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Abstract: Self-assembled strontium aluminum oxide (Sr3Al2O6)/copper phthalocyanine (CuPc)
nanocomposites were successfully synthesized via an in-situ preparation technique. Prior to
nanocomposites preparation, nonscale Sr3Al2O6 was synthesized by a facial solution combustion method
using glucose as a reductant (fuel). The lattice structure of Sr3Al2O6 was identified in its XRD patterns.
Electrochemical hydrogen storage property of the samples (host, sensitizer, nanocomposites) was recorded
to be around 3100, 2500 and 4000 mAh/g after 15 cycles, respectively.
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1. Introduction
The world’s need for energy is expected to carry on growing for the immediate future [1], [2]. Hydrogen
storage technologies are significant and critical hydrogen economy[3], [4]. Hydrogen gas is a clean, highly
abundant and non toxic renewable fuel. Their burned exhaust is only water and dissipates quickly into the
atmosphere. Moreover, hydrogen contains larger amount of chemical energy per mass (142 MJ) than any
other hydrocarbons [5].
Hydrogen can absorbed on various materials; metal hydrides [4], alloys [6]–[10], binary metal oxides [11],
[12], MOFs [13]–[15], graphene [16]–[20] and carbon [21]–[23] are the most abundant materials in
hydrogen absorption technology. Among various materials, nanoscaled binary metal oxides with unique
structures and properties can be considered as a most promising hydrogen storage materials.
Oxygen deficient structure with A3B2O6 formula has not yet reported as an individual group of materials,
like Sr3Al2O6. In the literature, such a material is considered as a composite of two metal oxides by fitting
the potential parameters to all available SrO-Al2O3 crystalline system [24] or in general a polycrystalline
materials [25]. Chakoumakos and coworkers [26] reported that Sr3Al2O6 has a cubic crystal unit containing
puckered six-membered AlO4 tetrahedral ring. The rare earth elements-doped Sr3Al2O6 prepared via
microwave or sol-gel synthesis methods have been reported [27]–[31]. To the best of our knowledge, this is
the first report which deals with the combustion synthesis of Sr3Al2O6 nanomaterials and its application in
energy storage.
In order to harvest the hydrogen storage more efficiently, organic dye sensitizer like Copper
phthalocyanine (CuPc) can be used. It is an organic pigment which can improve the photo-response and
conductivity of the host materials [32]–[36]. In a typical example, CuPc/Bi2WO6 nanocomposites have been
reported for improvement of photo-response with enhanced photocatalytic activity [37]. They reported that
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large amounts of hydroxyl groups on the surface of Bi2WO6 can form hydrogen bonds with CuPc. The
nitrogen in the structure of CuPc governs this reaction.
In current study, a novel synthesis routes for preparation of Sr3Al2O6 nanoparticles were performed.
Rational fraction of glucose was used in a solution combustion process. Here, for the first time, a sensitizer
i.e. CuPc were used as a modifier into Sr3Al2O6 to prepare a self-assembled material with enhanced
hydrogen storage capacity.

2. Experimental
2.1. Materials
Sr3Al2O6 was synthesized via a combustion method. All starting materials were supplied in analytical
grade from Sigma-Aldroch. Moreover, the sensitizer i.e. copper phthalocyanine (Blue 15, Mw=576.07 g.mol-1)
were supplied from Sigma-Aldrich.

2.2. Synthesis of Sr3Al2O6
Appropriate amount of Sr(NO3)2 and Al(NO3)3·9H2O were separately dissolved in distilled water by
simultaneous addition of reductant (glucose). The ratio of Sr3+ : glucose was chosen to be 1:3. The solution
was stirred vigorously at 70 °C for 45 minutes to obtain a clear solution. The reaction was started by sudden
increase in temperature to around 200 °C. By continuous heating, NO2 and O2 gases were evolved and a
yellowish fluffy like materials growth. The final product was grinded and calcined at 850 °C for 4 hours. The
schematic preparation process is presented in Fig. 1.

Fig. 1. Synthesis of Sr3Al2O6 nanoparticles and Sr3Al2O6/CuPc nanocomposites.

2.3. Preparation of Sr3Al2O6/CuPc Nanocomposites
To impregnate Sr3Al2O6 host with CuPc, 10 μmol of CuPc was dissolved in 100 ml of propylene glycol (PG)
to form a dark blue solution. Subsequently, 1 mmol of Sr3Al2O6 nanoparticles was dispersed in 20 ml of PG
to form a suspension followed by continuous stirring, heating and ultra-sonicataion. 1 ml of CuPc solution
was added into the dispersed Sr3Al2O6. The amixture was stirred at 50 °C for 6 h, centrifuged, and decanted
to remove propylene glycol. The products were collected by filtration, washed with distilled water for
several times, and dried at 70 °C to obtained light blue powder. Fig.1 also shows the impregnation process.

2.4. Characterization
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The phase compositions and structures of the samples were determined by X-ray diffraction analyzer
with Cu-Kα radiation (λ = 0.15418 nm) over the 2θ range of 10-80° using Rigaku D-max C III, X-ray
diffractometer (XRD). The morphology of the sample was determined using Field Emission Scanning
Electron Microscopy (FE-SEM, TESCAN-Brno-Czech Republic, 30VP) operated at an acceleration voltage of 5
kV and transmission electron microscope (TEM, Philips CM30 TEM instrument). In order to investigate the
electrochemical hydrogen storage performance of the samples, the discharge capacities were measured in a
three electrodes setup (SAMA 500 potentiostat-Isfahan, Iran). The electrochemical cell was thermostated at
room temperature in 6 M KOH electrolyte. The potential of the copper coated materials (working) electrode
was measured with respect to Ag/AgCl reference electrode and Pt counter electrode.

