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Abstract 0 The use of the log-normal distribution applied to the 
pore characteristics of tablets is discussed. An analytical method 
for the determination of the geometric mean pore diameter is pre- 
sented and applied to several tablet samples. The method elimi- 
nates the necessity of plotting the pore volume data, eliminates 
subjective evaluation, and is amenable to computerized calcula- 
tions. 
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Interest in the porous nature of pharmaceutical 
tablets has been,growing steadily in recent years. As 
early as 1952, Higuchi et al. (1) stated: ". . . it seems 
reasonable to assume that  the volume of void space 
in a given tablet would greatly influence its disinte- 
grating property." 

Two major parameters are associated with the po- 
rous nature of a tablet: l a )  the volume of the void 
space designated as the porosity or pore volume, and 
( 6 )  the size of those pores characterized by their di- 
ameters. This report deals with the second parame- 
ter. 

Mean pore diameter has been used to characterize 
tablet pore size; one method of measurement used 
(2, 3) is air permeametry and the Kozeny-Carman 
equation. Adsorption isotherms have also been used 
(4-6). Another reported method (7) involved the 
mercury intrusion porosimeter. These last two meth- 
ods generate pore distributions from which a mean 
value can be derived, although, if desirable, one may 
discuss the entire distribution. 

The mean pore diameter is of interest in pharmacy 
because it is a single number that can be used to 
compare one tablet with another. As the level of so- 
phistication increases and correlations are found, the 
total distribution will certainly tell a more complete 
story. 

DISCUSSION 

One method used to characterize porosity and pore size of ma- 
terials is the mercury intrusion porosimeter. To make a measure- 
ment by a porosimeter, mercury is forced into the pores of the 
sample (e.g., a tablet) under hydraulic pressure. The size of the 
pore penetrated is a function of this applied pressure, P, and the 
two are related by Eq. 1 (8): 

Pr = -37 cce 0 (Eq.1) 
where r is the pore radius, y is the surface tension of mercury, 
and B is the contact angle between the mercury and the pore sur- 
face. The value of y for mercury a t  25" is 474 dynes/cm and, as- 
suming a cpntact angle of 130°, the pore diameter, d, and the ap- 
plied pressure are related as shown in Eq. 2 (8,9): 
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P 

d = -  (Eq.2) 

where the pore diameter is expressed in microns and the pressure 
in psi (absolute). 
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Figure 1-Cumulative pore volume as a function of the 
logarithm of pressure or the logarithm of pore diameter. 

To illustrate the pore-size distribution, the cumulative pore 
volume is normally plotted uersus the logarithm of the pore diam- 
eter. Alternatively, one may plot a frequency distribution. When 
the frequency distribution of a variable exhibits positive skew- 
ness, this distribution can be approximately described by a loga- 
rithmic normal distribution, which is shown in Eq. 3 for the vari- 
able X :  

O < X < m  (Eq.3) 

where p is the mean value, and UL is the logarithm of the stan- 
dard deviation. This equation is an extension of the equation for 
the normal distribution: 

where the variable, X ,  is normally distributed, and p and u are 
the location and the scalar parameters of the normal curve, re- 
spectively (10). In Eq. 3, it is the logarithm of X ,  rather than X 
itself, that  is normally distributed. 

The log-normal or log-probability relationship has been used 
most frequently in pharmacy to describe the size distribution of 
particulate matter (11, 12), and it was suggested (13) that it be 
considered in connection with dissolution data. Recently for the 
first time, this distribution was applied to pore sizes in the hy- 
drated cement paste system (14). That is, the parameter that  is 
normally distributed is the logarithm of the diameter rather than 
the diameter itself. 

This article shows that the properties of the log-normal distri- 
bution are adequate to describe the pore structure for tablets of 
pharmaceutical interest and presents an analytical technique for 
the computations. 

EXPERIMENTAL 

Pore-size distribution was determined on several tablet samples 
(four sets of data) containing 22% hydrochlorothiazide USP. 
Qualitatively, the formulas for the samples discussed are the 
same. The manufacturing process involves a starch-gelatin gran- 
ulation of the active ingredient with dicalcium phosphate and 
lactose. Starch (corn), talc, and magnesium stearate are added 
before compression. The tablets are compressed on a rotary press 
a t  the same weight; since the level of active ingredient remained 
constant, the changes noted were due to the level of inert ingredi- 
ents or to compression pressures (Table I). 

