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Abstract

The penetration of two compounds from three different vehicles through a silicone membrane has been studied.
The permeants under investigation were cyanophenol and cyanonaphthalene and the solvents studied were water,
ethanol and polyethylene glycol 400 (PEG 400). Initially, Franz cell experiments were conducted to determine gross
vehicular and receptor phase effects. Subsequently, attenuated total reflectance Fourier transform infrared (ATR-
FTIR) spectroscopy permitted the measurement of both solvent and solute permeability and the deconvolution of
the diffusional and partitioning steps involved in the permeation process. It has been shown that the extent to which
a vehicle may alter the degree of penetration of a substance can, in the cases studied, be related to the degree of
penetration of the vehicle itself. Further, the permeant parameter that is most affected by such vehicular penetration
is its solubility in the membrane under study rather than its diffusion coefficient. In situations where the permeant is
at very high concentrations in the vehicle (in this case around 50% w/v) the nature of the primary permeant may

start to affect the degree of penetration of the vehicle itself.
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1. Introduction

The investigation of membrane permeability is
often carried out in vitro by the determination of
simple diffusion profiles using Franz type diffu-
sion cells. This approach is extremely useful if all
that is required is the determination of perme-
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ability coefficients, or the estimation of the effi-
cacy of a transdermal system. Recently (Potts and
Guy, 1994), some doubt has been cast on the use
of this methodology for the determination of
compounds that exhibit slow diffusion and conse-
quently lengthy lag times. The assessment of the
onset of steady state (a pre-requisite to the calcu-
lation of diffusional parameters) is not always
clear-cut in these cases and may not even be
attainable in the time frame of an experiment
(especially if the membrane under study is for
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example, epidermal, and the experiment duration
limited by the natural in vitro degradation of
barrier function). Further, one of the problems in
understanding the barrier function of skin and
synthetic membranes and in assessing the mecha-
nism of action of penetration modifiers is that it
is very difficult to separate the diffusional from
the solubility and partitioning steps involved in
the transfer process.

Attenuated total reflectance Fourier transfer
infrared spectroscopy (ATR-FTIR) has been used
to examine the diffusion process in both creams
(Wurster et al., 1993) and synthetic membranes
(Brandt, 1985; Hemmelmann and Brandt, 1986;
Brandt and Hemmelmann, 1987; Potts et al.,
1994). The technique is particularly useful as it
allows the deconvolution of diffusional and parti-
tioning phenomena in synthetic membranes where
the diffusional path length is known (Watkinson
et al., 1994a,b). Some of the problems associated
with the attainment and assessment of steady
state are also circumvented. ATR-FTIR also al-
lows the concurrent measurement of the diffu-
sional parameters of both the primary permeant
and its formulation solvent(s) if both species dif-
fuse into the membrane under study (this is re-
liant on the two, or more, species having IR
absorbances that are distinct from each other and
those of the membrane). The technique is fairly
well established and a full discussion of the un-
derlying theory is not appropriate here as it is
covered adequately in recent publications (e.g.,
Waurster et al., 1993). However, for the sake of
clarity the basics are covered in section 2 of this
paper.

This study describes a series of experiments
designed to investigate various phenomena rele-
vant to membrane permeation. The work in-
volved the assessment of how three different ve-
hicles (ethanol, polyethylene glycol 400 (PEG 400)
and water) affected the penetration of two per-
meants of differing lipophilicities (cyanaophenol
and cyanonaphthalene) through a single synthetic
model membrane. By utilising the two techniques
outlined above (Franz diffusion methodology and
ATR-FTIR spectroscopy) we hoped to demon-
strate some aspects of how vehicles can affect the
process of membrane permeation.

2. Materials and methods

2.1. Materials

The permeants, 4-cyanophenol (95%) and 4-
cyanonaphthalene (98%), were purchased from
Aldrich and used as received. Acetonitrile,
ethanol and PEG 400 were obtained from BDH.
Silicone membranes (thickness 300 wm) pro-
duced by Samco ' (St. Albans, UK) were used as
supplied.