3. Results and Discussion
3.1. Structural Analysis
X-ray diffraction analysis was performed in order to study the phase composition, and the structural
feature of Sr3Al2O6 and its respective nanocomposites. Fig. 2 compares the XRD patterns of as mentioned
materials. It was observed that the Sr3Al2O6 nanoparticles (JCPDS 01-081-0506) formed purely in glucose.
Several intense peaks at 20.11°(020), 27.17°(021), 28.51°(-211), 29.35°(220), 35.11°(031) and 32.04°(440),
45.88°(800), 56.97°(844) confirmed the formation of pure structure. Sr3Al2O6 nanostructures were grown
in a cubic crystal system in a Pa-3 space group. The crystallite size of the host calculated from Scherrer
equation (1); D=0.9λ/βcosθ (1); were obtained to be around 26.5 nm.

Fig. 2. XRD patterns of (a) Sr3Al2O6 nanoparticles and (b) Sr3Al2O6/CuPc nanocomposites.
CuPc is a type of metal organic framework with copper (II) central metal. The most of the diffraction
peaks are in the range of 2θ = 5 to 20°.The main diffractograms of CuPc is reported at 2θ equal to 6.38°,
7.04°, 8.62°, 9.15°, 12.63°, 14.09°, 15.65°[38].
On the basis of XRD pattern of impregnated Sr3Al2O6 nanoparticles with CuPc, there is no distinct
difference compared with the XRD pattern of Sr3Al2O6 due to a low molar ratio of CuPc, however, the
position and the intensity of the peaks are slightly influenced.

3.2. Morphology
TEM images of Sr3Al2O6 nanoparticles and Sr3Al2O6-CuPc show in Fig. 3. Sr3Al2O6 nanoparticles are
mostely spherical and distributed homogenousely (Fig. 3a). The particles diameters are in the range of
20-34 nm with the major probability of 26-28 nm (Fig. 3b). In the nanocomposites containing CuPc, the
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host textures are covered homogeneousely (Fig. 3c-d). However, some of the host materials (texture) can be
observed.

Fig. 3. TEM micrographs of (a) Sr3Al2O6 nanoparticles, (b) its respective histograms and (c,d)
Sr3Al2O6/CuPc nanocomposites (mag. 80-200 nm)

3.3. Electrochemical Hydrogen Storage Properties
The Hydrogen discharge capacity of the samples (Sr3Al2O6 and Sr3Al2O6/CuPc) was obtained
electrochemically under 1 mA current in 6M KOH using a three electrodes galvanistatic charge-discharge
cycle (Fig. 4). In the alkaline solution, water can dissociate to form OH− and H after electron transfer as Eq. 2;
H2O + e- → H + OH- (2). The process of surface hydrogen sorption can be explained on the basis of Eq. 3;
Sr3Al2O6 + xH2O + xe- ↔ Sr3Al2O6-Hx + xOH- (3).
During the charging process of working electrode, the electrolyte dissociates and the sample adsorbs
hydrogen. The maximum discharge capacity of Sr3Al2O6 nanoparticles after 15 cycles obtained to be around
~3500 mAh/g (Fig. 4a). We have already reported that the maximum discharge curves of CuPc are located
at 2500 mAh/g (~8.8%) after 15 cycles [38].
Impregnation of host nanoparticles by CuPc clearly enhanced the discharge capacity of the obtaining
nanocomposites to ~4500 mAh/g (Fig. 4b). The hydrogen sorption mechanism of the nanocomposites
involves reduction of central metal of sensitizers as following equation (Eq. 4); Sr3Al2O6-Cu(II)Pc2- + xH2O ↔
Sr3Al2O6-Cu(I)Pc2-Hx + xOH-(4). Moreover, a part of hydrogen absorbed by host materials, therefore, dual
discharge capacities can be observed.
In the KOH electrolyte, due to the high value of polarization, the CuPc demonstrates a noticeable
hydrogen capacity with a well defined discharge plateau [39]. Hence, the electroreduction of water in the
basic medium allows higher hydrogen pressure to be reached.
The NiAl2O4/NiO and CoAl2O4 are reported as the appropriate nanomaterials for hydrogen storage 800
mAh/g (after 15 cycles) and 1200 (after 20 cycles) discharge capacities, respectively [40], [41]. Our results
show that the Sr3Al2O6 and CuPc have an excellent storage efficiency rarely reported elsewhere. It is obvious
that the impregnation of pigment (CuPc) into the Sr3Al2O6 texture can highly affect the hydrogen storage
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capacity. It must be mentioned that the discharge capacity curve of copper foam (blank) is about 1.6 mAh/g
[40].

Fig.4. The discharge capacity sequences of (a) Sr3Al2O6, and (b) Sr3Al2O6-CuPc nanocomposites.

4. Conclusion
In current study, Sr3Al2O6 nanoparticles were successfully synthesized via a solution combustion method
using glucose. The crystal structure and the average crystallite size confirm the formation of nanoscale
particles. Impregnation of Sr3Al2O6 nanoparticles with CuPc showed that the hydrogen storage efficiencies
of host enhanced. Taking into account of this process for future work need further investigation of
electrochemical hydrogen storage in CuPc, Sr3Al2O6 and respective nanocomposites. Moreover, the detailed
elaboration of the electrochemical reactions during the discharging process needs further investigation.
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