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A B S T R A C T 

 

This Fourier Transformation Infrared (FTIR) experiment 
investigates the relevance of H2O and other components’ structural 
environments. The electronic power saving system in this study was 
compromised by four element materials: tourmaline, ferrite, NaCl, 
and H2O. FTIR spectroscopy in the range of 3,000 to 4,000 cm-1 was 
then used to examine the hydroxyl ions of H2O and tourmaline. The 
tourmaline crystal was found to be polar and therefore pyroelectric, 
electrical charges developing at the ends of the polar axis and the 
temperature changing from the IR activation with H2O in the system. 
As a result, the tourmaline was shown to be related to the activation 
of H2O as a pyroelectric substance. 

© 2016 Sjournals. All rights reserved. 

1. Introduction 

While lifestyles change quickly in the modern world, one constant is the increasing importance of energy. 
Providing energy in the face of fossil fuel shortages may heavily burden a nation’s economy. The alternative of 
electric energy becomes popular, even necessary in certain industries. But electric energy comes with its own 
challenges: In order to provide reliable and economical electric energy, a highly efficient energy system is key 
(Halmlin, 2011).

 
We study such a system here. The system in our research was comprised of four important 

materials: tourmaline, ferrite, salt (NaCl), and water (H2O). The tourmaline serves as a basic material. The 
tourmaline radiates in the far infrared region as well as provides excellent thermoelectricity and piezoelectricity 
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(Dietrich, 1985; Castaneda et al., 2006). In the infrared experiment, the absorption peaks between 3000 cm-1 and 
3600 cm-1 were attributable to the O-H band stretching the vibration of the structure and absorption of tourmaline 
and water for the pyroelectricity of tourmaline (Bour, 2002). Generally, the “free” O-H stretch showed a sharp 
peak appearing at 3600 to 3650 cm-1, if no hydrogen bonding takes place. This stretch was observed only in dilute 
solutions. The hydrogen bonded O-H stretch was a broad peak that occurred more to the right at 3200 to 3500cm

-1
 

(Pavia et al., 1979; Zhu et al., 2008; Krambrock et al., 2004).  

In Fig. 1, we find that the peak appearing at 3559 cm-1 originated from the comparatively dilute, no hydrogen 
bonded hydroxyl-group (-O-H) of tourmaline (Pavia et al., 1979; Zhu et al., 2008; Krambrock et al., 2004). The other 
peaks, 3410 cm

-1 
and 3222 cm

-1
, were the two broad peaks that occurred more to the right at 3200 to 3500 cm

-1
 

with the hydrogen bonded O-H stretches. The 3222 cm
-1 

peak showed a more cooperative interaction in hydrogen 
bonding in comparison to the 3410 cm-1 peak. Thus, we found that the hydroxyl group (H3O2

- ion) was determined 
at about 3222 cm

-1 
peak as a very broad O-H stretch vibration. The tourmaline powders were prepared by mixing 

ferrite materials with water as infrared materials (3000 cm
-1

 ∼ 4000 cm
-1

). The infrared emissivity of the morganite 
including tourmaline minerals ((Na+, Ca2+, K+)(Ti4+, Fe3+, Fe2+)(Al3+, Mg2+)6(SiO3)6(BO3)3(OH-, F-)4) in the power saving 
system depended upon the composition of the mixture and the structure of the materials. The mixing ratio and the 
infrared emission property of tourmaline and water (H2O) were also examined in detail. 

 
Fig. 1. Schematic representation of energy levels for H2O molecules in liquid water. 

2. Experiment details 

2.1. Characterization methods 

2.1.1. XRD 

The X-ray powder diffraction (XRD) analysis was performed on a Bruker AXS diffractometer that used CuKα 
monochromatic radiation (λ = 0.154056 nm) as its X-ray source. The patterns were scanned over the 2θ angular 
range of 10 to 60o, and matched with a graph generated by the computer program LAZY-PULVERIX (Yvon et al., 
1997). The X-ray powder diffraction pattern indicated that the composition of the mixture was right for tourmaline 
in a power saving system. 

2.1.2. SEM 

The morphologies and elemental compositions of the structures were investigated using a Phillips 505 field 
emission scanning electron microscope (SEM), coupled with energy dispersive X-ray spectroscopy (EDX) analysis 
from Kevex Super 8000 Microanalyzer. All tourmaline powders were examined without Au coating. Micrographs of 
the powders were obtained by spreading the samples directly onto carbon tape. 

