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[1] Weber M, Hellriegel C, Rueck A,Wuethrich J, Jenks P (2014), JPBA 93: 102-110

Period of accreditation:
.09.2017 until 04.09.2022

(1st accreditation: 14.11.2007)

Certified Reference
Materials for...

gNMR Analysis
Method Validation
Precision Control
Bias Control
Calibration

MEBRCTK

ceprtified rReference Materials
'H, 31P and 1°F qNMR Standards
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certified Reference Mmaterials
1H, 31P and 1°F qNMR Interlaboratory Comparison

Few NMR/gNMR proficiency testing/Interlaboratory comparison schemes available
Key comparisons from CCQM for metrological institutes (1H)

31p, 19F schemes and multi nuclei molecule scheme not available so far

Need for interlaboratory comparisons for laboratories accredited to ISO/IEC 17025
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18 Participants (NMIs and commercial participants)
Inclusion of 'H, 1°F and 31P series
Possibility to take part in up to 5 different series - not mandatory to do all

Multi nuclei analyte «FHP» can be used for 1H, 19F as well as 31P determination — should yield similar
results

Comparable results obtained by quantitative NMR spectroscopy of 'H, 1°F and 3P atoms?
Analytes and internal standard supplied by Merck, participants® own NMR solvents and equipment used
First results available, further submissions ongoing
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QNMR Interlaboratory comparison
1H, 31P and 1°F qNMR Scheme
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QNMR Interlaboratory comnmparison
1H, 31P and 1°F qNMR Scheme
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QNMR Interlaboratory conparison
1H, 31P and 1°F qNMR Scheme
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QNMR Interlaboratory comnmparison
Guidance for the Participants

Series Number of Repetitions mg

mg mg
samples ser sample TMXB 2,4-DCBTF TPP Enlai )

S —
- lchodsebetWeen |choose IChoose Choose DMSO-dg.
Series Analyte Internal Solvent qNMR 1 ey freely tg:etwlelen t;;tws;g - - 600 -1000 I
# Standard method “itmg |18-20me
. P choose between [choose shmse _ A g:oese DMSO-dg
- - 3 - 10 freel etween tween 600 -1000 pl
2,4-DCBTF TMXB DMSO-dg H gNMR Y o romg 013 mg u
lchoose between |choose Choose Choose DMSO-d,
2 FHP TMXB DMSO-dg 'H gNMR 3 S frealy between | between 600 -1000 ul
24 - 26 mg 9-11mg
] TPP TMXB DMSO-dg IH gNMR PR choose batiween [choose i Choose i Choose cpal,
3 - 10 freely between between 600 -1000 pl
5 6 -8mg 10 - 12 mg
4 FHP 2,4-DCBTF CDCl5 F gNMR
P choose between |choose i 5 Choose  [Choose DMSO-de
=1 -10 freely between |between 600 -1000 pl
5 FHP TPP DMSO-dg P gNMR 9-1img|o-11mg
Table 2: Guideline for number of samples, repetitions per sample, amount of analyte and

internal standard, solvent and solvent amount.
Table 1: Analytes, internal standards, solvents and qNMR methods for series 1-5.

Additional values:

Series m Signal Number of m Signal Number of ) Purity u
o H/F/7P atoms PP SIANSl o IgSEp Mw o Formuia Titimes '\ lofo]  [a/g]
V! Analyte Internal Standard [g/mol]

TMXB 168.19 CsH1:03 1041 H: 2.6 99.96 % |0.12 %
2,4-DCBTF  [215.00 C7HFsCla 1453 :EF:: 4253 . "
~7.1-76ppm P 326,28 CiHisOP 1206 ;5",,3172 - -
r -63.0 ppm 3 ~ -62.5 ppm 3 1o - -
=55 ppm I 77 pom I FHP 329.17 CioHuFsNOsP 1200 ;I ;‘;
Table 3: Chemical shift (in ppm) and Number of 'H, *°F or *'P atoms of signals intended for Table 4: Additional values for TMXB, 2,4-DCBTF, TPP and FHP. MW = Molecular weight, T1 =

integration. T1 relaxation time, Purity = certified purity value as mass fraction, U = expanded uncertainty
as mass fraction (9/g) (Ueombinea*k (k=2), confid level 95%, ded minimal
sample amount 10 mg).




QNMR Interlaboratory comnmparison
Results from Pre-tests
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Series internal tested gqNMR Mass fraction Expanded uncertainty as

# standard molecule method (9/9) mass fraction (g/g)
1 TMXB DCBTF 1H gNMR 99.56 % 0.16 %
2 TMXB FHP 1H gNMR 99.50 % 0.21 %
3 TMXB TPP H gNMR 99.99 % 0.15 %
4 DCBTF FHP 19F gNMR 99.50 % 0.33 %
5 TPP FHP 31p gNMR 99.51 % 0.27 %
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QNMR Interlaboratory comnmparison Red = Reference value + uncertainty (k=2)
31p qNMR Results

10200

Series 3 ﬁ

3 10150
Series 1 Series 3

H qu \'H aNMR
H Hoop
CB" Series 2 TPP
,4-Dichloro 'H gNMR ‘Triphenylphosphate
nzotrifiuoride
1
Series 4 \ %eries 5 o950
19F gNMR f H 1P GNMR
N

P

9.0
FHP
2-Niro-4-(rfloro
methy)benzyldimethy!
phosphate

- Series 5 (FHP) = solid CRM .
» Median similar to Series 2 10150 10050 *

» Measurement uncertainties need a
closer look

10100

g

El
Mass Fraction [%)]

g
8
—
-
-+

10200

]
8

g
3

e 8
g8
—
—

H

Mass Fraction [%]
3

8
Mass Fraction (%]

H

o Series 5

8

:

QNMR lnbeplabopabopg coMpapi_son Red = Reference value + uncertainty (k=2)
19F qNMR Results

10100

10000 i
e e \f;:;;:

95.00

£ bt f T o -

g’”ﬂ TF Series 2 TPP

{ H QNMR ‘Triphenylphosphate

% o . =

i Series 1  [(Z=

96.00 /

Series 4 \ %eries 5
19F gNMR H 31p gNMR
N

F P

FHP » Series 4 (FP) = solid CRM

» Results higher than from series 2

. . + 19F measurement setup critical:
- + wis0 spectral width, transmitter
1020 10100 frequency offset...
2 I * Z o . l « 19F gNMR not well established yet
i e e —— in many laboratories
F LI * f « Measurement uncertainties and
: Series 2

H

possible outliers need a closer
look

8

:

MERRUTK




QNMR Interlaboratory comnmparison
Result Overview
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QNMR Interlaboratory comparison
Result Overview
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QNMR Interlaboratory comnmparison
Outcome and Outlook

Outcome:

- Measurement series 2/3/5 generated more consistent results than series 1/4 (liquid,
incorporated)

- 19F gNMR results depend very much on measurement parameters chosen
- Sample preparation as important part of the measurement

- Influence of weighing process — a very precise balance with sufficient readability is a must
(9,7428 mg vs 9,7 mg...) = higher measurement uncertainty

- Not all laboratories routinely calculate measurement uncertainty

Outlook:

- Detailed evaluation of the ILC series in progress

- Apply different Reference value possibilities, especially for 2,4-DCBTF

- Identify and summarize critical points, e.g. in 1°F measurement

- Mass Balance examination of the analytes

- Offer further gNMR PT schemes integrated in the Merck PT platform under our ISO 17043 accreditation
Expand portfolio of PT schemes to meet demands from customers, e.g. in the field of microbiology
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