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Abstract: The material (N2H5)2SiF6 was reinvestigated by XRD, IR, and Raman spectroscopy. It 

crystallizes in the monoclinic space group P21/n (Z=2). The characteristic bands in FT-IR (450-4000) 

cm-1 and FT-Raman (50-3500) cm-1 spectra were interpreted using factor group analysis considering 

the D2 factor group, in which SiF6
2-

 anions and N2H5
+ cations occupied Ci and C1 symmetry sites, 

respectively. Against the previous assignment, the Infrared bands (651, 474, 435 cm-1) are not due to 

the Raman active modes [ν1 (Si-F), ν2 (Si-F), and ν5 (F-Si-F)] of SiF6
2-

 anion, theoretically not infrared 

active in the P21/n space group. The electronic structure, optical, photocatalytic, and thermoelectric 

properties of (N2H5)2SiF6 are investigated using the Full-Potential Linearized Augmented Plane Wave 

(FP-LAPW) method based on the density functional theory (DFT) as implemented in Wien2k package. 

Hence, the direct band gap energy, with valence band (VB) maximum and conduction band (CB) 

minimum too located at point Г, is calculated at 7.04 eV. The photocatalytic reaction mechanism of 

(N2H5)2SiF6 is described. The optical properties comprising absorption, conductivity, reflectivity, and 

refractivity index (1.2 for λ > 200 nm), were evaluated versus wavelength (100-1000 nm). The high 

absorption coefficient (50×104 cm-1 in small wavelength) indicates absorption in the ultraviolet range. 

The optical conductivity, decreasing to zero for λ > 200 nm, implies a very high conductivity of this 

salt for high wavelength applications. The transport properties studied at ambient temperature show 

high electrical conductivity (2.04 1018 S.cm-1.s-1), high thermal conductivity (2.81 1013 W.m-1.K-1.s-1), 

and low and positive Seebeck coefficient (1.67 10-4 V.K-1) of the perspective material (N2H5)2SiF6. 

Keywords: IR; Raman; FP-LAPW method; optoelectronic; photocatalytic; thermoelectric properties. 
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1. Introduction  

Hybrid materials have attracted more attention to research merging characteristics of 

both organic and inorganic components [1-9]. Especially, 2D perovskites were investigated for 
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their exceptional properties, such as high optical absorption coefficients, structural diversity, 

and tuneable bandgaps, which allow their application as active light-absorbing materials to 

develop solar cells and photodetectors [6-9].  

Hydrazinium hexafluorometalate salts, belonging to this large family of hybrid 

materials, were found to adopt two different formulas, N2H6MCl6 [10–15] and (N2H5)2MF6 

[16–21] (M: Ga, Si, Ti, Zr, HF). The hydrazinium (2+) hexafluorosilicate N2H6SiF6 structure 

at room temperature, orthorhombic of space group [Pbca, Z=4, a=7.605(1) Å, b=7.586(2) Å, 

c=8.543(1) Å], consisted of centrosymmetric N2H6
2+ and SiF6

2- ions arranged in a NaC1-type 

packing and linked by hydrogen bonds to two-dimensional N2H6…SiF6 layers parallel to (001) 

[16]. X-ray, thermal, and vibrational studies were performed on other hydrazinium (1+) 

hexahalogenometallate salts, (N2H5)2ZrF6 and (N2H5)2HfF6 [17]. In (N2H5)2GeF6 [Monoclinic, 

P21/n, Z=2, a=6.015(2) Å, b=5.249(1) Å, c=11.181(2) Å =100.15 (2)°] [18], N2H5
+ cations 

and GeF6
2- anions are linked via hydrogen bonds N-H***F and N-H***N.  

The hydrazinium (1+) hexafluorosilicate (N2H5)2SiF6 crystal was studied by 

spectroscopy and X-ray powder analyses based on its isostructural monoclinic (N2H5)2GeF6 [a 

= 5.96(2) Å, b = 5.19(l) Å, c = 10.99(5) Å, =100.1(3)°] [20]; it was synthesized by mixing an 

aqueous solution of N2H6SiF6, and diluted hydrazinium hydrate  (pH = 5), which is different 

from the method we used to synthesis this crystal [21]. Gantar [20] assigned the Infrared bands 

observed at 638, 464, and 419 cm-1 to the anionic SiF6
2- Raman active modes: ν1 (Si-F), ν2 (Si-

F) and ν5 (F-Si-F), which are theoretically not infrared active in the P21/n space group. 

