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Abstract 

 A new hybrid compound formulated as [Fe3F8(H2O)2](Am2TAZ)2 (Am2TAZ= 3,5-diamino-

1,2,4-triazole) was prepared under hydrothermal conditions. The crystal structure was solved 

by single-crystal X-ray diffraction and the bulk was characterized by thermal analyses (TG-

MS), vibrational spectroscopy (FTIR, Raman), Ultraviolet-visible spectroscopy (UV-Vis), 

and scanning electron microscopy (SEM-EDX). It crystallizes in the triclinic system space 

group P1̅ with unit cell parameters a= 7.100(2) Å, b= 7.658(2) Å, c= 8.321(2) Å, α= 

107.330(20)°, β= 111.842(18)°, γ = 93.049(17)°, Z= 1 and V= 394.01(17) Å
3
. The studied 

X-ray crystal structure shows the two oxidation states for iron atoms (Fe
2+

, Fe
3+

) and 

generates a 2D inorganic network, built up of inorganic layers constructed from infinite 

inorganic chains running along a axis. In fact, these chains are connected via (Fe
3+

(3)F6) 

octahedral. OW-H
...

F and N-H
...

F hydrogen bonds, making up the whole 3D network, are 

strongly linked in the layers. Magnetization measurements were performed, exhibiting the 

paramagnetic feature of the studied compound above 150 K. 

Keywords: Fluoride; iron; hydrothermal synthesis; thermal analysis; vibrational 

spectroscopy; magnetic. 
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1. Introduction 

Extensive research has been focused on the design and the construction of Metal-organic 

frameworks (MOFs), also known as coordination polymers. They have attracted attention 

owing to their exceptional structural and chemical diversity in the fields of gas and bioactive 

molecule storage [1, 2], batteries [3], catalysis [4], luminescence [5] and ion exchange [6]. In 

fact, the use of porous solids in the health sector is also a very promising application for the 

vectorization of active drugs in cancer and AIDS fields, in particular [2, 7]. Indeed, Férey and 

co-workers were the initiator group who attempted to encapsulate and control the release of 

the active ingredient, Ibuprofen, from porous solids, such as MIL-100 and MIL-101 [8]. The 

interest for fluorinated hybrid materials is also growing due to the exception of this type to 

enhance thermal stability, to get low surface tension and to improve physic-chemical 

performances [9– 11]. 

Hybrid materials can be classified into two distinct classes. These two classes can be 

distinguished according to the strength of the interactions [12]. In class I hybrids, the organic 

and inorganic components are associated by weak interactions, such as Van Der Waals, or 

hydrogen bonds as the case of (H2dap)2[FeF6](F)
.
3H2O material [13]. However, in class II 

hybrids, both parts, organic molecule and inorganic framework, are strongly linked by 

covalent or ionocovalent bonds like Fe2F5(taz) compound [14]. Each class of hybrid depends 

not only on the nature of the metallic cations and organic linkers, but also on the reaction 

conditions such as the solvent, pH, reaction time and the ratio of reactants [15– 17]. 

The most frequently used organic molecules, based on N, contain organic cations, derived 

from aliphatic [13, 18] or cyclic [19, 20] amine, are meant to establish covalent or iono-

covalent bonds with the metallic cations of 3d-block such as Fe, Al, Zn, Cu. Consequently, 

numerous fluorinated hybrid materials with designed functionalities and expected properties 

can be obtained. 

Iron fluorides hybrids present the largest variety of inorganic architecture in Class I: 

isolated polyanions 0D such as FeF6 [13, 21], FeF2(H2O)4 [22], FeF3(H2O)3 [23], FeF5H2O 

[24], and some other compounds contain Fe2F9 [25], Fe2F10 [26] and Fe2F8(H2O)2 [27] 

dimmers. The infinite chains 1D, exhibiting FeF6 and Fe2(H2O)2F6 as octahedral, were 

reported by Hertweek [28], Frommen [29] and Smida [14], respectively. However, until now, 

no 2D layers and 3D inorganic network have been evidenced in Class I. 

