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Abstract

The purpose of the present study was to clarify the mechanism for l-menthol whisker growth. l-Menthol was
mixed with an excipient, and the interaction was examined by IR measurement, thermal analysis and powder X-ray
diffraction. Then we examined the involvement of the capillary condensation using the pore size distribution
measurement. By mixing l-menthol with an excipient with whisker growth, the hydroxyl group stretching band of
l-menthol was shifted to the higher wavenumber in the IR spectrum, the melting point and heat of fusion of
l-menthol became lower in the thermal analysis, and the diffraction intensity of l-menthol became lower in the
powder X-ray diffraction. The excipients with whisker growth showed the tendency to have the meso-pore involved
in the capillary condensation in the pore size distribution measurement. From the above results, the whisker growth
mechanism is considered as follows. When l-menthol was mixed with an excipient with whisker growth, the
crystallinity of l-menthol was lowered and the vapor pressure was increased by the interaction mainly consisting of
the hydrogen bond. The generated l-menthol vapor entered meso-pore, the saturated vapor pressure was lowered by
the capillary condensation, and the nucleation occurred. The vapor was further supplied, generating the growth of
whisker. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Usually the diameter of whiskers is about 0.1–
tens of micrometer, the length is about tens–hun-
dreds of micrometer, and the aspect ratio (the
ratio of length to diameter) of most whiskers is

about 10–200. The research on whisker is said to
been started by Erker L., who reported about the
whiskers that grew from sulphide ore stone in
1547 (Fujiki and Mitomo, 1993). After that, many
studies on whisker have been carried out, but
most of them have dealt with inorganic substance
Compton et al., 1951; Hashiguchi, 1966a,b;
Nakata, 1975; Okura, 1975; Tanaka et al., 1977,
and so on.
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Whisker is often observed when the medical
supplies are preserved as solid preparations such
as tablets and granules. The chemicals that grow
whisker are polyoxymethylene (van der Heijde,
1963, 1965), triglyceride (Okada, 1970), the com-
plex of caffeine and salicylamide (Murata et al.,
1976), carbamazepine (Laine et al., 1984), the
sodium valproate–synthetic aluminum silicate
system (Kuriyama et al., 1985), and the lactose–
mannitol system (Ando et al., 1985). We reported
about the whisker growth in ethenzamide (Mu-
rayama et al., 1981; Yuasa et al., 1981a,b,c),
caffeine (Yamada et al., 1976; Yamamoto and
Yonemochi, 1992; Yuasa et al., 1981a,b,c),
abaspirin (Yuasa et al., 1986, 1993), salicylic acid
(Yuasa et al., 1986, 1993), and l-menthol (Yuasa
et al., 1995). It is known that whisker causes the
lowering of the mixing degree and fluidity in
powder and granules, the lowering of the
medicine quantity in tablets, mistaking them for
mold, and the lowering of the commodity value
due to the damaged aesthetic appearance.

The growth mechanism of whisker can’t be
explained easily. Comparatively well understood
mechanisms are the Frank model (Frank, 1949),
the VLS model (Wagner and Ellis, 1965) and the
Kossel (1927) model. The environment of the
high-saturated vapor pressure is necessary for all
of these models. But the l-menthol whisker re-
ported in this paper grew in the sealed and pre-

served tablets at certain temperature at which the
environment of the high-saturated vapor pressure
does not appear.

About this point, we examined the relationship
between whisker growth and pore size distribution
in tablets and reported that, in addition to the
above-mentioned models, the capillary condensa-
tion phenomenon caused by the meso-pore is
involved in whisker growth (Yuasa et al.,
1981a,b,c, 1986, 1993, 1995; Yuasa, 1995).

In this paper, the physical and chemical effects
of various excipients on the l-menthol whisker
growth when the excipient coexists with the l-
menthol crystal was studied in order to find a way
to prevent whisker growth in medicinal
preparations.

2. Material and method

2.1. Materials

l-Menthol (perfume and flavor, melting point
42.5°C Kanto Chemical, Japan) was crushed and
used after sieving (125–300 mm) as the model
drug. Eleven kinds of excipients were used: dried
aluminum hydroxide gel (DAHG, Kyowa Chemi-
cal Industry Co., Ltd., Japan), dibasic calcium
phosphate (DCP, Kyowa Chemical Industry Co.,
Ltd., Japan), porous calcium silicate (Florite™
RE, FLR, Eisai Co., Ltd., Japan), magnesium
aluminometasilicate (MA, Fuji Kagaku Sangyo
Co., Ltd., Japan), lactose (LACT, DMV Co.,
Ltd., Japan), the mixture of LACT and CS (7/3,
LACT/CS), microcrystalline cellulose (Avicel™
PH301, Asahi Chemical Industry Co., Ltd.,
Japan), synthetic hydrotalcite (Alcamac™, SH,
Kyowa Chemical Industry Co., Ltd., Japan), and
crosspovidone (Polyplasdone™, XL, XL-10, INF-
10, ISP Japan Co., Ltd., Japan.). The densities
and mean particle diameters of these excipients
are shown in Table 1.

