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170 and 2H Fourier transform NMR studies have been made in water with varying contents of 
hydrogen isotopes. Chemical shifts of 170 as a function of 2H contents and as a function of the 
hydrogen ion concentration are given. The ratios of the Larmor frequencies of 170 and 2H in water 
are used for evaluation of a magnetic moment of 170 in water. The deuterium isotope effect on the 
170 NMR line in water is (3.08 ±0.20) ppm to lower frequency for deuterium oxide. No 170 shift 
was found in deuterium oxide with high 180 enrichment.

Introduction

Many years ago, Diehl et a l.1 have reported on 
the difference between the Larmor frequencies of 
170  in H20  and D20. A change in the magnetic 
shielding of about 3 ppm was found. Further, solvent 
isotope effects in electrolyte solutions in H20  and 
D20  of mononuclear ions have been investigated for 
the following elements: alkalis 2' 3, halides 2' 4' 5, II b 
group 6-8, III a group 9' 10 and lead n . This effect 
increases from a nearly undetectable shielding dif­
ference to more than 30 ppm for lead11 and mer­
cury 8. For the central nucleus in oxyanions also a 
solvent isotope effect was detectable in some cases: 
53Cr (Ref.12), 55Mn (Ref.13), 95Mo (Ref.14).

For the 170  NMR line in aqueous solutions of 
oxyanions a negligible isotope effect was found in 
the oxyanions but in the water molecule an effect of 
about 3 ppm was evaluated15' 16. As further ap­
proach to the understanding and explanation of these 
effects the "simplest" solvent isotope effect, the 
dependence of the Larmor frequency of 170  in water 
was investigated by varying experimental parameters 
such as 2H contents and hydrogen ion concentration. 
A further aim of this work was to establish a better 
magnetic moment of 1'0  in water.

Experimental

The measurements were done with a multinuclei 
Bruker pulse spectrometer SXP4 —100 in an ex­
ternally stabilized magnetic field of 2.114 T pro­
duced by a Bruker high resolution 15" magnet 
system. The free induction decays of 170  and 2H
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were accumulated and Fourier transformed by a 
Bruker BNC 12 computer. The Larmor frequencies 
of 170  and 2H are at this field approximately 12.201 
MHz, and 13.816 MHz respectively. Both signals can 
be observed with the spectrometer by retuning with­
out further apparative changes.

Nonrotating cylindrical sample tubes of 10 mm 
outer diameter were used. The temperature was 
(299 + 2) K. 170  was observed always at the natural 
abundance of water. In D20  signal-to-noise ratios of 
about 40 were achieved for 170  within 7 minutes of 
accumulation time and of more than 300 for 2H 
within about 1 minute accumulation time. The 
chemical shift is given by S = r Sample/r  reference — 1» 
a positive value means a shift to higher frequencies 
at a constant field, a D20  sample with 99.75% 2H 
was used as reference.

Results and Discussion

a) 14 O Isotopic Effect in Water

The dependence of the Larmor frequency of 170 
on the contents of deuterium in water at pn = 7 has 
been measured. As reference D20  was used, 99.75% 
enriched in 2H. The results are given in Figure 1. 
The Larmor frequency of 170  is always lower in 
water enriched in deuterium. The isotopic effect of 
170  in DoO (99.75% 2H) and H20 (0.7% 2H) is 
(3= (3.08 + 0.20) ppm. The error is two times the 
standard deviation.

In the region of overwhelming ^-contents the 
chemical shift is proportional to the proton contents. 
In the region where the isotopic composition is 
dominated by the 2H contents there is found an un­
explained deviation from the linearity. A linear 
dependence of the solvent isotope effect was found 
for example for 19F (Ref. 4) and 45Sc (Ref.17) .