Recently, the (N2H5)2SiF6 crystal was synthesized by another method, and its structure 

was fully determined in the monoclinic space group P21/n (Z=2) [a=5.9496(3) Å, b=5.2484(2) 

Å, c=11.0029(5) Å, β=100.245(1)°, V=338.10(3) Å3] [21]. The N2H5
+ cation and the slightly 

distorted SiF6
2- octahedron anion is linked together via hydrogen bonds N-H***F ranging from 

2.02 to 2.52 Å (for H***F). The SiF6
2- octahedra are arranged in wire parallel to [1 0 0] 

direction with Si–F distances [1.6777 (4) –1.7100 (4) Å], while the cations, linked together by 

hydrogen bonds N–H***N, form zigzag chains were running along [0 1 0] direction [21]. 

Hirshfeld surface and fingerprints plots analyses showed that the F···H (75.5%), H···H 

(13.6%), N···H (8.4 %), F···F (1.9%), and F···N (0.6%) contacts involved in (N2H5)2SiF6 

crystal packing [21], which implied that F···H contacts are prominent in the crystal packing, 

accordingly to strong hydrogen bonding resulted in X-ray analysis. The (N2H5)2SiF6 compound 

was found to be efficient in the catalysis field [22, 23]. 

In the present work, we report on the synthesis of hydrazinium (1+) hexafluorosilicate 

(N2H5)2SiF6 crystals, its fully determined structure using X-ray diffraction at room 

temperature, and the Infrared-Raman spectra to carry out a rigorous assignment, particularly 

the Infrared bands of anionic parts by the theoretical group analyses. On the other hand, we 

investigate the optoelectronic, photocatalytic, and thermoelectric properties of (N2H5)2SiF6 

compound. Calculations of these properties were achieved by adopting the full-potential 

linearized augmented plane wave (FP-LAPW) [24] method in the density functional theory 

framework with the generalized gradient approximation (GGA). 

 

 

 

 

https://doi.org/10.33263/BRIAC135.498
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC135.498  

https://biointerfaceresearch.com/ 3 of 17 

 

2. Materials and Methods 

2.1. Experimental methods. 

Hydrazinium (1+) hexafluorosilicate (N2H5)2SiF6 crystal was recently obtained by slow 

evaporation, at room temperature, of aqueous solution containing stoichiometric (2:1) amounts 

of hydrazine NH2NH2 and H2SiF6 acid [21]. The recent synthesis method, different from that 

published elsewhere [20], consists of mixing the H2SiF6 acid (34 % in weight) with the pure 

NH2NH2 (100 %) in minimal distilled water volume. The evaporation of the obtained solution 

at ambient temperature for a few weeks gives single colorless crystals of (N2H5)2SiF6. The 

reaction equations adopted for this synthesis are described as the following:  

NH2NH2 (aq) + H2O → [OH-
 (aq) +, +NH3NH2 (aq)] 

2 [OH-
(aq) ,

 +NH3NH2 (aq)] + H2SiF6 → (N2H5)2SiF6 + 2H2O 

The Infrared spectrum was recorded in the (450–4000 cm-1) spectral range with a 4 cm-

1 resolution (20 scans) by using a VERTEX 70 FTIR spectrometer (produced by BRUKER 

Optics). The MIR Transmission Technique was used to record the IR spectrum. The Raman 

spectrum (50–3500 cm-1) was recorded at room temperature by the FT-Raman Technique using 

a RAM spectrometer coupled with the VERTEX 70, equipped with an Nd Yag (633 nm) as the 

exciting source Laser (puissance laser: 8 mW). The spectral resolution was 4 cm-1 (64 scans), 

and the band positions were accurate to  1 cm-1. 

2.2. Computational methods. 

The theoretical study of the synthesized compound is investigated using the Full-

Potential Linearized Augmented Plane Wave method (FP-LAPW) [24] as implemented in 

Wien2k package [25] based on the density functional theory (DFT). The optoelectronic 

properties, including electronic and optical bandgap energies, the absorption coefficient, and 

the reflectivity of our compound were treated at T = 0 K, using the Generalized Gradient 

Approximation (GGA) [26]. The convergence criterion was fixed at 10−4 Ry and the 

convergence force to 1 mRy/a.u and 4×4×2 k-point in the irreducible wedge of the Brillion 

zone for optimization. The thermoelectric properties, including electrical conductivity, thermal 

conductivity, Seebeck coefficient, carrier mobility, and carrier's concentration of the studied 

compound, have been investigated at room temperature via the BoltzTraP package integrated 

into the WIEN2k package [25, 27]. 

