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Abstract  0 The axial and radial tensile strengths of compressed tablets 
have been measured by a tensiometer. A comparison of these strengths 
is indicative of the bonding strength in two directions and may be related 
to the tendency toward capping. The influence of compressional force, 
concentration of binder, and time on the tensile strengths of several 
materials is presented. 
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Tablets must possess sufficient strength to  withstand 
mechanical handling and transport. Various types of tests 
(abrasion, bending, indentation hardness, diametral 
crushing) have been used to  express strength (1); however, 
the data from these tests seldom can be correlated in a 
precise manner. Even the most common strength test of 
diametral crushing may cause failure of the tablet by more 
than one type of force (2,3). If the test method is designed 
so that tablet failure is a result of the application of tensile 
strength only, strength may be expressed precisely in terms 
of kilograms per square centimeter (4-7). 

Most pharmaceutical tablets are anisotropic and non- 
homogeneous, with the values of their properties ( e . g . ,  
density and strength) varying in different directions. The 
purpose of this investigation was to measure the axial and 
radial tensile strengths of tablets as influenced by com- 
pressional force, concentration of binder, and aging. 

EXPERIMENTAL 

Preparation of Tablets-Powders to he granulated were blended in 
a planetary mixer’. The appropriate amount of granulating solution was 
added and mixed for 5 min. The mass was passed through an oscillating 
granulator2, collected on drying trays, and dried overnight in a forced-air 

KitchenAid, Hobart Corporation, Troy, Ohio. 
Type FGS, Erweka-Apparatebau, GmbH, Heusenstamm Kr., Offenhach Main, 

West Germany. 

oven a t  ambient temperature. A 16/20-mesh size fraction of the dried 
granulation was separated by standard sieves. Directly compressible 
materials were separated by standard sieves into a 60/80-mesh size 
fraction. An appropriate weight of the material to produce tablets from 
0.3 to 0.5 cm thick was compressed by means of 1.275-cm flat-faced 
punches and the die fitted to a hydraulic press7 for 5 sec a t  the desired 
compressional force. The die wall was prelubricated with 5%) magnesium 
stearate in acetone. At least 72 hr elapsed bet,ween t.ahlet compression 
and measurement of tablet strength to allow for any stress relaxation. 
The weight and thickness of 10 tablets were determined. 

Measurement of Radial Tensile Strength-The radial tensile 
strength of the tablet was measured by a diametral compression test. The 
tensiometer4 was modified for compression by the use of a compression 
device used for calibration of the mercury manometer of the tensiometer. 
Steel bolt heads served as platens for the radial compression test. To 
ensure that the tablet failed in tension, a padding, consisting of three 
layers of manila computer cards 1 mm thick, was used (5,6,8). The length 
.of each paper strip was sufficient to extend over the edge of the bolt. head. 
The pad was replaced after -200 tablets had been fractured. The tablet 
was strained at the rate of 0.299 cm/min. The maximum force for tablet 
failure resulting from tensile stress (3, 4)  was determined, and the 
force-displacement profile was recorded. The maximum tensile failure 
force F ,  of 10 tablets was determined, and the average was used to cal- 
culate the radial tensile strength (a,) by the relationship: 

(Eq. 1) 

where D is the diameter (1.275 cm) and t is the t.hickness of the tablet 
(9). 

Measurement of Axial Tensile Strength-The tablet was linearly 
aligned and fixed between the machined heads of two 1.275 X 3.54-cm 
steel bolts by means of a cyanoacrylate resin adhesives. The adhesive was 
cured a t  room temperature for at  least 36 hr prior to testing. By use of 
a pair of adapters, the bolt-tablet-bolt assemblage was fitted horizontally 
into the tensiometer. The tablet was strained at  the rate of 0.229 cm/min. 
The tensiometer allowed the recording of the stress component against 
the extension, proportional to the distance moved by the crosshead beam. 
The distance traveled by the crosshead beam was magnified 16 times and 
recorded on the drum chart paper. The value of the maximum force was 
recorded only if failure was due to tension stresses. Tablet failure occurred 
in the body of the tablet and not near the tablet-bolt interface. The av- 

