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The white powders used as precursor powders for the synthesis of 12CaO7Al2O3 electride (C12A7:e-) were prepared by 

biosynthesis method using Aloe vera extract and microwave assisted synthesis. The C12A7:e- crystals were synthesized 

by induction heating process under a reducing atmosphere at different times of 3, 4 and 5 min. The structure of C12A7:e- 

powders was characterized by X-ray diffraction. The XRD analysis revealed that pure C12A7:e- powders were obtained 

from white precursor powders with an induction heating process time of 5 min. To confirm that the white precursor 

powders were transformed into C12A7:e- after induction heating process for 3, 4 and 5 min, the optical absorption spectra 

of powders were investigated by an UV-Vis diffuse reflectance spectrometer in the wavelength range of 200 – 800 nm. 

The results show the optical absorption bands at 2.8 eV for the white precursor powders with induction heating time of 

3, 4 and 5 min. This is due to the C12A7 was transformed into electride (C12A7:e-). Therefore, the results on the optical 

absorption spectra are in good agreement with the XRD results. 
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1. INTRODUCTION  

Electrides are ionic crystal in which the electrons are 

trapped in cavities in the host lattice and serve as the 

counteranions to an equal number of positive charges in 

regular crystalline array [1]. They are promising materials 

for various applications such as reducing agents [2 – 4], 

cathode materials in electrochemical reaction and 

fluorescent lamp [5, 6], electron emitters [7 – 9] and super-

conductors [10, 11]. Electrides can be classified into 

2 types: organic and inorganic electrides.  

Organic electrides are crystalline ionic salt in which 

alkali metal cations (Li+, Na+, K+, Rb+ or Cs+) are 

complexed by organic molecules such as cryptands and 

crown ethers that serve to isolate the cations from electrons 

trapped in cavities or channel [12]. The first organic 

electride, Cs+(186C6)2e-, was synthesized by Ellaboudy et 

al. [13] and the crystal structure of Cs+(186C6)2e-was 

investigated by Dawes et al. [14]. After that, the different 

organic electrides were synthesized such as Cs+(186C6)2e-

[15], K+(C222)e- [16, 17], L+(C211)e- [18] and 

Rb+(C222)e- [19]. However, the organic electrides were 

limited by their thermal instability and must be kept at a 

temperature below  – 40 °C [2, 4]. When the organic 

electrides are exposed to the air and moisture at a 

temperature above  – 40 °C, the decomposition of organic 

electrides occurred. It is due to the oxygen-carbon bonding 

in organic molecule is ruptured [1, 20]. Thermal instability 

are the disadvantage of organic electrides for application in 

electronic materials. However, the thermal instability at 

room temperature and above can be improved by replacing 

oxygen with nitrogen in the complexants [20].  
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Inorganic electrides are crystalline ionic salts in which 

the anions are electrons confined in a complex array of 

cavities or channels and the cations are nanoscale arrays of 

alkali metal ions that provide charge balance [3, 21]. 

Inorganic electrides can be prepared by loading alkali 

metals (Cs, Rb) to the silica zeolites i.e. Si32O64 and 

Si64O128 [2, 4], such as Cs-loaded Si32O64. These inorganic 

electrides are strong reducing agents [2 – 4]. 

Matsuishi et al. [22] is the first group to synthesize 

[C24Al28O64]4+·(4e-) inorganic electride using C12A7 as a 

precursor. They removed  100 % of clathrated oxygen 

ions from the crystallographic cages in a single crystal of 

C12A7, leading to the formation of high-density electrons 

localized in the cages. The [C24Al28O64]4+·(4e-) inorganic 

electride is regarded as a thermally and chemically stable 

materials. The C12A7, an insulating oxide with the chemical 

formula of [C24Al28O64]4+·(2O2-) has a unique crystal 

structure composed of positively charge lattice framework 

of [C24Al28O64]4+ and 12 subnanometer-sized cages. The 

cages are three-dimensionally connected and packed by 

monomolecular oxide layer. Free O2- ions are present in 2 

out of 12 cages in the unit cell to compensate the positive 

charge on the cage wall [23]. The insulating oxide C12A7 

can be converted into conductor by replacing free O2- ions 

with H- [24] or electron (e-) [22, 25, 26]. When electrons 

(e-) replace free O2- ions in C12A7, it leads to C12A7 

electride (C12A7:e-) with a chemical formula of 

[C24Al28O64]4+·(4e-).  