2.2. Preparation of tablets that contain an
excipient and l-menthol

Tablets that contain an excipient and l-menthol
were prepared by physically mixing them in the
composition ratios shown in Table 2. The powder

Table 1
Physical properties of excipients

Densitya (g/cm3) Particle sizeb (mm)Excipients

14.992.1DAHG 2.3590.010
2.2490.001DCP 98.4915.9
2.0790.019 31.292.8FLR

MA 141.3917.02.3990.013
1.1690.001LACT 27.792.4
1.1690.001LACT/CS 17.990.8
1.4990.002PH-301 76.394.5

62.099.6SH 2.1390.008
1.2690.003 68.7910.9XL

XL-10 1.2890.002 33.593.3
1.2890.000INF-10 16.390.9

a These data ware measured by using an air comparison
pycnometer.

b The mean feret diameter 9S.D. (n=1000).
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Table 2
Formulation of tablets

Percentage of l-menthol

30 50 70 9010

90 150l-Menthol (mg) 21030 270
210 150Excipients (mg) 90270 30
300 300300 300Total (mg) 300

mercury with the samples and the surface tension
of mercury were regarded as 140° and 480 dyn/
cm, respectively (Ritter and Drake, 1945). The
sample was the excipient only, because the mea-
surement by mercury intrusion porosimetry with
the decompression condition was difficult for l-
menthol, which has sublimability and a high va-
por pressure.

2.6. Fourier-transform infrared spectroscopy

The IR spectra of the samples were measured
by the nujol method using a Fourier-transform
infrared (FT-IR) spectrometer (type-620, Jas.Co.,
Tokyo). Excipients, l-menthol and the melted
mixture that was prepared by melting the mixture
in the weight ratio of 3:1 l-menthol and an excip-
ient at 45°C for 3 h, and crushing it were used as
samples. The samples were suspended in nujol,
and were placed between two 5-mm thick boards
for the measurement.

2.7. Measurement of melting point and heat of
fusion of l-menthol

Differential scanning calorimetry (DSC) curves
were measured with a DSC instrument (SSC/
560S, Seiko Instruments and Electronics, Tokyo).
Excipients, l-menthol and the melted mixture that
was prepared by melting the mixture in the weight
ratio of 3:1 l-menthol and an excipient at 45°C
for 3 h, and crushing it were used as samples. The
heating rate was 4°C/min and nitrogen gas was
flowed at the rate of 70 ml/min.

2.8. Measurement of crystallinity of l-menthol

Powder X-ray diffraction patterns were mea-
sured with a diffractmeter (Geigerflex RAD-IB,
Rigaku, Tokyo). Excipients, l-menthol, the physi-
cal mixture in the weight ratio of 1:1 l-menthol
and an excipient and the melted mixture that was
prepared by melting the physical mixture at 45°C
for 3 h, and crushing it were used as samples.
Based on the method of Iwai and Utagawa
(1954), five points (2u=8, 14, 17, 20, 21.5) that
do not overlap with the peak of the excipient were
chosen from the diffraction peaks of l-menthol.

Table 3
Tableting condition

Punch diameter (mm) 11
Compression pressure (MPa) 100
Compression speed (mm/min) 50

mixture was compressed into tablets at the pres-
sure of 100 MPa by the direct compression
method, using a universal testing machine (model
TCM-5000C, Minebea Co., Ltd., Japan) with a
single flat punch of 1 cm2 cross section Table 3.

2.3. Storage of tablets

Three tablets were sealed in a 30-ml glass con-
tainer immediately after tableting, so that they
might not contact each other, and stored in a
constant temperature oven at 30°C for 4 weeks.

2.4. Measurement of the amount of whisker

After being stored, the weight of these tablets
was measured. After the whiskers that grew in the
upper and side surfaces of the tablets were re-
moved with brush, the weight of these tablets was
measured again. The resultant weight difference
was divided by the sum of the area of its upper
and side surfaces of the tablets, and the answer
considered on the amount of whisker per 1 cm2. A
similar operation was carried out with the tablets
without whisker growth.

2.5. Measurement of pore size distribution

The pore size (0.002–100 mm) distribution was
measured with a mercury porosimeter (Autoscan-
33, Quantachrome Co.). The contact angle of
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Fig. 1. Effect of the Percentage of l-menthol on whisker growth.

The diffraction intensity of l-menthol in each
physical mixture was defined on 100%, and the
diffraction intensity of each melted mixture was
examined. The operating conditions were as fol-
lows: target, Cu; filter, Ni; voltage, 40 kV; cur-
rent, 20 mA and the scanning speed, 2u=4°/min.

3. Results and discussion

3.1. l-Menthol whisker growth in coexistence with
an excipient

Whisker growth on the tablets containing an
excipient and l-menthol that were preserved at
30°C for 4 weeks is shown in Fig. 1. On the
tablets with whisker growth, there was the largest
amount of whiskers when l-menthol was con-
tained at 50%. This reason is not clear at the
present.