3. Results and Discussion 

3.1. Structural characteristics of (N2H5)2SiF6. 

In the crystal structure of (N2H5)2SiF6, illustrated in Figure 1, the distorted SiF6
2- 

isolated octahedra were propagating along the- axis direction, while the zigzag cationic chains 

were running along [0 1 0] direction [21]. In SiF6
2-, there are F-Si-F cis angles varying in 

[89.26(2)-89.90(2)°], trans angle [179.999(17)°, 180°], and slightly deviated angles 

[90.10(2)°-90.74(2)°]; the three Si–F bond lengths are [1.6777 (4), 1.6785(4), 1.7101(4) Å]. 

The distortion parameters may be calculated as [28, 29]:  
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where Si-Fm is the average bond length <Si-F>. The obtained values are considered the lowest 

values of bond-length distortion in the SiF62- octahedron, indicating that the anion is slightly 

distorted in this compound. These values are compared to that calculated for [(CH3)4N]2SiF6 

at ID(Si–F)  0.0145 and oct  103 = 0.37 [29], which indicates that SiF6
2- anions are more 

distorted in the [(CH3)4N]2SiF6 rather than in the (N2H5)2SiF6 structure. In table 1 are given 

characteristic cationic torsional angles (°) H-N-N-H in (N2H5)2SiF6. The torsional angles H1B-

N1-N2-H2B (177.05°) and H1A-N1-N2-H2A [-174.09°] indicate that the NH2NH3
+ cation has 

deviated from its full trans conformation.  

 
Figure 1. A tri-dimensional view of (N2H5)2SiF6 structure showing isolated inorganic octahedra and organic 

cations. 

Table 1. Characteristic of cationic torsional angles (°) in (N2H5)2SiF6. 

Atom 1 Atom 2 Atom 3 Atom 4 Tors. angles (°) 

H1A N1 N2 H2A -174.09 

H1A N1 N2 H2B -62.94 

H1B N1 N2 H2A 65.90 

H1B N1 N2 H2B 177.05 

H1C N1 N2 H2A -54.10 

H1C N1 N2 H2B 57.05 

3.2. X-ray diffraction patterns. 

The XRD pattern of the synthesized hydrazinium (1+) hexafluorosilicate (N2H5)2SiF6 

is shown in Figure 2. The diffractogram notice that the sample crystallizes in the monoclinic 

structure with space group P21/n (Z = 2). The refined cell parameters and cell volume 

mentioned in our previous work were found to be a = 5.9496(3) Å, b = 5.2484(2) Å, c 

=11.0029(5) Å, β = 100.245(1)°, V = 338.10 (3) Å3 [21].  
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Figure 2. XRD pattern of the prepared (N2H5)2SiF6 compound. 

3.3. Raman and Infrared spectra analysis. 

3.3.1. Vibrational modes of N2H5
+ cation. 

The free hydrazinium (+1) NH2-NH3
+ cation of C1 symmetry displays 15 A' (Ra, IR) 

internal vibration modes, all Infrared and Raman active. In the crystal of space group P21/n (Z 

= 2), factor group (C2h), NH2-NH3
+ cations occupy the Wyckoff general positions 4e [21] 

corresponding to C1 sites symmetry. So, there is any site group effect on the cationic vibration 

modes in the crystal. Each of 15 A' modes in the site group splits into 2 components by the 

crystal field effect (Davydov splitting effect) due to the existence of 2 cations per primitive unit 

cell (Table 2). The 60 internal modes of the cations in the crystal are described as 15 [Ag (Ra) 

+ Bg (Ra) + Au (IR) + Bu (IR)], all infrared and Raman actives with respect to the selection 

rules implying that (Ag and Bg) modes are Raman active, and (Au and Bu) are infrared active.  

Table 2. Correlation diagram of the NH2-NH3
+ cation internal vibrational modes in the crystal. 