3 Carver press, model C, Menomonee Falls, Wis. 
Hounsfield Tensiometer, Type W, Tensiometer Ltd., Croydon, England. 
Eastman 910 Adhesive, Eastman Kodak, Kingsport, Tenn. 
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Table I-Densits of Materials and Granulations 
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Material Density, g/cm3 
-- 

Microcrystalline cellulose" 
Benzoic Acid 
Dibasic calcium phosphatec-povidoned (1.0%) 
Dibasic calcium phosphate"-povidoned (7.0%) 
Dibasic calcium phosphatee-starch (1.2%) 
Dibasic calcium phosphatee-starch (4.5%) 
Heptane, normal 
Hydrous lactosef-povidone (1.0%) 
Hydrous lactosef-povidone (9.0%) 
Hydrous lactose/-starch (1.9%) 

1.34 
1.36 
2.45 
2.43 
2.13 
2.12 
0.679 
1.44 
1.44 
1.46 

Avicel P H  102, FMC Corp., Marcus Hook, PA 19061. * S. Shah, Ph.D. Thesis, 
The University of Iowa, Iowa City, Ia., 1975. Ruger Chemical Co., Inc. Plasdone 

29-32, GAF Corp., New York, N Y  10020. Emcompress, Edward Mendell Co. 

erage maximum force of axial tensile failure of 10 tablets was used to 
calculate the axial tensile strengt,h by the relationship (10): 

r USP, Humko-Sheffield, Memphis, TN 38101. 

4F, 
D 2  

g =- (Eq. 2) 

Measurement of Density-The densities of the materials and 
granulations were determined by pycnometry using n-heptane at  25' and 
are given in Table I. The measured dimensions and weight of each cy- 
lindrical tablet were used to calculate the apparent density of the tablet. 
The relative density used in the Heckel plot is the quotient of the ap- 
parent density of the tablet and the density of the material. The values 
of porosity used in the Ryshkewitch relationship were calculated from 
the relationship: 

porosity = (1 - pappsrent/p) (Eq. 3) 

Conservation curves, rather than tables of the dimensions and calcula- 
tions, are presented for each tablet. 

RESULTS AND DISCUSSION 

The consolidation of a powder to form a tablet proceeds through several 
stages during compression (11,12). As a force is applied to a powder, in- 
terparticular rearrangement causes consolidation to the closest packing. 
Additional compressional force results in deformation of the particles 
by brittle fragmentation; plastic, nonrecoverable conformation changes; 
and/or elastic, recoverable conformation changes. Eventually, maximum 

Figure I-The influence of compressional force on tensile strengths 
of tablets compressed of 60/80-mesh size dibasic calcium phosphate 
dihydratefi. Key: (A) axial; (0) radial. 

1 

i 2 3 4 
STARCH, % 

Figure 2-The influence of starch on the tensile strengths of tablets 
of dibasic calcium phosphate dihydrate6 compressed a t  2268 kg. Key: 
(A) axial; (0) radial. 

consolidation is attained a t  which an increase in compressional force no 
longer reduces the relative volume of the tablet. I t  has been shown (13), 
in terms of density, that the distribution of compressional pressure within 
a tablet exists. I t  was previously demonstrated that the bond formation 
is greater in a region where, because of compressional pressure, distri- 
bution is more intense (14). 

For an isotropic, homogeneous tablet, the radial and axial tensile 
strengths should be equal. The distribution of compressional force, dif- 
ferences in density within a tablet, and the mixture of materials con- 
tribute to the nonhomogeneity of the tablet and to the nonuniformity 
of tensile strengths. To demonstrate this, the axial and radial tensile 
strengths were measured experimentally. Typical results for several 
materials are given in Table I1 in which there is a difference in the axial 
and radial tensile strengths for each material. 