Formally, the literature reports numerous Class II isolated polyhedral (0D) as far as we 

know [FeF4(2,2’-bpy)(H2O)2] [30] and Fe2F5(2,2’-bipyridine)2H2O [31]. On the other hand, 
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one hybrid phase with infinite chains (1D) iron fluorides Class II was mentioned by 

Hongcheng Lu, which is the case of FeF3(4,4’-bpy) [32]. Few 2D hybrid iron fluorides layers 

are known and they are obtained with triazole amine and their derivatives such as  

[Fe3F10(H2amtaz)2] [33], [(Fe2F5(taz
-
)2)·(Hdma)] [14] and [Fe2F5(H2O)(Htaz)(taz)·(Hdma)] 

[34]. The most condensed phases, with mixed valence iron cations, are Fe2F5(taz) [14], 

[Hdma].(Fe5F8(H2O)2(amtetraz)4) and [Hdma]1.5.(Fe5F7(H2O) (HCOO)(amtetraz)4) [35] with a 

3D architecture. 

On the basis of the ligand 3,5-diamino-1,2,4-triazole, Abdi and co-workers have 

synthesized a new iron fluorides hybrid, namely [C2N5H6]2
.
(FeF5(H2O))

.
2H2O, prepared by 

solvothermal method during the investigation of FeF3-HFaq-(3,5-diamino-1,2,4-triazole)-

EtOH system [36]. Due to the presence of both the aromatic linkers and the number of 

conjugated rings, the ligand 3,5-diamino-1,2,4-triazole, depending on their protonation state, 

display great coordination diversity. 

Furthermore, Lhoste and Cadiau have published new fluorinated hybrid using different 

metal ions such as TiF4 and ZnF2 with the same ligand 3,5-diamino-1,2,4-triazole, 

respectively [19, 37].  

In the scope of this work, and herein, we reported the structure of a new hybrid iron 

fluorides of class II which was determined by X-Ray diffraction, characterized by 

thermogravimetric analysis (TG and SDTA), mass spectrometry (m/z 17, m/z 18 and m/z 44), 

infrared (IR), Raman, UV-Vis diffuse reflectance spectroscopy and its magnetic properties 

were studied. 

2. Results and Discussion 

2.1 Crystal structure description  

The detailed information concerning crystallographic data collection and structure 

refinement are summarized in Table 1. Selected bond distances and angles are shown in 

Table 2. 

The asymmetric unit of the [Fe3F8(H2O)2](Am2TAZ)2 contains one Fe
2+

, two Fe
3+

, four F
-
 

atoms, one coordinated water molecule and one (Am2TAZ) ligand (Figure S1). The 

coordination environment of Fe
2+

(1) cations contains two fluorine atoms, two coordinated 

water molecules and two nitrogen atoms; whereas, the Fe
3+

(2) cations are bonded to four 

fluorine atoms and two nitrogen atoms forming Fe
2+

(1)F2N2(H2O)2 and Fe
3+

(2)F4N2 

octahedral, respectively, with Fe-F distances varying from 1.906(4) Å to 2.131(4) Å, Fe-OW 
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distance equal to 2.089(6) Å and Fe-N distances varying from 2.097(5) Å to 2.109(6) Å. 

Furthermore, the other iron atom Fe(3) is coordinated by six fluorine atoms forming an 

Fe
3+

(3)F6 octahedron. It displays six Fe(3)-F bond length varying between 1.890(4) Å and 

1.957(4) Å. These distances are in agreement with the literature [14, 36]. As a result, the 

compound is a class II hybrid [34] and the oxidation state of each iron atom is confirmed [33]. 

The main feature of this iron fluoride is the coexistence of two oxidation states for iron atoms 

(Fe
2+

, Fe
3+

) in the unit cell forming a 2D inorganic network. 

Each Fe
2+

(1)F2N2(H2O)2 octahedron is connected with an Fe
3+

(2)F4N2 octahedron 

forming dimmers linked by vertex shared at F(1). These dimmers repeated along the [011] 

direction producing [Fe2F5N4(H2O)2] inorganic-organic hybrid chains. Each chain is, in turn, 

cross-linked to another octahedron Fe
3+

(3)F6 by vertex shared at F(2) with Fe
3+

(2)F4N2 

exposing a layer developed in the (001) plane (Figure 1). These layers are interconnected via 

strong OW-H
...

F and N-H
...

F hydrogen bonds. In fact, OW
...

F and N
...

