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NOTES 

ADSORPTION OF MELTED DRUGS ONTO SMECTITE 

Key Words-Drug adsorption, Smectite. 

Montmorillonite, a 2: 1 clay mineral, is known to 
aecommodate different organie substances within its 
interlayer spaee to form interealation eompounds, 
which have reeeived mueh attention because of their 
stability and physieochemical properties. Its use as a 
drug carrier is widely studied, as the location of the 
drug molecules within the interlayer space of the clay 
may modify the suitability of some drugs for biolog
ical use (Grim 1962; Theng 1974; Grim and Güven 
1978; Porubcan et al. 1979; Browne et al. 1980; Her
mosfn et al. 1981; White and Hem 1983; Forteza et 
al. 1989). Usually, intercalation is achieved by ad
sorption from aqueous solutions of the drug, but 
some authors have recently reported on alternative 
methods that are faster, cleaner and cheaper, such as 
mechanically grinding a mixture of the drug and the 
clay (Vicente et al. 1989; Ogawa et al. 1989, 1990a, 
1990b, 1991). Bujdiik and Slosiarikova (1992) have 
reported intercalation of octadecylamine into mont
morillonite by solid state reaction, Further intercala
tion was observed after melting of octadecylamine, 
but was followed with partial decomposition. We re
port intercalation of two different drugs, currently 
used as sunburn protectors, into the interlayer spaee 
of montmorillonite by melting, without any decom
position. 

EXPERIMENTAL 

A commercial sampie from Fluka (Montmorillon
ite K-10, ref. 69866) was used for our experiments. 
The sampie eontained small amounts of illite and ka
olinite, as identified by their X-ray diffraction (XRD) 
maxima at 9.81 A for illite and 7.13 A for kaolinite. 
We have used a commercial sampie instead of a pure 
one, as the aim of our work is essentially to check 
the suitability of the material as a drug support, and 
this sampie is cheap and abundant. The specific sur
face area, as determined by the single point method 
from a Micromeritics Flowsorb 2300 apparatus, was 
245 m 2g- l , and the exchange capacity was 86 
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meq/lOO g. The sampie was saturated with Na+ by 
successive washings with aqueous NaCI at room tem
perature. 

Two different drugs were intercalated by melting: 
phenyl salicylate (PS) and N-methyl 8-hydroxy quin
oline methyl sulphate (NMHQMS). The first one was 
from Fluka, while NMHQMS was synthesized accord
ing to the method described by Faller et al. (1964). 
Both drugs are currently used to prevent sunburn and 
the effects of harmful radiation during soldering, by 
ultraviolet lamps, etc. While PS is a molecular sub
stance, NMHQMS easily dissociates in aqueous solu
tion. The corresponding cation is responsible for its 
light-shielding properties. 

Adsorption was carried out by intimately mixing 
given amounts of drug and the smeetite and heating 
slowly (l °C/min) up to the melting point of the drug 
(43 oe for PS and 147 oe for NMHQMS). The tem
perature was maintained for 24 h. All of the proeess 
was earried out in open air. The relative amounts of 
drug and smeetite to be mixed were 450 mg of 
drug/500 mg clay. The XRD patterns of the solids 
were reeorded from a Philips PW -1730 apparatus us
ing Nifiltered Cu Ku radiation (A = 1.5405 A). The 
FT -IR speetra were reeorded from aPerkin EImer 
FT1730 spectrometer, using the KBr pellet teehnique, 
averaging 50 scans with a nominal resolution of 4 
ern-I. 

RESULTS AND DISCUSSION 

We have previously reported the properties of eom
pounds formed by grinding mixtures of smeetite (Vi
eente et al. 1989) or sepiolite (deI Hoyo et al. 1993) 
and NMHQMS. It was shown that the method leads 
to the same type of eompounds as those obtained by 
following the eonventional method of adsorption from 
aqueous solutions. However, the grinding proeess also 
leads to a loss of crystallinity beeause of the smaller 
size of the resulting particles. 