As shown in Table 11, the variance of radial tensile strength is less than 
the variance of the axial tensile strength. The experimental conditions 

l00 i  80 

0.19 e 

I 
2000 4000 6000 8000 

COMPRESSIONAL FORCE, kg 

Figure 3-The influence of compressional force on tensile strengths 
of tablets of dibasic calciumphosphate dihydratefigranulated luith 1.2% 
starch. At each compressional force the value is given for ~ z l a x .  Key: 
(A) axial; (0) radial. 
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Table 11-Strength Characterist ics of 1.275-cm Diameter Cylindrical Tablets of Several Directly Compressible Materials 

Material 
Compressional 

Force, kg 

Mean Force of 
Axial Tensile 
Failure, kgd 

Dibasic calcium 
phosphate dihydrate" 

Lactose, anhydrous * 
Microcrystalline 

cellulosee 
Aspirin 
Benzoic acid 

454 
1134 

3402 
907 
454 

1361 
454 

1134 
3402 

2268 

2.2 (0.8)p 
5.6 (1.6) 

13.0 (4.2) 
15.1 (3.0) 
19.6 (1.4) 

14.0 (1.9) 
14.2 (1.4) 
15.2 (1.2) 
17.0 (3.0) 

8.4 (1.6) 

Axial Tensile 
Strength, uz ,  

kg/cm' 

1.7 (0.4)f 
4.4 (0.9) 
6.6 (0.9) 

10.2 (2.4) 
11.8 (1.6) 
15.4 (0.8) 

11.0 (1.1) 
11.1 (0.7) 
11.9 (0.6) 
13.3 (1.6) 

Mean Force of 
Radial Tensile 
Failure, kgd 

4.6 (0.2)e 
9.5 (0.4) 

12.4 (0.6) 
18.5 (0.9) 
12.9 (0.5) 
28.4 (0.4) 

13.4 (0.6) 
16.2 (1.0) 
17.4 (0.6) 
14.0 (1.2) 

Thickness, 
cm 

0.479 (0.005)t' 
0.443 (0.004) 
0.414 (0.001) 
0.404 (0.003) 
0.428 (0.001) 
0.429 (0.007) 

0.437 (0.002) 
0.494 (0.012) 
0.482 (0.013) 
0.479 (0.008) 

Radial Tensile 
Strength, ux ,  2 

4.8 (0.1)f 0.35 
10.7 (0.3) 0.41 
14.9 (0.5) 0.44 
22.8 (0.8) 0.45 
15.1 (0.4) 0.78 
33.0 (0.4) 0.47 

15.3 (0.5) 0.72 
16.4 (0.7) 0.68 
18.0 (0.4) 0.66 
14.7 (0.9) 0.90 

kg/cm2 ux 

Emcompress, Edward Mendell Co., Carmel, N.Y. * Lactose Direct Tabletting, Humko-Sheffield. Avicel PH 102, FMC Corp. Average of 10 tablets. Standard 
deviation. f Confidence interval at 95% prohability. 

of the diametral compression (radial) test are specifically controlled to 
ensure tablet failure d y  because of tcnslon stresses. The axial t.wt. has 
the disadvantage of requiring the adapter-bolt-tablet assemblage to be 
placed horizontally in the tensiometer. Bending stress due to the mass 
of the adapter and the torsion stress due to loading are present in each 
sample. These additional stresses add to the deviation in applied tension 
stress required to cause failure of the tablet. A similar set of experimental 
values using another apparatus has been reported (15). 

The radial tensile strength is greater than the axial tensile strength 
with a brittle material (dibasic calcium phosphate dihydrate"). The dif- 
ference may be a reflection of the number of clean particle bonds and of 
original particle bonds oriented in the axial and radial direction. In brittle 
fracture, clean surfaces are formed during compression, and two fresh, 
clean surfaces bond to form the strongest bond. A newly formed surface 
may bond to an original surface of another particle, whereas two original 
surfaces, which bond during compression, probably form the weakest 
bond. 