2.2. Solubility studies

The solubilities of cyanophenol and cyanon-
aphthalene were determined in each of the sol-
vent systems examined by stirring excess quanti-
ties of each compound with the relevant solvent
for 24 h. After this time period samples were
taken and, after filtration, analysed by HPLC for
solute content. The chromatographic conditions
for the analysis of cyanophenol and cyanonaph-
thalene in receptor phase samples were as fol-
lows, Constametric 3200 pump, SpectroMonitor
3200 detector and a Marathon autosampler. Data
collection and integration were conducted using
LCtalk ! software. Separation was conducted on
an Apex I ODS 25 cm X 4.6 mm column (Jones
Chromatography); mobile phase, acetonitrile/
water 30:70 for cyanophenol (cyanonaphthalene,
60:40); detection, UV at 284 nm; and flow rate,
1.0 ml/min. The retention times of cyanophenol
and cyanonaphthalene under these conditions
were 4.6 and 6.7 min, respectively. Calibration
curves were constructed using four standard solu-
tion for each of the compounds studied.

2.3. Franz diffusion studies

Diffusion profiles were determined using
Franz-type cells. The donor chambers were filled
with 1 ml of saturated solutions of solute in the
appropriate solvent (either ethanol, PEG 400 or
water) with sufficient excess solid present to
maintain saturation throughout the experiment.
The receptor phase was distilled water which was
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continually stirred and maintained at 25° C dur-
ing the experiment. The silicone membranes were
sandwiched between these two chambers. Six
replicates were conducted for each of the systems
studied. 200 ul samples were withdrawn from the
receptor chamber at 1, 2, 4, 6, 8, and 24 h and
replaced with fresh water. Samples were analysed
for cyanophenol and cyanonaphthalene content
using the HPLC methods outlined above.

2.4. ATR-FTIR studies

ATR-FTIR studies were conducted as follows.
Membranes were placed in direct contact with
the surface of a ZnSe attenuated total reflectance
crystal mounted on a Nicolet 710 FTIR spectrom-
eter. Once the membrane was flat on the crystal a
specially constructed PVC trough was placed on
top of it. The trough and film were sealed to-
gether with petroleum jelly (the join was moni-
tored for leaks throughout the experiment). The
solvent /solute system under study was then
placed in the PVC trough above the film and the
trough was sealed with a plastic cover held in
place by a brass weight. The spectrometer was
linked to a PC equipped with Nicolet Omnic
software to allow the automated collection and
subsequent manipulation of IR spectra. The time
interval between the collection of spectra was 3
min. Three experiments were run for all solvents
for both compounds. As the experiments progress
there is an increase in the IR peak areas associ-
ated with the penetrating species. After each run
the peak areas associated with the CN stretch at
2230 cm™! and the OH stretch at about 3300
cm~! were calculated to give measurements of
the permeation of the cyano compound and the
solvent, respectively.

Eq. 1 (where C is the permeant concentration
at the interface at any time ¢, D the permeant
diffusion coefficient, # the film thickness and C,
the solubility of penetrant in the membrane) de-
scribes the build up of a penetrant at the lower
membrane /crystal interface with time (Wurster
et al., 1993). There is an initial period where the
permeant concentration at the interface increases
followed by an exponential rise to a plateau that

represents saturation of the membrane with the
permeant:

4 = (-1
C=Coll- = g 2n+1
-D(2n + 1)’ 72t .
X exp A (1)

It is possible, assuming that the Beer-Lambert
law is obeyed, to replace the concentration terms
in this equation with experimental absorbance
values to give Eq. 2 where A is the area under
the curve of the penetrant peak (at time 1) of the
IR absorbance relating to the permeant and A4,
the area under the curve of the penetrant peak
corresponding to the situation where the mem-
brane is saturated (in the plateau region of the
curve):

A=dy|1-2 i (=D
;T. —, 2n+1
-D(2n + 1)’ 72t ,
X

Experimental values of penetrant peak areas
against time were fitted using Eq. 2 and a non-
linear curve fitting package (Ultrafit from
Biosoft, Cambridge, UK) on an Apple Macintosh
computer. The values of D/h%> and A, were
allowed to vary until the best fit was achieved as
measured by the minimisation of y?. Values of
the diffusion coefficient were subsequently calcu-
lated using the assumed diffusional path length of
300 um (the membrane thickness). This process
was conducted for both the permeant and the
solvent for each of the systems studied.