The XRD patterns of the parent smeetite and of the 
eomplexes formed after melting PS and NMHQMS 
onto the smeetite are shown in Figure 1. The diagrams 
were not reeorded following the oriented aggregate 
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Figure 1. X-ray diffraction (XRD) pattern of: a) parent 
smectite; b) after swelling with glycerol; c) after melting 
N-methyl 8-hydroxy quinoline methyl sulphate (NMHQMS); 
and d) af!er melting phenyl salicylate (PS). Reflections are 
given in A. 

rnethod, despite that it provides a better definition of 
the peaks corresponding to basal planes, in order to 
avoid any re-adsorption of the rnolecules in the inter
layer space from the aqueous solution formed. 

Intercalation of the organic moleeules gives rise to 
a swelling of the clay structure, the basal spacing in
creasing from 14.24 A for original smectite (Figure 
l-a) to 16.35 A for the NMHQMS-treated sampIe 
(Figure l-c) and to 19.6 A for the PS-treated one 
(Figure I-d) . Swelling with glycerol gave rise to a 
basal spacing of 17.66 A (Figure I-b). The sharp 
peak at 9.81 A is due to illite, and that at 7.13 A is 
due to kaolinite, both existing within the original 
smectite as impurities. The peaks at 11.62, 6.14 and 
5.71 A from the diagram of sampIe smectite-PS are 
originated by the drug as compared to the XRD di
agram of the pure drug. For the smectite-NMHQMS 
sarnple, the position of the peak at 16.35 A coincides 
with that reported by Vicente et al. (1989) for smec
tite-NMHQMS systems prepared by conventional ad
sorption from aqueous solutions and by joint grinding 
of the drug and the cIay. These results indicate that 
while for PS, a molecular substance, intercalation 
takes pi ace through substitution of water moleeules 
within the interlayer space, NMHQMS dissociates 
and intercalation corresponds to cation exchange with 
interlayer Na+ cations. 

The Fr-IR spectra of the sampIes have been re
corded in order to check if melting has led to decom
position of the drugs. Bujdäk and Slosiarikova (1992) 
reported decomposition of the intercalated moleeule 
when heating a montmorillonite-octadecylamine sys
tem at 75 °C. However, heating at a lower ternperature 
did not lead to complete intercalation because of lack 
of melting of the organic moleeule. 

The Fr-IR spectrum of the smectite-PS system co
incided with the sum of the spectra corresponding to 
the pure compounds (Figure 2), indicating a weak, if 
any, interaction between both. Thus, characteristic 
bands of the drug are recorded at 1485 ern-I, di-sub
stituted ring, 1410 ern-I, C-O stretching, and 1212 
ern-I, deformation of the phenyl OH group. These 
bands are recorded at the same positions as in the 
spectrum of PS. 

On the contrary, some differences can be observed 
between the spectra of smectite and drug NMHQMS 
and the spectrum of the intercalation compound (Fig
ure 3). The differences mainly consist as the absence 
of the intense bands due to the sulphate group at 1077, 
833 and 754 ern-I, although the first one could be in
cluded in the strong absorption due to the support. 
Thus, it should be concIuded that while drug PS is 
adsorbed without any chemie al change of its rnolecular 
state, only the cationic part of NMHQMS is adsorbed 
after dissociation. 
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Figure 2. FT-IR spectra of: a) parent smectite; b) phenyl salicylate; and c) phenyl salicilate-smectite complex. 
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Figure 3. PT-IR spectra of: a) parent smectite; b) N-methyl 8-hydroxy quinoline methyl sulphate; and c) N-methy18-hydroxy 
quinoline methyl sulphate-smectite complex. 
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Tbe method we described pos ses ses several advan
tages over the other two methods of adsorption from 
solutions and joint grinding that are reported widely 
within the literature. The present method allows in
corporation of moleeules insoluble in water (phenyl 
salicy late). 

We conclude that heating an intimate mixture of the 
drug and the clay at the melting temperature of the 
drug leads to an easy intercalation. The method is fast
er and cleaner than intercalation from aqueous solution 
and avoids 10ss of crystallinity that happens when ad
sorption is carried out by grinding a mixture of the 
drug and the cJay. 

