Compninications to the Kditor

Bull. Korean Chem. Soc. 2002, Vol 23, No. 11 1307

Quantitative Elemental Analysis of Sodium(**Na) by NMR Spectroscopy

Heon-Sung Lim, Gee-Chung Han, and Sueg-Geun Lee’

Chemical Analvsis Laboraiory, Korea Research institiie of Chemical Technology. P.O. Box 107, Yusung. Dacjon 303-000, Korea
Received Jube 23, 2002

Key Words : ~>Na-NMR, Shift reagent, Quantitative analvsis, Complex of dvsprosium

One of the most useful components in NMR spectroscopy
is the application of the peak area for the quantitative
analysis. Although the use of proton NMR has been applied
for the determination of trace components such as the
residual hydrogen in D-O.' the mixtures of dinitrotoluene.”
and the mixtures of drugs.’ its great merits have been
ignored in the field of quantitative analysis becanse NMR
method is inherently less sensitive than many other spectro-
scopic methods. The quantitative analysis using NMR
spectroscopy. however. has been increased significantly
during the last few vears becanse of the development of new
techniques including high-field NMR. Its applications are
generally limited to the use of hydrogen nucleus.”

In our previocus study. we reported that the accuracy and
precision of the *'P-NMR method are either comparable or
superior to that of the comventional method (ASTM D 515).°
In continuing study of heteronucleus NMR application in
quantitative analysis. we attempted the analysis of sodium
(**Na) in solution. The sodium is one of the most abundant
and the most frequently analyvzed elements and its analysis
methods are well established. In modern laboratory. the
concentration of sodium in the solution is generally analyzed
by AAS or ICP methods using an external standard.® These
classical methods. however. could have factors, which
disturb correct analysis. such as spectral. physical. chemical,
and ionizational interference. Thus, these matrix effects,
which could repress or enhance the radiation of the element
to be determined to derive considerable error. are well
documented. Therefore. if the composition of sample is
known. the error can be compensated by using calibrating
solution through the time consuming procedures. On the
other hand. the unknown matrix sample could not be
calibrated by this procedure and could produce a result
containing significant error.

In this study we report a new preferred altemative NMR
method for the quantitative analysis of sodinm in solution.
Because of the natural abundance (100%) and quadrupole
relaxation (1=3/2). sodinm is a very amenable nuclens for
NMR study.® Twvo case studies. which are the most extreme
cases containing cobalt(Co) and silver(Ag) ion in the sample.
are emploved to show that this NMR method is comparable
or superior to that of the comventional flame or ICP method
in the analysis of sodium. The representative ~*Na-NMR
spectra obtained on a Bruker DRX-300 spectrometer at 79.3
MHz equipped with [0 mm broad band probe are shown in
the Figure 1. A singlet peak (S 3.2 ppm) shown with same
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Figure 1. A stack plot of *Na-NMR spectra al various concent-
rations with 50 gg/mL Na and 7.7 mM Dy(T'THA) as relerence.
The concentrations (a-g) are (0.2, 1.0. 10, 20. 30, 200. and 500 pp/
ml. sodium.

intensity in all spectrum (a-g) is the peak of the 50 gg/mL
sodinm® which is contained with 7.7 mM of Dy(TTHA)™ at
a5 mm NMR tube'” and placed co-axially ina 10 mm NMR
tube containing various concentrations of sodium. The complex
of dysprosium used here was a shift reagent and was made
by the literature procedure.'’ This complex is widely used as
a reagent to differentiate the content of intracellular and
extracellular sodium in i vive study.''>'

The spectra were collected with 0.01 s relaxation delay.
0.9 s acquisition time. and 4 k data points over a 1.500 Hz
spectral width using a 90° pulse. Because of the fast pulsing
due to the quadrupole relaxation of sodium. the total acqui-
sition time of each experiment was only about 10-60 min to
get reasonable signal-to-noise ratio depending on the sample
concentration. The *Na integration ratio of individual sample
to the 50. 150, and 250 pgg/mL sodium with shift reagent as
an external standard showed the excellent linear regression
coefficient (R*= 0.9998) in the range of 0.1 to 500 gg/mL
sodinm concentration (Figure 2). The different slope of
calibration line for sodium concentration by the integration
ratio of sample and reference solution clearly indicates that
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Figure 2. Calibration lor 0.1-300 ge/mL sedimm on different refer-
ences and shift reagent concentration from “Na-NMR spectra
{Treterence = A2 30 pe/ml Na/7.7 mM Dy(TTHA), B: 130 ye/ml. Na/
20 mM Dy(TTHA), C: 250 ge/mL Na/20 mM Dv(TT1IA)Y .

construction of calibration plot is necessary for this analysis.
1t is possible to analyze for the lower concentration than 0.1
Hg/mL when the lower reference concentration is exploited.
Furthermnore. its high dyvnamic range between sample and
standard could get rid of experimental error followed by the
sample dilution procedures in flame or [CP methods.

We applied these calibration results to two samples
containing Ag and Co. respectively. which are impossible to
analyze accurately by flame or 1CP methods because of
matrix effect. The results expressed in percent recovery are

Table 1. Determination of sodium n silver and cobalt solution
{10,000 ppm) by *Na-NMR [shitt reagent and reference: 50 ppm
Nawith 7.7 mM Dy(TT11A)]

Recovery (*o)*

Na (ppm)

Ag Co
0.2 120 L6
1.0 92 (842 91 (222)

(89 {110y
10 98 97
100 99 99

“Average of 3-5 rims. RS (®s) was about 3°0.7 "Determined by ICP
AES. “Determined by Atomic Absorption. “RSD (®¢) could be reduced
by increasing the lotal acquisition time.
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summarized in the Table 1 with the results obtained by [CP/
AES and flame methods in 1 gg/mbL of sodium. Relative
standard deviations and relative percent accuracy iwere
within 5%.

In conclusion. the method of sodium analysis by ~Na-
NMR is either comparable or superior to that of the conven-
tional flame or [CP methods. Although the total acquisition
time is the limiting factor for this analysis. this problem
could be improved significantly using high field instrument.
Especially. the advantages of this NMR method over the
other methods are the selectivity and simplicity of procedure.
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