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Abstract

Forensic investigation of psychoactive substarfP€3S)is of utmost importance in various
legal and investigative contexts. This examination is vitaldotifying, analyzing, and understanding
the chemical compostin and effects of these substances in criminal cases involving drug offenses
Analysis of psychoactive compounds assists law enforcement in determining the nature and severity
of controlled substance offenses, assistgl@ntifying suspects, and provides evidence for court
proceedings. Furthermoraetailed analysis helps distinguish between different substances, ensuring
accuracy in legal implications and appropriate judgmienaddition, the study of these substances
helps in drg trafficking, productionand consumption, facilitating the development of targeted law
enforcement strategies and preventive measures.

New psychoactive substances (NPCS) represent a rapidly expanding group of compounds
with different chemical structures@ effects on the central nervous system. Their structural diversity
presents significant challenges in identification, as these substances often edsiyariations,
usuallyaltered to avoid legal regulations and detection methods. Tiwetemge of identifying NPCS
andPCS lies in several critical aspects. Firstognizinghese compounds ¢sucial topublic health
and safety, as their unregulated use can lead to unknown and potentially severe health consequences
Identificaion helps in understanding their pharmacological properties, allowing the development of
appropriate medical responses and treatment protocols in cases of overdose or adverse reactions.
Moreover, the analysis of these substances is crucial for reguladdrgsband law enforcement
agencies to take timely and effective legal measures, keeping up with new trends in drug development
and preventing their distribution and abuse.

This doctoral dissertatiotiescribespplyingtheoretical methods joredictinglR, NMR, UV-

VIS, and MS spectra of LSD based on the optimized structure. The IR spectra of LSD and LSD
tartrate are described in detail, with prominent bands well reproduced. A detailed analysi$®f the
NMR spectra showed a high correlatiactor and a low mean absolute error between experimental
and theoretical chemical shifts. Optimization of the ground and excited stadbled the calculation

of an energy differencdatreproduced the observed band positions imethe UV-VIS spectrunof

LSD. The most abundant fragments in the experimental mass spectrum were also optimized, and their
stability was discussed from the structural point of view, where the agreement with the experimental
data was confirmed.

The second part of theissertabn describes the interactions of two benzodiazepines
(lorazepam (LOR) and alprazolam (ALP)) with paracetamol, caffeine, gluanddactose, which
represent adulterants/diluents, by IR and quarthemical methods. The appropriate level of theory
was detemined by optimizing the crystallographic structures of LOR and ALP. The applicability of
the selected level of theory was verified througgiiculated LOR vibrational andC NMR spectra.

The differences between the experimental and theoretical IR spgclr@R are explained by
intramolecular interactions between two LOR monomers, examined through interactions in the
crystal structureDensity Functional TheoryDFT) optimization and subsequent analysis by
Quantum Theory of Atoms in Molecules (QTAIM). Maoldar dynamics simulations involved the
evolution of a system consisting of one benzodiazepine molecule surrounded by hundreds of
adulterant/diluent molecules. Based on these results, the structures of the benzoediazepine
adulterant/diluent pairs were pretid. The most stable structures of these pairs were further analyzed
using the QTAIM approach. The strongest interactions are |eteldtheir influence on the IR spectra

is discussed. The experimental spectra of HiaRacetamol/caffeine/lactose are comgplawith the
calculated onesnd the changes in the spectra due to the interactions are described.

The third part ofthe dissertation presents the results of the investigation on interactions
between serotonin, bufotenin, and psilo@nd common adulterants/dilis. The correction
coefficients for theoretical values were determined based on the optimized structure of serotonin and
calculated vibrational spectrihe same coefficients were ugectorrect bufotenin spectra, proving



that spectra ah structures ofavailable compoundsan be used for the structural and spectral
descriptions of analogs that were not examined in detail ihténature. The effect of the hydroxyl
group positiorof these three compounds interactionswith adulterants/diluents and spectral band
shifts was proven.