Point group (C1) Site group (C1) Factor group (C2h) 

 

15 A (Ra, IR) 

 

15 A (Ra, IR) 

 

15 Ag (Ra) 

15 Au (IR) 

15 Bg (Ra) 

15 Bu (IR) 

3.3.2. Vibrational modes of SiF6
2-anions. 

The free SiF6
2- anions (Oh symmetry) possess 15 internal vibration modes described as:  

1A1g (Ra) +1Eg (Ra) + 1F2g (Ra) + 2F1u (IR) + 1F2u (IR) [15, 30-32]. The Raman-active (A1g, 

Eg, F2g) modes and those of F1u type-infrared active appear as single bands for an ideal 

octahedral anion, whereas the F2u modes are inactive. In the centrosymmetric crystal 

(N2H5)2SiF6 of P21/n (Z = 2) space group, the SiF6
2- anions occupied the Ci (2) sites symmetry 

[21]. Under the site effect (Table 3), the A1g [ν1 (Si-F)], Eg [ν2 (Si-F)], and F2g [ν5 (F-Si-F)] 

modes are expected to be only Raman active with Ag symmetry; the Eg and F2g modes should 

split into two and three Raman active components, respectively. The F1u [ν3 (F-Si), ν4 (F-Si-

F)] and the inactive F2u (ν3) modes become Infrared active in the site group, splitting each other 

into three components of Au symmetry. By crystal field effect (Davydov splitting effect), the 

gerade modes Ag should split into two (Ag, Bg) active in Raman, and the ungerade F1u to two 
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Active-Infrared components (Au, Bu), which gives 30 internal modes described in the factor 

group as [6Ag (Ra) + 6Bg (Ra) + 9Au (IR) + 9Bu (IR)]. The vibrational modes splitting is 

expected for SiF6
2- in the crystal by (Oh → Ci) symmetry lowering. 

Table 3. Correlation diagram of SiF6
2- internal vibrational modes in the crystal. 

Point symmetry (Oh) Site symmetry (Ci) Factor Group (C2h) 

1:1 A1g (Ra) 

2:1 Eg (Ra) 

5: 1 F2g (Ra) 

3, 4: 2 F1u (IR) 

6: 1 F2u (In) 

 

6 Ag (Ra) 

 

9 Au (IR) 

 

6 Ag (Ra) 

9 Au (IR) 

6 Bg (Ra) 

9 Bu (IR) 

3.3.3. Infrared and Raman spectra interpretation. 

The Infrared and Raman spectra of (N2H5)2SiF6 are given in Figures 3 and 4, 

respectively. They are interpreted in terms of local symmetry C1 for N2H5
+ cations (Table 2) 

and Ci for SiF6
2- anions  (Table 3). The bands' assignment (Table 4) is developed considering 

previous works on homologous salts [15,17, 18, 31-39]. Experimental and periodic DFT 

studies of infrared and Raman properties of the hexafluorosilicate compounds, 

NH3(CH2)4NH3SiF6  (n=4, 6) were performed in crystal phase, where three-dimensional N-

HF hydrogen bonds (HB) network was formed [39]. 
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Figure 3. The infrared spectrum of (N2H5)2SiF6 recorded at room temperature in (450–4000) cm-1. 

 
Figure 4. Raman spectrum of (N2H5)2SiF6 recorded at room temperature in (400–4000) cm-1. 
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 3.3.4. N2H5
+ cations modes. 

The cationic bands are observed in (3300-2800 cm-1) and (1664-974 cm-1) frequency 

ranges. The Infrared (3300–2800 cm-1) frequency range is due to N-H stretching modes. The 

two bands that appeared at 3368 and 3323 cm-1 were assigned to anti-symmetric stretching 

modes νas (NH3), which give weak to medium Raman bands at 3364, 3330, and 3299 cm-1. The 

Infrared band observed at 3209 cm-1, and the shoulder at 3235 cm-1 was assigned to anti-

symmetric stretching modes νas (NH2); these modes appeared in the Raman spectrum as weak 

bands observed at 3263, 3248, 3238, 3228, 3202 cm-1. The two weak bands observed at 3095 

and 2928 cm-1 were assigned to νs (NH3) and νs (NH2) symmetric stretching modes. The bands 

observed in the Infrared spectrum at 1664, 1613, and 1550 cm-1 are all assigned to asymmetric 

as(NH3)/as(NH2), and symmetric s(NH3)/s(NH2) vibrations, respectively. These modes 

appeared in the Raman spectrum at 1654 as a medium band and weak bands at 1622 and 1559 

cm-1. The rooking r(NH3) and ν(N-N) vibrations are observed in the range (1259–780 cm-1) as 

indicated in Table 3. 