2.1.3. FTIR 

The infrared radiation spectra of the samples were tested using a Fourier transform infrared (FTIR), Bruker 
Optik GMBH with a blackbody furnace. Emissivity is the ratio of radiant emittance of an object to that of a 
blackbody. Here, we use the integral value ratio of the radiation spectra between 400 and 4,000 wave number  
(cm-1) as a far infrared emissivity. The state of bonding of each element was characterized by FTIR spectra.  
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3. Results and discussion 

3.1. Structures 

The structure of tourmaline was first proposed by Donny and Buer in 1950 (Donny and Buerger, 1950; Choo, 
2003). Since, the tourmaline mineral group has been considered one of the most chemically complicated groups of 
silicate minerals. The unit cell of tourmaline, (Na, Ca) (Li, Mg, Al)3(Al, Fe, Mn)6(BO3)3Si6O27(OH, F)4, belongs to the 
rhombohedral crystal system and the space group R3m. In this research, the local structure of the tourmaline, such 
as molecular vibration and rotation with a changing dipolar moment in the infrared region (400 ∼ 4000 cm-1; 2.5 ∼ 
25 μm), was ultimately more important than the global structure because of the focus on pyro-electricity. The 
structure contains the ring-shaped layers of Si6O18 on the 3-fold axis and three planar groups of trigonal BO3 in the 
sequence ABAB. The Li, Mg, and Al atoms are coordinated with four O atoms and two F atoms or OH groups on the 
center of an octahedron, respectively. The Al, Fe, and Mn elements are coordinated with five O atoms and one F 
atom or OH group on the center of an octahedron, respectively. The six coordinated bonds of these two types can 
be described as a link of ring shaped column of Si6O18 group and trigonal BO3, and Na and Ca atoms in a space 
between 3-fold axises.   

We identified that the main structure of the mixtures was consistent with X-ray diffraction patterns of 
tourmaline (mindat.org). The results of XRD (X-ray diffraction) patterns, SEM (Scanning electron microscopy) 
images, and EDX (Energy dispersive X-ray spectroscopic analyses) spectrum are shown in Fig. 2. Furthermore, the 
structure of ferrite in the electric power saving system was a hexagonal-dihexagonal dipyramidal gray mineral 
containing strontinum and barium as a magneto-plumbite. The general formula can be written M2+O∙6Fe2O3 in 
which M2+ equals Ba2+ and Sr2+ and the ratio of Ba2+/Sr2+ is about 6/49. The structure of tourmaline is characterized 
as a point group of “3m”. The point group induced a spontaneous polarization, which is temperature-dependent. A 
good perturbation probe changes in temperature that will induce a flow of charge to and from the surface. This is 
the pyroelectric effect. All polar crystals are pyroelectric, so the 10 polar crystal classes are sometimes referred to 
as the pyroelectric classes as shown systematically in Fig. 3.  

 

 
                      Fig. 2. 1) SEM, 2) EDX, 3) XRD, and 4) standard XRD9 of tourmaline, respectively. 

 

 
Fig. 3. Systematic diagram of the pyroelectric crystal classes. 
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3.2. Pyroelectrics 

Based on the structural analyses with EDX and XRD data shown in Fig. 4, we analyzed the infrared spectra of 
Fig. 5, 6, 7, and 8. The absorption peaks between 900 and 1,200 cm-1 are attributed to the O-Si-O asymmetric 
stretching vibration in the ([SiO4]4-) group. The absorption peaks between 400 and 800 cm-1 are ascribed to Fe-O 
bond stretching vibration of the ([Fe2O4]2-) group and the Si-O bond bending vibration and the Si-O-Si bonds 
symmetric stretching vibration of the ([SiO4]4-) group. Finally, the absorption peaks between 1,200 and 1,450 cm-1 

are ascribed to the B-O bond asymmetric stretching vibration of the ([BO3]
3-) group, and the relatively small peaks 

between 3,000 and 3,600 cm-1 are attributed to the O-H bond stretching vibration of the ([OH]-) group in the 
structure and absorption of water. The absorption peak around 1840 cm

-1 
can be attributed to the O-H bond 

bending vibration. The FT-IR spectra are entirely derived from the structures of the tourmaline such as the global 
structure of trigonal (3m) crystal system and the local molecular structure. 