When a brittle material is compressed along the vertical (axial) axis, 
the stress upon each particle does not necessarily compress the particle 
along the axial direction because of the random packing and alignment 
of the particles toward each other during the stages of compression; 
however, a greater potential exists for vertical stress on the particles 
during the relocation and fragmentation stages due t,o the movement of 
the punch. The overall result is that more clean surfaces are created when 
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Figure 4-The influence of compressional force on the tensile strengths 
of  tablets compressed o f  dibasic calcium phosphate dihydrate6granu- 
lated with 4.5% starch. Key: (A) axial; (0) radial. 

Emcompress. Edward Mendell Co., Carmel, N.Y. 

they are normal to the radial than to the axial direction. As the com- 
preusional force is increased, a hrit~tle fracture results in a stronger, radial 
tensile strength than axial tensile strength (Fig. 1). The slope (0.00577, 
r = 0.990) of the radial tensile strength-force line is twice that of the slope 
(0.00275, r = 0.993) of the axial tensile strength-force line. 

The Griffith fracture theory (16) proposes that failure results from the 
existence of flaws or cracks within the sample. If more bonds are formed 
in the radial direction, the potential for the presence of a flaw or crack 
is greater in the axial than the radial direction. This concept appears to 
be supported by the results shown in Fig. 1. 

Influence of Compressional Force a n d  Concentration of 
Binder-In tableting technology, a blend of pharmaceutical powders 
is commonly granulated with a granulating or binding solution. The in- 
corporation of the binder increases the adhesiveness of the formulation. 
As shown in Fig. 2, the radial tensile strength of tablets compressed a t  
2268 kg of force from dibasic calcium phosphate dihydrate6 granulated 
with starch paste is increased as the concentration of starch is increased. 
The axial tensile strength is increased to its greatest value a t  3% starch 
and is not increased by an additional increase in the starch concentra- 
tion. 

The effect of compressional force on the tensile strength of tablets 
compressed from dibasic calcium phosphate dihydrate6 with 1.2% starch 
is shown in Fig. 3. For the given concentration of binder, the axial tensile 
strength is increased to a maximum value a t  4536 kg of force and is not 
increased a t  greater compressional forces. 

The tensile strengths of tablets compressed from dibasic calcium 
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Figure 5-The influence of pouidone on the tensile strengths of tablets 
of  dibasic calcium phosphate dihydrate7 compressed at 2268 (-) and 
at 4536 k g  (- - - -). Key:  (A) axial; (0) radial. 
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Figure 6-The influence of compressional force on the tensile strengths 
of tablets of dicalcium phosphate dihydrate granulated with 1.0 (-) 
and with 7.0% (- - - -) povidone. At each compression force the value 
is given for vz/nx. Key: (A) axial; (0) radial. 

phosphate dihydrate6 with 4.5% starch are shown in Fig. 4. The rate of 
increase of radial tensile strength with an increase in compressional force 
is essentially the same as that of the tablet containing 1.2% starch. The 
maximum axial tensile strength is attained at the same compressional 
force as for the tablet containing 1.2% starch, hut there is no decrease in 
axial strength as the compressional force is increased further. This dif- 
ference in the axial and radial tensile strength-force profiles indicates 
that  consolidation is not uniform throughout the entire tablet mass. 

Similarly, for tablets compressed a t  2268 and 4536 kg of force from 
dibasic calcium phosphate dihydrate7 granulated with povidone, the 
tensile strengths are increased as the concentration of povidone is in- 
creased (Fig. 5). The influence of compressional force on tensile strength 
of tablets of dibasic calcium phosphate dihydrate7 and povidone is il- 
lustrated in Fig. 6. As the compressional force is increased, the slope of 
the radial tensile strength versus percent of binder increases more rapidly 
than the slope of the axial tensile strength. A maximum axial tensile 
strength is attained a t  5-6% povidone when compressed a t  4536 kg. 

The influence of compressional force on the tensile strengths of tablets 

l 5  t I. 39 

I. 06 1 1.07 

1 2 3 4 5 6 7 8 9  
POVIDONE, % 

Figure 7-The initial influence of pooidone on the tensile strengths 
of tablets of hydrous lactose compressed at 1134 kg. At each compres- 
sional force the value is given for uz/up Key: (A) axial; (0) radial. 

