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Supplementary materials

Materials

The HMEs used in this study, TATP, HMTD and MEKP, were either provided by Danish Emergency Management Agency (DEMA) or
synthesized at the Technical University of Denmark (DTU) laboratories (TATP only). Two different batches of TATP and HMTD (solid
HMEs) were provided by DEMA; each of the samples was synthesized in their laboratories using two different types of catalysis and
following two different protocols based on their experience gained by investigations of clandestine labs and reflecting a real scenario.
A batch of liquid sample MEKP was synthesized by DEMA using a protocol provided by CIA. Furthermore, we measured over two years
to see the effect of ageing of the HMEs. Several batches of TATP were synthesized at DTU which were regularly destroyed after use,
following safety protocols. All samples were chemically characterized by proton NMR spectroscopy.
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Fig. S1. Plot of time series obtained from the chip for BMK for selected dyes. The RGB channel responses of the dyes are shown as red, green, and

blue lines respectively.
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Fig. S2. An example of a normal (top) and outlier (bottom) measurement session for TATP with responses on the red channel, green channel, and

blue channel.
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1 1,2-Ethanediol, https://webbook.nist.gov/cgi/cbook.cgi?ID=107-21-1, Accessed: 23-06-2022.

«x Controlled chemicals, authorising licence for use needed.
T110-15% Aqueous solution.

8§ Nitrogen, oxygen, water vapor, argon, and carbon dioxide account for about 99% of the composition of air.
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10 Acetone, https://pubchem.ncbi.nlm.nih.gov/compound/acetone#section=Vapor-Pressure, Accessed: 1-7-2022.

11 Safrole, https://pubchem.ncbi.nlm.nih.gov/compound/safrole#section=Vapor-Pressure, Accessed: 1-7-2022.
12 MEK, https://pubchem.ncbi.nlm.nih.gov/compound/Methyl-ethyl-ketone#section=Vapor-Pressure, Accessed: 1-7-2022.
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Table S1. Analytes used for the colorimetric detection experiments with Crim-Track sniffer device. Typical quantities of 25 —50 mg of solid analytes
and 0.1 ml of liquid analytes or solution of analytes were used for the detection experiments

(a) HMTD (b) BMK (c) H,0, (d) EPH

Fig. S3. Difference maps of the experiments with HMTD, BMK, H,0, and EPH considered in this work.

13 Mannitol, https://cameochemicals.noaa.gov/chemical/20585, Accessed: 1-7-2022.
14 M. Bilde, K. Barsanti, M. Booth, C. D. Cappa, N. M. Donahue, E. U. Emanuelsson, G. McFiggans, U. K. Krieger, C. Marcolli, D. Topping
et al., Chemical reviews, 2015, 115, 4115-4156.

15 Pentaerythtritol, https://pubchem.ncbi.nlm.nih.gov/compound/pentaerythritol#section=Vapor-Pressure, Accessed: 1-7-
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Table S2. The number of measurements of each analyte in each dataset.

Phase

Analyte name

TPR

FNR

FPR

TNR

F1 SCORE

Solid

HEX
TATP

100.00+0.00
90.00+0.20

0.00+0.00
10.00+0.20

0.00+0.00
47.00+0.12

100.00+0.00
53.00+0.12

100.00+0.00
63.00+0.11

Liquid

Hy0,
H,0

100.00+0.00
80.00+0.24

0.00+0.00
20.00+0.24

0.00+0.00
5.00+0.10

100.00+0.00
95.00+0.10

100.00+0.00
80.00+0.16

Table S3. Classification results for Ex2 dataset obtained by using the classifier. The best classifier's results for solids (KNN) and liquid (RF) analytes

are shown separately.

Phase  Analyte name TPR FNR FPR TNR F1 SCORE
Ac 70.00=0.40 30.00+x0.40 8.00£0.10 92.00%x0.10 -

Liquid BMK 100.00x£0.00 0.00%+0.00 0.00+£0.00 100.00%+0.00 100.00%+0.00
EG 90.00+0.20 10.00+0.20 3.00%=0.06 97.00%+0.06 90.00=0.20
H,0, 100.00+0.00 0.00%+0.00 0.00+0.00 100.00*+0.00 100.00%0.00

Table S4. Classification results for Pcl dataset obtained by using the RF classifier. This dataset only has liquid analytes.

2022.
16 Cyclohexanone,

"https://webwiser.nlm.nih.gov/WebWISER/substance?substanceld=513&identifier=Cyclohexanone&
identifierType=name&catId=48", Accessed: 1-7-2022.