F corresponded distances 

vary from 2.65 Å to 3.16 Å (Table S4). Figure 2 clearly elucidates the presence of these 

hydrogen bonds. This fact accounts for the three-dimensional arrangement of the 

[Fe3F8(H2O)2](Am2TAZ)2 structure. Indeed, Figure 3 shows a perspective view of the studied 

structure. 

The same dimensionality for metal-organic network is encountered in 

Fe2F5(H2O)(Htaz)(taz)(Hdma) compound which crystallizes in the triclinic centrosymmetric  

space group P1̅ [34]. The latter was synthesized in the same conditions as our compound but 

using (1,2,4-triazole) as organic molecule and DMF as solvent. In the previously mentioned 

compound, the structure is associated by opposite fluorine corners of FeF5N and FeF2N4 

octahedral, and/or triazole molecule which generates the 2D material. 

2.2 Thermal behavior 

The thermal analysis (TG, SDTA) of the title compound, in air, was carried out in the 

temperature range 25-993°C and operated at a heating rate of 10°C/min (Figure 4), indicating 

a total experimental mass loss of 42.4% (calc 42.28%). Figure 4 reveals clearly that no mass 

variation is detected between 25 and 50°C in TG and no thermal phenomenon is observed in 

SDTA. Therefore, at room temperature, the material does not exhibit any changes, confirming 

its stability at room temperature. During the heating process, there are three mass losses at 

different temperatures. This result was verified by SDTA curves and the mass spectrometric 

analysis (m/z 17, m/z 18 and m/z 44). 
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According to the thermogram shown in Figure 4, this compound reveals three stages. 

The first and the second steps are continuous with a loss mass of 18.2% (calc 18.13%) 

observed in a temperature range 55-360°C. This is proved by two endothermic peaks on the 

SDTA curve at 107°C and 275°C, attributed to the loss of two coordinated water molecules, 

and 0.65 mol of the organic molecule (Am2TAZ) [30,34]. Above 360°C, the elimination of 

1.35 mol of Am2TAZ and the creation of FeF3 occurred [30]. It corresponds to an 

experimental mass loss of 24.2% (calc 24.15%). Indeed, this process is represented on the 

SDTA curve at 375°C. However, at high temperature, the iron fluoride residues are slightly 

contaminated by Fe2O3 [30].  

The associated mass spectrometry m/z 17, m/z 18 and m/z 44 curves, observed in Figure 

5, are in line with the thermal analysis. We plotted the main volatiles formed during the 

[Fe3F8(H2O)2](Am2TAZ)2 decomposition. Accordingly, the curve of the mass spectrometric 

analysis m/z 17 (NH3) indicated one maxima at 335°C, thus, proving the decomposition 

process of the whole organic moiety [34, 38]. Moreover, the curve of the mass spectrometric 

analysis m/z 18 (H2O) has two maxima at 283°C and 341°C, respectively. As a result, at this 

stage, water molecules are disengaged in two steps. In fact, the first peak of m/z 18 is 

concurrent with the dehydration of our compound, noting also that the last maxima of m/z 18 

coincides with the only one maxima of m/z 44 (CO2) at the same temperature, 341°C, 

attributed to the total decomposition process of (Am2TAZ). Taking into account that the mass 

spectrometry is a semi quantitative method, the integration of the second band in the curve of 

the mass spectrometric analyses m/z 44 is approximately 0.4 of the integration of the only 

band in the m/z 17 curve. This indicates the loss mass of approximately four carbon 

molecules corresponding to ten nitrogen molecules. This result is confirmed by the chemical 

formula of our new compound. 

In fact, this phenomenon informs that the degradation of the organic molecule is 

accompanied by the release of carbon dioxide molecules, ammonia molecules and water 

molecules. 

2.3 Infrared and Raman spectroscopy 

In order to gain more information about the crystal dynamics groups present in the new 

hybrid [Fe3F8(H2O)2](Am2TAZ)2 material, spectroscopic studies by Raman diffusion and 

Infrared were performed.  

The infrared and the Raman spectra were analysed, at room temperature, in the 

frequencies range 4000 cm
-1

 to 500 cm
-1

 and 1300 cm
-1

 to 100 cm
-1

, respectively, as 
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illustrated in Figure 6 and Figure 7. To the best of our knowledge, no Raman spectra at room 

or variable temperatures have been reported in the literature. The observed bands and their 

assignments to different modes for [Fe3F8(H2O)2](Am2TAZ)2 material are given in Table 3. 