3.3.5. No fundamental vibration modes. 

At lower wavenumbers of the NH stretching region of (N2H5)2SiF6 compound, three 

Infrared bands (2836, 2722, 2634 cm-1) and one Raman band at 2638 cm-1 were observed, 

which are due to overtone or combination bands of NH3 bending modes as stated for hybrid 

compounds in literature [31, 36, 39]. These non-fundamental bands, intensified generally by 

the formation of appreciated hydrogen bonds, may be assigned as the following: 

2836 cm-1 (IR)  1550 + 1259 = 2809 cm-1 = s (NH3)/ s (NH2) + r (NH3) 

2720 cm-1 (IR)  1613 + 1113 = 2726 cm-1 = as (NH3)/ as (NH2) + r(NH3)/ νas (N-N) 

2634 cm-1 (IR)  1550 + 1082 = 2632 cm-1 = s (NH3)/ s (NH2) + r (NH3)/ νs (N-N) 

2638 cm-1 (Ram)  1654 + 991 = 2645 cm-1 = as (NH3)/ as (NH2) + r (NH3) 

3.3.6. SiF6
2- anions modes. 

The vibrational spectra of alkylammonium hexafluorosilicate salts reported elsewhere 

[31-39] showed that SiF6
2- internal vibration modes anions appeared below 750 cm-1. Indeed, 

the two Infrared bands observed at 726 and 651 cm-1 are due to F1u [ν3 (F-Si)] vibration modes, 

while that observed at 474 and 435 cm-1 are assigned to F1u [ν4 (F-Si-F)] vibrations modes. 

Gantar [20] assigned the Infrared bands observed at 638, 464, and 419 cm-1 to the Raman active 

modes: ν1 (Si-F), ν2 (Si-F), and ν5 (F-Si-F), which are not infrared active in the P21/n space 

group, as indicated by the theoretical group analysis (Table 2). The SiF6
2- anion vibration 

modes: 1(s Si-F), 2 (as Si-F) and 5 (as F-Si-F) appeared generally in Raman spectra below 

700 cm-1. In the Raman spectrum of (N2H5)2SiF6 (Figure 3), the strong band observed at 655 

cm-1 is assigned to the 1 (s Si-F) modes of Ag symmetry, while the weak peaks observed at 

498 and 449 cm-1 are assigned to the 2 (as Si-F) modes. The weak bands located at around 

413 and 356 cm-1 are assigned to 5 (as F-Si-F) bending modes. 
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Table 4. Assignment of the infrared bands of (N2H5)2SiF6 compound. 

Raman (cm-1) IR (cm-1) Assignment  

3488 m 

3457 w 
3440 w 

3416 w 

  

3364 m 

3330 m 

3299 w 

3368 m 

3323 w 

 

νas (NH3) 

3263 w 

3248 w 

3238 w 
3228 w 

3202 w, b 

 

3235 sh 

3209 m 

 

 

 νas (NH2) 

 3095 w νs (NH3) 

 2928 w νs (NH2) 

 

 
2638 w 

2836 w 

2722 w 
2634 m 

 

Non-fundamental modes 
 

1654 m 1664 w  as (NH3)/ as (NH2) 

1622 w 1613 s  as (NH3)/ as (NH2) 

1559 w 1550 s s (NH3)/ s (NH2) 

1404 w   

1254 w 1259 s r (NH3) 

 1113 s r(NH3)/ νas (N-N) 

 1082 m  r (NH3)/ νs (N-N) 

991 s 974 s r (NH3) 

780 w  r (NH3) 

 726 vs ν3 (Si-F) 

655 s  1 (s Si-F) 

 651 s ν3 (Si-F) 

564 m, b   

498 w  2 (as Si-F) 

 474 m ν4 (F-Si-F) 

449 w  2 (as Si-F) 

 435 w ν4 (F-Si-F) 

413 w  5 (as F-Si-F) 

356 w  5 (as F-Si-F) 

