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The mean mutual diffusion coefficient of acetylsalicylic acid trihydromagnesium salt in water and in hydroxyethylcellu- 
lose aqueous solution is studied using optical refractometric Philpott Svensson method. It was found that the presence of 
the polymer increases the diffusion coefficient of the magnesium salt in the three-component system. The self-diffusion 
coefficient of hydroxyethylcellulose aqueous solution with and without addition ofthe magnesium salt was also measured 
using dynamic light scattering. The possible diffusion mechanism of the magnesium salt in aqueous solution with presence 
of the polymer is explained. Assuming the experimental data of the two-component system with respect to the addition of a 
third component, it was found that the jumping distance of magnesium salt increases approximately linearly with the 
hydroxyethylcellulose concentration. 

Der EinJuJ von Hydroxyethylcellulose auf die Diffusion des Trihydromagnesiumsalzes der Acetylsaure in waJriger Losung 

Der mittlere gegenseitige Diffusionskoeffizient des Trihydromagnesiumsalzes der Acetylsaure in Wasser und in wal3rigen 
Losungen von Hydroxyethylcellulose wurde mit der optischen Refraktometriemethode nach Philpott-Svensson unter- 
sucht. Es wurde gefunden, daB in Anwesenheit des Polymers der Diffusionskoeffizient des Magnesiumsalzes im Dreikom- 
ponentensystem ansteigt. Der Selbstdiffusionskoeffizient der wahigen Losung von Hydroxyethylcellulose mit und ohne 
Zugabe des Magnesiumsalzes wurde mit Hilfe der dynamischen Lichtstreuung gemessen. Der Diffusionsmechanismus 
des Magnesiumsalzes in wal3riger Losung in Gegenwart des Polymers wird erklart. Ausgehend von den experimentellen 
Ergebnissen fur die Zeikomponentensysteme bei Zugabe einer dritten Komponente wurde gefunden, dal3 die Sprungdis- 
tanz des Magnesiumsalzes etwa linear mit der Konzentration der Hydroxyethylcellulose zunimmt. 

1 Introduction 

From the biomedical point of view magnesium plays an 
important role in living organisms. The interest is focused 
on its catalytic properties in cellular systems [l] and on diffu- 
sion properties in a tissue. Magnesium enters into the glyco- 
lytic reactions of cellularmetabolism as a catalyst and influ- 
ences enzymatic processes, i.e. the formation of protein 
and phospholipide products [2], and it can also be used in 
the membrane structure. This substance plays an important 
role during the incorporation of phenylanilin and leucine 
into polypeptidic chains [3,4]. Salicylic acid and its salts play 
a significant role as a drug component.The research interest 
is concentrated on diffusion of salicylic acid through 
various tissue membranes [5,6]. The possibility of the appli- 
cation of acetylsalicylic acid trihydromagnesium salt 
(Mg(AcSal), . 3H20) and other magnesium coordination 
compounds seems to be advantageous in biology and 
human medicine. 

The diffusion coefficient is one of the fundamental trans- 
port parameters usually measured by means of optical 
methods based on time changes of the concentration field 
[7, 81 or by dynamic light scattering measurements [9, 101. 
The optical refractometric method is based on the principle 
that the output optical beam from the system with concen- 
tration gradient is proportional to the refractive index 
gradient in the place where the beam crosses the system. 
The output of this refractometric method called Philpott 
Svensson Method is the optical record of the derivative of 
the concentration field -the gradient curve.The lower accu- 
racy compared to interferometric methods (the possibility 
of beam deformation by visualisation through cylinder lens 
in the plane [ 111) is the disadvantage of this method. The 
advantage is that the method gives the projection of a bright 
gradient curve on the dark background, which allows the 
signal digitalisation and computer storage. 

In the presented paper the concentration dependence of 
diffusion coefficient of Mg(AcSal), in aqueous solution 

without and with the presence of hydroxyethylcellulose 
(HEC) is measured and discussed. The refractometric Phil- 
pott Svensson method was used as the most important one 
in the experiments while the dynamic light scattering was 
used in the role of a supplementary method. The chosen 
aqueous system (Mg(AcSal)z - HEC illustrates the proper- 
ties of penetration of the drug component represented by 
the magnesium salt in the HEC aqueous solution. 

2 Experimental 

The HEC aqueous solutions (Natrosol, MR type, mole- 
cular weight 660 000) in the concentration range 0.125 O/o to 
1 O/o Mg(AcSal), were prepared by neutralization of magne- 
sium dihydroxide (Lachema Brno, CS) and acetylsalicylic 
acid (Medika Topolcany, CS). The used Mg(AcSal), 
aqueous solutions were prepared in the concentration 
range 0 to 1.2 g/lOO cm3. From the elementary analysis 
follows that the deviation of the found composition 
compared to the calculated one is less than 3 O/o. 