7 Ruger Chemical Co., Irvington, N.J. 
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Figure 8-The influence o f  compressional force on the tensile strengths 
of tablets of hydrous lactosegranulated with I (--) and 9.0% (- - - -) 
pouidone. At each compressional force the value is given for uJvP Key: 
(A) axial; (0) radial. 

of dibasic calcium phosphate dihydrate7 granulated with 1.0 and 7.0% 
povidone is shown in Fig. 6. The strength of tablets compressed from 
dibasic calcium phosphate dihydrate6 is increased only moderately with 
an increase in compressional force. At low concentrations of binder, the 
effect of compressional force on dibasic calcium phosphate dihydrate7 
is moderate, but a t  high concentrations, 7% of binder, the tensile strength 
is significantly increased with an increase in compressional force (Fig. 
6). 

The influence of povidone concentration on the tensile strength of 
hydrous lactose tablets compressed a t  1134 kg of force is shown in Fig. 
7. The concentration of povidone has little effect on the radial tensile 
strength. As the concentration of povidone is increased, the axial tensile 
strength is increased rapidly to values that exceed the radial tensile 
strength. Thus, povidone axially strengthens a tablet of hydrous lactose 
to a greater extent than a tablet of dibasic calcium phosphate dihydrate. 

I 0 . 2 5  

I I 1 

2000 4000 
COMPRESSIONAL FORCE, kg 

Figure 9-The influence o f  compressional farce on tensile strengths 
of tablets of hydrous lactose granulated with 1.9% starch. At each 
compressional force the value is given for ur/ux .  Key: (A) axial; (0) 
radial. 
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Figure 10-Density-compressional pressure relationship according 
to Heckel plot. Key: (0) dibasic calcium phosphate dihydrate6; (0) with 
1.2% starch; (A) with 4.5% starch. 

Since the granulating solvent was water, in which lactose is soluhle, the 
lactose may have partially dissolved a t  the surface of the granules and 
upon drying formed bridges, which mechanically strengthened the tablet 
(17, 18). 

The influence of compressional force on the tensile strengths of tablets 
composed of hydrous lactose with 1.0 and 9.0% povidone is shown in Fig. 
8. There is a maximum axial tensile strength attained at  a low concen- 
tration of hinder with an observed tendency for capping a t  high com- 
pressional forces. Lactose behaves as a Mohr body (19) and is known to 
be prone to capping (20). A similar result is shown in Fig. 9 for tablets of 
hydrous lactose granulated with 1.9% starch. 

Behavior of Material-Heckel (21, 22) characterized the behavior 
of materials during compression hy the relationship: 

K P  + A  - 1 
log - - - 

1 - prei 2.303 
(Eq. 4) 

I I I 
I 

1000 2000 3000 
COMPRESSIONAL PRESSURE, kg/crn2 

Figure 12-Density-compressional pressure relationship according 
to Heckel plot of hydrous lactose granulated with pouidone and starch. 
Key: (A) 1.0% pouidone; (0) 9.0% povidone; (0) 1.9% starch. 

deformation of the material undergoing compression (23). The intercept 
of the curved portion of the curve a t  low pressure represents a value due 
to densification by particle rearrangement. The intercept obtained from 
the slope of the upper portion of the Heckel plot is a reflection of the 
densification obtained during consolidation. A large value of the slope 
indicates the onset of plastic deformation at  relatively low pressures (24). 
A Heckel plot for tablets of dihasic calcium phosphate dihydrate6 is 
shown in Fig. 10. The small value of the slope indicates consolidation of 
dibasic calcium phosphate dihydrate is not by plastic deformation but 
primarily by brittle fracture (25). 

where prel is the relative density, P is the compressional pressure, and K 
and A are constants. The slope ( K )  has been related to the reciprocal of 
the mean yield pressure, which is the minimum pressure required to cause 

I 1 I 

2000 4000 
COMPR ESSIONA L PRESSURE, kglcrn' 

Figure 1 1-Density-compressiorial pressurr relationship according 
to Heckrl plot for dibasic calcium phosphate dihydratr7granulatrd with 
pouidone. Key: (A) 1.0'; pouidone; (0) 7.0"; pouidone. 

t 
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5 10 15 20 25 

POROSITY, % 

Figure 13-Tensile strengths-porosity relationship of logarithmic form 
of the R.vshkeuitch rquation for  dibasic calcium phosphate dihydrate6 
granulated with 1.2 I-) and 4.5% (- - - -) starch. Key: (A) axial; (0) 
radial. 