3.4. Electronic properties. 

Due to our laboratory's lack of apparatus measurements, we accomplished this 

investigation by calculating the optoelectronic based on the density functional theory 

implemented in the Wien2K code using the PBE-GGA approximation. The BoltzTrap code 

based on the semi-classical Boltzmann theory combined with the Wien2K package was used 

to compute the thermoelectric properties [27]. Figure 5 shows the direct band gap with a clear 

insulator behavior of the studied compound. We can notice that the maximum of the valence 

band (VB) and the minimum of the conduction band (CB) are located at the same point Г, with 

a band gap energy value of about 7.04 eV. The calculated gap value is considered a strong band 

gap, implying that the compound may have low reactivity and good stability [40-43]. The 

strong energy gap of (N2H5)2SiF6 compound implied weak polarisability and low chemical 

reactivity, as found for other hexafluorosilicate salts.  

3.5. Optical properties. 

Optical properties were studied to investigate the inter-band transitions of double 

perovskites halides (DHPs) semiconductors for photovoltaic devices [44-46]. The optical 

properties of the (N2H5)2SiF6 compound are studied by figuring out the complex dielectric 

function ε (ω) [47], which includes a real and an imaginary part as represented in equation (1). 
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Optical conductivity, absorption spectra α(ω), reflectivity R(ω), and the refractive index n(ω) 

are investigated for the considered compound in the range between 100 nm and 1000 nm. 

 
Figure 5. Band structure of (N2H5)2SiF6 compound. 

ε (ω) =  𝜀1(ω) +  i 𝜀2(ω) (1) 

The imaginary part is described by [48]: 

𝜀2 (𝜔)  =  
4𝜋²𝑒²

𝑚²𝜔²
∑|< 𝑖|𝑀|𝑗 >|

𝑖,𝑗

2

× (𝑓𝑖(1 − 𝑓𝑖))𝛿(𝐸𝑓 − 𝐸𝑖 − ћ𝜔)𝑑3𝑘 (2) 

In this equation, e is the charge of the electron, m is the mass, M is the transition 

moments elements, fi is Fermi's distribution function. The real part of the dielectric function 

ε1(ω), can be obtained from the imaginary part ε2(ω) using the Kramers-Kronig transformation: 

𝜀1(ω)  =  1 +
2

𝜋
∫

𝜀2(ω′)ω′𝑑ω′

ω′2 −  𝜔²

∞

0

 (3) 

The optical conductivity is represented in figure 6 depending on the wavelength 

between 100 nm and 1000 nm. We notice a high conductivity of the (N2H5)2SiF6 compound in 

the ultraviolet range. The optical conductivity exceeds 1000 Ohm-1 cm-1 in λ < 100 nm and 

decreases to zero for λ > 200 nm, implying high conductivity for high wavelength applications. 

We can see a slight difference between the [100] and the [001] direction (Figure 6), but they 

have the same behavior. 

 
Figure 6. Optical conductivity of (N2H5)2SiF6 compound as a function of wavelength. 
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Absorption is a property that defines the conversion of light into energy. It depends on 

the electromagnetic frequency of the light and the object's nature of atoms. The absorption of 

light is, therefore, directly proportional to the frequency. For the studied compound, we can 

notice its high absorption coefficient reaching 50×104 cm-1 in a small wavelength of the 

ultraviolet range, as seen in Figure 7, which makes this compound be used for optical 

applications in the UV region [49]. Besides, the compound showed low absorption coefficients 

in the visible spectrum, indicating that it can be used as a transparent system for solar cells 

[49]. There are compounds that are used in solar cells applications with a good quality of 

absorbance in the visible range (22×104 cm-1 at 7.2 eV), such as 

(C6H10N2)2[Co(H2O)4P2Mo5O23].6H2O [50]. 

 
Figure 7. Absorption of (N2H5)2SiF6 compound as a function of wavelength. 

The reflectivity of a material is its capacity to reflect a sample surface to the incident 

radiation flux. Figure 8 shows the reflectivity of the (N2H5)2SiF6 compound as a function of 

the wavelength of the spectra; we can notice fluctuation between 1% and 5% in the range 

between 100 and 200 nm. After that, we have a stability of a low reflectivity value for λ < 200 

nm in the ultraviolet region. 

