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Preparation of Colloids 

 

The sols were prepared according to the following published protocols.  For the citrate 

reduced colloidal silver and gold sols the Lee & Meisel method1 was used.  EDTA 

reduced colloidal silver was prepared as described by Fabrikanos et al.2.  Fructose and 

glucose reduced colloidal silver solutions were prepared according to Pal et al.3.  

Oleylamine reduced colloidal silver was prepared by the Hiramatsu and Osterloh 

method4.  PVP capped colloidal silver sols were prepared using the method developed 

by Sun and Xia5.  Finally, thiol capped colloidal silver was prepared according to 

Korgel and Fitzmaurice6.  

 

Absorption Spectroscopy of Colloids 

 

The absorbance data depicted in Supplementary Figure 1 do not give any clear 

indication as to why only these four sols (citrate reduced silver and gold, PVP capped 

silver and EDTA reduced silver) facilitated a SERRS response, as there is no 

characteristic trend which separates these colloids from those which did not give 

SERRS. 
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Supplementary Figure 1. Mean and standard deviation error bars for absorbance 
measurements taken from 3 independent batch preparations of 8 sols that were 
subsequently assessed for SERRS activity.  λ (absorption) maximum, a larger value 
equates to a larger particle size.  FWHH (full width at half height), a larger FWHH 
indicates wider particle size distribution.  Extinction, a lower value for the extinction 
indicates greater aggregation7 

 

Signal Enhancement 

 

Supplementary Table 1 lists the signal-to-noise ratios (S/N) for the median spectra of 

the SERRS bands subsequently used in MANOVA (those marked by asterisk in 

Figure 1, main article), since this metric is of interest to those attempting to optimise a 

SERRS experiment.  Whilst any differences in the intensity of SERRS signal in the 

enhanced spectra for different substrates are fairly small, the S/N for both citrate 

reduced and PVP capped colloidal silver are greater than those for both citrate 

reduced gold and EDTA reduced silver. 
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Supplementary Table 1. Signal-to-noise ratios (S/N) observed in the median SERRS 
spectra of cresyl violet for the vibrational bands used in MANOVA. 

 

 877 cm-1 1049 cm-1 1186 cm-1 1277 cm-1 x̄ 

Au 

citrate 

1.24 1.20 1.58 1.88 1.47 

 846 cm-1 877 cm-1 985 cm-1 1277 cm-1  

Ag 

citrate 

1.23 1.28 1.81 2.10 1.60 

EDTA 1.09 1.11 1.44 1.72 1.34 

PVP 1.29 1.28 1.93 2.03 1.63 

 

Multivariate Analysis of Variance (MANOVA) 

 

Multivariate analysis of variance (MANOVA8, 9) uses exactly the same principle as 

ANOVA, except the data comprise p variates instead of a single variate.  Hence, the 

sums of squares (SS) are replaced by sums of squares and products matrices (SSPM) 

for the p variates.  A comparison between ANOVA and MANOVA can be seen in 

Supplementary Tables 2(a) and 2(b), which show a generalised form for a one-way 

experiment in both cases. 
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Supplementary Table 2(a)  Adapted from 10.  An ANOVA table for a one-way situation, where there 
are t treatments each replicated n times.  The other symbols (M and s2) are as defined in the table, F is 
the test statistic. 
 

 Sum of squares Degrees of 
freedom Mean square F 

Treatment (t – 1)M (t – 1) M 2s
M

 

Residual t(n – 1)s2 t(n – 1) s2 - 

TOTAL Sum of above tn – 1 - - 

 

Supplementary Table 2(b).  A MANOVA table for a one-way situation, where there are t treatments 
each replicated n times.  The square matrices H, R and T are p x p in dimension, where p is the number 
of variates involved.  F is the test statistic approximation calculated from Wilks’ –Lambda (Λ). 
 

 Sum of squares and 
products matrices 

Degrees of 
freedom 

Wilk’s lambda 

Λ 

F 
approximation 

Treatment H h = (t – 1) 
RH

R
+

 Equation 1 

Residual R r = t(n – 1) - - 

TOTAL 
T 

Sum of above 
t = tn – 1 - - 

 
 

There are no quantities which correspond to the mean squares (M) of ANOVA, 

instead the test statistic, termed Wilks’–Lambda (Λ) is calculated as the ratio of the 

determinant of matrix R divided by the determinant of the matrix which is the sum of 

both H and R.  The F-statistic approximation and its degrees of freedom are then 

calculated as described in equation 1. 
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and h, r and t are defined in Table 1b and p is the number of variates. 

 
Quantification of Cresyl Violet by SERRS 

 

Due to the reproducibility of the raw SERRS spectra, PVP capped colloidal silver was 

assessed for quantitative SERRS analysis of cresyl violet.  Using a single batch of this 

sol, SERRS spectra of cresyl violet were acquired over seven concentrations, ranging 

from 5 x 10-6 M to 5 x 10-4 M.   
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Supplementary Figure 2.  The log-log calibration model for concentrations of cresyl 

violet ranging from 5 x 10-6 M to 5 x 10-2 M.  The area under the band at 985 cm-1 

was used and the mean with standard deviation error bars for each point on the 

calibration curve are plotted with the least squares fit straight line (y = 0.203x+ 

3.364). 
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Supplementary Table 3.  R values and linear coefficients for calibration models 
calculated from all bands in the SERRS spectrum of cresyl violet. 

 

Raman shift (cm-1) Correlation coefficient 

(R) 

Linear equation 

846 0.841 y = 0.195x + 3.324 

875 0.841 y = 0.195x + 3.332 

985 0.847 y = 0.203x+ 3.364 

1049 0.845 y = 0.203x + 3.280 

1105 0.845 y = 0.209x + 3.344 

1228 0.807 y = 0.176x + 3.397 

1277 0.784 y = 0.170x + 3.303 
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Supplementary Figure 3. A histogram representing the results of a bootstrap 

analysis based on calculation of the correlation coefficient for the log-log 

relationship to area under the cresyl violet SERRS band at 930 cm-1 for dilutions 

ranging from 5 x 10-6 M to 5 x 10-2 M, using the PVP capped colloidal silver 

substrate. 
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In Supplementary Figure 2, the regression line shows the log-log relationship between 

the means and standard deviations of S/N for the band at 985 cm-1 and cresyl violet 

concentration (R=0.84).  Clearly, a correlation between S/N for this band and analyte 

concentration exists, but is subject to error.  This relationship is similarly observed 

when taking any of the SERRS peaks in to account, as can be seen from 

Supplementary Table 3.  To further investigate the robustness of this model with 

respect to the peak at 985 cm-1, a bootstrap analysis (Supplementary Figure 3) was 

performed11.  This involves iteratively modelling (in this case 103 iterations) on 

randomly selected subsets of the logged S/N measurements with replacement, to build 

up a picture of the accuracy of the model based on the full set of data.  The correlation 

coefficient is calculated for each of these models and the distribution of R values 

plotted as a histogram.  Encouragingly, from Supplementary Figure 3 it can be seen 

that the position of the model is centred in the region of R = 0.7 - 0.8, which 

demonstrates good model stability. 
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