The mean mutual diffusion coefficient D (diffusion coef- 
ficient) was measured by the Philpott Svensson refrac- 
tometric method using a device for the registration of 
refractive index changes (Zeiss, model 80). The measuring 
system was automated using the CCD camera and 
computer control (Fig. la). A mercury lamp with a filter at 
546 nm was used as a light source. The gradient curve (Fig. 
lb) was projected on the CCD detector and digitized. The 
software has enabled mathematical operations with the 
curve and calculation of the diffusion coefficient based on 
the equation 

D = P2/(4zP2) d f 2 / d t  (1) 

p is the optical enlargement, P the area under the gradient 
curve, v the maximal height of the gradient curve, and D the 
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Fig. 1. (a) Experimental device for registration and storage of the 
gradient curves using optical refractometric Philpott Svensson 
method. MC - measuring cell, CCD - CCD detector,A/D -analog- 
digital conversion device, PC - computer. 
(b) The gradient curve in the system penetrant solution - solvent. 
v - maximal peak height, P - area under the gradient curve. 
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diffusion coefficient. The time changes of the gradient 
curve can be recorded and stored in the chosen time inter- 
vals automatically. The inaccuracy for digital maximal peak 
height measurement reaches approximately 0.4 O/o and 0.8 O/o 
in case of area measurement. 

For initial boundary creation, the system with quartz cell 
was used (Fig. 2). The penetrating liquid was set in motion 
by opening a hole in the piston with screw 3. After the 
formation of the initial boundary was reached the penetrant 
stream was stopped (screw 3). The time of the initial boun- 
dary creation can be cancelled compared to the time of the 
measurement.The regulation cylinderwas inserted into the 
capillary mouth in order to prevent penetrant turbulences. 
The measuring cell with the optical part of the device was 
put on the auxiliary supports fixed in boxes with sand to 
avoid trembling. Keeping the mentioned hydrodynamic 
conditions in the measuring cell a sharp initial boundary 
was formed. 
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Fig. 2.The measuring cell with filling system. 1 -quartz measuring 
cell; 2 - solvent; 3 - screw, controlling contact between the system 
and the atmospheric pressure; 4 -piston; 5 -  capillary (@ =0.2 cm). 
The detailed figure shows the cylinder in the mouth of capillary 
avoiding turbulences; 6 - penetrant solution. The difference A h  = 
14.5 cm 

The support dynamic light scattering measurements were 
carried out using a He-Ne laser (632.8 nm), a Brookhaven 
Instrument photogoniometer system with BI 8000 AT 
digital correlator. The curve fit was performed using 
weighted, least- squares technique. All measurements were 
performed at 25' C .  

3 Results and discussion 

The presented results are related to the diffusion of HEC 
and Mg(A~sa1)~ in aqueous solutions as well as to the 
ternary system HEC - Mg(A~sa1)~ - water. The common 
studied systems are the penetrant - solvent systems. The 
diffusion properties of the ternary system HEC - 
Mg(A~sa1)~ - water were studied with respect to 
two-component systems as the limit case. The values of 
diffusion coefficients for two-component systems are 
confronted with known data with regard to the method of 
the measurement (refractometric, interference methods or 
light scattering) and the definition of diffusion coefficient 
(mean mutual or self-diffusion coefficient).The study of the 
influence of the third component on diffusion is based on 
the diffusion values of two-component systems. 

The decreasing dependence of the diffusion coefficient D 
in the system of HEC aqueous solution -water is shown on 
Fig. 3 as a function of HEC concentration. The dependence 
is practically linear in the measured concentration scale 
with the slope of-3.9. lop5 cm2/s and with the D axis inter- 
cept D (c= 0) = 4.8.10" cm2/s. The values of D correspond 
with the known data [8] (for c=0.552 O/o wt D=3 .  cm2/s) 
obtained by the optical Raighley interference method. The 
decreasing concentration dependence of HEC aqueous 
solution was also found in the range o fD= 1.9. lop7 to 1.1 
. lop7 cm2/s [12]. However, no concentration dependence 
[12] or slight concentration increase [13] of the diffusion 
coefficient was found for other cellulose derivatives 

Fig. 3. The concentration dependence of the mean mutual diffu- 
sion coeficient in the hydroxyethylcellulose aqueous solution at 
25 "C 