3. Results and discussion
3.1. Cyanophenol

The solubilities of cyanophenol in the three
test solvents are listed in Table 1 together with

the fluxes and permeability coefficients of the
compound across the silicone membrane studied.
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Table 1

Fluxes (J, in pg cm ™2 h™!) | solubilities (S, in mg ml~') and
permeability coefficients (P, in cm h~!) of cyanophenol in the
systems studied

Vehicle J s P (x10%
EtOH 12242 652 1.87
PEG 400 2542 520 0.48
H,0 4242 15.1 27.8

The associated permeation profiles of cyanophe-
nol from each solvent through silicone mem-
branes gained using the Franz cell technique are
shown in Fig. 1.

The vehicles used in these studies were all
deliberately saturated with respect to the solute
and contained sufficient excess solute to maintain
a constant donor concentration during the experi-
mental time frame in all cases. Under stable,
(equilibrium) conditions flux will be at a maxi-
mum when the outer layer of a membrane is
saturated and this will occur when the vehicle is
also saturated with solute. The saturated solubil-
ity of a solute in a vehicle will be related to that
in the membrane by, C.;icic = Cmembrane/ K Where
K is the partition coefficient. Hence, if C, . .0 ane
is to remain constant the product KC, ;. must
stay constant. Thus, in an ideal situation all satu-
rated solutions of the same permeant in any
solvent system should produce an equal flux
through a membrane that is independent of so-
lute concentration.

Examination of the values presented in Table
1 shows that for cyanophenol the flux across the
silicone membrane used here was not constant.
The direct implication of this result is that some
or all of the situations investigated were not
ideal, i.e., there was some interaction between
the vehicle and the membrane that increased

Table 2

3ooo-|
—e— EOH
—o—  PEG 400

2000 *— H20

(ug/cm”2)

1000 7

Cyanophenol penetrated

0 6 12 18 24
Time (hours)

Fig. 1. Permeation of cyanophenol through silicone mem-
branes from different vehicles ( + SE).

either the product KC, ;.. or the diffusion coef-
ficient of the solute in the membrane. Such an
interaction may involve diffusion of the solvent
into the membrane where it may increase or
decrease the partition and/or diffusion coeffi-
cient of the solute. Alternatively, it is possible the
vehicle may act as an extraction solvent and re-
move something from the membrane, e.g., a plas-
ticizer, thus modifying its resistance to perme-
ation. PEG 400 produced the lowest flux (Table
1) of the three systems investigated with the flux
from water being approximately twice this value.
By far the greatest flux arose from the system
where ethanol was the vehicle.

If the deviations from ideality seen here are
explicable in terms of vehicle /membrane interac-
tions it might be expected that the influx of
vehicle into the membrane would be related to
this deviation, i.e., if, for example, solvent influx
into the membrane were responsible for in-
creased solute penetration we would expect this
influx to be in the order EtOH > H,0 > PEG
400. It is not possible to say at this stage if any of

Diffusion coefficients, D, plateau values, P and pseudo (diffusion X membrane solubility) term, DP for cyanophenol

Vehicle Data from CN stretch of cyanophenol Data from OH stretch of solvent
Dep (X107 Pep DPp (x107) Doy (X107 Poy DPqy (X10%)
(cm?s™1) (ecm?s™ 1)

ETOH 0.61 + 0.09 51 +£07 311 1.0 +02 667 + 53 6.67

PEG 400 1.6 +0.16 0.67 + 0.10 1.07 0 0 0

H,0 1.1 £01 23 +0.2 2.5 0.77 + 0.09 151 +13 1.16
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these systems are behaving ideally. However, on
the premise that influx of solvent into a mem-
brane will increase the partition coefficient of the
solute it can be said that only the PEG 400
system may be ideal and that the other two repre-
sent positive deviations from this. If this were the
case we would expect little or no diffusion of
PEG 400 into the membrane compared to ethanol
or water. This is not an unlikely scenario as the
size of a PEG 400 molecule is significantly greater
than that of the other two species and on this
basis alone we might expect its flux into the
membrane to be lower. Of course, the reverse
argument also applies in that if solvent influx into
the membrane were to reduce solute penetration
the order of solvent penetration would be re-
versed.