Fig. 2 shows the amount of whisker on the
tablets containing 50% l-menthol. The amount of

whisker was most remarkable on MA and
DAHG. When l-menthol only was compressed
and preserved, whisker did not grow. It was
guessed from this fact that whisker grew when

Fig. 2. Amount of whisker on tablets containing 50% l-men-
thol
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Fig. 3. Shift of the wave number of stretching vibration of l-menthol hydroxyl group (3347 cm−1) in IR spectrum in melted mixture
of l-menthol/excipient (3/1). 
, Whisker growth; , non-whisker growth.

some physiochemical interaction caused between
both by mixing l-menthol and an excipient. Then,
the physicochemical interaction was studied in the
following experiments by using the melted mix-
ture of l-menthol and an excipient in which the
contact area of the both and the interaction
would be large.

3.2. The change in the IR spectrum of l-menthol
when mixed with an excipient

Fig. 3 shows the change in the IR spectrum of
the melted mixture. Fig. 3a shows the peak of the
l-menthol hydroxyl group stretching vibration in
measuring l-menthol only. Fig. 3b shows that the
peak was shifted to the higher or the lower
wavenumber by mixing l-menthol with the excipi-
ent. Still, in the physical mixture in this ratio, the
IR spectra of l-menthol and any excipient did not
change. When l-menthol was mixed with the ex-
cipient with whisker growth, the peak of the
hydroxyl group-stretching band of l-menthol was
shifted to the higher wavenumber. When it was
mixed with the excipient without whisker growth,
it was shifted to the lower wavenumber.

The peak of the hydroxyl group stretching vi-
bration of l-menthol that was in the crystal state
showed that the l-menthol condition was dimer

and polymer due to the hydrogen bond of the
hydroxyl groups (Cross and Jones, 1971). Gener-
ally, when a hydrogen bond is formed, the peak
of the carbonyl group or the hydroxyl group
tends to shift to the lower wavenumber, stabilize
the energy state (Badger, 1940; Cross and Jones,
1971; Rath et al., 1998). But in our case, the
hydroxyl group stretching vibration of l-menthol
containing the excipient with whisker growth was
shifted to the higher wavenumber. The reason is
considered that the monomer of l-menthol in-
creased, enhancing the energy state of l-menthol.
In this study, the hydroxyl group of l-menthol
and the hydroxyl and ketone groups of the excip-
ient that have a high possibility of producing a
hydrogen bond were also examined, but the anal-
ysis was impossible, since the peak of the hy-
droxyl group and the finger print region of
l-menthol were overlapped

3.3. The change in the melting point and the heat of
fusion of l-menthol when mixed with an excipient

The melting point and the heat of fusion of
l-menthol measured with a DSC are shown in
Fig. 4a and b, respectively. In Fig. 4a, the melting
point of the l-menthol crystal only showed
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Fig. 4. Melting point and heat of fusion of l-menthol in the melted mixture of l-menthol/excipient (3/1). 
, Whisker growth; ,
non-whisker growth.

42.5°C. When l-menthol was mixed with an ex-
cipient with whisker growth, the lowering of l-
menthol melting point was large in comparison
with an excipient without whisker growth. In Fig.
4b, the decrease in the heat of fusion of an
excipient without whisker growth was slighter
than that of the l-menthol crystal. But, the de-
crease in the heat of fusion was larger in an
excipient with whisker growth. The lowering of
melting point and the decrease in the heat of
fusion were thought to be caused because the
crystal lattice of l-menthol became unstable (Kim
and Haren, 1995). These are presumed to have
occurred because the crystallinity was lowered by
mixing the l-menthol with the excipient with
whisker growth. So, the crystallinity of l-menthol
was examined using the powder X-ray diffraction.

3.4. The crystallinity in the melted mixture

The percentages of the peak intensity of the
melted mixtures for that of physical mixtures of
l-menthol and an excipient in powder X-ray dif-
fraction are shown in Fig. 5. The lowering of the
diffraction intensity was not observed for the

Fig. 5. Percentage of the peak intensity of the melted mixture
for that of physical mixture of l-menthol/excipient (1/1) in
powder X-ray diffraction. 
, Whisker growth; , non-
whisker growth.
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Fig. 6. Relationship between the amount of whisker and
meso-pore volume. �, SH; ", MA; 	, FLR; �, XL; �,
INF-10; �, XL-10; 
, DAHG; , PH-301; �, LACT; �,
LACT/CS; 2, DCP

raised the energy state of l-menthol by being
mixed with l-menthol and the crystallinity of
l-menthol was lowered. In addition, it tended to
have a lot of pore volume in the meso-pore range.

From the above result, the mechanism for
whisker growth is considered as follows. By the
interaction based on the hydrogen bond with the
excipient, the energy state of l-menthol is raised.
The crystallinity of l-menthol is lowered, and the
vapor pressure is increased. The generated vapor
enters the meso-pore, in which the saturated va-
por pressure is lowered by the capillary condensa-
tion, causing nucleation. Vapor is further
supplied, growing whisker.

Whisker growth is a very important problem in
the medicine preparation and quality control for
medical supplies. The more studies of the whisker
with other medical supplies, which involve exam-
ining the mechanism and the prevention method
for the whisker growth, are necessary.
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