In the present investigation, the high frequency, appearing between 3457-3407cm
-1 

regions, is probably ascribed to the stretching vibration of coordinated water molecule ν(H2O) 

[30,31]; whereas, the asymmetric and symmetric stretching vibrations of amino groups are 

observed around 3366 and 3344 cm
-1

 [36,39]. The shoulder peaks at 3227 and 3170 cm
-1

 and 

the band appearing at 2384 cm
-1

 can be attributed to the stretching vibration of the 

heterocyclic ring of C-H bonds [30]. Indeed, the deformations of primary amine are 

represented on our spectrum in two peaks located around 1660 and 1529 cm
-1

 [40]. However, 

in the infrared spectrum, the peak of scissoring vibration δ(NH) is detected at 1431 cm
-1

 [36]. 

In addition to the calculation, these assignments are in agreement with the assignments 

proposed by George Socrates [41]. Thus, the wave number values of NH2 stretching and 

scissoring are in accordance with those observed for the hydrated material iron fluorides 

established by Insaf Abdi [36]. Moreover, the strong peak at 1636 cm
-1

 in infrared spectrum 

can be related to the stretching vibration of (C=N) of the cyclic amine [42]. 

In addition, in a frequency region of 1324-1126 cm
-1

 of infrared spectrum and around 

1261 and 1220 cm
-1

 of the Raman spectrum for compounds with (Am2TAZ) molecules, we 

may except the stretching vibration of (C-N) of the heterocyclic ring [40].  

In the Raman spectrum, the broad band detected in the range 1139 to 1051 cm
-1

 can be 

attributed to the rocking vibration of NH2. However, in the same range of infrared spectrum, 

the strong peak, observed at 1045 cm
-1

, corresponds to the stretching vibration of ν(N-N) [36]. 

This is also in accordance with the compound which has already been studied in the literature, 

such as [C2N5H6]2.(FeF5(H2O)).2H2O [36]. 

The wagging vibrations 𝜔(NH2) appears not only around 832 and 757 cm
-1

 in the IR 

spectrum, but also around 910 and 659 cm
-1 

in the Raman spectrum [39, 40]. 

The band observed, ranging from 692 to 602 cm
-1

, in the infrared spectrum, can be 

associated with the deformation in the plane of 𝛿(C-NH2). On the other hand, this mode is 

represented by the peak at 390 cm
-1 

in the Raman spectrum [40]. According to the reviewer 

James Kincaid, the strong band, detected at 590 and 531 cm
-1

 can be ascribed to the presence 

of the stretching vibration of the inorganic group ν(FeF6) [43]. Eventually, the stretching 

vibration of the metal ligand group ν(FeF2N2O2) and ν(FeF4N2) are related to these two strong 

peaks detected at 279 and 217 cm
-1

 [44,45]. Accordingly, the vibrational frequencies of the 

fundamental modes of the new compound [Fe3F8(H2O)2](Am2TAZ)2 were specifically 
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assigned by studying the IR and Raman spectra and confirmed by the presence of 

coordinating 3,5-diamino-1,2,4-triazole organic molecule. Moreover, the spectroscopic 

characterization proves the class II of this new material. 

A future study by Raman, at different temperatures, will be realized to confirm the 

thermal phenomenon of our compound. 

2.4. Optical study 

Figure 8 displays the UV-Vis diffuse-reflectance spectrum of [Fe3F8(H2O)2](Am2TAZ)2 

after the application of the Kubelka-Munk transformation. The energy gap value of this 

compound was measured, being about 3.44 ev on the corresponding λabs (360.4 nm). 

However, this new iron fluoride material presents a stronger optical absorption in the 

ultraviolet (UV) region (λ< 400 nm) and a good transparency in the visible range. A similar 

observed curve, shown for Fe2F5(H2O)(Htaz)(taz)(Hdma) compound [34], reports an energy 

gap value about 3.47 ev. This latter, in particular, is obtained by FeF2/FeF3- 1, 2, 4-triazol- HF 

(hydrofluoric acid solution) system and dimethylformamide (DMF) as solvent, and it 

describes the same dimensionality 2D and the presence of two oxidation state of iron, as 

compared with our new compound. These optical gap values of these iron fluorides belong to 

the similar area of oxyfluorotitanate [37]. 