Journal of Pharmaceutical Sciences 1 6 11 
Vol. 71, No. 6, June 1982 



u\ 
A '  

1 1  I I 1 I 
5 10 15 20 

POROSITY, % 

Figure 14-Tensile strengths-porosity relationship of logarithmic form 
of Ryshkewitch equation for dibasic calcium phosphate dihydratel  
granulated with 1.0 (-) and 7.0% (- - - -) pouidone. Key: (A) axial; 
(0) radial. 

The effect of the addition of starch to dibasic calcium phosphate di- 
hydrate6 is shown in Fig. 10. The lower mean yield pressures (1442 and 
1904 kg/cm2 with 1.2 and 4.5% binder, respectively) for dibasic calcium 
phosphate6 granulated with starch, than the mean yield pressure (4303 
kg/cm2) for dibasic calcium phosphate dihydrate indicate that the ad- 
dition of starch confers some plastic property to the mass. The density- 
compressional pressure relationship of dibasic calcium phosphate di- 
hydrate7 granulated with povidone is plotted in Fig. ll. The lower mean 
yield pressure (2535 kg/cm2) for dibasic calcium phosphate dihydrate7 
granulated with 7.0% povidone than the mean yield pressure (3282 kg/ 
cm2) with 1.0% povidone indicates the onset of plastic deformation with 
an increase in concentration of the hinder. 

The Heckel plots for lactose granulated with povidone and for lactose 
granulated with starch are shown in Fig. 12. The mean yield pressure is 

b 
1 I I 
5 10 15 20 

POROSITY, % 

Figure 15-Tensile strengths-porosity relationship of logarithmic form 
of the Ryshkewitch equation for hydrous lactose granulated with 1.0 
(--) and 9% (- - - -) pouidone. Key: (A) axial; (0) radial. 

1 I 
5 10 15 20 
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Figure 16-Tensile strengths-porosity relationship of logarithmic form 
of Ryshkewitch equation for  hydrous lactose granulated with 1.9% 
starch. Key: (A) axial; (0) radial. 

decreased as the concentration of plastically deformed povidone is in- 
creased. The addition of a plastic binder to an excipient tends to confer 
some plasticity to the excipient. 

Ryshkewitch (26) observed that: 

log uX = log gmar - bp (Es.  5) 

T 

3% Pov done  

't 
5 % Povi done 

t 1 I 
I 1 I 

2 4 6 8 10 12 
MONTHS 

Figure 17-The influence of t ime on  the  tensile strength of tablets of 
hydrous lactose granulated with 3 and ,5@,A pouidone. Key: (A) axial; (0) 
radial. 
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Table 111-Values of Constants b and  u,,, of the Ryshkewitch 
Equation 

b UIllElX r 

Lactose granulated with 1.9% starth 5.7 31.8 0.981 
Lactose granulated with 1.0% povidone" 5.5 27.4 0.996 
Lactose granulated with 9.0% povidone 5.3 36.1 0.996 
Dibasic calcium phosphate dihydrate 7.6 48.2 0.979 

Dibasic calcium phosphate dihydrate* 5.1 89.3 0.991 

Dibasic calcium phosphate dihydrate' 4.6 95.4 0.993 

Dibasic calcium phosphate dihydrate' 4.1 106.6 0.999 

Ruger Chemical Co. ' Emcornpress, Edward 
Mendell Co. 

where u, is the radial tensile strength, urn= is the theoretical radial tensile 
strength a t  zero void, b is a constant, and p is porosity. 

