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Introduction

Experimental Procedure

Biomineralization is the process by which living organisms produce minerals. While geogenic
crystals are pure, those produced in biological systems often incorporate biomolecules which
can improve the properties of biominerals [1], such as enhancing fracture toughness in sea
urchin shells [2]. Moreover, scientists found that incorporated biomolecules induce lattice
distortions in biominerals [3]. Scientists have attempted to mimic this effect in synthetic
calcite crystals and showed that even single amino acids can become incorporated and induce
similar lattice distortions. This inspired the idea to add amino acids into non-calcite hosts such
as semiconductor zinc oxide. The results showed that the amino acids did in fact get
incorporated into the ZnO lattice and produced lattice strain [4], meaning an alteration in the
distance between atoms. The incorporation of amino acids was accompanied by a change in
the band gap [4]. Inspired by this method, we experimented with the incorporation of amino
acids into Cu2O.

Add 36 g NaOH to 300 ml deionized water and stir until dissolved. Add 0.342 g
CuCl2·2H2O to the solution and dissolve in ultrasonic bath in order to make Cu(OH)42solution. Add amino acid (0.021 M Lysine / 0.068 M Glutamine / 0.266 M Glycine /
cocktail: 0.041 M Lysine, 0.041 M Glutamine, 0.080 M Glycine), and stir 5' until dissolved.
Add 6.558 g cetyltrimethylammonium bromide, to the solution, and stir for 30' until
dissolved. Add 0.474 g D-Glucose, and stir for 10' until dissolved. Put in 50℃ oil bath for 1
hr. Centrifuge twice with DI and twice with Ethanol. Wait overnight for Ethanol to
evaporate.

Results
Scanning Electron Microscope

Figure 9: Experimental procedure

Figure 10: Lab equipment (left scanning electron microscope, centre photospectrometer, right X-ray diffractometer

Figure 1: SEM images of Cu2O crystals with and without amino acids
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Figure 2: X-ray diffraction graph of Cu2O with and without Lysine
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Figure 4: Collected powders of Cu2O with and without amino acids dissolved in ethanol
and percent change in band gap with the incorporation of each amino acid

Discussion
Through the SEM images, we are able to see that there is a change in the shape of the
crystal and the size of the crystals. The reference Cu2O crystals have a much more regular
octahedral shape, while the ones with amino acids changed to be almost spherical. The size
of the crystals also decreased almost by an entire order of magnitude (Fig. 1).
Diffraction peaks occurred with a significantly larger 2θ value for the samples grown with
amino acids as compared to those grown without (Figs. 2 & 3). This was also the case with
other amino acids as well. Through the use of Bragg’s law, which states that nλ = 2dsin(θ),
where n is a positive integer, λ is the wavelength of the X-rays, d is the average distance
between atoms, and θ is the angle of incidence beam, we can devise that the d values are
smaller for the crystals with amino acids. This tells us that the unit cells of these crystals are
smaller than those of the reference crystals. This means that the amino acids actually
change the atomic structure of the Cu2O crystals.
The band gap of a semiconductor has the same amount of energy as the wavelengths
reflected off of it. Cu2O has a band gap equivalent to around 650 nm, making it a darker
red. Here we showed that adding amino acids increases the band gap of Cu2O (Figs. 6 - 8),
together with changing the hue from dark red to orange (Figs. 4 & 5).

Conclusions
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Figure 5: Collected powders of Cu2O with and without amino acids
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We have grown Cu2O crystals from an aqueous solution with and without the presence of
various amino acids. The crystals we grew had a variety of hues, indicating that they had
different band gap (Figs. 4 & 5). Our photospectroscopy measurements confirmed this
finding (Figs. 6 - 8). The crystals were characterized by SEM (Fig. 1) and XRD (Figs. 2 &
3). We can conclude that amino acids can be incorporated into Cu2O and alter the Cu2O
crystal’s band gap.
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Figure 6: Reflectance of Cu2O powders with and without amino acids

Figure 7: Band gap Cu2O powders with and without amino acids
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Figure 8: Band gap measurements table
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