The ability of these systems for adsorption of ultra
violet light and their potential use as sunburn protec
tors are currently being studied at our laboratories. 

ACKNOWLEDGMENTS 

Authors thank P. Rodriguez, V. Nieves and A. Montero far 
their assistance during measurements. Thanks are also given 
to Prof. J. Bujdak for his fruitful comments. 

Departamento de Qufmica lnorgtinica CARMEN DEL Hoyo 
Universidad de Salamanca VICENTE RIVES 

Facultad de Farmacia 
37007-Salamanca, Spain 

Instituto de Recursos Naturales y MARIA ANGELES VICENTE 

Agrobiologfa, CSIC 
Cordel de Merinas s/n 
37080-Salamanca, Spain 

REFERENCES 

Browne JL, Feldkamp JR, White JL, Hem SL. 1980. Acid
base equilibria of tetracycline in sodium montmorillonite 
suspensions. J Pharm Sci 69:811-815 . 

Bujdak J, Slosiarikova H. 1992. The reaction of montmoril
lonite with octadeeylamine in solid and melted state. Appl 
Clay Sci 7:263-269. 

Dei Hoyo C, Rives V. Vicente MA. 1993. lnteraction of 
n-methyl-8-hydroxyquinoline methyl sulphate with sepio
lite. Appl Clay Sei 8:37-51. 

Faller JW. Mueller A, Phillips JP. 1964. Meroeyanines with 
chelating properties. Talanta 11 :641-646. 

Forteza M. Galan E. Cornejo J. 1989. lnteraetion of dexa
methasone and montrnorillonite. Adsorption-degradation 
process. Appl Clay Sci 4:437-448. 

Grirn RE. 1962. Applied clay rnineralogy. New Yark: Mc
Graw-Hill. 422 p. 

Grim RE, Güven N. 1978. Bentonites: Geology, mineralogy, 
properties and uses. Amsterdam: Elsevier. 256 p. 

Hermosin Me. Cornejo J, White JL, Hem SL. 1981. Sepi
olite a potential excipient far drugs subject to oxidative 
degradation. J Pharm Sei 70:189-192. 

Ogawa M, Kuroda K, Kato C. 1989. Preparation of rnont
rnorillonite-organic interealation compounds by solid-solid 
reaetions. Chern LeU 1659-1662. 

Ogawa M, Handa T. Kuroda K. Kato C . 1990a. Formation 
of organoammoniurn-rnontmarillonites by solid-solid reae
tions. Chern Lett 71-74. 

Ogawa M, Kato K, Kuroda K. Kato C. 1990b. Preparation 
of rnontmorillonite-alkylarnine intercalation compounds by 
solid-solid reactions. Clay Sci 8:31-36. 

Ogawa M , Hashizurne T, Kuroda K, Kato C . 1991. Interea
lation of 2,2 ' -bi pyridine and complex formation in the in
terlayer space of montrnorillonite by solid-solid reactions. 
lnorg Chem 30:584-585. 

Porubean LS. Born OS, White JL, Hern SL. 1979. Interac
tion of dioxin and montmorillonite. Mechanism of adsorp
tion and degradation. J Pharm Sei 67: 1081-1087. 

Theng BKO. 1974. The chernistry of elay-organic reactions. 
New York: Wiley. p 221-319. 

Vicente MA, Sanchez-Carnazano M. Sanchez-Martin MJ, Dei 
Arco M, Martin C, Rives V. Vicente-Hernandez J. 1989. 
Adsorption and desorption of n-rnethyl 8-hydroxy quino
line methyl sulphate on srnectite and the potential use of 
the clay-organic product as an ultraviolet radiation collec
tar. Clays & Clay Miner 37:157-163. 

White JL, Hem SL. 1983. Pharmaceutical aspects of clay
drug interactions. lnd Eng Chem, Prod Res Dev 22:665-
671. 
(Received 17 Febn.<ary 1995; accepted 9 September 1995; 

Ms.2624). 

https://doi.org/10.1346/CCMN.1996.0440312 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1996.0440312



