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Table S1: Selected ICP-MS analytes for untreated blue mussel shells and mussel shells heated 
at 220 °C for 48 h. Units are in ppm. 

Analyte 
(LOD) 

Untreated 
(Mixer Mill)a 

220 °C, 48 h 
(Mixer Mill) 

Untreated 
(Mortar & 

Pestle)b 

220 °C,48 h 
(Mortar & 

Pestle)b 
Li (0.001) 1.588 1.242 0.873 0.994 
Ca (0.182) 353442.0 386784.4 345618.0 367614.3 
Cl (4.031) 4572.6 1861.50 619.25 553.31 
Cr (0.004) 7.526 3.132 1.770 1.191 
Fe (0.142) 3434.395 112.692 <80.2 <99.91 
Mn 
(0.001) 

37.547 1.699 1.222 2.011 

Co (0.000) <0.15 <0.16 <0.13 <0.15 
Cu (0.004) 158.99 188.603 157.654 164.724 
As (0.001)  0.445 0.456 0.155 <0.41 
Sr 
(0.0003) 

809.453 894.522 798.713 827.754 

Ag 
(0.0002) 

<0.15 <0.14 <0.12 <0.15 

Cd (0.000) <0.29 <0.29 <0.25 <0.31 
Hg (0.000) <0.15 <0.15 <0.13 <0.16 
Pb (0.000) 0.462 0.117 0.117 <0.08 
Ba 
(0.0001) 

11.972 3.738 1.960 1.725 

a Mussel shells were ground in a mixer mill equipped in a 65 mL stainless steel vial with two 
quarter inch stainless steel balls for 12 min. bMussel shells were ground using a mortar and 
pestle.   
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Fig. S1 Infrared spectra of untreated mussel shells (green) and mussel shells heated to 160 °C 
(blue), 200 °C (red) and 225 °C (black) for 48 h. 
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Fig. S2 Infrared spectra of optical calcite sourced from Mexico (orange) and reagent grade 
calcium carbonate from Sigma Aldrich (teal). Neither samples underwent heat treatment. 
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Fig. S3 Powder XRD diffractograms for untreated mussel shells (green) and mussel shells 
heated to 160 °C (blue), 200 °C (red) and 225 °C (black) for 48 h. 
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Fig. S4 Infrared spectra for whole mussel shells heated at 220 °C for 48 h (black) and the 
resulting outer prismatic calcite layer (pink) and inner nacreous aragonite layer (purple) of 
the shell that cleanly separate as a result of heating.  
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Fig. S5 Infrared spectra of blue mussel, Mytilus edulis, (black) and eastern oyster, Crassostrea 
virginica, (burgundy) shells treated at 220 °C for 48 h. 

  



9 
 

 