Table 2 contains the results of the ATR-FTIR
studies conducted using the same cyanophenol
solutions as a permeants. In it are contained
values that pertain to the diffusional and parti-
tioning behaviour of both the solute and solvent
in each of the systems studied. This is made
possible by the concurrent monitoring of changes
in both the CN stretch peak area (associated with
the accumulation of cyanophenol at the interface)
and the OH stretch peak area (associated with
the accumulation of the solvent, either ethanol,
water or PEG 400 at the interface). Comparison
of the fitted values for the diffusion coefficient of
cyanophenol (Dp) shows that there is little dif-
ference between those where water (1.06 + 0.05
x 1077 em? s71), PEG 400 (1.61+0.16 X 1077
cm? s™!) and ethanol (0.61 +0.09 X 10~7 cm?
s™1) were the solvents. All of these diffusion
coefficients yield lag times (t,, = h*>/6D) of less
than 1 h, in keeping with the Franz cell results
(the measurement of such small lag times using
Franz cells is obviously a problem that ATR-FTIR
can circumvent). However, there is a much greater
difference in the values of the plateau (Pp) that
are reached in these experiments. This parame-
ter, as described in section 1, is related to the
solubility of the permeant in the membrane. The
largest plateau value for cyanophenol was pro-
duced for the ethanolic system (51 + 0.7) fol-
lowed by the water system (2.3 + 0.2) and then
the PEG 400 system (0.67 + 0.10).

140 7
= 120 ethanol
<
100 7
<
E 80
2 601
g 40 4 water
SR PEG 400

0 T Y T 1
0 10 20 30 40
DpP

Cp

Fig. 2. Relationship between DPp and measured flux, J, for
cyanophenol in silicone membranes.

To gain an overall picture of how each of these
solvents affects the permeation process the
plateau values were multiplied by the diffusion
coefficients to give DP.p, a pseudo value for
DC,. worane (the product of diffusion coefficient
and permeant concentration in the membrane).
These results are given in Table 2 (it must be
stressed that these figures are not values of
DC mbrane DUt are proportional to this composite
parameter through the fact that the plateau level
is related to C, . prane)- These results clearly re-
flect those of the Franz cell experiments (in that
the rank order of DPp is the same as that of the
fluxes seen in the Franz cell work) and indicate
that vehicular induced changes in partitioning
into the membrane have the greatest responsibil-
ity for the deviations from ideality seen.

A plot of fluxes obtained from the Franz cell
work against DPp values is shown in Fig. 2. It is
interesting to note that the relationship between
J and DP.; is not, as might be expected, linear.
This requires further investigation as it is difficult
to draw too many conclusions based on only a
small number of systems. However, J (the flux) is
a measured parameter which is probably more
reliable and hence it appears that the DP value
for the ethanolic system is overestimated. This
implies that either the diffusion coefficient or the
plateau level are too great. The former is very
similar to those values measured from the water
and PEG 400 vehicles so it is perhaps more likely
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that the plateau value is overestimated. In ATR
spectroscopy the depth, d,, to which the IR beam
penetrates an object placed on the crystal surface
is related to the relative refractive indices of the
membrane and crystal by Eq. 3 (Xu and Balik,
1988) below (where n; is the refractive index of
the crystal, n, the refractive index of the mem-
brane, A the beam wavelength in the denser
medium and 8 the angle of incidence at the
interface.

A
dy= 3

P 5105
. ny
2mn,|sin’@ — | —
ny

The absorption of solvent by the membrane
may alter the ratio n,/n,; such that the depth of
penetration of the IR beam into the membrane is
changed. If the beam penetration depth is in-
creased it follows that the beam will pass through
a greater number of penetrating molecules and
thus be attenuated to a greater degree, i.e., the
CN absorption band will increase. This may lead
to an increased plateau level relative to the case
where the refractive indices of the system are
constant. Examination of the degree of solvent
penetration as shown by Py in Table 2 indicates
that there is a much greater penetration of
ethanol than water or PEG 400 into the mem-
brane. The refractive indices of water and ethanol
are extremely similar (about 1.3) so any differen-
tial changes in the refractive index of the mem-
brane on solvent uptake must be due to differing
interactions of the solvent with the membrane. In
the case of ethanol one can envisage that it may
have a greater disruptive affect on the optical
nature of a polymer than water thus leading to a
possibly greater change in the magnitude of n,/n,
in Eq. 3.

