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Materials and Methods 

Preparation of ultralarge graphene oxide 

Preparation of composite films 



Figure 1 — Schematic representation of the alginate-GO film processing. Using this method, relatively large and 

flexible films can be prepared.  
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Preparation of aerogels 

Characterization 

μ





Results and Discussion 

LC formation in alginate-GO aqueous suspensions 



Figure 2 — Polarised optical micrographs of alginate-GO suspensions. As GO content increases, birefringent 

liquid crystalline domains (light coloured) form. (a) 2 wt% GO, (b) 3 wt% GO, (c) 6 wt% GO, (d) 10 wt% GO, (e) 

3 mg/mL GO, (f) higher magnification image of GO.  



Structural characterization 



Figure 3 — Low- (a) and high- (b-e) magnification SEM images of fracture cross-sections. With increasing GO 

content, a gradual densification and alignment of GO sheets into a well-ordered layered structure is observed.  







Figure 4 — Top down  and cross-sectional  SEM images of freeze-dried alginate-GO aerogels. Low- (a) and 

high- magnification (b,c) views show the merging of LC domains, and the densification of layers within those 

domains, as evaporation proceeds. Detail (d,e) views show that at long time scales, layers are oriented in the 

same plane, normal to the direction of evaporation.  



Mechanical properties 



Figure 5 — Mechanical properties of alginate-GO nanocomposite films. Evolution of elastic modulus (a) and 

tensile strength (b) with GO content. (c) Comparison of observed moduli against those predicted by the Halpin-

Tsai model. (Inset: SEM of selected cross-sections illustrates evolution of GO alignment.)  (d) Comparison of 

elastic modulus (E) and ultimate stress (σ) with those reported in literature. (Improvements in modulus and 

ultimate stress are shown with dotted and dashed lines, respectively. Symbols ♦: alginate; ■: chitosan; open: 

vacuum filtered; filled: evaporation cast) 
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Figure 6 — Low-magnification SEM of fracture (15 wt% GO) taken at oblique angle. Multiple exposures stacked 

to provide deep depth of field (see Supporting Information).  



Spectroscopic analysis 





Figure 7 — Representative FTIR spectra of alginate-GO nanocomposite films.  



 

Thermal analysis 

Table 1 — Thermal analysis data 

Material 25% deg. (°C) 50% deg. (°C) 

Alginate 228.5 343.0 

2% 232.3 343.5 

6% 230.0 328.6 

10% 223.5 329.1 

15% 220.4 369.9 

25% 189.9 363.7 

GO-V 199.9 — 



Figure 8 — (a) Comparison of TGA thermograms: as GO content increases, the degradation rate decreases and 

thermal stability is improved. (b) The DTG curves illustrate this effect as the primary peak broadens and splits; 

further, a secondary peak appears, associated with trapped water. (c) TGA and (d) DTG curves comparing 

evaporation-cast (GO-E) and vacuum-filtered GO films (GO-V) demonstrate the impact of the assembly method 

on the moisture intercalation between GO sheets in the nanocomposites.   



 



Moisture permeability tests 



Figure 9 — Permeability comparison of alginate and alginate-GO nanocomposite films. (*: p < 0.10; **: p < 

0.05; ***: p < 0.01) 
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Supporting Information 

LC formation in ultralarge GO 

Figure S1 — LC alignment of highly-anisotropic GO sheets is driven by an excluded-volume effect.  As rotational 

entropy is further constrained, translational entropy is increased.  Cast films with highly-ordered structures form 

effective barriers by increasing the tortuosity of the diffusion path through the material.   

Ultralarge graphene oxide 

Figure S2 — Representative SEM micrograph of ultralarge GO processed using the modified Hummers method, 

deposited on a silica substrate.  The average aspect ratio of GO nanosheets processed using this method is 

approximately 10 000.1 



Supplementary SEM images 

Figure S3 — SEM comparison of (a) highly-aligned and (b) less-aligned domains in AG1.   



Mechanical properties 

Table S1 — Comparison of mechanical properties 

GO weight percent Elastic modulus (GPa) 
Ultimate strength* 

(MPa) 

Toughness** (MJ/m3) 

Alginate 3.79 ± 0.37 71.4 ± 6.4 6.07 ± 2.76 

0.5% 4.85 ± 0.65 65.5 ± 7.1 6.51 ± 2.21 

1% 4.16 ± 1.06 74.0 ± 7.4 5.71 ± 2.80 

2% 4.49 ± 0.71 74.0 ± 6.4 4.45 ± 1.72 

3% 6.31 ± 0.33 69.4 ± 12.7 3.42 ± 3.24 

4% 7.42 ± 2.01 59.3 ± 16.3 1.49 ± 0.30 

6% 8.36 ± 1.04 85.3 ± 9.9 0.92 ± 0.76 

10% 9.78 ± 0.70 71.8 ± 19.3 0.34 ± 0.16 

15% 12.59 ± 0.19 43.7 ± 16.0 0.58 ± 0.39 

25% 7.04 ± 0.82 29.8 ± 2.6 0.36 ± 0.04 

μ ± σ; *At fracture; **Toughness is measured by the area under stress-strain curve.    

Raman spectra 

 
Figure S4 — Representative Raman spectra of alginate-GO nanocomposite films. Inset: average intensity ratio 

of observed D and G peaks in Raman spectra. 



FTIR spectra assignments 

Table S2 — FTIR spectra assignments 
Wavenumber (cm-1)  

Assignment 
Alginate GO 

3266 (broad) 3329 (broad) OH stretch 

3050–2850 trapped water 

2900 C–H stretch 

— 1738 C=O stretch 

— 1611 C=C stretch 

1600 — symmetric COO–  stretch 

1410 — 
asymmetric COO– 

stretch 

— 1360 C–O (carboxyl) 

— 1240 C–O (epoxide) 

1025 1040 C–O 

Effects of thermal annealing 

Figure S5 — FTIR comparison of as-prepared film (6 wt% GO) with film annealed at 120°C for 24 h.     



 
Figure S6 — TGA comparison of as-prepared film (6 wt% GO) with film annealed at 120°C for 24 h.  Inset: mass 

(red) and temperature profile (grey) during preheating of annealed sample 



Moisture permeability 

Figure S7 — Loss of water to evaporation over time through alginate-GO barrier films.   

Table S3 — Comparison of barrier performance 

GO weight percent Permeability (mg/d⋅cm⋅atm) 

Alginate 5.46 

0.5% 5.16 

2% 5.09 

4% 4.83 

6% 4.95 

10% 4.83 

15% 4.79 

 



Contrast enhancement 

Figure S8 — Demonstration of contrast enhancement, adjusting the output tones with Photoshop to increase 

tonal range and improve readability.   



Focus stacking 

Figure S9 — Demonstration of focus stacking procedure.   





Gallery of Original Images 

Gallery I — contrast-enhancement originals 

Figure 3a (6%) 

 
 

Figure 3b 

 



Figure 3c 

 
 

Figure 4a (1h) 

 
  



Figure 4a (3h) 

 
 

Figure 4b (0.5h) 

 
  



 

 

 

 

 

 

Figure 4b (3h) 

 



Gallery II — focus stacking originals 
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