In Fig. 13 the logarithms of tensile strengths are plotted against the 
porosity of tablets compressed from dibasic calcium phosphate dihydrate6 
granulated with 1.2 and 4.5% starch, and the increase in starch increases 
the radial tensile strengt.h 47%, even though the porosity remains at  25%. 
The increase in starch increases the radial tensile strength only 12% as 
zero void is approached. 

The Ryshkewitch relationship of tensile strength to the porosity of 
dibasic calcium phosphate dihydrate7 granulated with 1.0 and 7.0% 
povidone is shown in Fig. 14. The maximum axial tensile strength occurs 
a t  6-7% porosity, which is the same porosity as for dibasic calcium 
phosphate dihydrate6s7 and starch. 

Similarly, the Ryshkewitch relationships for hydrous lactose with 1.0 
and 9.0% povidone are plotted in Fig. 15. A nine-fold increase in coil- 
centration of povidone causes a 58% increase in radial tensile strength 
near 20% porosity and only a 34% increase near zero void. The Rysh- 
kewitch relationship for hydrous lactose with starch is shown in Fig. 16. 
Values for the constants of the Ryshkewitch equation are given in Table 
111. 

I t  appears that the concentration of the binder has a greater influence 
in more porous tablets than in those approaching zero void. As com- 
pressional force is increased and the porosity of the tablet is decreased, 
the interparticular distances through which adhesive forces operate are 
shorter. Thus, the adhesive forces of the material are stronger a t  lower 
porosity, and a lesser amount of binder would be required to produce a 
tablet of the desired strength. 

Index of Capping-The elastic property of a material is responsible 
for the capping or failure of a tablet perpendicular to its compressional 
axis. When the compressional force is removed, shear deformation occurs 
as the elastic material rebounds (27). Strains are magnified about regions 
of low density, and upon release of the force, there may be a mechanical 
failure. 

Binders are added to materials having poor adhesive property to 
strengthen intergranular binding and, thus, reduce the t,endency to cap. 
For elastic materials the elastic energy released, when the punch pressure 
is relieved, overcomes the bonds present between particles in that region 
and capping occurs. Binders are plastic materials, and under compression 
these materials undergo plastic deformation. The total energy of com- 
pression is dissipated throughout the entire material heing compressed. 
A greater part of the total energy of compression is absorbed hy the hinder 
a t  greater concentrations, and less energy is stored elastically hy the 
elastic deformation of the other materials of the formulation. Upon re- 
moval of the compressional force, there is less elastic recovery and a re- 
duced tendency toward capping. 

A weak axial tensile strength has been associated with capping (1,10, 
28). A comparison of Figs. 3 and 4 shows that the maximum axial tensile 
strength for a tablet of dibasic calcium phosphate dihydrate6 containing 
4.5% starch is reached a t  the same compressional force as for a tablet 
containing 1.2% starch, but there is no decrease in axial strength after 
reaching the maximum value for the tablet containing 4.59n starch. The 
slopes of the radial tensile strength-force curves are nearly identical. The 
difference in axial and radial tensile strengths indicates that  the tablet 
is not as strongly bonded in the axial direction as in the radial direction. 
As the axial and radial tensile strengths are measures of bonding, it ap- 
pears that the ratio nz/uy could he used as an index of capping. The ratio 
would be unity for a homogeneous tablet and would decrease toward zero 
as the homogeneity became progressively less. 

The data presented in Fig. 6 for the tablets of dibasic calcium phos- 
phate dihydrate7 with 1.0 and 7.0% povidone support the statement that 
an increase in concentration of hinder reduces capping. A t  the highest 

granulated with 1.0% povidone 

granulated with 7.0'% povidone 

granulated with 1.2% starch 

0 Regression of four points only. 

2o 1 

7 %  Povidone 

.t 
9 %  Povidone 

1 4 
10 12 2 4 6 8 

MONTHS 

Figure 18-The influence of t i m e  o n  the tensi le  strength of tablets of 
hydrous lactose granulated with 7 a n d  pouidone. Key: (A) axial; (OJ 
rudial. 

compressional force (6804 kg) the ratio u2/u, is 0.34 and 0.89 for 1.0 and 
7.0% povidone, respectively. Capping does not occur as the dibasic cal- 
cium phosphate dihydrate is a brittle material, and fragmentation occurs 
and is the mode of consolidation. 

