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H I G H L I G H T S

• With the reducing agents C, Ti, and Zr electrides with different electron densities (Ca12Al14O33-x(2e–)x) were obtained.
• A new dichromate-based photometry was established as a simple, fast and accurate method to determine the electron contents.
• Compared to iodometric titration and conductivity measurements the photometry yields better reproducible results.
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A B S T R A C T

Discovered in 2003 the mayenite electride (Ca12Al14O33–x(2e–)x) is the first electride being stable under ambient 
conditions. Different reaction conditions are known to result in samples with strongly deviating electron contents 
x. Various methods for determining x have been applied but have individual disadvantages. Therefore, a new 
alternative approach based on the reduction of dichromate and its photometric quantification is introduced and 
evaluated in this paper. For this, mayenite oxide was synthesised via classical solid-state synthesis and afterwards 
reduced by heating pellets embedded in the respective reducing agents under dynamic vacuum. Using carbon, 
titanium and zirconium as oxygen getters, different degrees of reduction were achieved. The electron densities of 
the obtained electrides were determined using iodometric titration, conductivity measurements and the new 
dichromate based photometry. Our results show that the latter method is feasible, robust and leads to well- 
reproducible, reliable values.

1. Introduction

Electrides are materials containing electrons as the smallest possible 
‘anions’. The first electrides were synthesised by dissolving alkali metals 
in liquid ammonia in 1908 [1] leading to ‘solvated electrons’ and later 
crown ethers were applied to stabilise the metal cations [2,3]. In 1986, 
the first crystal structure of an electride, Cs+(18C6)2 e–, was published 
[4]. Later discovered electrides were also based on alkali metals stabi
lised with organic ligands [5–7]. All these electrides are both tempera
ture unstable and moisture sensitive. In 2003 Hosono et al. reported on 
the first room-temperature stable electride synthesised by reducing 
Ca12Al14O33 (C12A7, mayenite) with Ca metal [8]. Mayenite can be 
described as a positively charged antizeolithe-like framework with O2−

anions occupying 1/6 of the cages formed by the [Ca12Al14O32]2+

framework. These ‘cage oxygen ions’ are in fact part of disordered 
AlO4-tetrahedra [9] and are replaced by electrons during the reduction 
process [10]. With increasing electron content a transition from insu
lating to semiconducting and finally to metallic conductivity occurs [11,
12]. Simultaneously, the colour changes from white/colourless to green 
and finally black [8] accompanied by an increase up to 0.02 Å of the 
lattice parameter a [13]. A complete replacement of cage oxide ions by 
electrons, i.e. formation of Ca12Al14O32(2e–) corresponds to an electron 
density of 2.33 × 1021 cm− 3.

One of the most important analytic tasks for mayenite electrides is 
the determination of their electron densities. Different attempts have 
been described in literature. One possibility is electron paramagnetic 
resonance (EPR) [8,14–16]. The cage electrons lead to a 
Lorentzian-shape signal at g = 1.994, reflecting the F+ like centres where 
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the electrons are located [8,17]. For the calculation of the electron 
density it is usually assumed that the electrons are unpaired and isolated 
and show a Curie paramagnetism [8,14]. However, at high electron 
densities antiparallel spin coupling occurs, resulting in too small EPR 
signals and also reduced magnetic moments found in e.g. SQUID in
vestigations [18]. Therefore, EPR and magnetic measurements can only 
determine lower electron densities correctly.

Another method for determining the electron content are conduc
tivity measurements [12,14,15,19–21]. The electron transport follows a 
3D variable range hopping (VRH) mechanism for lower Ne values, i.e. 
log ρ ∝ T− 1/4 [14,15,21]. With increasing electron density this con
ductivity changes to a metallic one [22–24]. Simultaneously, the re
sistivity at room temperature decreases by several orders of magnitude 
and therefore is a sensitive measure for the electron density. This in 
principle very straightforward method suffers from two drawbacks: 
First, it can only be used for dense ceramic samples or single crystals as 
the samples need to be contacted. Second, and more important, for a 
quantitative analysis a calibration with samples of known Ne is needed. 
Therefore, the electron densities of these reference samples must first be 
evaluated by another technique [16,25]. The second method that refers 
to electrical conductivity is the calculation of Ne using the Seebeck 
coefficient [8,24]. It was shown that the Seebeck coefficient has a linear 
dependence on log Ne at 300 K [8]. Yet, this method suffers from the 
same drawbacks, i.e. it relies on reference samples and only dense 
samples can be used.

