This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

oy wo | Physics and Chemistry of Liquids
P hySiCS and Publication details, including instructions for authors and subscription information:
Chemistry of Liquids http://www.informaworld.com/smpp/title~content=t713646857

AN INTERNATIONAL JOUARNAL

'H NMR Relaxation Studies on Glycerine-Water and Dioxan-Water with
Paramagnetic Ions

V. Aroulmoji*; A. Srinivasa Rao®
2 Raman School of Physics, Pondicherry University, Pondicherry, India

- Norman H. March

’ - EmeriLas Protesios, Owfond Unbeersite UK
M,

Gluseppe 6.
{Co-Erfier] Uriversits o Catania, (starcs, Jlsly

To cite this Article Aroulmoji, V. and Rao, A. Srinivasa(2000) ""H NMR Relaxation Studies on Glycerine-Water and
Dioxan-Water with Paramagnetic Ions', Physics and Chemistry of Liquids, 38: 6, 723 — 741

To link to this Article: DOI: 10.1080/00319100008030319
URL: http://dx.doi.org/10.1080/00319100008030319

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319100008030319
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:58 28 January 2011

Downl oaded At:

Phys. Chem. Lig., 2000, Vol. 38, pp. 723-741 © 2000 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in Malaysia.

TH NMR RELAXATION STUDIES
ON GLYCERINE - WATER
AND DIOXAN-WATER
WITH PARAMAGNETIC IONS

V. AROULMOIJI* and A. SRINIVASA RAO

Raman School of Physics, Pondicherry University, RV Nagar,
Pondicherry-14, India

( Received 10 December 1999)

The Proton magnetic Resonance (PMR) spin-lattice and spin—spin relaxation times (7}
and T,) were measured in highly viscous (glycerine ~ water) and less viscous (dioxan—
water) systems at different temperatures. The values of relaxation times increase with
increasing the temperature. This result is interpreted as due to the combined effect of
viscosity and temperature in these solutions. The relaxation times were also measured
in these solutions containing paramagnetic ions (PMI). The results indicate that the
possibility of an anti-parallel bonding of the paramagnetic ions is higher in highly vis-
cous solutions as compared to low viscous systems and the association in the above mix-
tures appears to be weak.

Keywords: NMR,; paramagnetic ions; molecular association and viscosity

INTRODUCTION

The presence of paramagnetic substances in a liquid reduces the
relaxation times (7,) and (T3) of nuclei of the solvent. This effect was
first demonstrated by Bloch, Hansen and Packard [1] for protons
in aqueous solutions of Fe** ions. This effect was further studied
by Bloembergen, Purcell and Pound [2] in aqueous solutions of

*Corresponding author. Laboratoire de Chimie Physique Industrielle, Université
de Reims Champagne-Ardenne, Faculté des Sciences, B.P. 1039, 51687 Reims cedex 2,
France.
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paramagnetic ions such as Cu*™ and Fe***. An important mecha-
nism towards decrease of (7) is the modulation of nuclear magne-
tic dipolar interaction resulting from both the rotational as well as
translational motion of the different moiecules. Bloembergen et al. [2]
attributed the reduction in the values of relaxation times is due to
diffusional Brownian motion of the water molecules in the vicinity
of paramagnetic ions. According to Bernheim er al. [3] the primary
contribution towards the reduction of relaxation times (7)) in the
presence of paramagnetic ions comes from rotational terms. The
decrease in the value of relaxation times can also be interpreted in
terms of some models. The ions are surrounded by a coordination
spheres of solvent molecules. The nuclei in this salvation shell in-
teract strongly with the unpaired electrons of the ion, the interaction
having both magnetic dipole—dipole and hyperfine terms. For most
iron-group ions dissolved in water, a rapid exchange of water mol-
ecules between “free’” solvent hydration shell takes place, and only
a single proton resonance line is observed, which is the result of an
averaging of the resonance of the free and bound molecules.

Several workers have reported the effect of paramagnetic ions on
proton relaxation times [4—6]. Gutowsky and Ravikind [7, 8] were the
first to study the effect of free radicals on NMR relaxation times
in certain non-viscous solvents. Modak et al. [9] carried out NMR
relaxation time (7)) measurements in glycerine—water mixtures by
continuous wave technique by measuring the NMR signal heights. In
their study free radicals and paramagnetic ions were added to three
different (glycerine rich) glycerine—water compositions. The results
reveal that the free radicals increase the viscosity of these systems
whereas there is no appreciable change in viscosity on the addition of
paramagnetic ions (copper nitrate). Also the proton signal heights
in these solutions showed an initial increase and a small decrease at
higher concentration and also indicate that at a given concentration
pair formation is more probable for free radicals than for para-
magnetic ions. The initial increase in the signal height is attributed to
the complex formation of the paramagnetic ions with water, gly-
cerine and associated glycerine—water molecules. Since the relaxa-
tion times in the above study are not absolute measurements, it is
considered worthwhile to repeat the measurements in highly viscous
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(Glycerine—water) and less viscous (Dioxan—water) using more so-
phisticated low resolution pulsed NMR spectrometer.

