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Introduction Objectives | | Quantum Mechanics based structural analysis Artificial Inteliigence (Al) and
Certified reference materials (CRMs) underpin metrological The primary goals of this work are: rr:?ég'r'(']‘fr:‘;'gsdﬂgm&?fQMSAO”O' (QMSA) Machine learning (ML)
traceability chains, ensuring accurate quantification of organic  Enhance the accuracy of purity assignment. , , . .
substances in critical sectors such as pharmaceuticals, food « Reduce uncertainty of purity assignment. emicasit DD oon i omnige SI\?SA fO”OWS for @ different way O‘f m’rerpre’rq’r’mg NMR fransfer of aggregatea compu’r?honol NMR
safety, and environmental testing. Over the past decade, . Support BIPMs Octad library development. . 8 data, from the commonly‘used ph’enofyp/c (visual) ceiaRipRicrocRadiciscisgiccsRionsaciine
oNMR has emerged as an alternative fechnique for purity  Improve gNMR workflow automation and ease il i Spociral Analyss QUSA iEnRIEielien of VIR 10 € geneijplie [eameuenente) Numerical leaming fraining and Al applications. For This
assignment to mass balance approaches, offering unique 5 UEE Tor diverss user Bees aemess Nivile arme i ‘“:L?’ i o ;Ho(ddd)r‘*%g;;d) m’rerpre’rohon: connecting spec’rrq fo fundamen’rol NMR pin project we present two mg’rhods that will be
advantages in versatility, semi-nondestructive analysis, and comparison labs. g o ’rheory, reducmg spectral complexfry"p spin parameters of parameters explored. GENETICS-Al ufilizes NMR theory to
rapidity. Its adoption as a primary method has been further « Set new benchmarks for infternational ;. W ,\'f nuclel: Reduchoo of complexity facilitates 'G"Qe data ,SeT CreqTe new pulse shapes and sequences fo
validated ThI’OUQh genero’rion of the BIPM Octad CRM projecT me’rrology Through Compu’[gﬂongl innovation. I 1.1 T ._ﬂ:’“»'Jffjffff_‘"gfﬂf\lv"J"n.""‘"wi‘v»‘_l compilation, easing fransfer for Al and machine Ieomlng achieve greater speciral performonce [4]. The
with conftributions from global NMIs. This project established  ddiden | il - second meinoe [presented 15 @ WL ool
eight CRMs to standardize gNMR workflows across organic These goals will be achieved through: S e T ooupiings AL relovant Jcoupings . - SHIMNET - which  corrects  shim  distorfion i
compounds [1,2]. . Validating computational workflows through Fig. 2 llustrative workflow of HiFsA used in this 1. SM-NMR, 2 main methods exist; compound fo spectra specira however many ML ool like this can be

case studies on model systems (e.g. MA/KHP studly (C2S) qnd spec’rfc To.co’mpound (S2C), DFT ‘cmd QMSA: used to correct spectra [5]
Recent advancements in quantum chemistry and artificial and DMTP/BTFMBA) using cosmic  fruth INPUT ITERATIVE PROCESS B rssPectively. DR ‘predicis” specira dnd QMSA ‘caicuiates Flg. 4 Workflow of SHIMNET for numerical ‘shimming” and
intelligence (Al) are now poised fo bring substantial magnetic https://ctb.nmrsolutions.fi/ o knoweigt————_ Startng =ean The cOmpound from spectral decoding of spin parameters e':“:ﬁr‘::it Deisateol OT,herg,MHOOB b
strength independent sensitivity and resolution improvements fo « Compare gNMR purity assignments values for r*T*.* " ’ \ (6. J.N). q&qfq for I
agNMR methodologies. Quantfum mechanics enables precise QMSA and manual integration methods. T otmization . _ comparison 5
automated prediction and calculation of gNMR parameters [3], « Refine QMSA and integral methods with o P 31"1;42 We evaluate ’rk]we use of QMSA for gNMR purity assignment £
increasing scope of potfential precision and uncertainty support of Al and machine learning (ML) " N Bk ID NMR,'H iterafive full spin analysis (HIFSA). Cosmic i foam
improvements. Quantum mechanics also opens the door to Al- improving data quality. M Spactrue m‘} Comparson / | e fruth [4], was used fo calculate spin parameters from T
driven data acquisition and procesging manipulation for 2 Addres;ihg CI’iTiCCﬂ Chollenges,. such as Spiﬂ. sys’re.m m Geartanan eXp?FImeﬂTOI data CICC!UW@d at B|!DM,.UT|IIZ|ng DFT as @ é
improving sensitivity and resolution in different ways. eeogimion, e sicpe  eniges, onel Iguiy \ sigiling] [eelil ier merehing alne velldlailon Woriiow [C2 &

quantification. S2C-Assign C25+S2C- Match C25+S2C — gNMR C2S - S2C).

Purity assignment comparisons

Purity assignment of two model systems consisting of MA / KHP in D20 and DMTP / BTFMBA in acetone-dé via HIFSA was compared to integration methods. The purity results obtained using both approaches agreed within uncertainties under specific conditions. There was ample room
for improvement for the QM-method regarding achievable uncertainties as demonstrated by improvements observed by QM guided integrals (Gl) and poorer performance when using decoupled data.

Strategies to advance in this respect (Al/ML/Algorithm refinement) are under discussion and additional progress is expected soon as the software is further refined with training on soon to be open access data sharing from BIPM led comparison studies with CRVs also to develop not only
cosmic fruth but accessible to other guantum chemistry dependent NMR parameter calculators such as PERCH, GAMMA, ACD, Chenomx, NMRdb, Spinach, ORCA, Mnova, NMRFx, and VeSPA to develop gNMR potential.
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Impact on Metrology QMSA and Al/ML are powerful tools in improving metrological
The integration of QM and Al/ML info gNMR-based purity assessments will strengthen the missions of international standard bodies. It will be achieved through applications through:
QMSA being centered on 6 and J values rather than integrafion allows for replicate analysis on any NMR instrumentation, from low (benchtop) to high . T o .
(BIONMR) fields, to conftribute to each other, improving quantitation accuracy and interlaboratory comparability. « Supporting good scientific principles via high quality data.
Here we showed comparison of QMSA calculated versus experimentally determined values and this can provide numeric measures of consistency and Facilitating audit reporting and data sharing between modalities
interpretation of confidence, enhancing fransparency and reproducibility of analysis. The use of QMSA also shows the ability for semi-automation of the gNMR due to nature of outputs.
workflow therefore reducing human bias, a major confributor fo uncertainty in comparison studies. Now that computational power is not a barrier fo complex ” S
molecule QMSA, the limiting factor is the quality of spectral data input intfo the workflow, this is where anchoring to Al based methods can further refine and Indeper.\den’r F'.b'l"‘y to distinguish compounds and structurally
develop the workflow through detection and correction of spectral issues therefore further enhancing the potential for accurate and reproducibility related impurities.

meftrological activities.
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