The pore-size distributions were determined by a mercury in- 
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Table I-Formulation Differences 
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trusion porosimeter'. Vacuum was drawn by a vacuum pumpZ 
attached to the porosimeter, and hydraulic pressures up to 351.5 
kg/cmZ (5000 psi) were used in the measurements. 

RESULTS 

The usual graphical representation of porosimeter data (Fig. 1) 
shows the volume of mercury penetration into the sample uersus 
the logarithm of the pressure applied. The mean pore diameter cor- 
responding to a given pressure may also be read directly from the 
graph supplied with the instrument by calculating 50% of the 
maximum penetration and selecting the corresponding diameter 
(0.48 pm in this case). 

When cumulative data plot out as a sigmoid curve, it suggests 
that the distribution is normal, in this case log-normal since the 
abscissa is a logarithmic scale. 

Instead of the cumulative frequency plot in Fig. 1, one may 
generate the cumulative normal curve by simply normalizing the 
data. This was done for the data in Fig. 1 by using Eq. 5: 

cumulative frequency 

total pore volume 
P =  x 100 0%. 5) 

where P is the percent probability, and the cumulative frequency 
is the cumulative volume of pores up to any diameter. As shown 
in Fig. 2, the sigmoid shape is retained, but probabilities have 
been introduced by normalizing; the total probability, or area 
under the normal curve, is unity. 

To convert the sigmoid curve to a straight line, one makes use 
of probability paper. When the data shown in Figs. 1 and 2 are 
plotted in this manner, Fig. 3 results. If the frequency distribu- 
tion is approximately normal, the plotted points lie very nearly 
on a straight line. 

The advantage of the probability plot is that the characteristic 
parameter, p, can be read directly from the graph, and the 
other characteristic, u, can be easily calculated from the appro- 
priate points. 

In practice, probability plots are not really linear. The points 
near the extremities of the distribution are not considered very 
significant (15). These data points a t  the extremities, especially 
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Figure 2-Cumulative log-normal plot: percentage cumulative 
frequencies versus log pore diameter. 

Aminco, American Instrument Co., Bethesda, Md. 
2 Cenco,-Central Scientific Co.. Chicago, Ill. 

Table 11-Variation in Mean Pore Diameter as a 
Function of Proportion of Data Included 

Proba- Dm p m ,  
bilities", Graphical 

70 nb R2, %c D,, pm Method 

30-70 6 99.98 0.4821 0.48 
25-75 7 99.97 0.4815 
20-80 9 99.90 0.4785 
15-85 11 99.60 0.4731 
10-90 14 99.60 0.4618 

a Points falling between these probabilities were used in the calculation. 
b Number of data points. e Index of determination. 

the large sizes, tend to weight the data and thus prohibit the use 
of an arithmetic mean. 

In Fig. 3, the ends of the distribution will certainly not be on 
any straight line which may be drawn but the decision must be 
made as to which points can be considered to be on the ends. 
This question is considered in the following analytical method. 

ANALYTICAL 

Although the graphical technique discussed will yield these 
values for the geometric mean pore diameter3 and the geometric 
standard deviation, the method of plotting such data is time con- 
suming. To provide a method allowing computerization of the 
calculation, an analytical method was developed. 

The log-probability plot (Fig. 3) should linearize those data 
from a cumulative log-normal plot (Fig. 2), but in practice it does 
not do so completely. The cumulative log-normal plot is sigmoid- 
al, but the center portion does approximate a straight line. 

The parameters of interest can be read off the graph (Fig. 2); 
but since this set of data, or at least the straight-line portion, is 
amenable to regression analysis by calculator or computer, the 
parameters can also be calculated. The question then becomes 
how much of the data to include in the approximation. 
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Figure 3-Log-probability plot. 

The geometric mean diameter is equivalent, if the distribution is nor- 
malized in terms of the logarithmic variate. to the median. 
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Table 111-Variation of Mean Pore Diamete r  as a 
Function of Proportion of Data Included 

The index of determination that determines the fit to the straight 
lines remains the criterion by which one can judge whether fur- 
ther analysis is necessary. 