In recent years, the (C12A7:e-) electrides have been 

synthesized by the treatment of C12A7 with various 

processes such as: (1) thermal treatment of C12A7 with Ca 

in vacuum [22]; (2) thermal treatment of C12A7 in Ti metal 

vapor [25]; (3) thermal treatment of C12A7 under reducing 

CO/CO2 atmosphere [26]; (4) melt-solidification process 

of C12A7 under a reducing atmosphere [8]; (5) one-step 
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thermal treatment of Ca3Al2O6 (C3A) + CaAl2O4 (CA) in 

graphite reduction [27]. However, these processes require a 

long treatment time for 2 to 240 h to synthesize C12A7:e-. 

Recently, Li et al. [7] and Chung et al. [28] using spark 

plasma sintering (SPS) of C12A7 for the synthesis of 

C12A7:e-. The C12A7:e-was obtained rapidly within  

10 – 20 min. The Aloe vera (A. vera) is a perennial, 

drought-resisting and succulent plant belonging to the 

Liliaceae family [29]. The A. vera leaf consists of three 

parts: outer layer, middle layer and inner layer. The inner 

layer composed of large thin walled parenchyma cells that 

store A. vera gel (mucilage) [30]. The A. vera gel consists 

of about 99.5 % water and it has a pH of 4 – 5 with organic 

acid, mineral, polysaccharides, vitamin, and protein  
[29 – 33]. The A. vera gels play a role in synthesizing 

nanomaterials due to these compounds have the ability to 

be actively reducing and stabilizing agents responsible for 

the synthesis of nanostructured materials [34]. 

Nowadays, the microwave ovens have been widely 

used in laboratory for materials synthesis due to 

microwave heating generated internally within the 

material, instead of originating from the external source 

[35]. Therefore, it can provide a higher heating rate and a 

more homogeneous heating [36], leading to a shorter time 

for the synthesis of precursor materials. Electromagnetic 

induction heating has been widely used in industry and has 

been of considerable interest in medical research due to 

easy to set up, fast-heating, fast-cooling, clean, 

inexpensive, and energy-saving [37].  

In this paper, the rapid synthesis of C12A7:e- crystals 

by biosynthesis using A. vera extract under microwave and 

induction heating processes is reported. The crystal 

structure and optical absorption spectra of C12A7:e-were 

studied. In this work, A. vera extract was used to replace 

chemical acid that generally used in conventional methods 

for the synthesis of C12A7. Therefore, the synthesis of 

C12A7:e- crystals described in this paper is an eco-friendly 

process [38]. 

2. EXPERIMENTAL DETAILS 

2.1. Materials 

All the chemical materials used for the synthesis of 

C12A7:e- were analytical grade. Aluminium tri-sec-butoxide 

(Al[OCH(CH3)C2H5]3:ATSB) and ethyl aceto- acetate 

(CH3COCH2COOC2H5:ETAC) purchased from Acros, 

calcium nitrate tetrahydrate (Ca(NO3)2∙4H2O) and absolute 

ethanol purchased from Carlo Ebra.  

2.2. Preparation of A. Vera extract 

A. vera extract was prepared by removing gel from 

A. vera leaves of about 50 g. It was blended and added 

with the100 ml boiled deionized-water. The mixture was 

heated on the hot plate at 90 °C for 1 h and cooled down to 

the room temperature. It was filtered and A. vera extract 

solution was obtained. Then, it was stored at a temperature 

of 4 °C.  