17 Dibutyl phthalate, "https://pubchem.ncbi.nlm.nih.gov/compound/Dibutyl-phthalate#section=InChI", Accessed: 1-7-2022.
18 Phenol, https://pubchem.ncbi.nlm.nih.gov/compound/phenol#section=Vapor-Pressure, Accessed: 1-7-2022.

19 J. Brandner, N. M. Junk, J. Lawrence and J. Robins, Journal of Chemical and Engineering Data, 1962, 7, 227-228.

20 K. R. M. F. Vojtéch étejfa, Katefina Kadlecova, Chemical Thermodynamics and Thermal Analysis, 2021, 3, 100020.

21 Toluene, https://pubchem.ncbi.nlm.nih.gov/compound/toluene#section=Vapor-Pressure, Accessed: 6-7-2022.

22 Urea, https://pubchem.ncbi.nlm.nih.gov/compound/urea#section=Vapor-Pressure, Accessed: 6-7-2022.
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Phase  Analyte name TPR FNR FPR TNR F1 SCORE

Solid DMNB 53.00x0.20 47.00+£0.20 37.00+0.26 63.00%0.26 54.00+0.16
EG 100.00£0.00 0.00+0.00 0.00x0.00 100.00£0.00 100.00+0.00

Liquid H,O, 90.00+0.20 10.00+0.20 0.00+0.00 100.00+0.00 93.00+0.13
MEK 100.00+0.00 0.00=+0.00 0.00=x0.00 100.00+0.00 100.00+0.00
Ph 100.00+0.00 0.00=+0.00 0.00=+0.00 100.00+0.00 100.00+0.00

Table S5. Classification results for Pc2 dataset obtained by using the classifier. The best classifier's results for solids (KNN) and liquid (RF) analytes
are shown separately.

Phase  Analyte name TPR FNR FPR TNR F1 SCORE

Solid Ur 75.00£0.27 25.00+0.27 50.00+0.35 50.00*0.35 65.00+0.17
EG 90.00+0.12 10.00x0.12 0.00%0.00 100.00+£0.00 94.00+0.07

Liquid Gly 40.00+£0.16  60.00x0.16 12.00x0.05 88.00+0.05 42.00+0.15
H,0, 95.00+0.10 5.00+0.10 0.00+0.00 100.00+0.00 97.00+0.06
Tol 82.00=0.15 18.00+0.15 13.00+0.07 87.00*0.07 68.00+0.17

Table S6. Classification results for Pc3 dataset obtained by using the classifier. The best classifier’s results for solids (SVM) and liquid (KNN) analytes
are shown separately.

Phase  Analyte name TPR FNR FPR TNR F1 SCORE
ER 0.00+0.00 100.00+£0.00 0.00%+0.00 100.00£0.00 -

Solid MA 0.00+0.00 100.00+£0.00 0.00%=0.00 100.00£0.00 -
PER 100.00+0.00 0.00%+0.00 100.00+0.00 0.00%=0.00 56.90+0.06

Liquid EG 90.00+0.20 10.00+0.20 0.00%+0.00 100.00+=0.00 93.00%0.13
H,0, 100.00+£0.00 0.00%+0.00 0.00+0.00 100.00+£0.00 100.00=0.00

Table S7. Classification results for Pc4 dataset obtained by using the KNN classifier. The best classifier's results for solids (SVM) and liquid (KNN)
analytes are shown separately.

Phase  Analyte name TPR FNR FPR TNR F1 SCORE
Solid AN 93.00+0.13  7.00£0.13 56.90+0.39 43.00+0.39  76.00+0.10
EG 100.00+0.00 0.00+0.00 0.00+£0.00  100.00+0.00 100.00=+0.00
Liquid
H,0, 100.00+0.00 0.00+0.00 0.00+£0.00  100.00+0.00 100.00=+0.00

Table S8. Classification results for Pc5 dataset obtained by using the classifier. The best classifier's results for solids (RF) and liquid (KNN) analytes
are shown separately.

Phase  Analyte name TPR FNR FPR TNR F1 SCORE
Solid  cofb 72.00+£0.18 28.00+£0.00 35.00+£0.06 65.00+0.06 68.00=0.09
Liquid sA 86.00+0.20 14.00+0.20 40.00+0.22 60.00+0.22 74.00+0.13

Table S9. Classification results for D2 dataset obtained by using the RF classifier. The best classifier's results for solids (SVM) and liquid (KNN)
analytes are shown separately.
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TATP AA HMTD
TATP 13 23
AA 0 0
HMTD 21 23

Table S10. Confusion matrix of solid analyte classification of Ex1 dataset with the GPLASSO classifier.

TATP HEX AA

TATP 0 10
HEX O 0
AA 1 0

Table S11. Confusion matrix of solid analyte classification of Ex2 dataset with KNN classifier.