An alternative possibility is the thermogravimetric analysis of the 
reoxidation of electrides to the parent oxide [13,22,26]. By this method, 
the electron contents can be determined without reference samples. 
Unfortunately, the full oxidation of the electride corresponds to a very 
small weight gain of only 1.17 %. Therefore, even small experimental 
errors (e.g. an insufficient buoyancy correction) can lead to false results. 
In addition, the (partial) incorporation of other oxygen species like O− , 
O2

2− or O2
− can lead to increased weight gains [10,20,26–28]. Therefore, 

thermogravimetric measurements are prone to several potential errors.
Based on the change in colour, the idea of early works was to 

determine the electron density quantitatively with photometry, espe
cially by optical reflection spectroscopy [8,14,17,19,29,30]. The incor
poration of electrons in the mayenite framework leads to absorption 
peaks at 0.4 eV [30] and 2.8 eV [29]. The absorption at 0.4 eV results 
from an inter-cage electron transition between neighbouring cages and 
the one at 2.8 eV is caused by an intra-cage transition [19,21,25,29]. The 
exact position of the 2.8 eV peak shifts to lower energies with higher 
electron concentrations [13]. Other possible encaged anions are also 
distinguishable from the electride [17], e.g. oxide anions lead to a 
measurable absorption at 3.5 eV [31] and higher [32]. Recent work 
suggests that there are high discrepancies in the determination of low 
electron densities compared to other methods like iodometry, conduc
tivity measurement or thermogravimetry, which show comparable 
values for different electron densities [22]. Therefore, optical reflection 
spectroscopy is only used for qualitative analyses in recent papers [33]. 
UV–Vis measurements in transmission geometry, on the other hand, 
show a strong dependence on microstructure effects for low Ne values 
whereas at high values an almost complete absorption due to the black 
colour of the samples occurs [34].

Another optical method to investigate electrides is Raman spectros
copy. Based on the Raman spectra, the cage anions can be distinguished 
as electrons, different oxygen species or various other anions [15,
35–37]. Varying electron densities result in significant changes in the 
spectra. At Ne values above 3 × 1020 cm− 3 a prominent peak appears at 
186 cm− 1 originating from the cage electrons [15]. The peak intensity 
increases with the electron density. Additional changes like an 
increasing peak at 430 cm− 1 and a decreasing peak at 560 cm− 1 have 
been reported, too [15,38]. These features are attributed to changes of 
the Al–O bonds [15,18,36]. Yet, up to date no direct correlation between 
the peak intensities and the electron densities have been reported. 
Therefore, Raman spectroscopy cannot be applied for a quantification 

but is rather used to identify samples as an electride or an oxide [38].
Alternatively, iodometry has been used to determine the degree of 

reduction. In this method, the electride is dissolved in hydrochloric acid 
in the presence of a defined excess quantity of I2, which is partly reduced 
to I− . The remaining I2 is determined by titration with thiosulfate 
standard solution [22]. In contrast to other methods, iodometric titra
tion does not need reference samples of known (or at least assumed) 
electron concentrations but provides absolute values. On the other hand, 
iodometry was found to very sensitivity to light and oxygen [39] and 
therefore might lead to erroneous results.

For these reasons, a new versatile and reliable method to directly (i.e. 
without reference samples) measure the electron content in mayenite 
electrides is required. We therefore established a photometric method 
based on the redox system Cr2O7

2− /Cr3+ according to Eq. (1). 

Cr2O7
2− +14 H+ +6e− → 2Cr3+ + 7H2O (1) 

Dichromate is an established chemical for titrations and can be used 
as a titrimetric standard [40]. Compared to iodine solutions, dichromate 
solutions are very stable and have well-determined absorption spectra. 
Due to these characteristics they are also suitable for the calibration of 
photometers [41–43]. Changes in the concentration of dichromate upon 
reduction with electrides should be measurable and by using a defined 
excess of dichromate the absolute amount of electrons should be 
quantifiable.

In this work, a dichromate-based photometry for the direct deter
mining of the electron density of mayenite electrides is evaluated in 
comparison with other methods and it is applied to mayenite electrides 
obtained with different reduction agents.