IR spectra of tourmaline with and without water (H2O) are shown in Fig. 4 and Fig. 5. Tourmaline, as shown in 
Fig. 3 and Fig. 4, display both piezoelectricity and pyroelectricity; tourmaline particles themselves have permanent 
polarity, which can be seen as an electric dipole. Because of the high electric fields from tourmaline nanoparticles, 
the hydrogen bonds of water were broken and rearranged continually and thus the water clusters became smaller 
(Sun et al., 2010). We experimented on four conditions: Tourmaline; Tourmaline and water; Tourmaline, water, 
and Ferrite; and Tourmaline, water, Ferrite, and NaCl. There were three important peaks, around 3559 cm-1 peak 
originated from Tourmaline, and around 3410 cm

-1 
and 3222 cm

-1 
peaks from water. We found that the water was 

activated by the mixtures of tourmaline, ferrite, and NaCl powders. The activation of water usually depended on 
the tourmaline. 

As shown in Fig. 6, these findings were consistent with those of Fig. 4 and Fig. 5. The three peaks were 
separated using the Origin 8.0 program, which is a software application with data analysis and publication-quality 
graphing tools, including peak analysis, curve fitting, statistics, and signal processing (ORIGIN LAB. Origin 8.0 pro.). 
We found that the peak appearing at 3559 cm-1 originated from the comparatively dilute and no hydrogen bonded 
hydroxyl-group (-O-H) of tourmaline (Pavia et al., 1979; Zhu et al., 2008, Krambrock et al., 2004). 

 
As shown in the 

Fig. 8 summary, the delocalized electrons reallocated between the surface and increasing amount of water at 0g, 
0.5g, 1g, 2g, and 8g H2O with 5g-Tourmaline, or at 3g, 6g, and 8g-Tourmaline with 0.5g H2O. The blue shift may be 
attributable to the stoichiometric effect, and not the generally thought surface or quantum effect. 

In Table 2, the surface of the water that had been in contact with the tourmaline powder crystals changed in 
pH values (Sun et al., 2010), becoming approximately 9.9 as shown by pH experiments of 40ml H2O and 5g 
tourmaline at 19.8oC using a magnetic stirrer. These changes may also be explained by the occurrence of the 
electric field mentioned above in the IR experiments (Nishi et al., 1996; Nemethy and Scheraga, 1962; Bour, 2002).

 

 

 

Fig. 4. Infrared Spectrum Absorbance (%) for increasing amounts of Tourmaline (0g; 3g; 6g; 8g; 10g; 12g) with 0.5g 
H2O. 
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Fig. 5. Infrared Spectrum Absorbance (%) for increasing amounts of water(H2O) (0g; 0.5g; 1g; 2g) with 5g 
Tourmaline. 

 

 

Fig. 6. Areas of Infrared Spectrum Absorbance (%) peaks for increasing amounts of Tourmaline (0g; 3g; 6g; 8g; 10g; 
12g) with 0.5g H2O. 

 

 

Fig. 7. Peak Positions and Areas of Infrared Spectrum Absorbance(%) peaks for increasing amounts of water (H2O) 
(0g; 0.5g; 1g; 2g) with 5g Tourmaline: 3559 cm-1 (red square), 3410 cm-1 (green circle), and 3222 cm-1 (blue 

triangle). 
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Fig. 8. Schematic diagrams of hydronium and hydroxyl ion formation by electrolysis of water. 
 

 

Table 1 
A simplified correlation FTIR chart of O-H functional group 
(Castaneda et al., 2006). 

Type of vibration Frequency (cm
-1

) Intensity 
Free 3600 ～ 3650 Medium 

H-Bonded 3200 ～ 3500 Medium 

 

Table 2 
The pH measurements of 40ml H2O and 5g Tourmaline at 19.8 oC. 

Time 0 min 1 min 2 min 4 min 

pH 6.86 9.90 9.96 9.98 

Time 10 min 26 min 3 hours ≧8 hours 

pH 9.91 9.97 9.4 9.90 

4. Conclusion 

The result regarding the tourmaline structures was verified through the Scanning Electron Microscopy (SEM), 
Energy Dispersive X-ray spectroscopy (EDX) analysis, and the X-ray Diffraction (XRD) analysis. The result regarding 
pyro-electricity was verified through the Infrared (IR) spectroscopy. We could see that the main structure of 
mixtures was consistent with the X-ray diffraction patterns of tourmaline and ferrite, respectively. 

Through the FTIR experiments, we found how the electric field of the tourmaline played an important role in 
water activation. In Fig. 9, the water molecules produced electrolysis H+ ion and HO- ion after the tourmaline 
powder crystals contacted with water. The H+ ion formed hydrogen gas (H2) with free electron or hydronium ion 
(H3O+), and the hydroxy group (HO- ion) formed H3O2

-, making water molecules appear alkaline. As other alkaline 
testaments, we measured the pH, which averaged 9.9, and the current, which was about -15.5 pA in the electric 
power saving system (Fig. 9). 

 

Fig. 9. Current flow as another alkaline testament. 
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