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



132 O. Lutz and H. Oehler • 170 Nuclear Magnetic Resonance Studies in Water

ppm Chemical Shift 
170 at 12.201 MHz

♦ I
o if <J> Molpercent 

------ D,0
100 90 80 70 60 50 40 30 20 10 0
d2o h 2o

Fig. 1. Chemical shift of 170 in water with different abun­
dance of deuterium, the reference sample is D20 with 

99.75% 2H.

b) Isotopic Eßect and Hydrogen Ion Concentration
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Fig. 2. Chemical shift of 170 in H20 in natural abundance 
and in D20 (99.75% 2H) as a function of the hydrogen ion 

concentration of the samples.

of the Larmor frequency of 170  in D20  (99.75% 
2H) and HoO (0.7% 2H) on the concentration of the 
hydrogen ions. The different concentrations of 
hydrogen ions were produced by adding DC1 (20% 
in DoO) or NaOD in D20 respectively the pro- 
tonated species.

The results are given on Figure 2. There is no 
dependence of the isotope effect in the hydrogen ion 
concentration.

c) 17O NMR Line in D2180

As a further test the 170  NMR signal was observ­
ed in a sample of D2180, enriched to 99% in 180. 
The 170  content was 0.037%. The Larmor frequency 
of 170  in this sample is the same within the un­
certainty of 2-10~7 as that in the reference sample 
D20  with the usual isotopic composition. For 133Cs 
also only the usual H20 — D20  solvent isotopic 
effect of 1.18 ppm was found whereas in H2180  also 
no isotopic shift was detectable 3.

d) ~H Chemical Shift in H20  and D20

The Larmor frequency of the 2H line was studied 
in the same samples with different 2H contents used 
for a ). No dependence of the line position was ob­
served with an accuracy of 2 -10~8. Further the 2H 
NMR signal was observed in the D2180  (99% en­
riched in 180 ). Also no chemical shift was detected 
for 2H.

e) Nuclear Magnetic Moment of 17O

The ratio of the Larmor frequencies of 170  and 
2H was observed as a function of the deuterium 
contents of water at pn = 7. More than 40 ratios of 
the Larmor frequencies were measured at four dif­
ferent days for each sample. The results are given 
in Table 1 together with earlier ones which are

Isotopic present work
composition
of water

Uhl 22 Alder and
Yu 21

99.8% D,0 0.883 117 64(12)
82.4% D,"0 0.883 117 75 (16)
64.2% D20 0.883 118 39(14)
45.0% D20 0.883 118 57(24)
32.0% D20 0.883 119 06(28)
15.4% D.,0 0.883 119 75(22)
5.0% D20 0.883 120 11(26)
1.0% D20 -
0.7% D20 0.883 120 40(32)

0.883 117 42(64) 0.883 13(4)

0.883 120 35(84)

Table 1. Ratios of the Larmor fre­
quencies of 170 and 2H for samples 
of different D20 contents (mol —per­
cent) in water. The given error is 
twice the standard deviation. Alder 
and Yu observed 170 in a H20-sample 

and 2H in a D20-sample.
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within the limits of error in good agreement. They 
are also in very good agreement with the chemical 
shift measurements a) and d ). For an evaluation of 
the magnetic moment of 170  in D20  the following 
data are used: r ( 170 )/v (2H) =0.883 117 64(12) of 
this work, r ( 2H)/v(1H) =0.153 506 083(60) of 
Smaller19, the magnetic moment of the proton in 
water //p = 2.792 7740(11) of Cohen and Tay­
lor 20 and the nuclear spin 7 = 5/2 of 170. With these 
values the magnetic moment of 170  in D20  is 
derived which is not corrected for the diamagnetism 
|^ ( 170  in DoO) | = 1.892 997 1(6) The error 
results from the error of the magnetic moment of the 
proton in units of the nuclear magneton. It should 
be mentioned that the magnetic moment of 170  is 
negative (see Ref. 21) .

Conclusions

The influence of deuterium on the 170  NMR fre­
quency is rather large compared with the solvent
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