2. Experimental

2.1. Synthesis

Polycrystalline Ca12Al14O33 was prepared via solid-state synthesis. 
25.0905 g CaCO3 (high purity, Solvay) and 15.0959 g α-Al2O3 (99.999 
wt%, Yimintech) were mixed in the stoichiometric ratio of (nearly) 12:7 
with isopropanol for 12 h in a planetary ball mill (Fritsch Pulverisette) 
with polyamide grinding bowl and balls. To prevent the formation of the 
C3A-phase (Ca3Al2O6), a small excess of 1.25 mol % α-Al2O3 was used 
[9]. After milling, the mixture was dried and heated in an alumina 
crucible for 24 h at 1200 ◦C in air in a box furnace (Nabertherm 
HT04-17). The cooled obtained mayenite was wet ground with iso
propanol for 12 h and dried.

The resulting powder was pressed into pellets of 16 mm diameter and 
weights of ≈2 g at 5 kN and sintered for 12 h at 1325 ◦C in air. For 
reduction, the sintered pellets were embedded in the reducing agent in 
alumina crucibles and heated in a tube furnace (ELITE TSH16/50/180) 
for 10 h at (nominally) 1420 ◦C (samples 1–6, Table 3). During heating, 
the tube was dynamically evacuated to ≈10− 5 mbar. After the reaction 
temperature was reached, the tube was sealed with a ball valve to 
maintain a static vacuum, comparable to synthesis in sealed silica glass 
tubes. The furnace setpoint temperature of 1420 ◦C differs slightly from 
the temperature of the sample, which is roughly 5 ◦C below its melting 
point because a slight increase of 5 ◦C of the setpoint leads to melting of 
the samples. It should be noted that for the oxide mayenite different 
melting points have been reported in the range of 1392◦C–1449 ◦C 
[44–48] and 1415 ◦C for mayenite electride [8]. After cooling down to 
room temperature pressures of ≈10− 5 mbar for the reduction with Ti 
and Zr and ≈10− 2 mbar for C were measured. The two samples Ti1390 
and Zr1390 were synthesised accordingly except that the furnace set 
temperature was 1390 ◦C. The setup of the furnace and vacuum pump is 
shown in the Supplementary Fig. S1.

The surface of the resulting electride pellets were abraded. For an
alyses, half of each pellet was milled to powder in a zirconia grinding jar 
and grinding ball for 4 min with amplitude of 50 and 1 min with 70 in a 
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RETSCH MM 2000 swing mill.

2.2. Characterization

For powder X-ray diffraction (XRD) a Bruker D8-Advance diffrac
tometer with Cu Kα1,2 radiation and a 1D silicon strip detector was used. 
XRD patterns in the angular range 15◦–150◦ 2θ were used for Rietveld 
refinements performed with Fullprof (2022).

Four-probe conductivity measurements were performed in a Quan
tum Design Physical Property Measurement System (PPMS-9) at 300 K. 
For this, the second half of the electride pellets were cut into rods of 
approximately 1 × 1 × 10 mm3 (see Fig. 1) and contacted with silver 
paint (ACHESON 1415, PLANO). The DC current passing through the 
sample is automatically adjusted to yield the maximum resolution, but 
was limited to ≤1 mA. The resulting voltage drop is measured between 
two contacts on the top as shown in Fig. 1b. The resistivity is calculated 
by averaging two measurements with inverted polarity taking into ac
count the geometry of the samples. The electron density was determined 
by linear fitting of the data from Kim et al. [16] on a double logarithmic 
scale (see supplemental).

For iodometry [22] ca. 14 mg of electride powder was weighed in a 
Schlenk vessel under Ar to prevent a potential oxidation of I− by oxygen. 
A well-defined mixture of 2 ml iodine solution (10− 2 M) and 5 ml of 
hydrochloric acid (3 × 10− 1 M) was added. After dissolving and 
reduction, the remaining iodine was titrated with a standard solution of 
thiosulfate (2 × 10− 3 M) using starch as indicator. Reference measure
ments were done with the same amount of mayenite oxide. For each 
sample, the titration was repeated three times.

For determination of the electron density by the dichromate-based 
photometry, a 1.25 mmol l− 1 solution of potassium dichromate was 
prepared by dissolving 367.73 mg potassium dichromate (p.A.) and 42 
ml 37 % hydrochloric acid (analytic reagent grade, Fischer chemical) in 
1 l deionized water. A chromium(III) solution (2.5 mmol l− 1) was made 
from 167.36 mg chromium(III)chloride hexahydrate (99.5 %, Alfa 
Aesar) and 10.5 ml 37 % hydrochloric acid (analytic reagent grade, 
Fischer chemical) in 250 ml deionized water. The five solutions used for 
calibration were prepared from mixtures of the dichromate and chro
mium(III) solution in varying amounts. Due to the carcinogenic and 
mutagenic effects of dichromate, appropriate safety precautions like 
gloves should be taken when handling this chemical.

