This article was downloaded by:

On: 30 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

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

l:.': GOS0 DY
i i = i_-x_ L= -

A Turbidity Study of the Rate of Dissolution of Zinc-Monoglycerolate in

Aqueous Solution

Edward R. T. Tiekink®; George Siasios*; Desmond B. Williams"; Tomas Kurucsev®

2 Department of Chemistry, The University of Adelaide, Adelaide, AUSTRALIA " Bellara Medical

Products Limited, Brunswick East, AUSTRALIA

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Tiekink, Edward R. T., Siasios, George , Williams, Desmond B. and Kurucsev, Tomas(1996) 'A
Turbidity Study of the Rate of Dissolution of Zinc-Monoglycerolate in Aqueous Solution', Spectroscopy Letters, 29: 8,
1545 — 1554

To link to this Article: DOI: 10.1080/00387019608007145
URL: http://dx.doi.org/10.1080/00387019608007145

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan 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 prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges 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=t713597299
http://dx.doi.org/10.1080/00387019608007145
http://www.informaworld.com/terms-and-conditions-of-access.pdf

03: 37 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 29(8), 1545-1554 (1996)

A TURBIDITY STUDY OF THE RATE OF DISSOLUTION OF
ZINC-MONOGLYCEROLATE IN AQUEOUS SOLUTION
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ABSTRACT

The turbidity of suspensions of polymeric zinc monoglycerolate (ZMG) has
been used to determine dissolution rates in aqueous solution. The rate was found
to be first order with respect to the concentration of undissolved ZMG and of
order 1/2 with respect to the hydrogen ion concentration in the pH range 4.1 - 5.8
and a temperature range of 20°C - 45°C. The temperature dependence at constant
pH obeys the Arrhenius equation and the activation energy of the dissolution
process was found to be near 35 kJ mol ™.
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INTRODUCTION

Zinc monoglycerolate [1,2,3-propanetriolato zinc(ll), hereafter referred to as
ZMG] is a two-dimensional polymeric material constructed from the monomeric

unit: \\
7o

Zn—O\ /OH

As revealed by an X-ray crystal structure analysis,! the coordination geometry
about the zinc centre is approximately trigonal bipyramidal owing to the
pentadentate mode of coordination of the dinegative glycerolate ligand. The
aliphatic hydrogen atoms are orientated so as to occupy the regions between
successive layers, an observation that accounts for the hydrophobic nature of the
material as well as other chemical properties such as lubricity.!.2 Particular
interest in ZMG arises from its potential use as a medium for the slow/contolled
release of zinc in both agricultural and pharmaceutical applications;2-5 other
applications relate to its use as a lubricant and talc substitute.? ZMG has been
reported to have low solubility in neutral aqueous solution, however, except for
an essentially preliminary report, quantitative experimental data are not
available for the aqueous dissolution or solubility of ZMG under the various
conditions such as pH, ionic strength and temperature.2 A program has been
initiated to gather information on the dissolution characteristics of ZMG in order
to provide the necessary background knowledge required® for the inclusion of
this material in pharmaceutical formulations.

Turbidity measurements may be used as a convenient method to follow the
dissolution of ZMG particles dispersed in solution under various conditions. It
has been found that the turbidity decay fits well a single exponential. This
report describes the experimental procedures used in the study and shows that
rates of dissolution may be determined with satisfactory precision as long as the
half-life of the wurbidity decay is not less than around 0.05 s. In addition, ZMG
has been characterised by mass spectroscopic techniques and its solid state 13C
NMR spectrum recorded.
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EXPERIMENTAL

Instrumentation:

Spectrophotometric measurements were made on a Cary 2200 double-beam
spectrophotometer fitted with 2 MGW Lauda thermostat. Scanning Electron
Microscopic (SEM) data were obtained on a Philips X120 SEM. Cross-polarised
magic angle spinning 13C magnetic resonance data were measured on a Varian
Unity 200 spectrometer operating at 50.309 MHz with hexamethylbenzene as the
reference. Fast atom bombardment mass spectra were recorded on a VG ZAB-
2HF spectrometer using 3-nitrobenzyl| alcohol as matrix, exciting gas argon, FAB
gun voltage 7 kV, current 1 mA and accelerating potential 8 kV.