 
Figure 8. The reflectivity of the (N2H5)2SiF6 compound as a function of wavelength. 
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In optics, the refraction index of a material is a dimensionless number that describes 

how fast light travels through the material. Figure 9 represents the refraction index in the range 

between 100 nm and 1000 nm for the (N2H5)2SiF6 compound. It varied between 1 and 1.4 for 

the wavelength between 100 and 200 nm and stabilized at the average of 1.2 for λ > 200 nm. 

 

Figure 9. Refractivity index of the (N2H5)2SiF6 compound as a function of wavelength. 

3.6. Photocatalytic properties. 

A photocatalytic properties investigation requires studying the optical band gap, the 

potentials of valence band maxima (VBM), and the relative effective mass ratio (D) of 

photogenerated electrons and holes. The potentials of valence band maxima (VBM) and the 

conduction band minima (CBM), play important roles in the redox reactions in the electrolyte 

system [51]. The well-known Mulliken electronegativity theory identifies the band-edge 

potential levels of (N2H5)2SiF6 photocatalysis [52]. The value of valence band maxima (VB) 

and conduction band minima (CB) energies can be calculated using the equations: 

𝐸𝑉𝐵 =  𝜒 − 𝐸0 + 0.5 𝐸𝑔 (4) 

𝐸𝐶𝐵 = 𝐸𝑉𝐵 − 𝐸𝑔  (5) 

where EVB and ECB are the valence band and the conduction band edge potential, respectively. 

E0 is the energy of free electrons on the hydrogen scale (E0=4.5 eV) [51]. 𝜒 is the absolute 

electronegativity of the studied compound (𝜒 = 8.2), which is calculated using the following 

equation:   

χ ((N2H5)2SiF6) = (χ(N)4 χ(H)10 χ(Si) χ(F)6 )1/21 (6) 

where χ(N), χ(H), χ(Si), and χ(F) are the absolute electronegativity of N, H, Si, and F elements, 

which take values of 6.97, 7.97, 3.60, and 11.00, respectively [53]. The band gap energy of 

(N2H5)2SiF6 is 7.04 eV. The photocatalytic reaction mechanism is shown in Figure 10. The 

electrons gain energy when the incident photon is equal to or greater than the bandgap of 

(N2H5)2SiF6. As a result, these electrons transfer from the valence band (VB) to the 

conduction one (CB), generating holes (h+) in the VB and electrons (e-) in the CB. According 

to the NHE (normal hydrogen electrode), the CB and the VB edge potentials of (N2H5)2SiF6 

are 0.18 and 7.22, respectively. Consequently, the photoinduced holes in the valence band can 

oxidize water (H2O) and generate hydroxyl radicals O2, H2O2, and O3. These radicals are able 
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to reduce, decompose, and/or remediate organic pollutants [54–55], dye molecules [56], and 

dyes [57–58] under solar UV-light irradiation. The photocatalytic mechanism of the studied 

compound can be described as follow:  

4H+ + 𝑂2 + 4𝑒− → 2𝐻2𝑂 (7) 

𝐻2𝑂2 + 2H+ + 2𝑒− → 2𝐻2𝑂 (8) 

𝑂3 + 2H+ + 2𝑒− → 𝑂2 + 𝐻2𝑂 (9) 

The effective mass values of photoinduced electrons (𝑚ℎ
∗ (m0)) and holes (𝑚𝑒

∗(m0)) 

are 247.85 m0 and 104.67 m0, respectively. The calculated electron effective mass is much 

higher than the hole effective mass. This suggests that holes have a higher chance to participate 

in the photocatalytic process, signifying the large band gap of (N2H5)2SiF6, as found elsewhere 

for other hexafluorosilicate compounds [40, 41]. This fact is explained by the slower diffusion 

rates, which make the separation of electron-hole pairs more difficult [57]. The calculated 

relative ratio of effective masses is about 0.42. This parameter was calculated to estimate the 

charge separation efficiency [59]. The relative ratio (D) of the effective masses, which play a 

significant role in photocatalysis, is evaluated via the following formula: 

D =  𝑚ℎ
∗ (m0) / 𝑚𝑒

∗(m0) (10) 

Generally, a higher D value signifies a higher probability of photoinduced electron-hole 

pairs separation, thereby, a lower recombination rate to boost the photocatalytic activity. 
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Figure 10. Schematic illustration for the calculated energy band diagram of (N2H5)2SiF6. 