There is also a wavelength term in Eq. 3,
meaning that the depth of penetration of the
beam into a membrane placed on the ATR crys-
tal will be dependent on the wavelength of the
incident radiation, i.e., the depth of beam pene-
tration will vary with wavenumber and thus posi-
tion in the IR spectrum. For example, the CN

stretch at a frequency of 2230 cm ™! has a wave-
length of 4.5 X 10™* c¢m whilst that of the OH
stretch at a frequency of 3300 cm ™! has a wave-
length of 3.0 X 10™* cm. The IR beam would
therefore be expected to penetrate a membrane
above the crystal to a greater depth (approx. 50%
greater) when measuring the CN stretch com-
pared to the OH stretch (and thus give an accord-
ingly stronger absorbance). However, in this pa-
per no direct numerical comparisons are made
between the relative degrees of penetration of
the solvent and the solute. The assessment of
trends regarding the relationship between the
penetration of different solvents with the same
IR absorbance and a solute will not be affected
by this argument and are perfectly legitimate. If,
for example, this technique were to be used to
assess the relative membrane solubilities of com-
pounds that have markedly different IR ab-
sorbances this effect may become important.

A second way of approaching a comparison of
the two techniques used in this work is to use the
results of one to predict those of the other. The
first problem in trying to use the results of the
ATR experiments to predict those of the Franz
cell work is that the values of the plateau levels
(Pcp) measured in the membrane are only a
reflection of the relative membrane solubilities of
the permeant in the presence of each solvent. i.e.
as pointed out earlier they are not absolute solu-
bility values. This problem can be made simpler
by a normalisation procedure. If all the Franz
data are normalised with respect to the same
reference point and the P, values are also nor-
malised in the same manner direct comparison of
the data from the two methods becomes possible.

Firstly, the Franz diffusion data at each time
point in all the systems studied were normalised
with respect to the amount of cyanophenol per-
meated from the PEG 400 vehicle at 24 h (this
vehicle was chosen as a baseline because it ap-
pears to behave ideally and does not penetrate
the membrane itself). Secondly, the ATR derived
diffusion coefficients and values of Py (Table 2)
were placed in Eq. 4 (Crank, 1975) to produce
simulated profiles for diffusion through an inert
slab of thickness 0.03 cm. In this equation the
value of C,, (the drug concentration in the mem-
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brane) was replaced by Py as this is propor-
tional to C :

u(t) =hC,

—Dn?m?%t
'CXD(——hT—) (4)

The data produced by Eq. 4 were again nor-
malised with respect to the 24 h value for the
PEG 400 system that the equation yielded to
allow comparison with the Franz cell data. The
two data sets for PEG 400 and water are com-
pared in Fig. 3. As would be expected the
cyanophenol /PEG 400 data sets are almost per-
fectly superimposed. However, although the fit to
the cyanophenol /water data is good up to about
8 h there is a noticeable drop of the experimental
data away from the fitted line in the ensuing time
period up to 24 h. This may indicate time-depen-
dent changes in the membrane during the Franz
study that are not seen in the ATR work as the
experimental time frame is shorter.

Fig. 4 compares the normalised
cyanophenol /ethanol Franz data set with that
predicted by the ATR data. It is clear that there
is a large discrepancy between the two sets of
results. This has already been pointed out (Fig. 2)
and discussed above in that it implies a gross

—— ethanol

—°— PEG400

—®—  water

200'}
150 7
lOOJ

50 1

0 T T T 1
0 2 4 6 8

Time (hours)

cyanonaphthalene penetrated (ug/cm”2)

Fig. 3. Permeation of cyanonaphthalene through silicone
membranes from different vehicles.

30-‘ —&— Ethanol Franz data

ﬁ

From ethanol ATR data

o3
[=]
1

Relative permeation*
-
(=}
1.

T T L] 1
0 6 12 18 24
Time (hours)

Fig. 4. Comparison of ATR derived simulated diffusion pro-
files with Franz cell diffusion profiles.