2.3. Synthesis of C12A7:e- 

The ATSB and Ca(NO3)2∙4H2O were used as starting 

materials. The ATSB and Ca(NO3)2∙4H2O were mixed 

with ETAC by a molar ratio of 12:14:12 and stirred at 

room temperature for 30 min. Then, the 20.88 ml absolute 

ethanol was dropped into 37.78 g of the mixture and stirred 

vigorously at room temperature for 30 min, followed by 

dropping 25 ml of A. vera extract solution and stirred 

vigorously for 30 min. Finally, the clear and white solution 

was obtained. The solution was sonicated by an ultrasonic 

cleaner for 5 h to reduce particle size. The solution was 

transformed into white colloidal solution. Then, the 

samples was heated in an electric oven at 90 °C for 18 h 

and the dry yellow-brown gel was formed. The dry gel was 

ground and heated in a domestic microwave oven 

(Samsung, ME711K/XST) for preheating at a power of 

800 W for 15 min and preheating at this condition was 

repeated one more time. After preheating, the white 

powders were obtained and used as the precursor for the 

synthesis of C12A7:e-. Three graphite crucibles were 

prepared and each one was filled with 5 g of precursor 

powders. All three graphite crucibles were closed with 

graphite plates. Then, they were placed in the quartz tube 

and heated in an induction heating oven (CEP, 

IND4010M) with an applied current in the coil of 4 A and 

a frequency of 10 kHz as shown in Fig. 1. Three graphite 

crucibles were heated under the flowing Ar gas for 3, 4 and 

5 min, respectively. The temperature at the graphite 

crucible was measured by a type R thermocouple. Finally, 

the white powders were melted and transformed into solid 

and C12A7:e- crystals with dark green color were obtained. 

 

Fig. 1. Induction heating process 

2.4 Characterization 

The C12A7:e- crystal were ground into powders for 

structure analysis. The structure of C12A7:e- powders was 

characterized by a X-ray diffractometer (PANalytical, 

Empyrean) using CuK radiation operated at 40 kV and 

40 mA. The XRD patterns were recorded in the 2 range 

of 10 to 80 with a scanning rate of 2°/min. The optical 

absorption spectra of C12A7:e- powders were determined by 

an UV-Vis diffuse reflectance spectrometer (Agilent Carry 

5000) in the wavelength range of 200 – 800 nm.  

3. RESULTS AND DISCUSSION 

The XRD patterns of white precursor powders 

synthesized by microwave-assisted and biosynthesis 

method are shown in Fig. 2 a and those of C12A7 

synthesized via induction heating process for 3, 4 and 

5 min are shown in Fig. 2 b. The reference peaks of C12A7 

were marked according to JCPDS file number 09-0413. 

For white powders, the XRD patterns in Fig. 2 a show that 

the powders consist of Al2O3, CaAl2O4 (CA), Ca3Al2O6 
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(C3A) and Ca12Al14O33 (C12A7) phase which is not pure 

C12A7 phase. When the white powders were heated by 

induction heating process for 3 min, the rapid increase in 

temperature from the room temperature to 1100 °C and the 

white color powders was changed to light green color solid 

(see Fig. 3). The XRD patterns of 3 min induction heating 

shows the peaks of C12A7 and C3A. For 4 min induction 

heating, the temperature of white color powders was 

1159 °C and the white color powders were changed to 

green color (see Fig. 3). The peaks of C12A7 and small 

peaks of C3A were observed.  

 

Fig. 2. XRD patterns of: a – white precursor powders synthesized 

by microwave-assisted biosynthesis; b – C12A7 at different 

induction heating times 

For 5 min induction heating, the temperature increased 

rapidly from room temperature to 1215 °C, the white color 

powders were changed to dark green color (see Fig. 3). 

The XRD patterns show only the peaks of pure C12A7 

phase.  

It is seen that the mixed phase of C12A7 and C3A was 

observed for powders heated with induction heating of 3 

and 4 min. However, the pure phase of C12A7 was obtained 

for powders with induction heating of 5 min. It can be 

concluded that, for 5 min heating, the temperature reached 

1215 °C that close to the melting point of C12A7 (1415 °C) 

and results in the decomposition of C3A to C12A7. The 

longer induction heating times from 5 to 7 min were also 

carried out. It was found that for heating time longer than 

5 min such as 6 and 7 min, the powders were not pure 

phase of C12A7. However, the results were not reported 

here.  

Fig. 3 shows the color of precursor powders and the 

color of powders after heating at different induction 

heating times of 3, 4 and 5 min. It is seen that the white 

precursor powders change to the dark green color of 

C12A7:e-after heating for 5 min.  

