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1. Introduction

Nuclear magnetic resonance (NMR) spectroscopy is well-established as the pre-
eminent method for the qualitative structural analysis of organic molecules. The potential
for its application for quantitative organic analysis was also recognized soon after NMR
instruments became commercially available.* However it has only been recently, as
spectrometer capabilities have achieved a level of accuracy and precision comparable to
those attainable by chromatographic techniques, that this potential has been widely realized
in practice. As a result quantitative NMR (qNMR) methods, particularly for the assignment of
the purity of individual organic compounds, are now actively and extensively employed.z’a""'5
As evidence of its increasing application in this role, a recent editorial in the Journal of
Medicinal Chemistry 6 highlighted and recommended the general utility of “absolute
quantitative "H NMR spectroscopy to determine the purity of biologically tested research
compounds”. Purity assignment by gNMR spectroscopy potentially also meets the
metrological requirements for a primary ratio measurement procedure.’” Validated gNMR
methods®® are now being used, generally in combination with data obtained by orthogonal
chromatographic techniques, to assign the purity of organic materials intended for use as

Primary Reference Materials'® for individual organic analytes. %114

The availability of
properly characterized Primary Reference Materials is in turn an essential initial step in
establishing the metrological traceability for measurement results for an organic analyte

linked in a calibration hierarchy to a specific pure material. 1

The assignment of the mass fraction purity of an organic analyte A by gNMR in
solution using an internal standard S is based on measurement equation 1 below.

A=2 = 4 = S Equation 1
S A S A

w, is the mass fraction of the analyte in the material subject to assignment, ws the
independently established mass fraction content of the internal standard, /nand /s are the
integrals of the quantified signals, Ny and Ns the number of *H nuclei contributing to each
guantified signal, M, and Ms the molar masses of the analyte and internal standard and my
and ms the masses of the samples of the analyte and internal standard used in preparation
of the solution subject to the gNMR measurement.

In optimal cases where the data processing is carried out by experienced operators,
the standard uncertainty for purity mass fraction assignments for non-problematic systems
have been reported to reach the level of 1 mg.gf1 on an absolute basis, equivalent to a
relative uncertainty of 0.1 %."*!" Factors including, inter alia, the lineshape and multiplicity
of the signals integrated, the extent of overlap with the main peak of interfering signals from
impurities present, the nature of the internal standard and solvent used, the magnetic field
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strength, the hardware settings and performance characteristics of the spectrometer as well
as the approach taken to transform the free induction decay (FID) signal generated by the
NMR experiment and integrate the signals of the resulting frequency domain spectrum all
contribute to the overall uncertainty of the final assigned value. Evidently, regardless of the
precision of a gNMR measurement, the overall (relative) measurement uncertainty of a
gNMR assignment can never be smaller than that associated with the purity of the internal
standard used to obtain the result.

The first goal of this document is to furnish general recommendations for the design
of a gNMR experiment and for the undertaking of a quantitative '"H NMR measurement
using the internal standard approach to provide a measurement result traceable to the
International System of Units (S1)."8 It should be noted that although these principles should
apply generally to quantitative measurement involving any NMR-active nuclei the
recommendations in this document are only intended for assignments by ‘*H qNMR.

The second goal of this report is to describe a set of seven internal standard
reference materials (ISRMs) which the Bureau International des Poids et Mesures (BIPM) in
collaboration with the National Metrology Institute of Japan (NMIJ) propose constitute a
“universal” set of higher-order, Sl-traceable internal standards. Other groups have proposed
specific compounds or sets of compounds suitable for use as gNMR internal
standards.***??°2! Although there is some commonality between the internal standards
recommended in the current literature and our proposal, the focus of the earlier papers is
primarily their suitability for application for purity assignments by qNMR rather than their

utility as Sl-traceable primary measurement standards.

At least one ISRM compound should be suitable for use for the assignment of a given
organic compound soluble in a specified NMR solvent. The seven compounds constituting
the “universal” ISRM set, together with an outline of their solubility and suitability for use in
four representative deuterated NMR solvents, are described in Table 1 below.

At least three of the internal standards described in Table 1 are applicable to each
solvent class and provide reference signals distributed across the *H chemical shift range

Ideally a gNMR ISRM should consist of a stable crystalline solid which is:

e Certified Reference Material (CRM)?* produced and characterized by a
National Metrology Institute (NMI) using methods other than qNMR or has
been assigned by gNMR using an NMI CRM as the internal standard;

e predominantly one organic component ( ws > 995 mg.g *);

e value assigned with small associated standard uncertainty (u(ws) < 2 mg.g ");

e providing uniqgue NMR signals, either as singlet or simple multiplet
resonances, having Lorentzian lineshape and narrow signal width;

Version 1.0 of 13" September 2018
Page |40f25



RAPPORT BIPM-2018/04

free of significant impurities interfering with areas to be integrated;
e inertin solution and soluble at a level in excess of 2 mg.mL *;
readily handled for accurate mass determinations:
o non-hygroscopic
o non-volatile
o not subject to electrostatic effects
e having a ratio of quantifiable protons to the molar mass of the ISRM sufficient
to allow for practical gravimetric operations.

It is recognized that these characteristics constitute a “wishlist” rather than
prescriptive requirements and that not all the materials constituting the ISRM suite
described in this document meet all these specifications.

The solvents listed in Table 1 are intended as representative of those with similar
capabilities for solubilizing each ISRM rather than as a prescriptive set for use in gNMR.
These are however the most readily available deuterated solvents and a majority of reported
applications of solution qNMR use one of these solvents.

Compounds recommended as ISRMs for use with CDCl; as solvent (BTFMBA, DMTP,
DMSO, and BTMSB) should be suitable for use in other chlorinated (CD,Cl,, C,D,Cl;) or non-
polar (benzene-ds, toluene-ds, THF-ds, pyridine-ds) solvents.

Likewise, compounds recommended as suitable ISRMs for use with DMSO-ds
(BTFMBA, MA, DMSO; and DSS-dg) are anticipated to be suitable for use in other polar
organic solvents (acetonitrile-ds, acetone-ds, DMF-d5).

The third goal and the focus of this specific document is to provide guidance
regarding the use and limitations of dimethyl sulfone as an ISRM for gNMR analysis.

Dimethyl sulfone (DMSO,) is one of the ISRMs listed in Table 1. Due to its ready
solubility and stability in solution in a range of solvents, it is suitable for potential use as an
internal standard for qNMR purity assignments of analytes soluble in most deuterated
solvents. The attached annexes describe specific properties and applications of dimethyl
sulfone.

It displays the majority of the characteristics of an ideal gNMR ISRM outlined above.
One caveat is that as a result of the relatively large number of protons (6) giving rise to the
guantification signal combined with the relatively small molar mass of DMSO, the sample
size of DMSQO,; will often be relatively small (< 2 mg) unless a large amount of an analyte is
available and the analyte has a high level of solubility in the selected solvent. As a result of
this limitation in sample size the contribution to the overall uncertainty from gravimetric
operations with DMSO, is large relative to that possible with other ISRMs.
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