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Dissolution Kinetics of a Weak Acid,
L,1-Hexamethylene p-Tolylsulfonylsemicarbazide,
and Its Sodium Salt
By W. I. HIGUCHI, N. A. MIR, A.P. PARKER, and W. E. HAMLIN*

The dissolution behavior of the acid and the sodium salt of this drug in phosphate
buffers has been investigated. Data have been analyzed by relationships derived
from the diffusion controlled model for dissolution of solids in reactive media.
The results of this study show that surface conversion of the sodium salt to the acid

occurs in the lower pH range of these studies.
conversion takes place only after initial surface supersaturation ratios of a

Calculations suggest that agpreciable
out 20 or

greater are achieved. Under conditions of much greater initial surface supersatura-
tion ratios, a relatively impermeable acid surface coating is formed, and the dissolu-
tion rate is governed by this acid phase,

N MosT casEs the diffusion-controlled dissolu-
tion behavior of monophase solids in reactive
media may be predicted by knowledge of the
appropriate solubility equilibria and the effective
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diffusion coefficients of the species in solution (1-
4). However, in those situations involving more
than one phase, the problem is more difficult to
describe. Cases in point are the recent studies
(5, 6) on dissolving disks that exhibit simultane-
ous surface deposition of new phases and the ex-
periments with prior mixed phases (7, 8).

In this report an analysis of the incongruent
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Fig. 1.—Solubility of tolazamide acid at 30°C. as
a function of the buffer salt-to-acid ratio. Total
buffer concentration is 0.10 M. Smooth curve is
theoretical curve based on (HA), = 2.1 X 10~* M
and K = 9.0.
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Fig. 2.—The dissolution rates of tolazamide acid
(circles on solid line) as a function of the total solubil-
ity, C;. The dissolution rates of sodium tolazamide
in the same buffer following surface conversion to the
acid are given by the circles on the broken line.

dissolution behavior of the sodium salt of a weak
acid is presented. The results have bearing on
the question of the relative availability of solid
acidic drugs and their more soluble sodium
salts.

EXPERIMENTAL

General Considerations.—Preliminary studies
with the Wruble apparatus (9) had shown that 1,1-
hexamethylene p-tolylsulfonylsemicarbazide (tol-
azamide)! would be a convenient compound for
quantitative study. The dissolution rates for both
the sodium salt and the free acid in phosphate
buffers could be measured in the same apparatus
under identical hydrodynamic conditions.

Materials and Procedure.—The sodium salt of
tolazamide was prepared by Dr. W. Morozowich?
by adding aqueous sodium chloride to an aqueous

1 Trademarked as Tolinase by The Upjohn Co.

2 The authors are grateful to Dr. Morozowich for his help

in this connection and for discussions on the chemistry of
tolazamide.
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triethylamine solution of tolazamide acid, filtering
the crystals, and washing with a mixture of 10 ml.
of water in 90 ml. of acetone.

The procedure and apparatus for preparing and
mounting the samples for the dissolution rate runs
have been described by Milosovich (10). A ma-
chined aluminum sample holder die with a 3/s-in.
diameter was employed. Compression pressures of
around 27,000 p.s.i. were used to form the surfaces.
No variations of dissolution rates with pressure were
observed in this pressure region.

All of the dissolution versus time determinations
were recorded automatically as before (10, 11) with
the Beckman DU spectrophotometer adapted for
direct recording. The wavelength of 224.5 mg, the
Amax, for the anion form of tolazamide, was used
throughout this study. The dissolution media were
aqueous potassium phosphate solutions of different
pH’s and concentrations.

Solubility measurements also were carried out in
the same phosphate buffers. Excess amounts of acid
tolazamide or the sodium salt were placed in flasks
and shaken at 30°. Filtered aliquots were spectro-
photometrically assayed in 0.10 M K;HPQO, at 12
and 24 hours.

EXPERIMENTAL RESULTS

Solubility Determinations.—The solubility results
for tolazamide acid in phosphate buffers are pre-
sented in Rig. 1 as a function of the initial (HPO;)
/(HsPO3) ratio. The smooth curve is theory based
on values of (HA), = 2.1 X 10~4* M and K = 9.0,
where (HA), is the solution cancentration of the
unionized acid tolazamide in equilibrium with the
solid and X is defined by

K
HA + HPO; = H:PO; + A~

The solubility of the sodium salt of tolazamide was
found to be 0.17 M in 0.10 M K,HPO,. This givesa
Ksp value of 2.9 X 1072 for sodium tolazamide.

Dissolution Rate Experiments,—As expected, the
amount dissolved versus time plots for tolazamide
acid were linear with zero intercept. From the
slopes, the rates were calculated. These are given
in Fig. 2 as a function of their equilibrium solubili-
ties in the same buffers. The rates are approxi-
mately proportional to the solubilities, as expected
from previous considerations (3).

