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Spin-lattice relaxation times T, of protons in aqueous so-
lutions of gadolinium chloride have been measured at 
2.11 T for a larger range of concentrations down to 0.035 
millimolal. Very small amounts of GdCl3 decrease strongly 
r , of the water protons. 

In NMR-imaging, the signal intensity depends strongly 
on the relaxation times Tx, T2 and the pulse shape and 
sequence of the excitation frequency (see e.g. [1]). Varying 
these parameters the image contrast can be changed. The 
relaxation times are impacted by paramagnetic species, 
and it has been well known since the early days of NMR 
spectroscopy that paramagnetic ions of transition elements 
and rare earths change e.g. the relaxation times of protons 
in water very typically (2 — 8). Relatively few data are 
available for Tx of protons in aqueous solutions of rare 
earth ions [5, 9-13], especially at low concentrations. 

In the following we report on measurements of T, of 
protons in aqueous solutions of GdCl3 for a wide range of 
concentrations, as well as on T2 for higher concentrations. 

The T\ measurements of 'H were performed at 90 MHz 
by the Fourier transform inversion recovery method 
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Fig. 2. Longitudinal relaxation times 7", of water protons 
in a 0.3 millimolal aqueous solution of GdCl3 at 25 °C as a 
function of the Larmor frequency. Value at 90 MHz (•) 
this work, the other data (•) are taken from the work of 
König and Epstein (11). 
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Fig. 1. Longitudinal relaxation rate Rt = 1/7^ of water 
protons in aqueous solutions of GdCl3 as a function of 
concentration. 
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[14-16] using a Bruker pulse spectrometer SXP 4-100, an 
externally NMR-stabilized Bruker magnet system working 
at 2.11 Tand a B-NC12 data unit. The samples have been 
prepared by weighing salt and water of high purity. They 
are not degassed for having realistic conditions. The tem-
perature was (299 ± 1) K 

In Fig. 1 the results for the relaxation rates Rx = \/Tx 
are presented in double logarithmic scale since the concen-
tration ranges from 0.035 millimolal to 500 millimolal and 
the relaxation rate from 0.5 s_1 to 500 s -1 . For the con-
venience of the reader, in Table 1 the data for the smaller 
concentrations are given. It is obvious that very small con-
centrations shorten the relaxation time strongly: in the 
0.035 millimolal Gd3+ solution T, is reduced to 1.7 s. T{ 
varies nearly linearly with the concentration of Gd3+. 
Some data for T{ have been measured in solutions of 
MnCl2. The Mn2+ ion is about 5% to 15% less effective on 
T], depending on concentration. A further interesting fact 
in aqueous solutions of paramagnetic ions was also estab-
lished: T, and T2 differ significantly depending on the sort 
of ion [5, 8]. In the case of Gd3+ at the mentioned field 
and for concentrations of 20 millimolal to 500 millimolal, 
T2 is about a factor of 1.9 to 1.6 shorter than Tx. 

Further, the longitudinal relaxation times of 'H in para-
magnetic aqueous solutions depend on the strength of the 
magnetic field that means change with the Larmor fre-
quency [6]. König and Epstein [11] have given Tx data for 
a 0.3 millimolal aqueous solution of GdCl3 up to 50 MHz, 
e.g. at 25 °C. Between 2 MHz and 20 MHz a change by 
about a factor of 2 is reported. Some of their data together 
with the comparable value measured at 90 MHz in this 
work are given in Figure 2. The knowledge of this field 



Concentrations 
(millimolal) 

T\ (ms) 

0 3030 
0.035 1745 
0.1 1010 
0.14 750 
0.2 575 
0.3 360 
0.4 291 
0.7 174 
1.0 122 
2.0 60 
3.0 40 
4.0 29 
5.0 23 

10.0 12.0 
15.0 8.0 
21.0 6.0 

Table 1. Longitudinal 
relaxation time Tx of 'H in 
solutions of GdCl3 in H 2 0. 
The errors are less than 5%. 

dependence is very important for applications in NMR 
imaging. From the Figure one derives that in Fields which 
are used in NMR imaging, the longitudinal relaxation 
times are about a factor of two shorter than in the high 
field. That means, that the proton relaxation time in a 
0.02 millimolal aqueous solution of GdCl3 is expected to be 
about half of that in pure water. Consequently, the signal 
intensities can be impacted by very low concentrations. 
Recently, an observation of such an effect using Mn2+ ions 
was reported for an in vivo system [17]. 

Acknowledgement 
We thank Dipl.-Phys. G. Kössler and P. Ruppert for 

some experimental assistance and the Deutsche For-
schungsgemeinschaft for its financial support. 

[1] D. Michel, Grundlagen und Methoden der kern-
magnetischen Resonanz, Akademie-Verlag, Berlin 
1981. 

[2] W. C. Dickinson, Phys. Rev. 8 1 , 717 (1951). 
[3] G. Laukien and J. Schlüter, Z. Phys. 1 4 6 ,113 (1956). 
[4] R. Hausser and G. Laukien, Z. Phys. 153,394 (1959). 
[5] L. O. Morgan and A. W. Nolle, J. Chem. Phys. 31, 365 

(1959). 
[6] G. Laukien and F. Noack, Z. Phys. 1 5 9 ,311 (I960). 
[7] N. Bloembergen, Nuclear Magnetic Relaxation, W. A. 

Benjamin Inc., New York 1961. 
[8] R. Hausser and F. Noack, Z. Phys. 182, 93 (1964). 
[9] J. Reuben, J. Chem. Phys. 63 ,5063 (1975). 

[10] R. A. Bernheim, T. H. Brown, H. S. Gutowsky, and 
D. E. Woessner, J. Chem. Phys. 3 0 ,950 (1959). 

[11] S. H. Koenig and M. Epstein, J. Chem. Phys. 63, 2279 
(1975). 

[12] J. Granot and D. Fiat, J. Magn. Res. 1 9 , 372 (1975). 
[13] B. Epperlein, Diplomarbeit, Tübingen 1970. 
[14] R. L. Void, J. S. Waugh, M. P. Klein, and D. E. 

Phelps, J. Chem. Phys. 4 8 , 3831 (1968). 
[15] J. W. Cooper, Nicolet Instr. Corp., April 1974. 
[16] M. Holz, S. Günther, O. Lutz, A. Nolle, and P. G. 

Schrade, Z. Naturforsch. 34 a, 944 (1979). 
[17] M. H. Mendonca Dias, P. C. Lauterbur, and E. J. 

Brown, Jr., In: The Society of Magnetic Resonance in 
Medicine, August 16-18 (1982), Boston, p. 105. 

Nachdruck — auch auszugsweise — nur mit schriftlicher G e n e h m i g u n g des Verlages gestattet 
Verantwortlich für den Inhalt : A. KLEMM 

Satz und Druck: Konrad Triltsch. Würzburg 