Therefore, an optical study of our new material [Fe3F8(H2O)2](Am2TAZ)2 displayed a 

high absorption in the Ultraviolet and a good transparency in the Visible range with a gap 

value, included in the zone of complexes, that contains a metal cation bound by ligands of an 

organic molecule such as Fe -N. 

2.5. Magnetization measurements  

Figure 9 exhibits the evolution of the inverse molar susceptibility (𝜒𝑚
-1

) and the specific 

magnetization (𝜎) measured under an applied magnetic field of 10 kOe for 

[Fe3F8(H2O)2](Am2TAZ)2 over the whole temperature range 100-400 K. The magnetic 

susceptibility of the studied compound is characterized by exhibiting a paramagnetic 

behaviour above 150 K. It is in good agreement with the magnetic data, since it follows a 

Curie-Weiss law with paramagnetic effective moments. Furthermore, magnetization curves 

M(H), during a close loop with maximum applied field of 20 kOe at room temperature, is 

represented in Figure 10. The general shape of the curve is a linear increase, and it obeys the 

Brillouin function [46]. Moreover, the curve does not display any irreversibility consistency 

with a paramagnetic behavior [47]. Table 4 reveals the magnetic magnitudes obtained in this 



8 
 

compound. Actually, the value of the experimental paramagnetic effective moment 6.90𝜇𝐵 is 

quite close to that expected theoretically 6.92𝜇𝐵 for iron ion (terms): Fe
3+

 (
6
S5/2) and Fe

2+
 

(
5
D4). 

A recent example shows the same paramagnetic response, which is the case of the mixed 

monohydrate iron fluorides, Fe2F5(2,2’-bipyridine)2H2O [31]. The fitted parameters for the 

Curie-Weiss laws indicate both complex ionic states for the iron atoms. 

Therefore, the magnetic characterization for this new compound 

[Fe3F8(H2O)2](Am2TAZ)2, follows Curie-Weiss law and reveals a paramagnetic behaviour 

above 150 K. To provide our interpretation, we can perform several M(H) curves at 

temperatures below 150 K and applied magnetic fields, to settle down the magnetic nature of 

this studied material. Similarly, Mossbauer studies, eventually in the presence of a magnetic 

field, could prove very helpful in order to determine the magnetization at various iron sites. 

3. Materials and methods 

3.1 Synthesis of [Fe3F8(H2O)2](Am2TAZ)2 

The reaction mixture for the synthesis of new class II hybrid fluorinated is formed by two 

metal cations in fluorinated forms FeF2 and FeF3, an aqueous solution of hydrofluoric acid 4% 

(prepared from 40 % HF, Riede-deHaen), a solvent such as ethanol, which is polar and protic, 

and with a cyclic organic molecule (3,5-diamino-1,2,4-triazole). The solvent volume was 

fixed to 10 mL with a constant concentration [Fe
II
] + [Fe

III
] = 0.15 mol.L

-1
 and an equimolar 

ratio n(Fe
II
)/n(Fe

III
) = 1. Indeed, [Fe3F8(H2O)2](Am2TAZ)2 is obtained from a mixture of 

85mg of FeF3 (0.75 mmol), 70 mg of FeF2 (0.75 mmol), 2.52 mL of HF 2.3M (5.8 mmol) and 

57 mg (Am2TAZ) (0.57 mmol). 

The starting materials were placed in a reactor when filling 50 % of the autoclave. After 

manipulation, the solid product is washed with the solvent used, then air dried at room 

temperature. As a result, a new mixed hybrid fluoride was obtained. Therefore, the 

exploration of this system FeF2/ FeF3 - HF - (Am2TAZ) – EtOH, led by hydrothermal 

synthesis at 120°C for 72 hours, yielded to the elaboration of a new phase of formula 

[Fe3F8(H2O)2](Am2TAZ)2 colorless with prismatic shape. 