Materials:

A sample of ZMG was provided by Dr M.J. Story of Bellara Medical Products
Limited; the material was purified by solvent extraction with analytical grade 2-
propanol. A SEM study showed that the particles of ZMG are aggregates of ZMG
crystallites and are up to 80 um in size but normally < 20 um. A turbidimetric
titration of ZMG with 0.01 M HCl showed that complete dissolution was effected
by the addition of two molar equivalents of the acid per mole of zinc; this
indicates that dissolution leads to the dissociation of the polymer into glycerol
molecules and Zn>* ions and that, consequently, control of pH is essential in ZMG
dissolution studies. Phthalate buffer solutions (100 cm3) were prepared to the
required pH using potassium hydrogen phthalate (Ajax). Ionic strength was
moderated using KCl (Ajax) or KNO3 (BDH).

Sample Preparation, Turbidity Measurements:

Typically, measurements involved dispersing 0.5 mg of ground ZMG in 3 cm3
buffer in a | cm quartz curvette. The suspension was shaken manually and placed
in the spectrophotometer. The pH was monitored routinely, before and after
dissolution, to ensure that the buffer capacity was not exceeded. The 0.5 mg mass
was chosen as the optimum initial amount of ZMG over the pH range studied.

RESULTS AND DISCUSSION
Turbidity:

The turbidity, 1, was determined as the apparent absorbance at the wavelength
of 500 nm. The forward scattering of light may be taken to be proportional? to
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the number of particles, N, and to the square of their volume, <V2>:

T« N<V2> )]

Typically, measurements involved dispersing 0.5 mg of ground ZMG in 3 cm? of
buffer solution corresponding to a volume fraction of less than 2 x 104
Experimental measurements in this range confirm the linerity of the turbidity, 1,

with the particles in suspension; this is shown in Figure 1.

The turbidity decays with time as a single exponential to a very high precision
as is shown in Figure 2 (obtained in a pH 5.5 buffer at 20°C at 0.5 M ionic
strength at an initial ZMG particle concentration of 0.5 mg cm'3). The digital
output corresponded to a sampling rate of 12 measurements per second. The
calculated curve is the least-squares fit of the first 2000 points of the experimental
data to the equation:

T = tpexp{-ket} -b 2)
where t is the time and the three fitting parameters are 1, the turbidity at time
zero, ky, the first order rate constant and b, a small base-line correction. The mean
values of these parameters and their standard deviations in this instance were
found to be k; = 2.660 £ 0.001 s'!, 19 =1.074 £ 0.001,and b =7.67 x 103 =
0.02 x 10-3, where 1 and b have absorbance units.

The relationship between k. and the more conventional pseudo-first order rate
coefficient is readily obtained if one approximates the root-mean-square value of
the particle volume by the mean:

<V> 2 <V2>172
Then, by equation (1), t!/2 is proportional to <V> or to the volume concentration

of the particles, Cy,
12xCy

since, writing V,, for the total volume, Cy = N<V>/V,,, where N/V ., is a
constant. Disregarding the small base-line correction and taking the square root
of equation (2)
Cy = Cy exp{-kt/2}
so that ky, the pseudo-first order rate coefficient in terms of the volume
concentration of the particles is related to k¢ by
ky = ke/2
If one were to make the further assumption that the average volume, <V>, to the
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Figure 1. A plot of turbidity vs initial mass (mg) of ZMG in 3 cm’ of water.
Turbidity is determined as the absorbance extrapolated to zero time.
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Figure 2. A plot of turbidity (as absorbance) vs time (s). The smooth line shows
the fit, experimental points are shown by crosses; in order to avoid overcrowding
the plot includes every tenth point only.
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average surface area, <S>, of the particles is approximated by the corresponding
ratio for spheres, <S> = <V>2/3, then, in terms of the surface area of the N

suspended particles, the pseudo-first order rate coefficient, ké, is related to k as
ks = k¢/3
With the above assumptions and depending on the choice of the concentration

unit for the undissolved ZMG in suspension, the rate law for the dissolution at
constant pH is '

rate =ky Cy

rate = ké Cs
The form of the above rate laws have been confirmed by showing under several
conditions that the pseudo-first order rate coefficients did not change when the
initial solid ZMG concentration was varied between 0.1 and 0.67 mg cm-3.