The decreasing concentration dependence of D also 
appeared in the system Mg(AcSal), aqueous solution - 
water (Fig. 4), where the concentration dependence of D 
was stronger than in the case of the polymer. The pre-expo- 
nential factor obtained by extrapolation of the curve to c=O 
is 2.2. lop5 cm2/s and the slope of the dependence at c=  0 
equals -3.1 . cm5/sg. 
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The decrease of D with concentration is generally 
expected as a result of the viscosity increase with concentra- 
tion. It can be illustrated taking the simple hydrodynamic 
model of colloid system into account using the Stokes- 
Einstein equation and Einstein relation 

D = kT/(6~-qr) 

where k is the Boltzmann constant; r the hydrodynamic 
radius; 17 the solution viscosity; qo, Q the viscosity and the 
mass density of the solvent, respectively. The parameter 17 
depends on c in polymer solution, and the decrease of D 
with the raising concentration c is evident within this 
model. However, the decrease is faster than can be deduced 
from the above mentioned equations for rational yb. It 
would be perhaps more convenient to express ~ ( c )  in the 
exponential form [ 141 

(2) 

(bis a constant, b= yb/Q), which is connected with the solva- 
tion of the polymer coil and magnesium salt, respectively. 
Introducing Eq. (2) into the Stoke-Einstein equation, the 
concentration dependence of D for small solute concentra- 
tions is given by 

(3) 

17 = vo exp (1 + ybc/e) 

17 = vo exp (bc)  

D = kT’(6~c17or) (1 - bc) 

The effective hydrodynamic size of HEC and Mg(AcSal), 
calculated from Eq. (3) and at c= 0 are 10 and 0.75 nm, re- 
spectively. 

The two other curves on Fig. 4 represent the influence of 
the polymer presence of the diffusion of Mg(AcSal),. The 
curve “1” represents the real diffusion coefficient (D,) of 
Mg(A~sa1)~ dissolved & HEC aqueous solution. The curve 
“2” represents the “invasive” diffusion coefficient (Di) of 
Mg(A~sa1)~ into HEC aqueous solution (Figure 5). In this 
case, the association of Mg(AcSal), and polymer probably 
modifies the diffusion movement and increases the observ- 
able diffusion coefficient. The diffusion of the hydroxyeth- 
ylcellulose appears in the inverse direction in this three- 
component system as well. The diffusion process of the 
polymer is significantly slower than that of Mg(AcSal), and 
the time changes of the hydroxyethylcellulose gradient 
curves are out of the range of the diffusion process of 
Mg(AcSal)*. The observable diffusion coefficient in the 
ternary system is of the same order of magnitude as the one 
for the binary system Mg(AcSal), aqueous solution -water 
(Fig. 4; curve 0.0 O/o HEC) and can be ascribed to the diffu- 
sion of the magnesium salt. 

The plot of the diffusion coefficient of Mg(AcSal), versus 
HEC concentration in dilute regime (0-0.3 O/o wt) for 
constant concentration of Mg(AcSal)2 (c= 1.2 g/lOO cm3) is 
shown on Fig. 6.The signification ofD, and Di is the same as 
on Fig. 4. A similar increase for the diffusion of Mg(AcSal), 
with the increasing polymer concentration as on Fig. 4 (the 
curve for polymer concentration 0 O/o wt under the curves 
0.25 O/o wt) is observed. The increase of diffusion coefficient 
of Mg(AcSal), with polymer concentration is explained by 
association of hydroxyethylcellulose and Mg(AcSal)2. How- 
ever, Di diffusion coefficient is more influenced by associa- 
tion than D,. 
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Fig. 6.The dependence of the mean mutual diffusion coefficient of 
acetylsalicylic acid magnesium salt [Mg(AcSal),] (c = 1.2 g/lOO 
cm3) on the hydroxyethylcellulose concentration measured in the 
hydroxyethylcellulose aqueous solution at 25 “C. The curves “1” 
and “2” have the same meaning as on Fig. 4 

The results of dynamic light scattering diffusion measure- 
ments of the binary and ternary systems are shon on Fig. 7. 
The increase of the self-diffusion coefficient of HEC after 
addition of Mg(AcSal), indicates the association of polymer 
and magnesium salt, similar to that on Figs. 4 and 6 .  How- 
ever, the observed diffusion comes only from HEC macro- 
molecules because of their greater scattering intensity 
compared to that of Mg(AcSal),. The increasing concentra- 
tion dependence of the diffusion coefficient measured by 
dynamic light scattering method indicates probably that the 
diffusion process may be separated into two independent 
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Fig. 7. The concentration dependence of the self-diffusion coeffi- 
cient of hydroxyethylcellulose solved in aqueous solution without 
and with addition of acetylsalicylic acid magnesium salt 
[Mg(AcSal),] (c= 0.6 and 1.2 g/100 cm’) at 25 “C 

regions -collective diffusion (fast mode) at higher polymer 
concentrations and self-diffusion (slow mode) at low 
concentrations [15]. It is difficult to compare the concentra- 
tion dependencies of the diffusion coefficient on Figs. 3 and 
7 because of various definitions of the self-diffusion coeffi- 
cient (dynamic light scattering) and the mean mutual diffu- 
sion coefficient (optical refractometric method). 

