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Table S1. Detailed information of substances in the spectral dictionary in our study. Substances are ordered by their technological classes. “Technological class” and

“Chemical class” data were from-%; “Structure” was fed with®.
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A: antioxidant, B: biocide, co: coalescing agent, cu: curing agent, dh: decomposer hyperoxide, L: lubricant, m: monomer, M: polymer, ph: photoinitiator, P: plasticizer, sl:
slip additive, st: PVC stabilizer, S: solvent, UV: UV stabilizer.

1: phenol, 2: phosphite-phophonite, 3: adipate, 4: benzoate, 5: citrate, 6: phosphate, 7: phthalate, 8: sebacate, 9: benzophenone, 10: benzotriazole, 11: hindered amine. Pure
substances were provided from Sigma Aldrich (France), TCI Europe N.V. (Belgium), Alfa Aesar (USA) and VWR International (France).
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Figure S1. Functional groups and corresponding multiplets for substances listed in Table S1: a) measured spectrum details (solid
lines) and multiplets fitted (dashed lines) multiplets from Egs. (S1)-(S2) and b) their cross-correlations; c) occurrence table of each

multiplet in the library (numbers refer to suffix substance codes in Table S1). R, R’ denote H or alkyl carbonyl groups.
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Figure S2. Pairwise correlation coefficients (see Eq. (13) in the main article) between measured spectra of pure substances and spectra

encoded as Gaussian lines.
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Appendix S1. Coding of chemical segment functions

The proton NMR signal associated to the i multiplet (i =1.T, ) of the k™ substance is encoded as

a weighted sum of L, , theoretical lines, denoted {Iéf)j} ;
’ AL LG

Lii
£ =Y o, 1), forall k=1.R and i =1.T, (S1)

j=1

where L, ; is equal to the multiplicity of the segment function (singlet: L, ; =1, doublet: L, =2,

etc.). For non-resolved multiplets, multiplicity was chosen according to the number of identified
lines.

Since a Gaussian window was applied to FID data prior Fourier transform, all lines in the spectra
appeared as a mixture of Gaussian and Lorentzian lines. Gaussian ones were, however, preferred
for all multiplets as they did not capture the broadening of the peak bases due to baseline shifts and
phase correction errors:

~ 2
00 :
Ilﬁf)j =exp| —| ———=L | |forall k=1.R, i=1.T and j=1.L,, (S2)
" 0.6006, ; '

where 6, ;; and 51,”- are the center and width of the line. The factor 0.6006 was introduced to

y|

2 -1
0—0,.
reproduce the behavior of the standard Lorentzian [1+ [ﬁJ ] for values ranged above half

gk,i,j/z

of the peak height. According to Egs. (S1)-(S2) and by noticing that _[ Ig?jdd =0.6006\/;5k

i

coefficients {ak,i,j} ~ verify:

j=LLy
szi:“ki O = - (S3)
e TRRITRR T 0 6006+ 7

and {SM j}

search method (simplex method) initialized with the position of the peak maximum and with the

double width of the largest monotonous region. Linear coefficients {ak,i, j}j—l | were inferred at

each iteration from the corresponding least-square problem. All coefficients were finally

In practice, non-linear parameters {gk,i,j}.,l

J T

L Were fitted iteratively via a direct
=L L

normalized to verify [ f,7ds =1.

—00
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Appendix S2. Cross-correlation fingerprints of typical multiplets

Substances within an unknown mixture spectrum are identified from their cross-correlations with
a library of multiplets (279 in this study). Cross-correlations between typical multiplets, encoded
as Gaussian lines, and real spectra are illustrated in Fig. S1. The matching protons are also reported
along their frequencies of occurrence among the substances listed in Table S1. Non-resolved
multiplets, which corresponded to an ensemble of peaks, are not represented, but they were
included in the library. A match corresponding to a multiplet of multiplicity L is recognized by a
symmetric cross-correlation including 2L-1 peaks (see Fig. S1b). Singlets and triplets are the most
abundant patterns for plastic additives used for food contact. Indeed, they have been designed for
their polymer compatibility in apolar polymer and their low toxicity. Elementary bricks comprise:
aromatic cycles, phenolic compounds and aliphatic chains.
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Appendix S3. Correlation matrix associated to the spectral library

The pairwise correlation coefficients { Pkl,kz} associated to the spectral library were calculated

according to Eq. (13) of the main article for all pairs of substances ki and k.. The matrix is
represented graphically in Fig. S2. It was calculated by comparing the experimental spectra of pure
substances (column-wise) with the ones coded in the spectral library as Gaussian lines (row-wise).
The so-computed pair-wise correlations assess the ability to identify unambiguously one substance
when it is the only substance present in the mixture. Substances in the library giving similar
correlation coefficients have much higher risk to be mistaken.

The effects of experimental errors are assessed by the five repetitions (denoted from R1 to R5) of
substances M17 and M19, measured at different concentrations.
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Appendix S4. Principles of least-square deconvolution of spectra
corresponding to numerical mixtures: S1 and S2

The deconvolution procedure is carried out in a least-square sense based on cross-correlation
functions (see Egs. (7) and (9) in the main article). The principles of construction of the

corresponding matrices S,y and vectors S, are illustrated in Figs. S3 and S4 for two

combinations of mixtures S1 and S2, respectively. They depict all the local cross-correlation
coefficients corresponding to the decomposition each measured spectrum (R=7 likely substances
+ the mixture spectrum) onto the base of multiplets (34 and 46 multiplets respectively). For clarity,
the correlation-search regions have been plotted ten to twenty times wider than those used in this
study. Maxima of cross-correlations are identified by a square symbol with the grey intensity of
each cell background coding for the cross-correlation averaged over all multiplets.

The proper identification of a substance can be identified visually by comparing correlation
functions with theoretical ones reported in Fig. S1b. A match should verify a symmetric pattern
with an odd number of rows. In the general case, the symmetry of the cross-correlation function

(corresponding to i multiplet of the u™ test substance) gﬁi) = <S(5) f(5)> can be estimated its by

mixture? "u,i

two first odd moments around the position of the maximum &, :

+00

J. (5 - 5max )k glgél)dé‘

my;? == —— for i=1.T, and u=1..R, ;.. (S4)
[f 07 5)

The first moment mj’i is the distance skewness and characterizes the deviation of the position of

the center-of-mass to &,,,, . The third moment mj,i assesses the skewness of the distribution, that
is mainly the symmetry of the distribution around o, , in particular due to tail values. As rule of

thumb, a likely match should minimize simultaneously Z m;; and Z m:;. The two moment
i=1.T, i=1.T,

values are tabulated in the last column of Figs. S3 and S4.
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