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Quantitative nuclear magnetic resonance (NMR) has attracted much attention because quanti-
tation with NMR is in principle traceable to the SI units. However, only few studies have been
reported for accurate and precise NMR measurements. In this paper, a quantitation of aque-
ous ethanol, which was one of the intercomparison studies organized by Comité Consultatif pour
la Quantité de Matiére, is described. Our result was within 0.2% of the reference value set by
the pilot laboratory. An internal standard material used in this study was 3-Trimethylsilyl-
2,2,3,3-tetradeutero propionic acid, Na salt (TSP). Peak integrations obtained with methyl sig-
nals showed much less scattering than those obtained with methylene signals of ethanol. The
large scattering of methylene peak integrations in repeated experiments suggested that the base-
line of the methylene resonance peak was disturbed by a strong water signal. The repeatability
of NMR signal integration was less than 0.4%. From an analysis of the variance, the repeatabili-
ty of the NMR area integration was as precise as mass measurements of sample preparations.
Additionally, the data indicated the that combination of TSP and ethanol may not be sufficient
for this study. An intercomparison study indicated that the accuracy of quantitative NMR is as
good as that of quantitation performed with gas chromatography.

Keywords : nuclear magnetic resonance (NMR); quantitative NMR; ethanol; uncertainty;
CCQM intercomparison.
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Fig. 1 Structure of TSP

KAGAKU Vol. 52 (2003)

YYyNTaest yEF b)) A-d (TSP, Fig. 1) DEK
(D:0O) BWASBAM & D RS, ZORE & IR
B (95% BHEXH, BHE 11) i, (9.109 £0.029) mg

g_] LamIh.

2:2 NMR AIERFHDORERE

IH ) —VIKEWRE TSPHEREEHEILOG L O EL TR
&L, BAWEO—E%454% 5 mm ® NMR & (Wilmad #
528-PP 8) 2B L72. NMREDOH THEFEA 5 cm (2% 5 &
3 DyO M 728, NMR A% & UCRIERE L L.
BERABIE AL TS L 2R T, NL TN RY
2 HRBMLARE T ZR AL 11, 12 RUEE 21,
9228 L, MBICET2EITHREICRELL. &b, &
BWOV & 5 BfE% Table 1I1Z7R L7

2:3 AEFO RN

40 ERS BRI BT 5 NMR JIZOSME IS5 L
Tit, WERUENOTOFaLE BAMBPIKEEL, Th
WCHELLETIT) LofgRsh/, UTF7a s aVvoigR
WNEZRT.

TSP ZWNEREYHL LT, BFSN/ITY ) —L
REWE BEHLRBAEICT NMREERBZHAKL, h
50 'HNMRBIEZITS). WEX TV Falb—Tar
EEFEL, KBERkOY—272HETS. BohiAry
VS, T —=VDXAFNE—2 (1.2ppm) & TSP
DAFVE—2 (0ppm) DOFREGHEEZ KD, LUTIZRTHK
(1) LTIy ) —VOBELEHRT 5.

_ I,,] Nyl Mx

(1)

m
b
x ky

Iyl Nx1 My my
RXFDRIZBE (mgg ), & NMRESFBRE, nid”
o b o, MIFTFE, nid0r)BLARBOH
BT, MAFDO xZT ¥ /=), yId TSP, 1ZXF VT

v b rERY. NMRlIERHE, ENATAHLERE

N2RARFORBL, WEIAHRARREMZWTT2
BT . A7 M VORGRENICAHBHEROE — 7 53
BT AHEEIE, FOX—2ORFEHDOTITV, Zh
*ERE VI AMEOHSREL T5. BAM L )RS
N7z NMR fll5€/35 2 — % —% Table 2 12/ L7z,

Table 1 Gravimetric weighting values of NMR samples

Vial 1 Vial 2
Sample 11 Sample 12 Sample 21 Sample 22
Ethanol aqueous solution 909.72 mg 888.13 mg 876.63 mg 930.33 mg
TSP solution 121.89 mg 192.86 mg 107.21 mg 120.00 mg
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Table 2 Recommended parameter set for NMR measurements from BAM
Parameter Value Parameter Value
Excitation pulse 90° Sample spin Optional
Time domain points 32768 Presaturation period 15s
Spectral width 16 ppm Filter band width >20 ppm
Pulse delay 20 us Spectrum data points 32768
Relaxation delay 60 s Line broadening 0.3 Hz
Signal to noise ratio >150 Integration region 64 X full width at half high
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Fig. 2 '"H NMR spectrum of the mixture of ethanol and TSP in HoO /DO solution

a) Full region of the spectrum displaying methyl resonance of TSP at 0 ppm, methyl and methylene signals of ethanol
at 1.188 ppm and 3.661 ppm, respectively, and water peak at 5.0 ppm; b) expansion of the spectrum a) for the methyl
signal regions of TSP and ethanol; ¢) the same spectral region as b) whose vertical scale is 100 times higher.
Integration curves are also displayed. " satellite peaks, indicated with *, due to J-coupling between nuclei 'H and "C
are shown whose intensities are about 0.5% of the main peaks.

Table 3 Area integration of methylene and methane of ethanol peaks, methyl resonance of TSP, and ratio between
the methylene and methyl of ethanol peaks and the TSP signals

Sample 11
Ethanol TSP Ratio
Measurements x: CHq x: CHs y: CHs (x: CH2)/(y: CHs) (x: CHs)/(y: CHs)
1 0.811 57 1.217 08 1.109 76 0.731 30 1.096 70
2 0.806 52 1.216 52 1.111 09 0.725 89 1.094 89
3 0.904 88 1.218 68 1.110 52 0.814 83 1.097 40
4 0.808 93 1.218 05 1.110 18 0.728 65 1.097 17
5 0.780 55 1.21513 1.109 53 0.703 50 1.095 18
6 0.800 06 1.209 53 1.106 77 0.722 88 1.092 84
7 0.788 91 1.208 54 1.104 11 0.714 52 1.094 58
8 0.804 08 1.207 75 1.103 53 0.728 64 1.094 44
9 0.813 10 1.209 18 1.105 17 0.735 73 1.094 11
Average 0.813 18 1.213 38 1.107 85 0.733 99 1.095 26
Standard deviation 0.036 03 0.004 53 0.002 97 0.031 82 0.001 53
RSD, % 4.430 24 0.373 41 0.267 88 4.335 12 0.139 79
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Table 4 Analysis of variance table of area integration ration between methyl peaks of ethanol and TSP

Sum of squares Degree of

Factor % 10" freedom Mean sum of squares x10°
Samples A 101.518 3 Vi= of +2x 9@2 33.84
Time B 110.77 1 Vy=0+ 90uxn + 4% 904 110.77
Interaction AXB 108.874 3 Vixg=0.+90uxn" 36.29
Repeatability E 100.4 64 V.= 0o’ 1.57
Total T 421.562 71

Table 5 Analysis of variance table of area integration ration between methylene peak of ethanol and methyl reso-
nance of TSP

Factor Sum ())(fls (()]Bu ares ]?reirszm()f Mean sum of squares x10°
Samples A 82.691 3 Vy= ol +2 x 90, 27.56
Time B 46.144 1 Vy=ol+ 9% xpt+ 4% go,f 46.14
Interaction AXB 35.59 3 Vixp=0.+ 90'(A . 11.86
Repeatability E 3201.054 64 V,= o} 50.02
Total 1 3365.479 71
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Fig. 3 The result of intercomparison study for the quantitation of aqueous ethanol

The solid line in the figure is the reference value from LGC. Among the organizations,

eight is ours.
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