SUPPLEMENTARY INFORMATION
The optimisation of parameters for the quantitative surface enhanced
Raman scattering (SERS) detection of mephedrone using a fractional
factorial design and a portable Raman spectrometer
Synthesis of mephedrone1

Scheme S1: One of the simplest synthetic routes used to produce mephedrone:
(a) the reagent 4-methylpropiophenone is α-brominated using
acetic acid and bromine, (b) 4’-methyl-2-bromopropiophenone
dissolved in dichloromethane is added dropwise to a mixture of
methylamine hydrochloride and triethylamine. The resultant 4methylcathinone oil is then dissolved in ether and subjected to
hydrogen chloride gas in order to produce 4-methyl-methcathinone
hydrochloride.

Determination of mephedrone purity
Methods
NMR: Samples were prepared in D2O and run on a Bruker Avance 300 (300 MHz
1H and 13C). Coupling constants (J) are displayed Hertz.
Direct infusion (DI) MS analysis: For DI-MS analysis aqueous mephedrone
samples were provided at a concentration of 100 µM. Prior to analysis the ESI
ion tube and spray deflector were cleaned using methanol acidified with 1 %
formic acid (BDH Aristar 1, VWR International, East Grinstead, U.K.) and
ultrasonicated for 15 min. Samples were directly infused into the ESI source of
the MS system at a flow rate of 10µL per minute using the instruments in-built
syringe pump. The Thermo LTQ-Orbitrap XL MS system was operated under
Xcalibur software (Thermo-Fisher Ltd. Hemel Hempsted, U.K.) precisely
following the method described by Dunn et al. (2008). Prior to the sample
analysis, the LTQ and Orbitrap were tuned to optimise conditions for the
detection of ions in the mid detection range of m/z 50-1000 and calibrated
according to the manufacturers predefined methods in both ESI polarities with
the manufacturers recomended calibration mixture, consisting of caffeine,
sodium dodecyl sulphate, sodium taurocholate, the tetrapeptide MRFA and
Ultramark 1621. The Orbitrap was operated in full scan mode at a mass
resolution of 30,000 (FWHM defined at m/z 400) and a scan speed of 0.4 s. The
ESI conditions were optimised to allow efficient ionisation and ion transmission
without causing insource fragmentation leading to the detection of intact parent
mass ions with high sensitivity (ion count ~ 5x106-7). Xcalibur software were

further used for mass spectral data visualisation and interpretation, as well
calculations of elemental composition based upon the accurate mass data
obtained.
Elemental Microanalysis: A 10 mg of mephedrone was subjected to CHN analysis.
Determination of the elements present in the sample was carried out using a
FLASH 2000 series CHN automatic elemental analyser.
Results
The NMR results for mephedrone (2-aminomethyl-1-tolyl-propan- 1-one) are
presented in Table S1. The results of 1H and 13C NMR analysis are consistent with
previously published NMR data.1 The 1H NMR spectrum shows doublets
characteristic of a 1,4-unsymmetrically substituted aromatic system at 7.81 ppm
and 7.34 ppm. The one hydrogen quartet at 4.96 ppm is representative of CHCH3 and the three hydrogen singlet at 2.68 ppm arises from the deshielded NCH3. The methyl present on the aromatic ring gives rise to a singlet at 2.33 ppm
and the doublet at 1.49 ppm is attributable to methyl group bound between the
carbonyl and secondary amine moieties. The presence of nine peaks in the 13C
NMR also confirms that the mephedrone is most likely to be pure and shows no
evidence of contamination from other cathinone derivatives, reagents or
excipients. Elemental microanalysis confirmed that the mephedrone was
supplied in its hydrochloride salt form. The expected results from the CHN
analysis were 61.80%, 7.55% and 6.56% respectively. All values correlated with
the values found for each of the elements, which were 61.74%, 7.72% and
6.60%. Results from the accurate mass DI-MS revealed a peak at m/z 178.12209
which can be assigned to the protonated drug ion [M+H+] and elemental
composition analysis confirmed that this peak would be indicative of a
compound containing C11H16O1N1 which is exact for the protonated drug. The
calculated difference between the specified mass and the calculated mass was
determined to be -0.55 mmu.
Table S1. Results of 1H and 13C NMR analysis of mephedrone

Position
1
2
3/4
5/6
7
8
9
10
11

13

C (ppm)
20.95
147.41
129.69
129.04
129.88
197.2
59.51
15.38
30.89

1

H (ppm)
2.33
7.34
7.81
4.96
1.49
2.68

Multiplicity
singlet
doublet
doublet
quartet
doublet
singlet

Integration
3H
2H
2H
1H
3H
3H

J (Hz)
8.3
8.3
7.3
7.3
-

Figure S1.

Overlaid mephedrone (5x10-4M) SERS spectra generated from Salt Opt 1 data (70% silver sol (350 μL), 10% mephedrone
solution (50 μL) and, 18% water (90 μL) and 2% KNO3 solution (10 μL)) and the colloidal blank data (70% silver sol (350
μL) and, 28% water (140 μL) and 2% KNO3 solution (10 μL)) SERS spectra. The green highlighted areas of the spectra show
the peaks that have been used to estimate the LOD of mephedrone. (A) Represents peaks 1188 cm-1 and 1212 cm-1, (B)
1606 cm-1, (C) 2922 cm-1 and (D) 3050 cm-1.

Limit of detections (LODs) for the 4 optimal SERS solutions.
The LOD of mephedrone based on each extracted peaks and their intensities
were calculated as detailed below:
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Where: SD of blank = standard deviation of the colloidal blank,
c = y intercept, and m = the gradient of a straight line.

Figure S2.

LOD plots for mephedrone from experiment pH Opt 1 (10% silver
sol (50 μL), 10% mephedrone solution (50 μL) and, 80% water (400
μL) at pH 3) using the five assigned peaks at: (A) 1184cm-1, (B)
1212 cm-1, (C) 1606 cm-1, (D) 2922 cm-1 and (E) 3050 cm-1.

Figure S3.

LOD plots for mephedrone from experiment pH Opt 2 (40% silver
sol (50 μL), 10% mephedrone solution (50 μL), and 50% water (250
μL) at pH 3) using the five assigned peaks at: (A) 1184cm-1, (B) 1212
cm-1, (C) 1606 cm-1, (D) 2922 cm-1 and (E) 3050 cm-1.

Figure S4.

LOD plots for mephedrone from experiment Salt Opt 1 (70% silver
sol (350 μL), 10% mephedrone solution (50 μL) and, 18% water (90
μL) and 2% KNO3 solution (10 μL)) using the five assigned peaks at:
(A) 1184cm-1, (B) 1212 cm-1, (C) 1606 cm-1, (D) 2922 cm-1 and (E)
3050 cm-1.

Figure S5.

LOD plots for mephedrone from experiment Salt Opt 2 (70% silver
sol (350 μL), 10% mephedrone solution (50 μL) and, 14% water (70
μL) and 6% NaCl solution (30 μL)) using the five assigned peaks at:
(A) 1184cm-1, (B) 1212 cm-1, (C) 1606 cm-1, (D) 2922 cm-1 and (E)
3050 cm-1.

References
1. Santali, E. Y.; Cadogan, A-K.; Daeid, N. N.; Savage, K. A.; Sutcliffe, O. B. J
Pharmaceut Biomed. 2011, 56, 246-255.