3.2 Crystal structure determination  

The single crystal was selected by using a polarizing microscope. X-Ray crystal data were 

collected at room temperature, on an Agilent Gemini CCD diffractometer using CuKα 
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radiation. The structure was determined by direct methods, using SHELXS-86 [48], that give 

positions of most atoms (iron, nitrogen, fluorine atoms), extended by successive difference 

Fourier maps, and refined by full-matrix least square on all F
2
 data using SHELXL-97 [49]. 

All non-H atoms were anisotropically refined. All H atoms were either geometrically placed 

riding on their parent atoms or located from the difference Fourier map, with isotropic 

displacement parameters set to 1.2 times the Ueq of the atoms to which they are attached. 

These programs were included in WINGX package [50]. The projections of this structure 

were performed with the DIAMOND program [51]. 

The powder X-ray diffraction (PXRD) was recorded on a Siemens D5000 powder 

diffractometer, using Cu K a radiation (1.542 Å) with a 2θ range of 10- 40°. The simulation of 

the PXRD spectra was carried out by the single-crystal data and Oscail (4.6.1) program 

(Figure S2).  

3.3 Morphological characterization 

SEM micrographs and X-ray microanalysis (SEM/EDX) were recorded using a JEOL-

6610LV scanning electron microscope, operating at 30 kV, coupled with an Oxford X-Max 

microanalysis system (EDX). Scanning electronic microscopy exhibited the morphology of 

[Fe3F8(H2O)2](Am2TAZ)2  and confirmed that all non-hydrogen atoms are present: Fe, F, O, N 

and C (Figure S3, Figure S4). 

3.4 Thermal characterization  

A Mettler Toledo TGA/SDTA851ELF was used for the thermal analyses in oxygen 

dynamic atmosphere (50mL/min) at a heating rate of 10°C/min. The sample mass used in TG 

and SDTA measurements was 12.444 mg. In parallel with TG tests, a Pfeiffer Vaccum 

ThermoStarTM GSD301T mass spectrometer was employed to determine the evacuated 

vapours. The masses 17(NH3), 18(H2O) and 44(CO2) were tested by using a detector C-SEM, 

operating at 1200V, with a constant time of 1s. 

3.5 Infrared and Raman spectra 

Infrared absorption spectra of suspension of crystalline in KBr were recorded on a Jasco-

FT-IR-420 spectrophotometer in the 4000-400 cm
-1

 frequency range. Raman spectrum was 

measured with a LABHARAM HR 800 triple monochromatic in the 1500–100 cm
-1

 region. 

The powder sample was mounted on a quartz support to minimize the background.  
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3.6 UV-vis study 

The UV–Vis spectral analysis was carried out between 200 and 800 nm using UV–Vis 

absorption spectrophotometer (T90+UV/Visible). The UV–Vis diffuse-reflectance spectrum 

was measured at a room temperature between 6.2–1.55 eV using OLIS 14-VIS–NIR 

spectroscopy operating system. The reflectivity spectra were transformed to absorption (/S) 

spectra by the Kubelka–Munk function: F(R) = /S = (1 - R)
2
 / 2R, where R is the reflectivity 

at a given wavelength,  is the absorption coefficient, and S is the scattering coefficient 

[52,53]. The optical gap value was determined from the intersection of the wavelength axis 

and the extrapolated line of the linear portion at the absorption threshold.  

3.7 Magnetic study 

Magnetic properties of iron fluoride were examined by vibrating sample magnetometer 

(VSM) on an EV9 instrument. M(H) curves at room temperature and magnetization, 

temperature dependence, M(T) curves, under applied magnetic field of 10 kOe (≈796 kA/m) 

were carried out in order to study the behavior of molar susceptibility of our compound. 

4. Conclusion 

To sum up, [Fe3F8(H2O)2](Am2TAZ)2 is a new hybrid material based on Fe(III) and 

Fe(II) fluorinated entities and (Am2TAZ)
 
cations as organic counterparts. This iron fluoride 

was synthesized using sub-critical hydrothermal method in ethanol as solvent. The crystal 

structure, determined by X-ray diffraction, can be described as layers built up from 

(Fe2F5N4(H2O)2)∞ chains, FeF6 octahedral and neutral organic molecules (Am2TAZ). These 

layers are interconnected via strong hydrogen bond, forming the whole structure of the novel 

iron fluoride [Fe3F8(H2O)2](Am2TAZ)2. 