BMK EG H202 Ac  AA
BMK 0
EG 0
Hy0, 0
Ac 3
AA

Table S12. Confusion matrix of liquid analytes classification of Pcl dataset with RF classifier.

Gly H,0, To EG

Gly
H,0,
Tol
EG

O\OO\I;

Table S13. Confusion matrix of liquid analytes classification of Pc3 dataset for KNN classifier.

MA ER PER AA

MA
ER

PER 6
AA

Table S14. Confusion matrix of solid analytes classification of Pc4 dataset with SVM classifier.

AA  COfb
AA 10
Cofb 10

Table S15. Confusion matrix of solid analytes classification of D2 dataset with SVM classifier.

A B AA  E EP

AA 14 AA 8

E 39 E 11 3
EP 2 0

Table S16. Confusion matrix for the Ex1 dataset in a condensed form. Left: Solid analytes, Right: Liquid analytes.

23 Glycerin, https://pubchem.ncbi.nlm.nih.gov/compound/glycerol#section=Vapor-Density, Accessed: 6-7-2022.
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AA EP
AA 1 0
AA 0
E 10 0
EP O
EP O 0

Table S17. Confusion matrix for the Ex2 dataset in a condensed form. Left: Solid analytes, Right: Liquid analytes.

AA D DP E EA EP

Table S18. Confusion matrix for the combined diff dataset in a condensed form. Left: Solid analytes, Right: Liquid analytes.

Table S19. Confusion matrix for the combined time series dataset in a condensed form. Left: Solid analytes, Right: Liquid analytes.
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Phase  Analyte name TPR FNR FPR TNR F1 SCORE
AN 0.00+0.00 100.00+0.00 0.26*0.52 99.74+0.52 -
COfb 22.50+20.00 77.50%+20.00 1.41+2.18 98.59+2.18 -
MA 0.00+0.00 100.00+0.00 0.00%+0.00 100.00+0.00 -
DMNB 24.00£15.94 76.00=15.94 2.13x4.27 97.87+4.27 -
EPH 90.00+20.00 10.00%+20.00 0.26*+0.52 99.74+0.52 90.48+13.13
Solid ER 0.00+0.00 100.00x£0.00 0.00%+0.00 100.00+0.00 -
HEX 70.00£40.00 30.00+=40.00 0.00%0.00 100.00+0.00 -
HMTD 75.60=30.11 24.40*=30.11 9.05=*3.61 90.95+3.61 65.06+17.78
PER 0.00%0.00 100.00+£0.00 0.00£0.00  100.00*+0.00 -
TATP 48.86+14.55 51.14+14.55 15.95+6.05 84.05%+6.05 43.17+5.44
Ur 0.00+0.00 100.00+0.00 0.26*0.53 99.74+0.53 -
Ac 10.00+20.00 90.00+20.00 1.15*+2.31 98.85+2.31 -
BMK 100.00+0.00 0.00%+0.00 0.00+0.00 100.00+0.00 100.00%=0.00
Cy 0.00+0.00 100.00+0.00 0.19+0.38 99.81+0.38 -
DP 0.00+0.00 100.00x£0.00 0.00%+0.00 100.00+0.00 -
EG 84.27+15.51 15.73x15.51 2.93*+2.26 97.07£2.26 86.26+11.32
Gly 0.00+0.00 100.00+0.00 0.20%+0.39 99.80+0.39 -
Liquid H,0, 95.84+6.68 4.16+6.68 1.55+1.91 98.45+1.91 95.79+5.83
H,0 80.00+40.00 20.00+40.00 0.00%+0.00 100.00+0.00 -
MEK 100.00+0.00 0.00%+0.00 0.00+0.00 100.00+0.00 100.00+0.00
MEKP 82.38+10.61 17.62*+10.61 0.80=*0.75 99.20+0.75 84.80+10.30
Ph 100.00x0.00 0.00%+0.00 0.00+0.00 100.00+0.00 100.00%=0.00
SA 26.67+8.58 73.33+8.58 2.23+2.44 97.77+2.44 34.77+10.16
To 6.67+13.33 93.33+13.33  0.00=0.00 100.00+0.00 -

Table S20. Classification results for the combined dataset consisting of all analytes obtained by using the RF classifier. The best classifier's results for
solids and liquid analytes are shown separately.