For the determination of the electron contents 10.5 mg of each 
electride sample was dissolved in 4 ml of the acidic dichromate solution 
under magnetically stirring for 15 min. The reaction equation for the 
perfect electride is given in Eq. (2). 

3 (Ca12Al14O32 : 2e) + Cr2O7
2− + 206 H+→ 2 Cr3+ + 103 H2O + 36 Ca2+

+ 42 Al3+

(2) 

The absorption was measured at 440 nm in polystyrene cuvettes (10 
mm optical path length, 3.5 ml volume) in a Cary 60 UV–Vis spectro
photometer (Agilent Technologies). The measurements were repeated 
three times. The concentration of dichromate was determined using the 

calibration curve mentioned above and shown in Fig. 5. This procedure 
was repeated three times for each sample and the electron density was 
determined as the average of these measurements.

3. Results and discussion

3.1. Phase analysis of the synthesised electrides

Phase purity of the polycrystalline Ca12Al14O33 starting oxide was 
checked by powder XRD (Fig. 2) and no impurity phases were detected. 
After reduction, the electride pellets had a sintered skin, which was 
abraded prior to the investigations. All electride pellets were black, 
whereas after grinding the colour of the resulting powders varied from 
green (carbon as reducing agent/oxygen getter) to brown (titanium) and 
finally black (zirconium) (Fig. 3). This already indicated strong differ
ence in the electron densities [8]. The XRD pattern (Fig. 2) show no 
impurities apart from traces of CaAl2O4 (CA) identified from its main 
peak at 30.5◦.

Lattice parameters were determined by Rietveld refinements (Fig. 4). 
The incorporation of electrons is known to cause an increase of the cubic 
lattice constant a [13,49]. The results listed in Table 1 clearly indicate 
that with increasing electron content (as derived from the changing 
colour) the value of a increases. Unfortunately, we found that this 
behaviour cannot be used to quantify the electron content, i.e. earlier 
investigations showed that samples with similar electron contents had 
different cell parameters.

Fig. 1. a: Preparation of the bars for conductivity measurements. b: scheme of the four-probe measurement set-up. c: photograph of three contacted electride samples 
on a PPMS-9 sample holder.

Fig. 2. Powder X-ray diffraction pattern of the polycrystalline oxide mayenite 
(M) and selected electride samples. The tick marks belong to the reference 
COD4308076. The small circle marks the main peak of the CaAl2O4 (CA).
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3.2. Evaluation of the photometric measurement

Our photometric method is based on the different absorption spectra 
of Cr2O7

2− and Cr3+ [42,50]. As the first step of the dichromate 
photometry, suitable values for the mass of the electride samples and the 
concentration of the dichromate solution were established by practica
bility considerations: First, repeated measurement should be possible 
without requiring too much of the sample, i.e. small masses for each 
measurement are desired. On the other hand, lower masses are more 
prone to weighing errors. The mass of 10.5 mg turned out to be most 
practicable. Based on the measurement of differences in absorption 
spectra the usage of a dichromate excess is advantageous. After several 
weeks, the concentration of the dichromate slightly decreases. To avoid 
errors based on this concentration change and to get a higher absor
bance, the excess was chosen to be twice the stoichiometric ratio of the 
needed dichromate for the oxidation of 10.5 mg perfect electride, i.e. 
with two electrons per formula unit. Due to the high standard redox 
potential of 1.38 V for dichromate, it can be assumed that no other 
reduction reactions (in particular the reaction of H+ to H2 or Cr3+ to 
Cr2+/0) will take place. As visible in Fig. 5, the dichromate solution 
shows two absorption peaks at 350 nm and 440 nm, respectively and 
usually the one at 350 nm is used for photometry [42,43]. To assure a 
good linear dependence according to the Lambert-Beer law the absor
bance should be well below a value of 1.2 [51]. Using the 350 nm peak 
corresponds to a dichromate concentration below 350 μmol l− 1. As the 
required amount to oxidise 10 mg electride is ca. 2.5 × 10− 3 mmol a 
total volume of ca. 14 ml would be required. Because only 3.5 ml of 
solution is needed for the photometric measurement, this would result in 
a large volume of toxic waste. For this reason, the concentration mea
surements of the dichromate solution was done using the 440 nm peak, 
which has already been chosen for photometry in a previous work [42]. 
A reasonable absorbance of 0.5 at this wavelength is obtained with a 
dichromate solution of 1.25 mmol l− 1. In addition, the wide plateau of 
this peak is also advantageous for preventing errors caused by slight 
peak shifting.