overestimation of the cyanophenol diffusion coef-
ficient or more likely its membrane solubility.
Table 2 also contains the results obtained by
integrating the areas under the OH stretches
associated with permeating solvents from the sys-
tems investigated. It was suggested earlier that
the PEG 400 vehicle may represent a near ideal
system and that if this were so there may be only
negligible diffusion of this solvent into the mem-
brane. This appears to be confirmed by the lack
of any OH peak in the ATR experiments con-
ducted with PEG 400 as the vehicle. The hypoth-
esis that the degree of solvent penetration may
effect the deviation from ideality is also sup-
ported by these data as the DP,y value for
ethanol is greater than that for water. This as-
sumes that these two solvents have an equal
effect on the membrane per molecule. It may be
that the areas under the OH peaks associated
with equal amounts of ethanol and water will not
be the same (there are two OH stretches in water
and only one in ethanol and the contact area of
the molecules may differ as may the degree of
intensity of the stretch itself). To quantitate these
effects two (short) experiments were performed.
Mixtures containing equal volumes of D,0O and
ethanol, or H,O and ethyl alcohol-d, were made
up and their (respective) ATR-FTIR spectra
recorded. The ratio of the OH peak area of H,O
to ethanol from these experiments was 3.4. This
implies that H,O will give a larger peak area
than ethanol for the same volume of solvent at
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Table 3
Solubility (mg mi~!) of cyanonaphthalene in the systems
studied

Vehicle S
EtOH 477
PEG 400 55
H,0 0.069

the interface. However, because the two sub-
stances have different densities (H,O = 1.0,
ethanol = 0.785) there will be a different number
of molecules at the interface per unit volume of
solvent. Calculation of the molecular ratio per
unit volume (H,O /ethanol) yields a value of 3.3.
The extreme proximity of this value to that mea-
sured experimentally implies that the ‘OH peak
area per molecule’ is the same for each species.
In this respect the equilibrium ratio of ethanol to
water OH areas of approx. 4.4 (calculated from
the plateau areas in Table 2) is a true reflection
of the molecular ratio of ethanol to water in the
membrane. This technique could, perhaps, be
used to assess the densities of materials relative
to a known standard.

A further point to note is that the values of the
plateau levels reached by the cyanophenol peaks
are not correlated to the solubilities of cyanophe-
nol in the vehicles. This implies that we are
indeed monitoring the situation inside the mem-
brane itself with the ATR technique and not just
seeing the applied solutions diffusing through and
out of it.

3.2. Cyanonaphthalene
Table 3 contains the measured solubilities of
cyanonaphthalene in the three systems studied

and the greater lipophilicity of this compound
(than cyanophenol) is clearly reflected here.

Table 4

The water solubility is much reduced (approx.
220-fold) and the ethanol and PEG 400 solubili-
ties are also lower than for cyanophenol (1.4- and
9.5-fold, respectively). This is a reflection of the
relative lipophilicities of all the compounds in-
volved here.

Fig. 3 shows the results of the Franz diffusion
cell experiments with cyanonaphthalene as the
permeant from the three solvents studied. Upon
examination of this data it is apparent that the
diffusion curves gained for the ethanol and water
vehicles quickly rise to a plateau value and in-
crease no further. This is most likely due to
receptor phase saturation as the water solubility
of the diffusant is very low (calculation of the
maximum ug cm™? that the receptor could ac-
commodate yields a value of about 180 ug cm™?
indicating that this plateauing effect occurs in the
correct region even if the curves are somewhat
erratic in nature). There is no such effect where
the solvent is PEG 400. This is possibly due to the
slower rate at which this compound may enter
the membrane making saturation of the receptor
a slower process which does not occur within the
time frame of the experiment. Comparison of this
cyanonaphthalene flux (from PEG 400 =28 +2
wug cm~2 h™1) with that of cyanophenol (25 + 2
wg cm~2 h™1) from the same solvent shows that
there is little difference between them.

The ATR results for the diffusion of cyanon-
aphthalene through the silicone membranes are
shown in Table 4. The rank ordering of the
overall diffusion process (DPy) is the same as
seen with cyanophenol, i.e., diffusion from EtOH
> H,0 > PEG 400. The success with which these
results were achieved shows how the ATR tech-
nique has an advantage over the use of Franz
cells for the determination of diffusional parame-
ters for lipophilic compounds. The receptor phase

Diffusion coefficients, D, plateau values, P and pseudo (diffusion X membrane solubility) term, DP for cyanonaphthalene

Vehicle Data from CN stretch of cyanonaphthalene Data from OH stretch of solvent
Dey (x107) Pen DPqy (x107) Doy (x107) Pou DPqy (X 10°)
ETOH 1.6 + 0.19 31 +36 49.6 39 +0.75 334 +53 13.0
PEG 400 5.4 +40.78 0.36 + 0.15 1.94 0 0 0
H,0 1.2 +0.19 88 +1.6 10.6 0.88 +0.12 142 + 12 1.25
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saturation that occurred with the Franz study is a
common problem when determining data for such
lipophilic compounds. Often the only way around
this is to use a non-aqueous or more hydrophobic
receptor to better accommodate permeant. These
alternative receptor phases are more likely to
interfere with the membrane being studied in a
manner that may affect its barrier function (this is
particularly the case with biological membranes
where processes such as lipid extraction may oc-
cur).