This structure determined by the notation of Cheetham et al [54] shows 2-D 

dimensionality with respect to both organic molecules connecting metal centres (O
n
) and 

extended inorganic connectivity (I
n
). Therefore, the notation of Cheetham is I

0
O

2
 (I= 

inorganic and O= organic), taking into account that the sum of the exponents yields the 

overall dimensionality of the structure. 

The results of thermal analysis suggest that the decomposition occurred at three steps, in 

a temperature range of 25―993°C. IR and Raman spectroscopic studies confirm the presence 

of coordinating (Am2TAZ) organic molecules. Magnetization measurements indicate that 

[Fe3F8(H2O)2](Am2TAZ)2 is paramagnetic above 150 K. 
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Supplementary materials: Table S1: Table of abbreviations; Table S2: Fractional atomic 

coordinates and isotropic or equivalent isotropic displacement parameters (Å2); Table S3: 

Factors of anisotropic thermal agitation of [Fe3F8(H2O)2](Am2TAZ)2 crystal; Table S4: 

Hydrogen-bond geometry in [Fe3F8(H2O)2](Am2TAZ)2 (Å, °); Figure S1: Perspective view of 

the asymmetric unit of [Fe3F8(H2O)2](Am2TAZ)2; Figure S2: Powder XRD pattern of 

[Fe3F8(H2O)2](Am2TAZ)2, compared with the calculated; Figure S3: SEM image of 

[Fe3F8(H2O)2](Am2TAZ)2; Figure S4: SEM image and EDX spectra of 

[Fe3F8(H2O)2](Am2TAZ)2.  

Supporting Information: Crystallographic data for the structural analyses were deposited 

with the Cambridge Crystallographic Data Center 1473715 for the complex.  
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Table 1: Crystal data and structure refinement for [Fe3F8(H2O)2](Am2TAZ)2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chemical formula Fe3F8(H2O)2C4H10N10 

Formula weight (g\mol) 553.80 

Temperature (K) 298 

Crystal system Triclinic 

Space group P1̅ 

a (Å) 7.100(2) 

b (Å) 7.658(2) 

c (Å) 8.321(2) 

α (º) 107.330(20) 

β (º) 111.842(18) 

γ (º) 93.049(17) 

V(Å
3
) 394.01(17) 

Z 1 

𝜌calculated (g.cm
-3

) 2.334 

𝜇 (mm
-1

) 23.02 

F (000) 274 

θ range (º) 6.1 – 67.9 

Indexes range 

 

h= -88 

k= -99 

l= -810 

Measured reflections 2541 

Unique reflections 1477 

Observed reflections (I>2σ (I)) 1216 

R int 0.034 

R  0.058 

WR2 0.176 

Goof = S 1.10 

Δmax\Δmin (eÅ
-3

) 1.08\-0.93 
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Table 2: Main interatomic distances (Å) and bond angles (°) of [Fe3F8(H2O)2](Am2TAZ)2. 

Distances (Å) 

Fe(1)-F(1) 2.131 (4) 

Fe(1)-OW(1) 2.089 (6) 

Fe(1)-N(1) 2.109 (5) 

Fe(2)-F(1) 1.906 (4) 

Fe(2)-F(2) 1.962 (4) 

Fe(2)-N(2) 2.097 (5) 

Fe(3)-F(2) 1.957 (4) 

Fe(3)-F(3) 1.890 (4) 

Fe(3)-F(4) 1.937 (4) 

N(1)-N(2) 1.412 (7) 

N(1)-C(2) 1.306 (9) 

N(2)-C(1) 1.299 (8) 

N(3)-C(1) 1.356 (8) 

N(3)-C(2)  1.357 (9) 

N(4)-C(1) 1.349 (9) 

N(5)-C(2)  1.350 (9) 

Angles (°) 

F(1)-Fe(1)-OW(1) 90.1 (2) 

F(1)-Fe(1)-N(1) 84.01 (17) 

OW(1)-Fe(1)-N(1) 87.8 (2) 

F(1)-Fe(2)-F(2) 89.37 (18) 

F(1)-Fe(2)-N(2) 88.56 (18) 

F(2)-Fe(2)-N(2) 88.0 (2) 

F(2)-Fe(3)-F(3) 90.5 (2) 

F(2)-Fe(3)-F(4) 89.22 (18) 