MA HMTD AA TATP PER ER EPH COfb DMNB AN Ur HEX

MA 0 0 0 0 0 0 0 0 0 0
HMTD O 27 0 0 2 0 0 2 2 4
AA 2 17 23 20 O 30 16 5 12 0
TATP 15 14 1 2 0 11 4 9 9 0
PER 0 0 0 0 0 0 0 0 0 0
ER 0 0 0 0 0 0 0 0 0 0 0
EPH 0 0 0 0 0 0 0 0 0 0 1
COfb 0 0 5 0 0 0 0 0 0 1 0
DMNB 0 0 8 0 0 0 0 0 0 0 0
AN 0 0 0 0 0 0 0 1 0 0
Ur 0 0 1 0 0 0 0 0 0
HEX 0 0 0 0 0 0 0 0 0

Table S21. Confusion matrix of solid analytes classification of the combined dataset with RF classifier.
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Analyte name TPR FNR FPR TNR F1 SCORE
AN 0.00£0.00 100.00+£0.00 0.26+0.52  99.74+0.52 -

Cofb 37.22+28.75 62.78+28.75 225*1.69  97.75x1.69 -

DMNB 77.00£20.40 23.00+20.40 2.13+3.64  97.87+3.64  74.48%16.41
EPH 93.33+13.33  6.67+13.33  0.00+£0.00  100.00+0.00 96.00+8.00
ER 0.00+0.00 100.00+0.00 0.00+0.00  100.00+0.00 -

Solid  HEX 80.00+£40.00 20.00+40.00 0.26+0.51  99.74+0.51 -

HMTD 70.66+£22.50 29.34+22.50 9.07+3.92  90.93+3.92  63.83+13.38
MA 0.00+0.00 100.00+£0.00 1.32+2.04  98.68+2.04 -
PER 0.00+0.00 100.00+£0.00 0.26+0.53  99.74+0.53 -
TATP 47.14+10.90 52.86+10.90 17.51+4.02 82.49+4.02  41.31+5.98
Ur 0.00+0.00 100.00+£0.00 0.00+0.00  100.00+0.00 -
Ac 70.00£24.49 30.00+24.49 4.01+£592  9599+592  53.89%+31.99
BMK 100.00+£0.00 0.00+0.00 0.00+£0.00  100.00+0.00  100.00+0.00
Cy 26.67+38.87 73.33+38.87 0.58+0.77  99.42+0.77 -
DP 0.00+0.00 100.00+0.00 0.00+0.00  100.00+0.00 -
EG 77.57+24.42 22.43+24.42 3.66+2.18  96.34+2.18  79.74%+15.98
Gly 0.00+0.00 100.00+0.00 0.19+0.38  99.81+0.38 -

Liquid H,0, 86.87+16.07 13.13+£16.07 1.03+1.51  98.97+1.51  90.80+10.31
H,0 90.00+20.00 10.00+20.00 0.19+0.38  99.81+0.38  89.33+13.73
MEK 100.00+0.00 0.00+0.00 0.00+0.00  100.00+0.00 100.00+0.00
MEKP 60.48+14.88 39.52+14.88 3.63+3.42  96.37+3.42  58.51+11.88
Ph 90.00+£20.00 10.00£20.00 0.00+£0.00  100.00+0.00 93.33%13.33
SA 14.44+8.81  85.56+8.81  3.48+2.40  96.52+2.40 -

Tol 0.00+0.00 100.00+£0.00 0.19+0.39  99.81+0.39 -

Table S22. Time series classification results for combined dataset obtained by using the CNN classifier. The best classifier's results for solids and
liquid analytes are shown separately.
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Analyte

Varying dyes

AN
BMK
COfb
Cy
DMNB
DP
EG
EPH
ER
Gly
H,O
H,0,
HEX
HMTD
MA
MEK
MEKP
PER
Ph

SA
TATP
To

Ur

4,5,8, 10, 13, 14, 15, 16, 17, 19, 20, 22, 25, 26

10, 13, 14, 16, 18, 20, 21

4,5,8,10, 13, 14, 15, 16, 17, 19, 20, 22, 24
9,13, 16, 18, 20, 21

13, 14, 16, 18, 20

6,13, 14, 16, 17, 18, 19, 20, 22, 25

13, 14, 16, 18, 20, 21

4,5,6,8,10, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 25, 26, 27
6,7, 10, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 27
13,16

13, 14, 16, 18, 21

4,5, 14, 15, 16, 17, 18, 19, 21, 22, 25

4,5,8,9,10, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27
5,6, 8,14, 15, 16, 17, 18, 19, 20, 21, 22, 27

4,5,10, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 26
13, 14, 16

4,5,7,13, 16, 20, 25

2,4, 5,10, 11, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22
13, 14, 16

9,11, 13, 14, 16, 18, 20, 21, 23, 25, 26, 28

13, 16, 18, 21

4,5,8,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 26
10, 16, 18, 20, 21

14, 16, 20, 21

Table S23. List of dyes that vary when exposed to an analyte. A simple linear regression model is fitted to the data and the dyes for which we get a
fit with RZ > 0.8 are shown.
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