The majority of these differences in DPy can
be accounted for by differences in the plateau
level, indicating that the solubility of the cyanon-
aphthalene is increased in the membrane where
ethanol and water are the solvents. Again this
appears to correlate with the influx of solvent
into the membrane indicating that this is an im-
portant factor in this diffusion process.

The diffusion coefficient of cyanonaphthalene
from the PEG 400 system is significantly higher
than the values obtained for diffusion from the
other two systems. This is also the case for the
cyanophenol /PEG 400 system (Table 2) although
to a much lesser degree. It is feasible that the
diffusion of ethanol and water into the mem-
brane actually reduce the diffusion coefficient of
the solute. The mechanism by which this might
occur is not clear but if the small molecules of
ethanol and water formed an associated solvent
cage around the solute molecule it is possible to
envisage a lower diffusion coefficient for this
complex than for a lone solute molecule. This
situation will not arise when PEG 400 is the
solvent as it does not appear to enter the mem-
brane.

Comparison of the diffusion coefficients for
cyanophenol and cyanonaphthalene show that
they are all of approximately the same order
except in the case where PEG 400 is the solvent.
Here the value obtained for cyanonaphthalene is
about 3.4-times larger than that obtained for
cyanophenol. It is conceivable that PEG 400 may
complex cyanophenol in the donor phase to a
greater extent than cyanonaphthalene (simply be-
cause of the difference in molecular size) and
therefore slow its diffusion. This process should
not affect the partitioning as the absolute amount

or solubility of a compound is not a kinetically
controlled parameter. In fact, comparison of the
plateau levels reached for cyanonaphthalene and
cyanophenol show that they are greater for
cyanophenol in the case of the ethanol and PEG
400 vehicles but lower for the cyanophenol in the
case of the water vehicle. This result is at odds
with the rank ordering of the solubilities of these
two compounds in the three solvents.

Comparison of the ATR data obtained for the
diffusion of the solvents into the membrane in
the two cases studied, i.e., for cyanophenol and
cyanonaphthalene shows some interesting phe-
nomena. Both the diffusion coefficient and
plateau level are statistically the same for the
system where water and PEG 400 (here they were
both zero) were the solvents. However, in the
case where the ethanol was the vehicle the plateau
values and diffusion coefficients of the solvent
obtained for the cyanophenol system are signifi-
cantly different than those obtained for cyanon-
aphthalene system. The diffusion coefficient of
ethanol is greater in the cyanonaphthalene sys-
tem and the plateau level greater in the
cyanophenol system. This implies that, in this
case, the permeation of the solvent is related to
the nature of the permeant. In a system where
the concentration of solute in the solvent is so
high (as it is in the ethanol, 652 and 477 mg
ml — 1 for cyanonaphthalene and cyanophenol,
respectively) that the solution becomes in the
region of 50% solute it is not surprising that the
nature of the solute may affect the diffusional
behaviour of the solvent (in the same way that the
reverse is true for more dilute, in terms of solute,
systems).

4. Conclusions

The concurrent use of ATR-FTIR spec-
troscopy and Franz diffusion cell methodologies
has demonstrated some interesting aspects of how
vehicles may affect the process of permeation. It
has been shown that the extent to which a vehicle
may alter the degree of penetration of a sub-
stance can, in the cases studied, be related to the
degree of penectration of the vehicle itself. Fur-
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ther, it has been shown that the permeant param-
eter that is most affected by such vehicular pene-
tration is its solubility in the membrane under
study. In situations were the permeant is at very
high concentrations in the vehicle (in this case
around 50% w/v) the nature of the primary
permeant may start to affect the degree of pene-
tration of the vehicle itself.

The use of ATR-FTIR for the measurement of
diffusional parameters is of great value, especially
in the case of lipophilic compounds where the use
of non-aqueous receptor phases in Franz experi-
ments may compromise the barrier function that
is being investigated.
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