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Brief History of Spectroscopy in USP-NF

USP 20-NF 15 (1980) – <761> Nuclear Magnetic Resonance Spectroscopy
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Historical Story

qNMR Summit 2018 in Tokyo for ISO Application

More than 200 people from various scientific backgrounds gathered in Tokyo, Japan, on January 

29-30th, 2018 to participate in “qNMR Summit in Tokyo”, the third International qNMR Summit. A 

major aspect of the summit revolved around the inclusion of quantitative NMR (qNMR) into ISO 

standard. The Summit included three different programs, including the international qNMR forum, 

the USP qNMR Symposium in Tokyo, and the International qNMR symposium. 
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Moving qNMR from the Proof-of-principle 
Stage to USP Operation

qNMR fits very well in USP’s 2020-2025 top-
level Priorities.

a) Revision of General Chapters to update 
qNMR content and include benchtop 
NMR; Development of Solid-state NMR 
chapter.

b) Leading the discussion on the need and 
appropriate mechanism for qNMR 
validation, e.g., life cycle approach;

c) Continuing the investigation of the 
digital solution.

d) Expanded use of qNMR for RS evaluation; 

Status of qNMR Applications

Number of publications on quantitative NMR since 1970 (■ in black, 499 
items). Among these, 1H qNMR (● in red, 296 items), 13C qNMR (● in 
orange, 62 items), 15N qNMR (● in gray, 12 items), 19F qNMR (● in yellow, 
15 items), 29Si qNMR (● in blue, 2 items), and 31P qNMR (● in green, 12 
items). The data to be analyzed were retrieved through PubMed (National 
Center for Biotechnology Information, NCBI) on December 14, 2021. At the 
bottom, the chronological milestone line of NMR events is illustrated.

Number of Publications on qNMR

Book Chapter: Quantitative NMR in Qulality Control

in Quality Control of Chinese Medicines-Strategies and Methods
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Example: USP Reference Spectrum

Krill Oil

 Analysis:

Acquire the data outlined in Data collection. Minimally acquire the 1H spectrum (fingerprint) of 
the Sample solution and the Standard solution as well as the quantitative 31P spectrum of 
the Sample solution and the Standard solution. Record the resulting spectra and perform 
integration by hand or automated means on the quantitative 31P NMR spectrum of the Sample 
solution. Integration of the peaks contained in the spectrum of the Sample solution must be 
performed such that the complete set of phospholipid peaks (as identified by comparison to the 
spectrum of the Standard solution and its reference spectrum) is included in the integration. The 
integration region for each signal must extend ±0.05 ppm on either side of the 31P signal. Quantify 
the total phospholipids present, the phosphatidylcholine ether content, and the 
phosphatidylcholine content in the Sample solution using comparison to the concentration of 
the Internal standard. Compare the 1H spectrum of the Sample solution to that of the Standard 
solution to determine the similarity of fingerprints according to which phospholipids identified in 
the reference spectrum of the Standard solution are present in the spectrum of the Sample 
solution.
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Example: Reference Spectrum
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Quantum Mechanics Spectral Analysis (QMSA)

Quantum Mechanics Spectral Analysis 
(A and B - QMSA)

Example: Digitized Reference Spectrum

Ibuprofen

Ibuprofen

Ibuprofen

Resonance frequency (Hz) = δ (ppm) × spectroscopy frequency [MHz]

(B and C, Data Analysis)
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A Digital Platform for 1H NMR Data Analysis

 Standardized qNMR procedure

- sample preparation, data acquisition and 
analysis, experimental spectrum

 A database (or Spectral Library) 

- retrieving relevant digital Reference Spectrum in 
the spectral library

 QM-based software as an interactive interface

- displaying comparisons between experimental 
and calculated spectra 

Three pillars in the digital platform
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Design of Digital Platform

Workstream and three pillars in the digital platform
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Case study of qualitative analysis

Diethylene glycol in Syrup Sample
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 In a repeatability test, six solutions of the test item 
will be prepared and measured in quick 
succession. Approx. 30 mg of ascorbic acid and 
10 mg of the internal standard DMSO2 were 
dissolved in 0.8 mL D2O. The results, in terms of 
mass fraction (content, %), are provided. 

 To assess the data analyzed by two different 
software, i.e., Topspin and digital platform 
software, both a t-test and an F-test were 
conducted, the outcomes of which are detailed. 
The Topspin represents traditional integral 
methodology; and the digital platform software 
demonstrates automatic QMSA approach.

Ascorbic acid – Repeatability Test and Linear Test

Case study of Quantitative Analysis

Test item

content (%)

Topspin

content (%)

Digital Platform

A 99.15 99.11

B 99.62 99.73

C 99.60 100.07

D 99.56 100.12

E 99.50 99.59

F 99.26 99.39
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Case study of quantitative analysis

Topspin Digital product

Mean 99.45 99.67

Variance 0.038 0.153

Observations 6 6

t-Test Results

Statistic -1.2320

p-value 0.2461

F-Test Results

Statistic
0.2513

p-value
0.0779

Variability Analysis Linearity results 

y = 0.9955x - 0.021
R² = 0.9999

-10

0

10

20

30

40

50

0 10 20 30 40 50

Linearity (Topspin) 

y = 0.9954x + 0.1013
R² = 0.9999

0

10

20

30

40

50

0 10 20 30 40 50

Linearity (Digital product)

Ascorbic acid – Repeatability Test and Linear Test
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Case study of quantitative analysis

 All data were within the warning level and 
therefore accepted. 

 The results obtained using the digital product 
got a mean value that were closer to the 
reference value of 99.7%.

 This includes continued algorithm updates 
and improvements in compatibility with 
computer systems. 

 This case study represents initial step in 
using the control chart. The control chart will 
be used to monitor the digital product 
procedure performance, providing rules 
commonly used to make decisions. 

Control Chart

Ascorbic acid as an example
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An example: qNMR summits 1.0-6.0

Confidential: Not to be distributed outside of USP without express written permission

Cohost qNMR activities

qNMR 

Summit

date hostsa location

1.0 October 2016 USP and CENAPT Rockville, MD, USA

2.0 March 2017 BAM Berlin, Germany

qNMR Day November 2017 GIDRM Bari, Italy

3.0 January 2018 METI Tokyo, Japan

4.0 October 2018 University of Würzburg Würzburg, Germany

5.0 October 2019 USP and CENAPT Rockville, MD, USA

6.0 October 5–7, 2021 USP and CENAPT virtual event

7.0 August 15,16, 2024 USP, CENAPT and 

Dominican U.

Chicago, IL, USA

(A) The q artwork and (B) the qNMR Summit logo, as well as (C) the individual 

qNMR Summit logos of the 2016 qNMR Day in Bari, Italy (panel (C1)), the 

2017 qNMR Summit 3.0 in Tokyo, Japan (panel (C2)), and the qNMR 

Summits 1.0 and 5.0 in Rockville, MD, USA (panel (C3)).

aCENAPT, Center for Natural Product Technologies at UIC; BAM, Federal Institute for 
Materials Research and Testing; GIDRM, Gruppo Italiano Discussione Risonanze 
Mognetiche; METI, Ministry of Economy, Trade and Industry.

https://pubs.acs.org/doi/10.1021/acs.analchem.1c02056?fig=fig2&ref=pdf#t1fn1
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Engagement and Education for Scientific Community

https://qnmr.usp.org/
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