Calibration of the photometry was done with five solutions of vary
ing ratios Cr2O7

2− :Cr3+ (4:0; 3:1; 2:2; 1:3 and 0:4). In each solution, 10.5 
mg of oxide mayenite was dissolved to take into account possible matrix 
effects. UV–Vis spectra for the solutions are shown in Fig. 5. The 
measured absorbance is plotted as a function of the dichromate con
centration as shown Fig. 6. The behaviour can well be described using a 
linear fit, which in the following was used to calculate the remaining 
dichromate concentration after reduction of the electride samples.

Fig. 3. Photographs a mayenite pellet before reduction (1) and an electride pellet (2). On the right powdered electride samples obtained from the reduction with 
carbon (sample no. 1), titanium (sample no. 5) and zirconium (sample no. 6) are shown.

Fig. 4. Exemplary Rietveld refinement for an electride sample obtained from 
the reduction with carbon (sample 1).

Fig. 5. UV–Vis spectra of the dichromate:Cr (III) reference solutions used for 
calibration of the photometry. The given values reflect the ratio of 1.25 mM 
dichromate and the 2.5 mM chromium-III solution with 10.5 mg of dissolved 
oxide mayenite. The wavelength of 440 nm used for concentration measure
ments is marked in the inset.

Table 1 
Lattice parameters of the polycrystalline mayenite and the electride samples.

sample no. reducing agent Lattice parameter [Å]

Mayenite – 11.9801(4)
1 C 11.9911(3)
2 C 11.9912(3)
3 C 11.9916(4)
4 C 11.9927(3)
5 Ti 11.9966(3)
6 Zr 11.9959(3)
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The degree of reduction x, which indicates the replacement of caged 
oxygen with electrons (where 0 corresponds to the pure oxide and 1 to 
two electrons per formula unit) was calculated according to Eq (3). c0 
and c1 are the dichromate concentrations before and after reduction of 
the electride, V is the applied solution volume, m the sample mass, and z 
is the equivalent number. Its value z = 3 results from the six electrons 
required for the dichromate reduction (1) and the two electrons per 
formula unit in the ideal mayenite electride. M is the molar mass, which 
slightly depends on x. As the difference of M for the oxide and the 
electride is only about 1 %, the average can used in the calculations 
without generating a considerable error. The electron density is calcu
lated according to equation (3). 

x=(c0 − c1) • V • m • M • z (3) 

Ne =2.33 • 1021cm− 3 • x (4) 

Table 2 lists the obtained values from five independent measure
ments of three samples with varying electron densities. These samples 
were reduced with titanium (1390 ◦C), zirconium (1390 ◦C) and zirco
nium (1420 ◦C). Details of the results are listed in the Supplementary 

Table S1. The different samples were chosen because they contain 
deviating electron densities [35,36,52,53]. The average coefficient of 
variation of x and Ne accounts to only 1.3 % for a high electron density 
(x ≈ 0.5) and 2.4 % for a lower density (x ≈ 0.25) indicating a well 
reproducible determination of varying electron densities.

The dichromate based photometry is a new way to determine the 
electron content of mayenite electrides. The time required for each 
sample is only about 30 min and half of the time involves dissolving the 
sample. In addition, only a small sample amount of ca. 10 mg is required.

Our investigations show that the accuracy slightly increases for 
higher electron densities. Measurements of very low electron contents 
with x < 0.1 show a higher variance of the electron content.

One disadvantage of our photometric method is the use of carcino
genic dichromate, which requires appropriate safety precautions during 
handling. Before disposal the dichromate should be reduced to the less 
harmful Cr3+ e.g. with sodium thiosulfate.