In the present study, Dioxan can be chosen as a less viscous sys-
tem since Dioxan mixes freely in all proportions with water, has al-
most identical density and many studies of physical properties of the
mixtures were already carried out [12, 13]. Further infrared and NMR
studies [14—16] indicate that molecules of water and dioxan inter-
act strongly. Hence it is considered worthwhile to study the relaxation
measurements in these mixtures with and without paramagnetic ions.
The paramagnetic ions are likely to be more mobile in these mixtures
(as compared to glycerine—water mixtures) and this should reveal
some interesting information on the nature of molecular interactions.

MATERIALS AND METHODS

In the present study, the PMR relaxation times were measured in the
solutions of glycerine—water mixtures of volume proportions 90%
glycerine and 10% water (solution A), 80% glycerine and 20% water
(solution B), 70% glycerine and 30% water (solution C) and 60%
glycerine and 40% water (solution D). Solution (1.0 M) of copper and
chromium nitrates are formed by dissolving it in double distilled
water. The solutions were added in different amounts to glycerine and
the proportion of glycerine to water is brought to the desired value by
further addition of the required amount of water. The concentration
is expressed as number of particles/cc and the range is from 0.1 x
10~*°ions/cc to 0.5 x 10”2 ions/cc.

Dioxan—water mixtures were prepared in volume ratio 9:]
(solution D), 8:2 (solution E), 7:3 (solution F). The paramagnetic
ions used are copper nitrate and chromium nitrate. In these paramag-
netic ions, copper ions are weakly paramagnetic whereas chromium
ions are strongly paramagnetic. One molar solutions of copper nitrate,
chromium nitrate were prepared by dissolving in different amounts
to dioxan and desired concentration value is obtained by further
addition of the required amount to water. The concentration is
expressed as number of ions per m® and the range is from
0.1 x 1072°jons/cc to 0.5 x 10"*ions/cc.
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The spin-lattice and spin—spin relaxation times (7', and T5) in these
solutions in the above concentrations were measured at different
temperatures of 30°, 40°, 50°, 60°C using Bruker PC 20 NMR process
analyzer at a RF frequency of 20 MHz. Saturation recovery technique
was used for the measurement of (7)) and CPMG pulse sequence
was carried for the measurement of (7). Temperature variation was
carried out by circulating water from a thermostatically controlled
water bath to an accuracy of + 1°C. Viscosity and density measure-
ments were carried out using Ostwald’s viscometer and Pyknometer
at a temperature of 30°C.

RESULT

Copper lons

The variation of spin-lattice relaxation times (77) and spin—spin
relaxation time (T5) in glycerine—water solution (A —D) with para-
magnetic ions (PMI) (Cu™™) at different concentration and different
temperatures are shown in Figures 1(A-D) and Figures 2(A-D).

As can be observed from these figures, the relaxation times general-
ly decrease with increase of PMI concentration. The initial decrease
in the relaxation times is quite large up to PMI concentration of
0.1 x 10~ ions/cc for all the solutions studied. Further increase of
PMI concentration decreases the relaxation times gradually. Simi-
lar behavior is also seen for all the solutions at higher temperature.
The influence of viscosity remains fairly constant for all the PMIs
studied.

Chromium lons

The results of spin-lattice relaxation times (7) with different composi-
tions of glycerine —water mixtures with paramagnetic ions (Cr**) and
at different temperatures are shown in Figures 3(A — D). The variation
of viscosity against different proportions of glycerine —water mixtures
with added paramagnetic ions such as copper nitrate and chromium
nitrate at a temperature of 30°C are shown in Figures 4, 5. The decay
of magnetization was checked for each sample and it is found to be
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FIGURES 1{A-D) Spin-lattice relaxation time (T)) as a function of increasing Cop-
per Nitrate Concentration in the different proportions of glycerine—water mixtures at
different temperatures. The relaxation times were measured in these solutions using
Bruker PC 120 NMR process analyser as described in the experimental section.

mono-exponential (Fig. 6). The results obtained for Cr** solution is
similar to the results obtained for Cu**. The addition of Cr*™" in
glycerine —water mixture does not change the viscosity drastically.
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FIGURES 1(A-D) (Continued).

DISCUSSION

It will be appropriate to discuss the results obtained in glycerine -
water mixture without paramagnetic ions first and then assess the
influence of paramagnetic ions on highly viscous systems. Since the
relaxation times (7)) and (T;) are approximately equal in these
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FIGURES 2(A-D) Spin-spin relaxation time (7) as a function of increasing Copper
Nitrate Concentration in the different proportions of glycerine—water mixtures at
different temperatures. The relaxation times were measured in these solutions using
Bruker PC 120 NMR process analyser as described in the experimental section.

mixtures, it can be concluded that dipole—dipole interaction is a
dominant relaxation mechanisms.

Relaxation times were measured for the volume proportions of
glycerine—water solutions, which cover a wide range of viscosity at
a temperature of 303°K. From the figures, it can be observed that
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FIGURES 2(A-D) (Continued).

the exact proportionality between (1/7;) and # is not perhaps to be
expected, since the progressive change of concentration must bring
with it a change in the environment of each protons [10].