In Figs. 3-5 the dissolution—-time plots from the
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Fig. 3.—Dissolution behavior of sodinm tolaz-
amide in phosphate buffers at 30°. Total phos-
phate is 0.05 M.
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amide in phosphate buffers at 30°. Total phos-
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Fig. 5.—Dissolution behavior of sodium tolaz-
amide in phosphate buffers at 30°. Total phos-
phate is 0.20 M.

sodium salt in phosphate buffers are presented.
These results were remarkably reproducible up to
those times included in the plots. Variations were
the order of the thickness of the ink lines on the re-
corder chart paper. In certain instances beyond
these times, greater variations in rates accompanied
by flaking were observed.

THEORETICAL ANALYSIS OF DATA

Tolazamide Acid.—When tolazamide acid is dis-
solving in phosphate buffer, the following theoretical
equation (1, 3) is expected to give the initial dis-
solution rate:

_ Daa(HA) _
h 2h

._L 2 2 2 2

+ 55 | PaaDUKAHA),
+4D3DupDaK(HA)(B I + DiDis(HB)

+ 2DADDAHK(HEWHAL Y (Eq. 1)

Here G is the dissolution rate, % is the diffusion layer
thickness, (HA), = 2.1 X 107 M is the equilibrium
unionized tolazamide acid concentration, X = 9.0
is the equilibrium constant from the reaction

HA 4+ B=HB + 4

HB and B are the dihydrogen and the monohydrogen
phosphate species in the present case, and the D’s
are the diffusion coefficients.

Dup(HBW _ DyppD4K(HA),
2Dgh

G

Journal of Pharmaceutical Sciences

It has been shown (3) that Eq. 1 reduces to the
Noyes-Whitney relation when all the diffusion co-
efficients are equal, 7.e.,

G = DC/h (Eq. 2)

when all D’s = D. Here C; is the total solubility of
the weak acid solid in the same buffer. In the case
of tolazamide acid dissolving in phosphate buffers,
the largest and the smallest diffusion coefficients
should not differ by more than about a factor of 2.
It can be shown easily by means of Eq. 1 that, if
Dyp = Dp = 2Dya = 2D,4, the dissolution rate
solubility curve in Fig. 2 would have a slight curva-
ture toward the x axis. A curvature of the esti-
mated order of magnitude is suggested by the data,
but it is within the experimental uncertainty.

The slope of the straight line in Fig. 2 is then
equal to D/h, if Eq. 2 may be assumed to be essen-
tially correct, and it has the value 4.1 X 108,

Sodium Tolazamide with No Apparent Conversion
to Acid.—The equation for the dissolution rate of
sodium tolazamide may be obtained in a manner
analogous to that for the dissolution rate of the weak
acid. In this case, it is assumed that the solid-
solution interface is governed by the K,, for the
salt instead of by the solubility of the weak acid.
Consideration of simultaneous diffusion and chemical
equilibria in the diffusion layer then leads to the
following set of equations for the steady-state initial
dissolution rate:

_ Da(4)o + Dua(HA do

G W (Eq. 3)
G = D———”"(hN a) (Eq. 4)
G = Dy(4), + DHB(HhB)h — Dyp(HB), (Eq. 5)
Dgy(B)y — Da(Bh
= Dpp(HB)» — Dys(HB), (Eq.6)
_ (A (HB) _
K—(HA)(B)_Q‘O (Eq. 7)
and
Ky = (Na)o(d)o = 2.9 X 1072 (Eq. 8)

Most of the symbols have been defined. The sub-
scripts o and } refer to the solid—solution interface
and the bulk solution, respectively, as explained be-
fore (1, 3).

Equations 3-8 may be solved for G in terms of the
knowns, (HA),, (HB), (B, K, and the D’s. The
resulting general equation, which is relatively un-
wieldy, will not be presented here. However, it can
be shown as before (3) that the final equation will
reduce to

G = DC./h (Eq. 2)

if again all the D’s are assumed to be equal. Here
Cs is the total solubility of the sodium salt in the
same buffer. This last point may be illustrated
by noting that, at the high pH region, (HA) < (4);
and therefore Egs. 3, 4, and 8 may be combined
to give

G = 7 (Eq. 9)

which is identical to Eq. 2 when D4 = Dyg.
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The dissolution rate of the sodium salt was G =
7.3 X 1077 moles cm. "2 second ! (see Figs. 3-5)
when conversion to the acid was not involved. Since
the solubility, Cs, was found to be C; = 0.17 M, we
find that according to Eq. 2 (or Eq. 3)

(D/h) = 4.3 X 10-5

in good agreement with the 4.1 X 10~¢ observed in
the case of the acid tolazamide dissolution.

