 

2: 1,4-diiodotetrafluorobenzene + 44’-azopyridine28 

1,4-diiodotetrafluorobenzene (2,488*10-5 mol, 10 mg) was dissolved 
in 3 mL CH2Cl2 and 44’-azopyridine (4,886*10-5 mol; 9 mg) was 
dissolved in 6 mL CH2Cl2. The resulting solutions were mixed together 
without stirring. After two days, orange crystals were obtained from 
the filtrate, dried in air and stored. 

Crystal structure confirmation 

Powder X-ray diffraction (PXRD) provides information on phase 
composition, chemical composition and the crystal structure of the 
analysed materials. PXRD diagrams were collected on a Bruker D8 
diffractometer using a monochromatic Cu-Kα radiation, with a 
scanning range between 3° and 40° (2θ), with a step size of 0.008° 
and time per step of 0.4s. 

Spectroscopic investigations 

Far-Infrared Spectroscopy 

The Far-infrared (FIR) data were obtained with a globar light source 
for the spectral range 700-50 cm-1 with a scan velocity of 2.5 kHz, on 
the pure polycrystalline samples (TFIB, 1 and 2). The FIR spectra were 
recorded with the help of a Vertex 70 FT-IR spectrometer (Bruker, 
Germany) in the attenuated total reflection mode (ATR) (Harrick 
crystal, Diamond Prism). A Si beamsplitter and a room temperature 
deuterated triglycine sulfate (RT-dTGS) detector were used. Five 
spectra with a resolution of 4 cm-1 (128 co-added scans) were 
averaged for each sample. The spectrometer was purged with dry air 
to avoid the contributions from humidity in the spectra. The ATR-FIR 
spectra of TFIB, and the crystal samples were performed from 
powders. 

ATR-FIR spectra were recorded with the Opus software from Bruker 
(Opus. 6.0) and analyzed with Origin program (OriginLab. 8.5). The 
baseline correction was applied for each sample spectrum. 

Confocal Raman spectroscopy 

Raman scattering instrumentation:  

Confocal Raman microscope system was used for Raman 
scattering measurements, which is composed of an inVia 
Renishaw spectrometer (grating: 1200 lines/mm) and a TE-
cooled charge-coupled device (CCD) as detector. 

The spectral resolution of the spectrometer is 1 cm−1. Elastically 
scattered light was removed with an edge filter. An argon 
STELLAR laser source (30 mW/514.5 nm) in a backscatter 
configuration was focused on the sample using a 50X/0.75 NA 
dipping microscope objective (Leica). The spot of the laser used 
in the Raman experiments had a diameter of 0.67 µm.  

Raman measurements:  
The Raman spectra of the polycrystalline samples (TFIB, 1 and 
2) were measured on powdered samples in a confocal mode 
with a laser of 12 mW (the laser power was measured at the exit 
of the microscope objective). Exposure time of the 
measurements was 10 s. 10 accumulations were made to obtain 
Raman spectra (from 0 to 3200 cm-1) with an optimal signal to 
noise ratio. It should be also mentioned that all presented 
Raman spectra have been baseline corrected. Raman spectra 
were recorded with the Wire software from Renishaw (Wire. 
3.4) and analyzed with Origin program (OriginLab. 8.5). 

The temperature-dependent Raman measurement of 1 and 2 as 
powders have been obtained with a home cell made of two 
CaF2 windows, few crystals of each compound have been 
deposited on a window that was covered with another one. The 
windows were placed in the metallic support of the cell and 
then it was placed in a confocal mode Raman spectrometer 
(20×/0.40 NA dipping microscope objective (Leica)) and 
connected also to the thermostatic bath to control the 
temperature. The Raman spectra were recorded between 20 
and 70 °C by a step of 10°C and the samples were equilibrated 
for 10 minutes at the respective temperature before data 
acquisition. The spectra of the crystals networks 1 and 2 were 
measured as powders with a laser excitation of 514 nm and 12 
mW laser power. Exposure time of the measurements was 10 s. 
10 accumulations were made to obtain spectra of the 
compounds (from 0 to 3200 cm-1) with an optimal signal to 
noise ratio. 

Computational Details: DFT calculations 

In the computational part we studied the effect of the 
complexation through halogen bonding on the spectroscopic 
behavior of the TFBI. Therefore, we studied the molecular 
complexes formed between TFBI with one or two Lewis base 
such as Piperazine ou Azopyridine. These molecular models, 1 
TFBI..Piperazine, 1 TFBI..(Piperazine)2, 2 TFBI..Azopyridine or 2 
TFBI..(Azopyridine)2 are supposed to reproduce the complexes 
1 and 2, respectively. 
Therefore equilibrium geometries and harmonic vibrational 
frequencies of TFIB, piperazine, azopyridine and complexes 1 
and 2 were obtained from DFT calculations using the PBE0 
functional.34 Standard pople basis set 6-311G(d,p) were used for 



 

 

hydrogen, carbon, nitrogen, and fluorine atoms, whereas for 
iodine the LanL2DZ basis sets taken from the EMSL basis Set 
Exchange Library35 was used.  

All the calculations were performed using Gaussian 0936 and 
the molecular structures were confirmed as real minima of the 
potential energy surface on the basis of their harmonic 
vibrational frequencies, which showed positive force constants 
for all normal modes. Basis set superposition error (BSSE)37,38 in 
the complexes was corrected by means of the counterpoise (CP) 
scheme.39 
 

Previous studies40,41 have shown that dispersion 
interactions can play a significant role in the Halogen bonds 
interaction. Therefore, we compare the results obtained using 
several different functionals, i.e. PBE0, PBE0 including empirical 
dispersion term GD3 (PBE0-GD3)42 and the hybrid meta 
exchange-correlation functional M06.43 As revealed by the data 
gathered in the Tables S2 and S3, the results are similar 
whatever the functional used for the geometries and the 
vibrational properties of the calculated complexes. Considering 
these results, we discussed only the PBE0 calculations in the 
text. 
 

Conclusions 
We applied FIR and Raman spectroscopies and DFT 

calculations to characterize two types of 1D halogen bonded 
networks involving the linear ditopic XB donor C6F4I2 (TFIB, 
tetrafluorodiiodobenzene) and a nonaromatic (piperazine, 
compound 1) and an aromatic (diazobenzene, compound 2) in 
the crystalline state. For the first time, the spectroscopic 
fingerprint of the halogen bond (N…I interaction) was evidenced 
for both compounds in the 100 to 40 cm-1 spectral region. The 
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halogen bond formation was directly detected in the 
experimental and the simulated FIR and Raman spectra via the 
redshift of the C-I stretching vibrations, and the blueshift of the 
C-I bending vibrations. The DFT theoretical calculations 
confirmed the occurrence of the halogen bonds in the obtained 
crystals in gas phase and estimated the N…I halogen bond 
energy to be -13.8 and -10.3 kcal/mol for 1 and 2 respectively. 
The new fingerprint of the N… I interaction here reported 
contributes to the deep understanding of weak molecular 
interactions of halogen bonding governing the formation of 
crystals and also their expected properties, like the mechanical 
properties, for example. This unique fingerprint may also be of 
interest for a large class of materials. 
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