With nonbrittle materials, considerable consolidation may be due to 
elastic bonding. As elastic rehound will occur when the compressional 
force is removed, the tablet will have a capping tendency. For such ma- 
terials, a low value for uz/ux indicates that capping is likely. To properly 
evaluate the probability of capping, the mechanism of bonding or con- 
solidation and the ratio of the axial and radial tensile strengths must be 
considered. Hydrous lactose with povidone attains a maximum axial 
tensile strength at  a low concentrat,ion of binder with a tendency for 
capping a t  high compressional forces. At the highest compressional force 
(4536 kg) for hydrous lactose tablets, containing 1.0 and 9.0% povidone, 
the ratio uz/ux is 0.14 and 0.36, respectively. 

Aging-Changes in strength of tablets have been reported to be a 
function of strain recovery (29), time (SO), and loss of moisture (31,32). 
Five formulations of tablets weighing 800 mg were prepared by com- 
pression a t  1134 kg of force for hydrous lactose containing from 1.0 to 9.0% 
povidone. The tablets were stored in tightly closed glass containers a t  
43% relative humidity and ambient. temperature. The axial and radial 
tensile strengths measured initially and a t  1, 3, 6, and 12 months are 
shown in Fig. 17 for hydrous lact.ose with 3.0 and 5.0'% povidone. Similar 
plots are shown in Fig. 18 for hydrous lactose tablets with 7.0 and 9.0% 
povidone. The implication is that  the tensile strength did not change to 
a significant extent after 1 year in storage. A report (33) that the hardness 
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of hydrochlorothiazide tablets composed of lactose and povidone did not 
change after 1 year a t  room temperature supports this implication. 
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Abstract 0 Octanol-water partition values were calculated using frag- 
mentation values and measured rapidly by high-pressure liquid chro- 
matography (HPLC) on bonded octadecylsilane supports. Log P for in- 
dolizine, a, and fragment ( f )  values for the indolizinyl substituents were 
determined using both methods. Good agreement was obtained for all 
three values. 

Keyphrases Partition coefficient-indolizine and 2-phenylindolizines, 
determination by high-pressure liquid chromatography and fragmen- 
tation values 0 Indolizine-substituted 2-phenylindolizines, partition 
coefficients determined by high-pressure liquid chromatography and 
fragmentation values 0 High-pressure liquid chromatography-deter- 
mination of partition coefficients of indolizine and 2-phenylindolizines 

Fragmentation values-determination of partition coefficients of in- 
dolizine and 2-phenylindolizine 

There is considerable interest in partition coefficient 
determination in the area of rational drug design (1). The 
partition coefficient, log P, represents the distribution of 
a substance between an organic and aqueous phase. Sev- 
eral methods may be used to determine partition coeffi- 
cients including the shake-flask method, liquid-liquid 
chromatography on liquid impregnated plate technique, 
and high-pressure liquid chromatography (HPLC). 

No studies have been done on the log P of indolizines. 

Indolizine (I) is a 107r aromatic heterocyclic compound 
with the nitrogen a t  the bridge head position. It is nearly 
electrically neutral and weakly basic with a pKa value of 
3.94 (2). 

I 
For the normal shake-flask method, octanol and water 

have been used previously as the biological lipid and 
aqueous phases, respectively, in partition determination 
(3). Due to the instability of the indolizine nucleus, mea- 
suring log P values of this compound by this technique has 
proven difficult. The shake-flask procedure (4) is a tedious, 
time-consuming process and subject to purity, stability, 
and mass-balance problems from the compounds being 
measured. 

BACKGROUND 

Liquid chromatography on paper or lipid-impregnated plates has been 
used as an alternative to octanol-water partition. Martin ( 5 )  derived Eq. 
1 for thin-layer or paper chromatography (TLC): 
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