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Effect of the Transition Metal Elements on the
Relaxation Times in the Agar Solutions
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In this study, the relaxation times of T1 spin-lattice and T2 spin-
spin are measured by adding the ions such as Mn2+,  Cr3+,  Fe3+,
Ni2+ and Cu2+ in various concentrations to the different concentra-
tion of agar solution. The measurement are carried out by using a
FT-NMR spectrometer working at the proton resonance 60 MHz
at the room temperature. T1-measurement is realized by the tech-
nique of the Inversion Recovery (IR) and the T2-measurement by
that of the Spin-Echo (SE). It is found that the variation of the 1/T1

and 1/T2  with respect to the ion concentration is linear for each
agar concentration. Furthermore, the effect of the each ion in favour
of the contribution to the relaxation is evaluated depending on ε,
the relaxation-enhancement parameter of the proton added to a
solution.
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INTRODUCTION

It is well known the MR-technique have been used in the examination
of the biological liquids and in the diagnosis of the diseases1. The quality
of the MR-image used for the diagnosis depends on the T1 and T2-ratio in
addition to the other factors2. On the other hand, the states of the water in
the agar solutions exhibit a parallelism to the states of the tissue-water. For
this reason, the agar solutions are recommended as an important test mate-
rial for the calibration of the quality of MR-image3,4. Although the tissue T1

is shorter than the agar-T1 and the relaxation ratios in the tissues exhibit a
broad distribution, the agar can be made a perfect tissue-equivalent mate-
rial by bringing the agar-tissue parallelism to a better situation5,6. But, the
number of the paramagnetic ions examined for this purpose is limited and
does not include all the transition elements7. Hence, the effect of the other
transition elements on the agar-T1 and T2 is assumed to be interesting8,9.

In this study, the T1 and T2 relaxation times are measured by adding the
ions such as Mn2+, Cr3+, Fe3+, Ni2+ and Cu2+ in various concentrations to the
agar solution having 0.5 % concentration. Furthermore, the experiments



are repeated for the agar solutions of 1, 1.5 and 2 % and the effect of the
each ion in favour of the contribution to the relaxation are explained via
the proton relaxivity (enhancement in relaxation ratio per unit concentra-
tion).

EXPERIMENTAL

The agar used in this study is a difco-bacto agar in the shape of fine
gramiler and made by Difco Laboratory (Michigan, U.S.A).

Preparation of the stock solutions:  The stock solutions of the vari-
ous paramagnetic ions such as Mn2+, Cr3+, Fe3+, Cu2+ and Ni2+ are obtained
by solving the manganese chloride (MnCl2·4H2O), chromium chloride
(CrCl3· 6H2O), ferric nitrate (Fe(NO3)3·3H2O), copper sulfate (CuSO4·5H2O)
and nickel chloride (NiCl2·6H2O) prepared in a proper way into the dis-
tilled water kept in a volumetric flask of 250 mL separately.

Preparation of the agar solutions containing paramagnetic ion:
The agar solutions containing paramagnetic ion are obtained by adding the
ions extracted in a proper way from the stock solutions by using the auto-
matic pipettes to the agar solutions prepared as the weight per cent (in the
limits of 0.5, 1, 1.5 and 2 %). These solutions are then boiled for 5 to 10
min at 100ºC on a heater having a magnetic stirer in such a way that an agar
sole is obtained. During this process, in order to prevent the changing of
the concentration by the vaporisation, system with a back-cooling is used.
Then, the sole obtained in this way is transferred into NMR tubes heated
before, which have a diameter of 10 mm and after a reasonable time the
sole become a rigid-shaped gel.

T1 and T2 measurements:  The T1 and T2 measurements are accom-
plished at the room temperature by using a FT-NMR spectrometer working
at the proton resonance of 60 MHz. The T1 measurements are accompolished
by the Inversion Recovery(IR) technique and the T2 measurements are
accompolished according to the Spin-Echo (SE) technique. In the inver-
sion recovery, the pulse interval is between 0.05 and 10 s. The duration of
the pulse repeating is taken to be 20 s. In the SE technique, the echo-times
are varied from 20 to 160 ms in the laps of 20 ms.

Determination of the relaxivity:  In order to understand the effect of
the ions in favour of the contribition to the relaxation, the ions such as
Mn2+, Cr3+, Fe3+, Ni2+ and Cu2+ in various concentration are added to the
agar solutions in various concentrations. Then, 1/T1-ratios measured are
plotted vs. the concentration. The values of the relaxivity are found from
the slope of this curve. This slope is corresponding to the following equa-
tion:

R = (1/T1b – 1/T1a)/C (1)
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does not mean that these ions are not bounded to the agar. If this is the case
then ε = 1 should be obtained14,15.

It is concluded that Mn2+ gives a dominant relaxivity relative to the
other ones and that the neighbourhood of the ion (Fig. 3). Mn2+ is effected
by the agar and hence, Mn2+ is bounded to the agar to a considerable
extent.
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Fig. 3. Behaviour of different metal ions against 1/T1

The charge density of metal ions are changed by the interaction beetwen
metal cation and oxygen atoms in the agar. As the charge of metal ions are
increased the interaction beetwen agar and metal ions also increased. In
this case the splitting in the d-orbitals of metal would be increased, there-
fore the relaxation time will be shorter. Mn2+ ions have small splitting due
to d5 system. Therefore, the relaxation time increases. This is due to the
electrons passes through the eg orbitals. The splittings of d-orbitals
increases for Cr3+ and Fe3+ ions. Therefore, the high energy electrons
return back in the short period of time16. So their relaxation times are short.
In this two ions the electrons are in the t2g orbitals level. In the case of Cu2+

and Ni2+ the electrons are in the eg orbitals. However, due to Jahn-Teller
effect, the energy of this orbitals are changed. Therefore, interaction with
agar become stronger. In this case, the relaxation times for this two ions
aret shorter, due to high energy state (Fig. 4).
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Fig. 4. Possible interactions between metal ions and oxygen atoms in agar
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