F(3)-Fe(3)-F(4) 88.16 (19) 

Fe(1)-F(1)-Fe(2) 123.06 (19) 

Fe(2)-F(2)-Fe(3) 155.4 (3) 
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Fe(1)-N(1)-N(2) 118.9 (4) 

Fe(1)-N(1)-C(2) 129.0 (4) 

N(2)-N(1)-C(2) 106.4 (5) 

Fe(2)-N(2)-N(1) 115.7 (4) 

Fe(2)-N(2)-C(1) 135.6 (4) 

N(1)-N(2)-N(1) 107.4 (5) 

C(1)-N(3)-C(2) 106.1 (5) 

N(2)-C(1)-N(3) 109.9(6) 

N(2)-C(1)-N(4) 127.4(6) 

N(3)-C(1)-N(4) 122.7 (6) 

N(1)-C(2)-N(3) 110.2 (6) 

N(1)-C(2)-N(5) 126.1 (6) 

N(3)-C(2)-N(5) 123.6 (6) 
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Table 3: Infrared and Raman frequencies for [Fe3F8(H2O)2](Am2TAZ)2. 

IR Raman Assignments 

3457 

3407 

 ν𝐻2𝑂 

3366 

3344 

 ν𝑁𝐻2
 

3228 

3170 

 ν𝐶−𝐻 

1660  𝛿𝑁𝐻2
 

1636  ν𝐶=𝑁 

1529  𝛿𝑁𝐻2
 

1431  𝛿𝑁𝐻 

1324   

 1261 

1220 

ν𝐶−𝑁 

 1139  

1126  𝑟𝑁𝐻2
 

 1051  

1045  ν𝑁−𝑁 

 910  

832 

757 

  
𝑊𝑁𝐻2

 

   

692   

 659 𝛿𝐶−𝑁𝐻2
 

602    

 590 

531 

ν𝐹𝑒−𝐹  

 390 𝛿𝐶−𝑁𝐻2
 

 279 ν𝐹𝑒−𝑁 

 217 ν𝐹𝑒−𝑁 
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Table 4: Mass susceptibility, paramagnetic temperature, molar constant of Curie, effective 

moment magnetic and reliability factor for adjusting the Curie law for the new hybrid 

[Fe3F8(H2O)2](Am2TAZ)2. 

Sample  

Composition 

 

𝜒𝑚 (cm
3
/g) 

 

𝜃 p(K) 

Cm  

(cm
3
.K/mol) 

 

𝜇𝑒𝑓𝑓 (𝝁𝑩) 

Fe3F8(H2O)2C4H10N10 4.657(3).10
-5

 -200(1) 6.0(2) 6.9(2) 
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Figure 1. The projection of the layer building of the [Fe3F8(H2O)2](Am2TAZ)2  

compound in the (001) plane. 
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Figure 2. View of Hydrogen bond in the [Fe3F8(H2O)2](Am2TAZ)2 structure. 

 

 

 

 

 

 



22 
 

 

Figure 3. Perspective view of the whole structure [Fe3F8(H2O)2](Am2TAZ)2  

in the [001] direction. 
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Figure 4. TG / SDTA curves of heating of [Fe3F8(H2O)2](Am2TAZ)2 material. 
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Figure 5. m/z 17(NH3), m/z 18(H2O) and m/z 44(CO2) MS signals of evacuated vapours. 
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Figure 6. Infrared spectra of the pure ligand (red) and [Fe3F8(H2O)2](Am2TAZ)2 

compound (blue). 
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Figure 7. Raman spectrum of [Fe3F8(H2O)2](Am2TAZ)2 compound. 
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Figure 8. UV-Vis diffuse-reflectance spectrum of [Fe3F8(H2O)2](Am2TAZ)2  

after application of the Kubelka-Munk transformation. 

 

 

 

 

 

 

 

 



28 
 

 

 

Figure 9. Magnetic susceptibility M(T) (red) and the inverse of magnetic susceptibility (blue) 

for the [Fe3F8(H2O)2](Am2TAZ)2 compound measured under an applied magnetic field  

of 10 kOe. 
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Figure 10. Magnetic signal for the [Fe3F8(H2O)2](Am2TAZ)2 material measured  

during a close loop with maximum applied magnetic field of 20 kOe at room temperature. 

 

 

 


