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1. Gel Permeation Chromatography (GPC)15 

The molecular weight of polyhydroxybutyrate (PHB) was evaluated using gel permeation 16 
chromatography (GPC). The GPC instrument was equipped with a column (PAS-106M, 300 × 8 mm, 17 
10 μm, PolyAnalytik Inc., London, Canada), a Liquid Chromatography pump and autosampler 18 
(Viscotek GPCmax, Malvern Panalytical, Malvern, UK), a refractive index detector (Viscotek 19 
TDA302, Malvern Panalytical, Malvern, UK). The molecular weight of the samples was determined 20 
based on calibration curves obtained using a polystyrene standard. Chloroform (CHCl3) was used as 21 
eluent at a constant flow of 1 ml/min. The PHB specimens (n = 3) were dissolved using 22 
CHCl3 (specimen concentration of 0.3 mg/ml), and filtered (at 60°C through a 45 µm syringe filter) 23 
before injection. The molecular weight of PHB was found to be Mw: 190 kDa. 24 

2. Fourier Transform Infrared Spectroscopy (FTIR)25 

FTIR spectra of the canola oil before and after epoxidation were recorded using a Fourier 26 
Transform Infrared Spectrometer (Agilent Cary 600 Series FTIR Spectrometer, Agilent Technologies 27 
Inc., Santa Clara, CA, USA) instrument equipped with a universal attenuated total reflectance 28 
(UATR) accessory. The spectra were recorded between 4000 cm−1 and 400 cm−1. 29 

30 
The FTIR spectra of the canola oil was recorded in order to characterize whether the epoxidation 31 

reaction occurred. Figure S1 illustrated the canola oil spectra before and after epoxidation. As 32 
reported by previous studies [1, 2], the FTIR peak at 825 cm−1 corresponds to the epoxy group that 33 
was incorporated into the canola oil after the epoxidation process. Other relevant peaks are illustrated 34 
in Figure S1. 35 



Polymers 2019, 11, x FOR PEER REVIEW 2 of 3 

 

 36 

Figure S1: FTIR curves between (a) 4000 cm-1 and 400 cm-1 of canola oil (CO) and epoxidized canola 37 
oil (eCO) samples 38 

3. Transmission electron microscopy (TEM) 39 

The sample preparation for TEM was done by deposition a drop of CNC aqueous suspension 40 
onto a carbon microgrid (300 mesh) and allowing it to dry. A 1 % solution of uranyl acetate was used 41 
to stain the carbon grid. The samples was observed using a transmission electron microscope (TEM 42 
JEM 2100, JOEL Ltd., Peabody, MA, USA) operating at 80 keV. Figure S2 shows representative TEM 43 
images of the CNCs samples. The length and diameter was found to be 220 nm and 12 nm, 44 
respectively. 45 

 46 

Figure S2: Representative TEM image of individual and aggregated cellulose nanocrystals from 47 
sugarcane bagasse 48 
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4. X-Ray diffraction  49 

The crystallinity of the CNCs was estimated using a X-ray diffractometer (XRD, Ultima IV, 50 
Rikagu Co., Woodlands, TX, USA) eqioped with a Cu Kα filament tube (wavelength of 1.54 Å). A step 51 
width of 0.05°/min in the 2θ axis was set between 5° and 50°. The energizing voltage was 40 kV at a 52 
current of 40 mA. The crystallinity was calculated based on the Segal’s equation (Eq. S1) using the 53 
intensity of the 200 (at 2θ = 22.6°) and 110 (at 2θ = 15.5°) peaks [3, 4]. These peaks represent the 54 
crystalline and amorphous phases of the CNCs. 55 

𝑥𝐶𝑁𝐶 =
𝐼200−𝐼100

𝐼100
             (Eq. S1) 56 
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