3.3. Comparison of the different methods for determining the electron 
density

The results obtained from the dichromate based photometry were 
compared with the iodometric titration and conductivity measurement. 
The obtained values are listed in Table 3 and the experimental data is 
given in the Supplementary Table S1. The results for four different 
electride samples reduced with carbon under identical conditions yield 
almost the same electron densities of ca. 0.48 × 1021 cm− 3 when 
determined by electrical conductivity and photometry. This on the one 
hand indicates that the two methods give comparable results and on the 
other hand, that the reduction with carbon reproducibly yields elec
trides with similar electron densities. In contrast, the results of the 
iodometric titration differ between 0.14 and 0.47 × 1021 cm− 3 for the 
four samples and therefore are apparently less reliable. The observed 
deviations are probably due to the high sensitivity of the iodometry to 
light and O2, causing oxidation of iodine. Additionally, the pH value has 
a strong impact on the results: For well-reproducible iodometry, the pH 
range should be slightly acidic to neutral [40], whereas a pH value of ca. 
0.5 has to be applied for a fast, quantitative dissolving of the electride in 
order to prevent side reactions [22]. This rather low pH value might be a 
reason for the deviating results.

Two additional electride samples were obtained with titanium and 
zirconium as oxygen getters. In the case of Ti the conductivity mea
surements yielded a lower electron density than the iodometry and 
photometry (0.65 vs. 0.75 × 1021 cm− 3, respectively), whereas for the 
sample reduced with Zr all three methods yield very similar values of 
1.1 × 1021 cm− 3, corresponding to a degree of reduction x ≈ 0.5. The 
increase of electron density is in accordance with the Ellingham dia
grams of the three reducing agents, which predict a decreasing oxygen 
partial pressure in the order C, Ti, and Zr [54].

Fig. 6. Absorbance at 440 nm of the dichromate solutions used for calibration 
and its linear fit.

Table 2 
Repeated determination of the difference in concentration, the calculated elec
tron content x according to the formula Ca12Al14O33-x(2e–)x and the electron 
density (Ne) for selected electride samples Ti1390 (reduced with titanium for 10 h 
at 1390 ◦C), Zr1390 (reduced with zirconium for 10 h at 1390 ◦C), and Zr1420 
(reduced with zirconium for 10 h at 1420 ◦C) by the dichromate based 
photometry including standard deviations.

Ti1390 1 2 3 4 5 Ø

c0-c1 [μoll− 1] 152.0 152.3 161.4 160.0 160.9 157(5)
x 0.244 0.245 0.258 0.257 0.255 0.251(6)

Ne [1021 cm− 3] 0.57 0.57 0.60 0.60 0.59 0.59(2)
​ ⌀ Coefficient of variation of x and Ne: 2.4 %

Zr1390 1 2 3 4 5 Ø
c0-c1 [μoll− 1] 237.3 256.9 231.6 248.0 237.0 242(9)

x 0.376 0.396 0.375 0.386 0.377 0.382(8)
Ne [1021 cm− 3] 0.88 0.92 0.87 0.90 0.88 0.89(2)
​ ⌀ Coefficient of variation of x and Ne: 2.1 %

Zr1420 1 2 3 4 5 Ø
c0-c1 [μoll− 1] 287.5 309.2 302.2 327.2 297.0 304(13)

x 0.475 0.481 0.475 0.457 0.471 0.471(8)
Ne [1021 cm− 3] 1.11 1.12 1.11 1.07 1.10 1.10(2)
​ ⌀ Coefficient of variation of x and Ne: 1.3 %

Table 3 
Electron densities (Ne) determined by electrical conductivity measurements, 
iodometric titration and dichromate-based photometry for samples reduced with 
different agents. The values of the photometry are the average of two 
measurements.

sample no. reducing agent Ne [1021cm− 3]

conductivity iodometry photometry

1 C 0.47 0.47 0.47
2 C 0.49 0.14 0.49
3 C 0.49 0.23 0.49
4 C 0.47 0.19 0.47
5 Ti 0.65 0.76 0.77
6 Zr 1.10 1.09 1.10
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4. Conclusion

In this work, mayenite electrides with deviating electron densities 
were synthesised by reaction with various reducing agents. The re
actions were carried out in vacuum (ca. 5 × 10− 5 mbar) in an alumina 
tube that was separated from the vacuum pump after reaching the final 
reaction temperature. The obtained electrides were used to establish a 
new dichromate-based photometry method for determining the electron 
densities. In previous publications, several methods have been 
described. Among them, the iodometric titration and resistivity mea
surements are most often used. The former suffers from the fact that the 
results depend on the pH of the solution and the time between dissolving 
and titration. The resistivity measurements are prone to contact prob
lems e.g. due to an oxidation of the sample surface and the fact that it 
requires reference samples with known electron densities. In this paper, 
it was shown that the dichromate-based photometry allows a fast, reli
able and reproducible determination of the electron densities of elec
tride samples with varying Ne values without the need of references.
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