Sodium Tolazamide with Conversion to Acid.—
In the time ranges studied, there appeared to be two
kinds of dissolution behavior for the sodium salt.
‘When the buffer concentration was high and the pH
was low, an acid coat formed after a brief period, and
- the dissolution rate was close to the dissolution rate
of the acid phase itself. In Fig. 2 the rates taken
from curves C and D of Fig. 4 are plotted (on dashed
circles line) and compared with the data from the
tolazamide acid experiments. These values are
within about a factor of 2 of the rates for tolazamide
acid. Thus, the coat which formed over the sodium
salt phase must have been relatively impermeable to
diffusion; to some extent, the coat must have been
“self-healing” as it dissolved away.

The other kind of behavior occurred in the inter-
mediate region (curves B in Figs. 3-5 and Cin Fig. 3).
Here the initial plateau regions, when they occur,
probably corresponded to the dissolution of the
relatively impermeable initial acid coat. However,
when the coat dissolved, the conditions did not per-
mit recoating without some appreciable dissolution
of the exposed sodium salt itself. Eventually, in
these cases, dissolution appeared to occur simultane-
ously from both phases, and flaking became notice-
able,

Let us now attempt to consider some of the quanti-
tative aspects of these results. First of all, let us
examine the conditions at the high pH region where
conversion to the free acid is incipient. Assuming
that Eq. 2 (or Eq. 9) is applicable, we may calculate
the effective supersaturations with respect to acid
tolazamide at the solid—solution interface by using
Eq.7. We find that when the sodium salt dissolves
in the 0.08 M HPO;-0.02 M H,PO; buffer, (HA4),
must be 3.7 X 10~3 M. When the buffer is 0.07 M
HPO;-0.03 M H.PO;, (HA), = 5.9 X 108 M.

Thus, according to these calculations, the solid—
solution interface is effectively supersaturated with
respect to acid tolazamide by more than 20 times
the equilibrium solubility just at the point where the
effects of conversion to the acid become appreciable.
The significance of this is that here the kinetic avail-
ability of sodium tolazamide may be more than 20
times that of the acid tolazamide which is the
thermodynamically favored phase under these condi-
tions.

We find that if the sodium salt dissolves in 0.05 M
HPOZ-0.05 M H.POj, (HA), = 1.2 X 10* M. If
the buffer is 0.03 M HPO-0.07 M H,POJ, then
(HA), = 1.8 X 1072 M. Therefore, it appears that
maximum possible initial supersaturation values of
about 50 to 100 times greater than the acid tolaza-
mide solubility were necessary to form an acid coat

11

that would be essentially impermeable to the in-
fluences of the sodium salt beneath it. It is as-
sumed in these latter estimations that initially the
sodium salt is permitted to dissolve long enough so
that steady state, as described by Egs. 3-6, is at-
tained before appreciable precipitation of the acid
occurs. Actually, in these cases (curves C and D of
Fig. 3) appreciable conversion probably takes place
before such high supersaturation values are reached,
1.e., before steady-state diffusion conditions with the
sodium salt phase are established. That this is
probably true is consistent with the smaller Y-axis
intercept values of the initial linear plateau portions
(Fig. 8, curves B, C, D) for the lower pH runs.
The smaller intercept values mean that effectively
less sodium salt dissolved before the coat was essen-
tially complete.

The following mechanism is consistent with the
curves in Figs. 3~5. Because of the high initial
supersaturation, rapid nucleation of the acid occurs
on and in the vicinity of the surface greatly reducing
the diffusional pathways between the solution and
thesodium salt. The rate and amount of coating will
depend on (a) the initial supersaturation with respect
to HA at the surface, (b) on the concentration of 4~
because 4 ~ could be converted to more HA depend-
ing on how rapidly H,PO; can diffuse to the surface
from the bulk, and (¢) on the concentration of H,PO;
in the bulk (or at constant pH, the total buffer con-
centration) because this would be proportional to
the driving force for diffusion of H,PO; to the sur-
face.

Because the coating process itself may cut off the
supply of A~ and because 4 ~ is being removed from
the vicinity of the surface both by conversion to HA
and by diffusion away from the surface, this time-
dependent phenomenon may last for a short period.
Then the situation may tend to reverse, and the acid
may begin to dissolve. When nearly all of this initial
coat has dissolved, the sodium salt phase again be-
comes exposed and will dissolve until the critical
supersaturation level is reached again. Thus, a
repetitive cycle may be established (see curve B,
Fig. 5). However, eventually a roughened condi-
tion may develop where the acid layer thickness
becomes nonuniform, and spotty exposure of the
sodium salt occurs. At these break points, if the
local supersaturation levels are not high enough, dis-
solution of the sodium salt may continue without
appreciable conversion. This may then lead to sub-
surface dissolution and eventually flaking of the acid.
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