To prove that the white precursor powders change to 

C12A7:e- after induction heating process for 3, 4 and 5 min, 

the optical absorption spectra of powders were determined 

by an UV-Vis diffuse reflectance spectrometer in the 

wavelength range of 200 – 800 nm. Fig. 4 shows the optical 

absorption spectra obtained from UV-vis diffuse 

reflectance spectra and converted by Kubelka and Munk 

theory. 

It is seen from Fig. 4 that the white precursor powders 

have no absorption band at 2.8 eV. However, for all 

powders heated by induction heating with different times 

of 3, 4 and 5 min show the absorption band at 2.8 eV. The 

highest peak of absorption band was observed for powders 

heated by induction heating for 5 min. It confirms that the 

white precursor powders completely changed to C12A7 and 

then transformed to the electride (C12A7:e-). These results 

are in good agreement with XRD results.  

The optical absorption bands at 2.8 eV are responsible 

for green color to dark green color of C12A7:e-. This is due 

to the intra-cage transition from the 1s ground state of the 

occupied cage to 1p excited-state in the same cage  
[39 – 41]. The optical transition indicates the electron 

trapped in the cage of free 2O − ions. Then, the C12A7 

transformed to the electride C12A7:e-. 

In the induction heating process, two different ions 

consist of O2- and 2

2
C − ions are important in the synthesis of 

C12A7:e-. At a high temperature treatment, a strong 

reducing atmosphere was produced inside the graphite 

crucible and free O2- ion diffuse out of the cage, then the 

oxygen vacancies were formed at the cage site [26]. 

Meanwhile, the 2

2
C − ions from graphite crucible were 

dissolved into the sample molten [8, 39]. Then, the 
2

2
C − ions diffuse in the cage of free O2- ion to form 

C12A7:
2

2
C −  molten. When the precursor powders was 

melted by induction heating process and interacted with 

graphite crucible, it can be described by reaction:  

2 2

2 12 7 2
Pr ecursor C C A : C− −+ → . (1) 

When the temperature decreased during the cooling 

process, that is after the induction heating process was turn 

off, the CO gas evolved. It indicated that 2

2
C − ions were 

released from the cage of molten and C12A7:
2

2
C − react with 

free oxygen ions inside the graphite crucible to form CO 

gas and generating electron in the cage [8]. The 

solidification of molten of C12A7:
2

2
C −  transformed to 

C12A7:e- as follow [8, 39]:  

2 2

2
C (cage) 2O (cage / atmosphere) 2CO(atmosphere)− −+ →

6e (cage)−+ . (2) 

a 

b 
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white powders 3 min 4 min 5 min 

Fig. 3. Color of precursor powders and powders after heating at different induction heating time 

 

 

Fig. 4. Optical absorption spectra obtained from UV-vis diffuse 

reflectance spectra and converted by Kubelka and Munk 

method of precursor powders and powders after heating at 

different induction heating times.  

4. CONCLUSIONS 

We successfully synthesized C12A7:e- crystals rapidly 

by microwave and induction heating-assisted biosynthesis 

method using A. vera extract. In this work, A. vera extract 

was used to replace chemical acid that generally used in 

conventional methods for the synthesis of C12A7. 

Therefore, the synthesis of C12A7:e- crystals obtained in 

this work is an eco-friendly process. The crystal structure 

and optical absorption spectra of C12A7:e-were studied. The 

structure of C12A7:e- powders as characterized by X-ray 

diffraction revealed that pure C12A7:e- crystals were 

obtained for precursor powders with an induction heating 

process time of 5 min. The formation of C12A7:e- was 

confirmed by the optical absorption spectra measurement 

of powders using an UV-Vis diffuse reflectance 

spectrometer in the wavelength range of 200 – 800 nm. The 

optical absorption bands at 2.8 eV were observed for the 

white precursor powders after induction heating process 

for 3, 4 and 5 min. It is due to the C12A7 was transformed 

into electride (C12A7:e-). The results on the optical 

absorption spectra are in good agreement with the XRD 

results.  
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