It may also seen from Figure 1 that the relaxation time (7}) changes
from 74—349 msec as the temperature is increased from 30-60°C for
solution (A) with zero PMI concentration. This effect may be entirely
due to the change in the viscosity (n) as viscosity in glycerol decreases
from 612cp to 8lcp [11] in this temperature range. Since (1/7) is
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FIGURES 3(A-D) Spin-lattice relaxation time (7)) as a function of increasing
Chromium Nitrate Concentration in the different proportions of glycerine—water
mixtures at different temperatures.

inversely proportional to n/T [10], it can be inferred that the large
change observed in the value of (7) with increase of temperature may
be due to the combined effect of change in viscosity and temperature.
Similar effect is also observed for the variation of (73) with tem-
perature in the above solutions.
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FIGURES 3(A-D) (Continued).

Glycerine — Water with Paramagnetic Ions

According to Bernheim et al. [3], the longitudinal relaxation time (77)
for protons in the presence of paramagnetic ions is given by

1/T; = constant N2y,

(1)
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FIGURE 4 Viscosity versus concentration of copper nitrate in glycerine—water
mixture.

Where ‘N’ is the concentration of paramagnetic ions, pgﬂ is their
effective magnetic moment and ‘r.’ is the correlation time for the ro-
tation of the molecules containing protons as well as paramagnetic
ions

7. = 4mna®/KT (2)

Where ‘K’ is the Boltzmanns constant, ‘7 is the absolute temperature,
‘a’ is the molecular radius of the complex and ‘7’ is the co-efficient of
viscosity. Combining Eqs. (1) and (2) at constant temperature we get

1/Ti = constant NpZyna’ (3)

From the above equation and Figures 7, 8, that (1/7}) increases lin-
early for the solutions of C and D containing Cut™" ions, whereas
for solutions A and B that 1/7; increases linearly up to PMI con-
centration of 0.3 x 1072° jons/cc and for higher PMI concentration
there is deviation from linearity. The linear increase of (1/7T;) observed
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FIGURE 5 Viscosity versus concentration of chromium nitrate in glycerine — water
mixture.

with increase of PMI concentration indicate that the molecular
radius ‘a’ does not change appreciably in these solutions thereby in-
dicating that the complex formation in these solution is rather weak.
Solutions A (90G + 10W) and B (80G +20W) are highly viscous
systems as compared to C (70G + 30W) and D, the mobility of the
ions is restricted and this may increase the probability of anti paral-
lel bonding of the paramagnetic ions. This anti parallel bonding
reduces the value of u.q and (1/7;) decreases with increase of PMI
concentration. The variation of spin—spin relaxation time (73) is
similar to the variation of (7}) with increasing PMI concentration
and the explanation proposed above may also holdgood for (7).

Dioxan—Water Mixture with Paramagnetic Ions

In continuation of the above work, the present investigation is un-
dertaken to understand the influence of addition of paramagnetic
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FIGURE 7 (1/T)) vs. ion concentration at several temperatures.

ions in less viscous medium of Dioxan rich, Dioxan— Water mixtures.
The variation of spin-lattice relaxation times (7)) and spin—spin re-
laxation times (T3) in dioxan—water solutions with PMI concentra-
tions of copper and chromium nitrates are shown in Figures 9 and 10.

It can be seen from figures that in all the three solutions (with-
out paramagnetic ions) the relaxation times (7}) and (73) is found to
decrease with increase of concentration of water. The observed de-
crease in the relaxation times (7,) and (7T,) may be attributed due to
the strong hydrogen bond formation between dioxan with water mol-
ecules. Such strong hydrogen bond formation results in a decrease
in the value of (T)) and (T,) as it is known that (T) decreases with
increase in hydrogen bond energy [17].
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FIGURE 8 Variation of (1/T1) versus ion concentration of copper nitrate.

As discussed earlier, the addition of paramagnetic ions should
decrease the relaxation times (Figs. 9, 10). The variations of (1/T))
against PMI concentrations were shown in Figure 11. From the fig-
ure, it can be observed that (1/7)) increase linearly for both copper
and chromium nitrate for all the three solutions. It may be noticed
that the plots of (1/7;) against PMI concentration (V) have a larger
slope for Cr** ion as compared to Cu*™ ion in these solutions.
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The increase in the value of the slope may be attributed to the larger
value of ‘u’ for Cr*™ ion [18]. The linearity of the plot (1/T)) versus
PMI concentrations indicates the absence of anti parallel bonding
of the paramagnetic ions in this low viscous system. This is to be
expected because of the free mobility of the ions. The linear relation-
ship between (1/7;) and PMI concentration also indicates that the
molecular radius ‘a’ (Eq. (3)) is not significantly altered by the pre-
sence of paramagnetic ions.

In conclusion, it may be mentioned that the present study indicates
the possibility of anti parallel bonding of the paramagnetic ions in
highly viscous solutions as compared to low viscosity system. These
results support the earlier ultrasonic studies in these solutions [19, 20].
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