Keywords: hallucinogensbenzodiazepineadulterantsdiluents, interaction, Infrared spectroscopy,
Density functional theory

Scientific Field: Physical chemistry

Fields of Academic Expertise Physical chemistry i Forensics and Physical chemistty
Spectrochemistry
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C7-C9 1,501 1,494 1,489 1,496 1,502 1,500
C9-C10 1,484 1,523 1,514 1,532 1,504 1,522
C10N2 1,513 1,524 1,461 1,456 1,478 1,457
N2-C11 / / 1,475 1,453 1,463 1,453
C1l1-C12 / / 1,463 1,453 1,464 1,452
R 0,98 0,95 0,98
MAE (A) 0,009 0,014 0,008
1 O jHjdzj otejHdsisd §OOR) sOq ¢ MO J tfdsdpijdzlg Od
Gtej h OC O, 20 hmMdselkz YyjcO M &ty LOS?EZydlsd HCQC
st dmMde O ] MbtekzClktej] SHOBtOddr fMdrtHjdJEO. [t
ftesdzj 2O bk HEYJZOBO o jL O EkMmdjH { ttasCdy) dalj lf dsdiztsa) O
OLslssotsds Otsdiz OdRddets ctekzf j. 1 0 tshdseskz ksecO, {1
LOMJ dedIsd HEtsMiskzf ded dd3 OdzOdzsL d &3O, COB £ MzEyoO kE
fddksyddo, ‘) HSCOL OO MtkSkizttdsd O0dOddL .
Rdzls j tOCdgi' 'l dHedzj SEdzO® 1 uafl bk CtodmlsOddets flste
ftosctcORBEz Cr ypdzptt &k pJ ordaizls.j tOC yd ° B3LYR/EILGHp)s O Y z dz

RdzsjtcOCyd J dLdij' B Bsdzj SkdzO Mk ftoj HMMisOaMiddzy dz
kImottd mMOMlsts d Mmj H j dzj-10O@I'mph) j dzff & Ez® B thlsSBIguplg 6zd
Y, nwdMmf j-25&bmaf)n d tSHBE dzdn  ddzls jHOC Yy dZOG daff 2 31,54
CEfdts™ Jdjteed d ¢Yoslsdud ©BH HIMYJ L dtddsds BOdzls,
osHBddC O dqdzd OlsBO Ekc? jdd¢ 0O d oHtddEO, COB
ddzj ©OCyd j Md&Oej, &Sk klsdyOld &O Ssdlf sttdOydHEt
1B86¢ kSCO odsy0' d Otsk0 St kjtyd Obddfl ' LO&J
fesdkjdj St°j §ofmbs j  sfkdddL o Odts’ MskClkts
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vOBJ d&ZO 8. [ SMYJted i3] delsBXBE]L 1q +IS] Hig ) ) Yzl o
(A) ©SHOBOddR §MdRtH, d&dCoO.
Lo 4jloEkGd I W sls ] dzg ) g dzs y d df
(SMfjvitsted (S vitted] [ ¢MYf|vitted
N1-C1-C2 | 131,31 | 130,91 | 131,88 130,95 129,69 130,16
N1-C1-C6 | 107,52 | 107,48 | 104,19 107,34 107,80 106,87
C1-C2C3 | 118,08 | 117,77 | 118,49 117,95 117,14 116,86
C2-C3C4 | 121,12 | 121,19 | 119,06 120,87 122,09 121,72
C3C4C5 | 120,46 | 121,17 | 122,34 121,50 120,91 120,64
C3C401 | 121,44 | 121,60 | 114,28 115,99 / /
01-C4C5 | 118,10 | 117,23 | 123,36 122,50 / /
C4C501 / / / / 122,25 122,84
01-C5C6 / / / / 118,99 117,61
C4C5C6 | 119,06 | 118,36 | 119,66 118,39 118,75 119,55
C5C6-C7 | 133,09 | 13345 | 133,11 133,04 134,48 133,78
C5C6C1 | 120,09 | 119,90 | 116,43 119,58 118,56 118,26
C6C7-C8 | 106,75 | 106,94 | 105,03 106,20 105,77 105,72
C6C7-C9 | 123,40 | 12517 | 129,54 125,96 126,85 126,38
C7-C&N1 | 109,64 | 109,59 | 109,75 110,20 110,47 110,11
C8&N1-C1I | 109,29 | 109,34 | 110,57 108,87 109,09 109,35
C8C7-C9 | 129,74 | 127,86 | 12524 127,81 127,33 127,89
C7-C9C10 | 113,88 | 108,50 | 109,48 111,16 113,42 112,60
CoC1O0N2 | 11543 | 110,42 | 114,68 113,21 113,26 113,05
C10N2-C11 / / 108,66 109,92 112,52 111,89
C10N2-C12 / / 112,39 111,62 110,01 109,82
C11-N2-C12 / / 109,40 109,91 109,96 109,81
R 0,97 0,98 0,99
MAE (°) 1,07 1,48 0,49
sddCO 54. 1w©dSOL dddsjwOCyd O dL dsj"

(ute j ded sz dMmy tej Cidlm Offiad i Gad @ate] Od@Is j O yd " J
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