The D value is lesser than one, indicating that the recombination rate is higher, which 

impedes its photocatalytic properties [60], then the improvement of this property requires a 

reduction of the band gap of this compound by impurities doping [61–62], or heterojunction 

process [63]. 

3.7. Transport properties. 

The conversion of waste heat into electricity via the thermoelectrical effect remains one 

of the most important sources worldwide. Therefore, the efficiency of this application is 

evaluated through the calculation of the figure of merit (ZT) and power factor (PF). The 

characteristic parameters of the transport properties include electrical conductivity, thermal 
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conductivity, Seebeck coefficient, carrier mobility, and carrier concentration of the studied 

compound, which have been investigated at room temperature via the BoltzTrap package and 

recapitulated in Table 4. 

Table 4. Transport properties calculated at an ambient temperature of (N2H5)2SiF6. 

σ (S.cm-1.s-1)/ τ 2.04 1018 

Kel (W.m-1.K-1.s-1)/ τ 2.81 1013 

S (V.K-1) 1.67 10-4 

µp (cm2.V-1.s-1) 1.07 1017 

p (cm-3) 6.98 1023 

ZT 0.61 

PF (W. cm-1 K-2) 5.67 1010 

The temperature depends on the figure of merit ZT has been calculated using the 

following equation:  

𝑍𝑇 =  
𝜎𝑆2𝑇

𝜅
 (11) 

where σ, S, k, and T are the electrical conductivity, thermal conductivity, Seebeck coefficient, 

and temperature, respectively. Besides, the variation of power factor as a function of 

temperature is calculated as follows: 

𝑃𝐹 =  𝜎𝑆2 (12) 

From Table 4, we can notice the high electrical conductivity (2.04 1018 S.cm-1.s-1), high 

thermal conductivity (2.81 1013 W.m-1.K-1.s-1), low and positive Seebeck coefficient (1.67 10-

4 V.K-1) of (N2H5)2SiF6. The Seebeck coefficient's positive sign signifies that holes' 

contribution is more important than electrons in this material. This result is proved before via 

the calculation of the carrier's effective masses. At the same time, it has a higher power factor 

value due to the higher electrical conductivity value. The lower value of the figure of merit. 

The simulated compound possesses a value of the figure of merit less than a unit due to the low 

Seebeck coefficient and the high thermal conductivity. Hence, allowing the impendence of the 

performance of the conversion of the waste heat into electricity. In this case, it is necessary to 

improve the electrical conductivity of this compound in order to increase the value of the figure 

of merit. 

 

4. Conclusions 

The (N2H5)2SiF6 compound was reinvestigated using the XRD, Infrared-Raman 

spectroscopy techniques to complete the study made elsewhere [20, 21]. Its crystal structure at 

ambient temperature (Monoclinic, P21/n, Z=2) is built by zigzag chains N2H5
+ cations running 

along [0 1 0] direction and slightly distorted SiF6
2- octahedron anions parallel to [1 0 0] 

direction. The anions and cations were linked via N-H***F hydrogen bonds (2.02 -2.52 Å). 

The Infrared R (450–4000 cm-1) and Raman (50–3500 cm-1) spectra recorded at room 

temperature were interpreted based on factor group analysis, predicting the type, number, and 

symmetry of the normal modes of the title compound. This allowed us to propose a rigorous 

assignment of anionic vibration modes and discuss that made elsewhere. Besides, the 

vibrational spectra confirm the presence of appreciated hydrogen bonds  N-H***F, traduced 

by the appearance of non-fundamental bands at lower frequencies of the N-H stretching region. 
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In addition, the electronic structure, optical, photocatalytic, and thermoelectric 

properties of (N2H5)2SiF6 are investigated using the full-potential linearized augmented plane 

wave (FP-LAPW) method, using the generalized gradient approximation (GGA). So, the 

photocatalytic reaction mechanism is described for this compound, with direct band gap energy 

(7.04 eV) at point Г. The optical properties (absorption, conductivity, reflectivity, and 

refractivity index) were evaluated in the wavelength range (100-1000 nm). The high absorption 

coefficient (50×104 cm-1) in the ultraviolet range, the very high optical conductivity (zero for λ 

> 200 nm) for high wavelength applications, the high electrical (2.04 1018 S.cm-1.s-1) and 

thermal (2.81 1013 W.m-1.K-1.s-1) conductivities propose the (N2H5)2SiF6 as a perspective 

material in different applications. 
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