Fig. S6 SEM micrographs of A) the cross section of untreated blue mussel shells shows the 
outer prismatic calcite layer separated from the inner nacreous aragonite layer by the 
myostracum (denoted by a star), B) cross section of the inner nacreous layer that results from 
heating the blue mussel shell to 220 °C for 48 h, C) the back side of the inner nacreous layer 
of blue mussel shell, and  D) the inside of the outer layer of the blue mussel shell (where it 
separates from the inner nacreous layer) that clearly shows some of the myostracum attached. 
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Fig. S7 Normalized 600 MHz 1H NMR spectra of untreated blue mussel shells that were ground 
with a mortar and pestle. 3.2 mm zirconia rotor and spinning at 20 kHz with a relaxation delay 
of 2 s. 16 scans. This spectrum shows the deconvolution of peaks where the pink lines (that 
correspond to the zirconia rotor that is shown in Figure S7) are not part of the signal from the 
organic matrix in the blue mussel shell. 
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Fig. S8 Normalized 600 MHz 1H NMR spectra of empty 3.2 mm zirconia rotor. Spinning at 20 
kHz with a relaxation delay of 2 s. 16 scans 
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Fig. S9 13C CP MAS NMR spectra of the inner nacreous layer of blue mussel (teal) that is a 
result of heating the shells to 220 °C for 48 h and untreated mussel shells (purple). Acquisition 
of the two spectra had the same experimental conditions. 3.2 mm zirconia rotor spinning at 20 
kHz with a contact time of 1 ms. Proton decoupling level of 100 kHz and a relaxation delay of 
1 s. Hartmann-Hahn rf was matched to 62.5 kHz. 16k scans.  
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Fig. S10 13C DE MAS NMR of the inner nacreous layer of blue mussel shells ground with a 
mortar and pestle. 3.2 mm zirconia rotor. Spinning at 20 kHz with a proton decoupling level 
of 100 kHz and a relaxation delay of 320 s. 60 scans. 
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Fig. S11 13C DE MAS NMR of the outer prismatic layer of blue mussel shells ground with a 
mortar and pestle. 3.2 mm zirconia rotor. Spinning at 20 kHz with a proton decoupling level 
of 100 kHz and a relaxation delay of 10 s. 8k scans. 
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Fig. S12 Thermogravimetric analysis of untreated blue mussel shells. 
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Fig. S13 Thermogravimetric analysis of blue mussel shells that have been heated to 220 °C 
for 48 h. 
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Fig. S14 Thermogravimetric analysis of the outer layer of blue mussel shells. 
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Fig. S15 Thermogravimetric analysis of the inner layer of blue mussel shells. 
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Fig. S16 Infrared spectra of blue mussels treated from 450 °C (green), 550 °C (blue), 650 °C 
(pink) and 750 °C (purple) for 2 h. 

  



20 
 

 

Fig. S17 SEM micrographs of A) the inner layer of blue mussel shell after heating to 450 °C, 
B) the outer layer of blue mussel shell after heating to 450 °C, C) the inner layer of blue mussel 
shell after heating to 550 °C, D) the outer layer of blue mussel shell after heating to 550 °C, 
E) the inner layer of blue mussel shell after heating to 650 °C and F) the inner layer of blue 
mussel shell after heating to 650 °C. Shells were heated for 2 h at their respective temperatures.  
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Fig. S18 Normalized 600 MHz 1H NMR spectra of freeze-dried blue mussel meat. 3.2 mm 
zirconia rotor and spinning at 20 kHz with a relaxation delay of 5 s. 4 scans. 
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Fig. S19 13C CP MAS NMR of freeze-dried blue mussel (Mytilus edulis) meat. 3.2 mm zirconia 
rotor spinning at 20 kHz with a contact time of 2 ms. Proton decoupling level of 100 kHz and 
a relaxation delay of 3 s. Hartmann-Hahn rf was matched to 62.5 kHz. 1k scans.   
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Fig. S20 Representative SEM micrographs of synthetic CaCO3 products. A) calcite, B) vaterite, 
C) aragonite, D) mixture of calcite, aragonite and vaterite, E) vaterite with a unique formation, 
similar to nacre and F) zoomed in region of vaterite. 
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Fig. S21 Powder XRD diffractograms for synthetic CaCO3 products from reaction conditions  
0.8 M CaCl2 and Na2CO3 (black), 0.8 M CaCl2 and Na2CO3 with the addition of mussel protein 
hydrolysate (purple) and  0.8 M CaCl2 and Na2CO3 with the addition of mussel protein 
hydrolysate and mussel shells for seeding nacre (pink). Identification of polymorphs denoted 
by blue triangles for aragonite, red squares for calcite and green circles for vaterite. 
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Fig. S22 Examples of colour and texture of dyed nacre and its use in UV cure gel nail 
enhancements.  
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Fig. S23 Phase information for calcite. For powder XRD comparison and identification 
purposes. See reference in the image. 
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Fig. S24 Phase information for aragonite. For powder XRD comparison and identification 
purposes. See reference in the image. 
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Fig. S25 Phase information for vaterite. For powder XRD comparison and identification 
purposes. See reference in the image. 