Proba-  D m ,  p m ,  
bilitiesa, Graphical 

% nb R2, % c  D,, p m  Method CONCLUSIONS 

Bv using this method. a aeometric value can be obtained for 
Data set 2: 
30-70 
25-75 
2G80 
15-85 
10-90 

Data set 3: 
30-70 
25-75 
20-80 
15-85 
10-90 

Data set 4: 
20-80 
15-85 
10-90 

6 
8 
10 
12 
15 

5 
6 
9 
10 
13 

99.40 
99.64 
99.72 
99.83 
99.72 

99.63 
99.77 
99.43 
99.26 
99.44 

0.1764 
0.1779 
0.1792 
0.1795 
0.1813 

0.1610 
0.1613 
0.1637 
0.1649 
0.1651 

4 99.70 0.1618 
5 96.21 0.1626 
6 85.90 0.1535 

0.18 the -meanpore diameter of tablets  from pore distribution data 
generated by the porosimeter. It is not necessary to plot the data, 
which eliminates subjective evaluation; an additional parameter, 
the geometric standard deviation of the distribution, is also easily 
available. These parameters can be utilized as another method of 
comparing one tablet with another and of correlating other tablet 
properties or formulation parameters. The interpretation of dif- 
ferences in pore characteristics will be the subject of subsequent 
reports. 
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a Points falling between these probabilities were used in the calculation. 
6 Number of data points. c Index of determination. 

Regression analysis was performed on these data, and Table I1 
shows the effect of including various sections of the data in the 
calculations. The parameter of interest, mean pore diameter, D,, 
does not change significantly as data are added or subtracted. 
Moreover, the index of determination for the regression4 shows 
that the straight line does approximate the data satisfactorily. 
The same results are shown in Table 111 for additional sets of data 
yielding different mean diameters, and the diameters calculated 
by this method are in excellent agreement with those obtained by 
graphical methods in all cases. 

For the calculation of the geometric standard deviation, the 
points at 15.87 and 84.13% probability are importants. I t  is rec- 
ommended that probabilities between 15 and 85% be routinely in- 
cluded in the calculations. The geometric standard deviation, u, 
can then be calculated by the following equations (11, 14, 16): 

diameter a t  84.13% probability 

diameter a t  50.0% probability 
u =  0%. 6 )  

or : 

diameter at 50.0% probability 

diameter a t  15.87% probability 
a =  (Eq. 7) 

The index ofdetermination is the square of the correlation coefficient 
u = 34.13% when probability is used. 

(1) T. Higuchi, R. D. Arnold, S. J. Tucker, and L. W. Busse, 

(2) H.  Nogami, H. Fukuzawa, and Y. Nakai, Chem. Pharm. 

(3) W. Lowenthal and R. A. Burruss, J. Pharm. Sci., 60, 

( 4 )  H .  Matsumaru, Yakugaku Zasshi, 78,1198( 1958). 
( 5 )  Ibid., 78,1201(1958). 
(6) Ibid., 78,1205(1958). 
(7) A. B. Selkirk and D. Ganderton, J. Pharm. Pharmacol., 

(8) C. Orr, Jr., Pourder Technol., 3,117(1970). 
(9) Aminco Porosimeter, Instruction No. 877-A, American In- 

strument Co., Silver Spring, Md., July 1969. 
(10) G. W. Snedecor and W. G. Cochran, “Statistical Methods 

Applied to Experiments in Agriculture and Biology,” 5th ed., 
lowa State University Press, Ames, Iowa, 1956, p. 203. 
(11) C. Orr, Jr., and J. M. Dallavalle, “Fine Particle Measure- 

.merit," Macmillan, New York, N.Y., 1959, p. 29. 
(12) A. N. Martin, J. Swarbrick, and A. Cammarata, “Physi- 

cal Pharmacy,” Lea & Febiger, Philadelphia, Pa., 1969, p. 474. 
(13) J. G. Wagner, J. Pharm. Sci., 58.1253(1969). 
(14) S. Diamond and W. L. Dolch, J. Colloid Interface Sci., 38, 

(15) A. B. Mode, “Elements of Statistics,” Prentice-Hall, En- 

(16) J. M. Dallavalle, “Micromeritics,” Pitman, New York, 

J.  Amer. Pharm. Ass. ,  Sci. Ed., 41,93(1952). 

Bull., 11,1389(1963). 

1325( 1971). 

Suppl., 22,79S(1970). 

234( 1972). 

glewood Cliffs, N.J., 1961, p. 145. 

N.Y., 1948, p. 54. 

ACKNOWLEDGMENTS AND ADDRESSES 

Received August 17, 1973, from the Department of Pharmaceu- 
tical Research and Development, Merck Sharp & Dohme Re- 
search Laboratories, West Point, PA 19486 

Accepted for publication December 18,1973. 
The author acknowledges the helpful suggestions of Dr. N. R. 

Bohidar in the preparation of this manuscript. 

776 f Journal of Pharmaceutical Sciences 




