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Figure S1: Histograms showing the distribution of ID/IG intensity ratio for samples of GNPref with 

graphite additions. 

 

 

In the main manuscript, the values for fitted parameters were not shown for sample 7, the 100% 

graphite sample. Figures 3–5 are replicated here to include these values. 
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Figure S2: Fitted peak intensity ratios. (A) ID/IG and (B) I2D/IG, showing the values from the averaged 

spectra (black) with the combined standard error of the fit and the median value of the fits across 

each map with the standard error of the mean. Axes rescaled from Figure 3 in the main manuscript 

to show the 100% graphite sample. 
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Figure S3: Comparison of literature metrics applied to the current data. (A) Mean number of layers 

calculated for the two metrics published by Backes and co-workers [1]. (B) R2 value for fitting the 2D 

peak, as proposed by Roscher et al. [2]. In both cases, results are shown from analysis of both 

averaged spectra (filled markers) and individual spectra within each map (open markers). In the 

latter case, the median value is shown, with the error bars showing the standard deviation. Axes 

rescaled from Figure 5 in the main manuscript to show the 100% graphite sample. 

Additional metrics 
In addition to the ID/IG ratio, it has also been shown that the width of the G peak can provide 

information about the lateral size of FLG flakes in a sample [1]. Figure S4 shows the value of G peak 

width for samples with sediment material added, showing the median value from fitting each 

spectrum across the map. We note that, based on Equation 5 in Backes et al. [1], the width of the G 

peak measured for the FLGref sample (19.5 cm−1) would predict an in-plane dimension of ca. 833 nm. 

This is considerably larger than the 218 nm we measured using AFM. However, we note that Backes 

et al. used the length of the flake, defined as the longest dimension, whereas we have used the 
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lateral size, as defined in ISO/TC 229 21356-1:2021(E) [3]. This will always be a smaller value than the 

length, as it is an average of the length and the width of the flake. While this cannot fully explain the 

discrepancy between the two approaches to the measurements, we also note that a recent 

international interlaboratory study [4] showed that the range of values for 2D peak width measured 

between different laboratories is between 3 and 7 cm−1, based on 1.5 times the standard deviation. 

This range of variance could therefore explain the differences between the mean size values from 

the AFM measurements in this work, and the length value implied from the Raman metrics from 

Backes and co-workers [1]. 
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Figure S4: Median value of the width of the G peak, fitted for each spectrum across a map. The 

uncertainty shown is the standard error of the values. 

Cançado et al. have also presented a metric to separate the effects of line defects from point defects 

in graphene samples [5]. This is based on the relationship between the peak area ratio AD/AG and the 

width of the G peak. We have plotted these values for the samples with sediment added (Figure S5), 

which confirms that the defects present in the samples are predominantly line defects, most likely 

flake edges. However, as for other metrics examined, it does not provide reliable identification of 

the presence of sediment up to ca. 25 wt %. 
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Figure S5: AD/AG plotted against width of the G peak (ΓG) according to Cançado and co-workers. The 

values beside the data points indicate the nominal loading of sediment added to the sample.  

Effect of signal-to-noise ratio on R2-fitting 
The aim of using the R2 parameter is to characterise how well a single Voigt peak can be fitted to the 

data. However, it is a measure of the overall residual between the fitted function and the data. As 

such, when there is increased noise in the sample, the value will decrease. To investigate this, we 

have taken a single spectrum (from the sample with 5 wt % sediment added) and adjusted the noise 

level in the sample by adding a random number to each point in the spectrum. The random numbers 

are taken from a Gaussian distribution with a standard deviation of 0.01 to approximately match the 

noise level in the spectrum. This was repeated ten times. Then, increasing numbers of these spectra 

were averaged, and the 2D peak was fitted to a Voigt function. The quality of the fit was monitored 

using R2, adjusted R2 (which corrects for varying number of data points), and the χ2 values (Figure 

S6A). 
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Figure S6: Spectra generated to examine the effect of the signal-to-noise ratio on the R2 value 

obtained when fitting the 2D peak. Left: Averaging increasing numbers of spectra that have random 

Gaussian noise added to them. Right: Spectra that have increasing amounts of random Gaussian 

noise added. 

 

In an alternative approach, the noise level in the same spectrum was adjusted by increasing the 

standard deviation of the Gaussian distribution the random numbers are selected from. The width is 

adjusted from 0.001 to 1, resulting in a significant change in the noise in the spectrum. The resulting 

spectra are shown in Figure S6B. 

In both cases, the signal-to-noise (S/N) ratio is estimated by dividing the calculated area of the fitted 

Voigt function by the standard deviation of the data between 2800 and 2900 cm−1. As seen in Figure 

S7, the R2 value increases sharply as the S/N ratio increased up to about 750, exceeding the value for 

the original spectrum for S/N > 2500.  
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Figure S7: Value of R2 obtained from fitting the 2D band of one spectrum to a single Voigt function as 

function of a signal-to-noise parameter, following the addition of artificial noise to the spectrum, as 

shown in Figure S4. 

Fraction of sediment values 
In Figure 8 of the main manuscript, values of the fraction of sediment predicted by two metrics are 

compared to the nominal loading. In the manuscript, the deviation from the nominal value is 

quantified by normalising the variance by the nominal value, as given by Equation 4. Table S1 shows 

values of the predicted values, normalised deviation, and ratio of predicted value to nominal. 

Table S1: Value of fraction of sediment predicted from Component Analysis of Raman spectra. 

Nominal loading (%) P(Graphite) (%) Deviation (%) Ratio 

0 0.907 -- 0 
0.5 1.13 129 0.436 
1 2.72 172 0.368 
2 1.81 9.12 1.10 
5 2.72 45.6 1.84 

10 5.22 47.8 1.92 
25 3.85 84.6 6.48 
35 5.67 84.0 6.23 
50 9.75 80.5 5.13 
65 22.7 65.1 2.87 
75 20.0 73.4 3.76 
90 49.4 45.1 1.82 

100 57.6 42.4 1.74 
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Table S2: Value of fraction of sediment predicted from the R2 value of 2D peak fitting. 

Nominal loading (%) P(Graphite) (%) Deviation (%) Ratio 

0 2.04 -- 0 
0.5 1.13 129 0.436 
1 1.36 36.0 0.735 
2 2.27 13.6 0.880 
5 2.49 50.1 2.01 

10 4.76 52.4 2.10 
25 7.26 71.0 3.44 
35 29.7 15.9 1.19 
50 17.2 65.5 2.90 
65 42.9 34.1 1.52 
75 27.2 63.7 2.76 
90 76.4 15.1 1.18 

100 78.9 21.1 1.27 
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