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DIFFUSION EXPERIMENTS WITH DOSY

Molecules in liquid or solution state move. This translational motion is, in contrast to rotational
motion, known as Brownian molecular motion and is often simply called diffusion or self-diffusion.*
It depends on a lot of physical parameters like size and shape of the molecule, temperature, and
viscosity. Assuming a spherical size of the molecule the diffusion coefficient D is described by the
Stokes-Einstein equation
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where k is the Boltzmann constant, T the temperature, n the viscosity of the liquid and rs_the
(hydrodynamic) radius of the molecule. Pulsed field gradient NMR spectroscopy can be used to
measure translational diffusion of molecules. By use of a gradient, molecules can be spatially labeled,
i.e. marked depending on their position in the sample tube. If they move after this encoding during
the following diffusion time, their new position can be decoded by a second gradient. The measured
signal is the integral over the whole sample volume and the NMR signal intensity is attenuated
depending on the diffusion time and the gradient parameters (g, §).2 This intensity change is described

by
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An example of a DOSY experiment is the following:
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Fitting of DOSY experiments for H20 in different solutions are given.
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AG 3.0 mg/mL

Difusion : Variable Gradient o L
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HA/AG 1:1 3.0 mg/mL
Diftusion - Variable Gradient _S
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HA/AG 1:2 4.5mg/mL

Diffusion : Vanable Gradient
I=1{0"exp(-D"SQR(2*PI*gamma*Gi*LD) (BD-LD/3)*184)
Peak 1 at 4674 ppm

DiffCon.=1.666E-9m2/S

HA/AG 1:3 6.0 mg/mL

Diffusion : Vaniable Gradient
I=lf0]"exp(-D*SQR(2*Pi"gamma*Gi*"LD) (BD-LDV/3)*1e4)
Peak 1 at 4.674 ppm

Diff Con,=1,656E-9m2/S
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HA/AG 1:4 7.5 mg/mL
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To summarize previous charts, we obtain the following diffusion coefficients:

Table 2. Diffusion coefficients D of water protons in 99.9% D20

Entry Mixture Diffusion coefficient H-O

(total conc. carbohydrate) (X 10~2m?/s)?
1 Reference in D20 99.9% 1.703 £ 0.007
2 AG (3.0 mg/mL) 1.666 + 0.005
3 HA (3.0 mg/mL) 1.658 + 0.005
4 AG/HA1:1 (3.0 mg/mL) 1.675 + 0.006
5  AG/HA 2:1 (4.5 mg/mL) 1.666 + 0.009
6 AG/HA 3:1 (6.0 mg/mL) 1.656 + 0.005
7 AG/HA 4:1 (7.5 mg/mL) 1.648 + 0.005

where the experimental conditions are

T 25°C

y | 4258.0 Hz/G
1) 4.0 ms

A 149.9 ms
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Also experiments with different conditions have been performed to find the best experimental
conditions and to check obtained data. In particular, another experiment was carried out with the 600
MHz instrument at 25°C. From the 600 MHz experiment at 25 °C carried out under the same
conditions as the previous ones (400 MHz) we obtain the following chart for the diffusion coefficient
of H20.
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from which we can obtain a diffusion coefficient of 1.714 x10° m?/s which is in accord with the
previous one, within the experimental error.
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