Let us try to explain the diffusion mechanism, in which 
the polymer macromolecule influences the diffusion of 
Mg(AcSal)2 in accordance with the results from Fig. 4-7. 

From Eyring’s kinetic theory [16] follows 

D = kA l2 (4) 

where kA  is the rate constant Gumping frequency) and 1 is 
the mean distance of two equilibrium positions crossed by 
the particle during diffusion movement. In terms of the 
Eyring theory, the rate constant can be expressed as follows 

kA = (kT/2nm)l f2  vF1I3 exp (-HD/RT) ( 5 )  

where m is the mass of the particle, vf- the free volume per 
one particle, HD - the activation energy per mole necessary 
for creation of free volume (hole) during the diffusion pro- 
cess. 

Theoretically the three quantities HD, v;’13, l are depen- 
dent on polymer concentration c. The association between 
polymer macromolecule and hydrated ion can lead to the 
jumping distance enlargement 6 proportional to the 
polymer concentration c 

A = I , + 6 ;  6=k l  C“ (6) 

where n and k l  are constants. 
Let us suppose that the increase of linear dimension of 

the free volume vf113 corresponds with the jumping distance 
enlargement 6 as follows 

(7) 

where vm is the free volume without polymer presence and 
k2 is a constant. The activation of diffusion HD is related to 
the free volume vf as follows 

(8) 

v;13 = vm113 + k2 6 

vf1l3 = (csRT v1/3)/(NA1/3 HD nf )  

where V is the molar volume, c, the concentration of the 
solvent, NA the Avogadro constant, nf the degree of 
freedom. 

After introducing Eq. (7) in Eq. ( 8 ) ,  HD can be expressed 
as a function of 6. Combining the expression for HD with 
Eq. ( 5 )  and omitting d2 and higher terms, the exponential 
term in Eq. ( 5 )  is given by 

exp (-HD/Rr) - exp (-HDo/RT). (1 + k3 6) (9) 

where HDo corresponds with vm, and k3 is a constant related 
to 6. 

Combining Eqs. (9), (9, (7), (6) and introducing them 
into Eq. (4) the final expression for D is given (omitting 6’ 
and higher terms again): 

(10) D =  Do (1 + k4 6) 

where Do = (kT/2nm)’I2 vm-1/3A02 exp (-HDo/Rr) and k4 is 
the cumulative constant. After introducing the concentra- 
tion dependence of 6 (Eq. (6)), Eq. (10) may be rewritten as 

D =  Do (1 + const. c”) (1 1) 

The measurements indicate (Fig. 6) that the diffusion 
coefficient of Mg(AcSal), increases approximately linearly 
with the HEC concentration. It means that the data from 
Fig. 6 correspond with Eq. (1 1) when n= 1. We can conclude 
that in consequence of the associative forces between 
macromolecules and magnesium salt the diffusion jumping 
distance A increases approximately linearly with the HEC 
concentration. 

4 Conclusions 

Using the optical refractometric Philpott Svensson 
method the decreasing concentration dependence of the 
mean mutual diffusion coefficient of HEC aqueous solu- 
tion was found in the form Do (1 - bc) where Do = 4.8 . lo-’ 
cm2/s and b = 3.9 . lo-’ cm2/s, respectively. The range of 
diffusion values and the decreasing concentration depen- 
dence coincides with the previously found data. 

Similarly the decreasing concentration dependence of 
the mean mutual diffusion coefficient of acetylsalicylic acid 
magnesium salt in aqueous solution with and without addi- 
tion of HEC was found in the form Do (1 - bc) where D0=2.2 
. lo-’ cm2/s, b = 3.1 . lop3 cms/sg, respectively. However, in 
both cases of diffusion of magnesium salt - in HEC 
aqueous solution and aqueous solution -the dTffusion 
coefficient raises with increasing polymer content in the 
solution. 

The dynamic light scattering measurements of HEC 
aqueous solution indicate a similar increase of the self- 
diffusion coefficient of hydroxyethylcellulose after magne- 
sium salt addition. 

In accordance with these experimental results, the diffu- 
sion mechanism based on Eyring’s kinetic theory explaining 
the influence of polymer macromolecules on the diffusion 
of magnesium salt in aqueous solution is proposed. Based 
on the experimental data of the two-component systems 
HEC -water and magnesium salt - water with respect to the 
addition of a third component it was found that the jumping 
distance of the magnesium salt increases approximately 
linearly with the HEC concentration. 
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