Effect of External Conditions on the Rate of Dissolution of ZMG:

Using the procedures outlined above, the dissolution rate of suspended particles
of ZMG were investigated in phthalate buffer solutions of varying ionic strengths
in the pH range 4.1 to 5.8. and in the temperature range of 20 to 45°C. A brief
summary of the key results of this on-going study follows.

The influence of ionic strength of the rate of dissolution was monitored in the
concentration range 0.1 to 0.5 M adjusted with either KCl or KNO3. No
significant dependence of k; on either the concentration or the electrolyte was
observed. By constrast, a small but measurable dependence of k; on the
concentration of the phthalate buffer solution at constant ionic strength was
detected. When under the following conditions of pH 5.2, temperature 25 °C and
ionic strength 0.5 M (KCl), the buffer concentration was varied from 0.1 to 0.5 M,
ke varied from 6.90 + 0.03 (0.5 M) to 6.01 @ 0.02 (0.3 M), 5.69 £+ (0.2 M) and
4.64 £ 0.03 s (0.1 M); extrapolation to [phthalate] = 0.0 M yielded a value for k
of 4.47 £ 0.03 51,

A marked pH effect is detected in the rate of dissolution of suspended ZMG
particles, with the rate increasing with decreasing pH. This is illustrated in Figure
3 which shows a graph of logjgk; vs pH for the temperatures 20, 25, 30, 37 and
45 °C at 0.5 M ionic strength.

At low pH and higher temperatures the rate was too fast to be measured
realiably using the technique employed in the present study. It is noted that
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Figure 3. A plot of the first order rate constant (expressed as logg) as a function
of pH at various temperatures

logjok; depends linearly on pH in this range and the slope of the dependence is
close to -0.5 at the five temperatures studied. It seems, accordingly, that the rate
of dissolution depends on the square root of the hydrogen ion concentration:
rate « [H*]1/2
This square root dependence contrasts with the consumption of two moles of
hydrogen ion per mole of [Zn(C3HgO3)] for the degradation of ZMG (see
Materials).

The temperature dependence of ky at fixed pH values appears to conform to the
Arrhenius equation:
kr « exp{E,/RT}
where E, is the activation energy of the dissolution process. The Ink; vs T-! plots
are shown in Figure 4.

The plots are linear within experimental error with similar slopes indicating that
the mechanism of the dissolution process does not depend on the pH. From the
slopes an average activation energy of E; = 35.1 £ 5.5 kJ mol-! is obtained.
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Figure 4. A plot of the natural log of the first order rate constant as a function of
1/T (K™") under various conditions of pH

Spectroscopic Characterisation:

The 13C solid state NMR spectrum of ZMG showed three resonances only, at
70.8, 67.8 and 63.7 ppm in the ratio 1:1:1, consistent with the crystallographic
result.! In the fast atom bombardment mass spectrum, a technique that has
proved useful in the characterisation of polymeric materials,® evidence was found
for [Zn(C3HgO3)]4 as the major fragment by comparing the observed and
calculated isotopic distributions; there was no other zinc-containing fragment at
higher m/e. Other significant zinc-bearing fragments included [Zn(C3HgO3)]5
(relative abundance 75%), [Zn(C3HgO3)]2 (35%) and the monomer [Zn(C3HgO3)]
(70%). Additional ions, which differed from the above species by varying
amounts of O and/or CH, were also observed.

CONCLUSIONS
1. The decrease in turbidity, as measured in an absorption spectrophotometer,
may be used to follow the kinetics of dispersed solid particles.
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2. The rate of the dissolution of ZMG depends on the concentration of the
solid dispersion and, very likely, on the square root of the hydrogen ion
concentration

dissolution rate « [ZMG;q;q][H*]!72

3. The activation energy is independent of the pH in the range studied
implying that the mechanism of the dissolution process is also independent of the
pH.
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