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Al~tract--The trimethylsilyl derivative from halloysite was prepared by the reaction of halloysite powder with a trimeth- 
ylsilylating reagent. The product was organophilic and the results of its infrared spectrum, X-ray powder diffraction pat- 
tern, and elemental analysis indicated that the trimethylsilylation occurred on silanol groups in the tetrahedral layer of 
halloysite after the acid decomposition of the octahedral layer. The thermal stability of the product was evaluated by 
means of differential thermal analysis. It was not possible to obtain the organic derivative from kaolinite by the same 
procedure. It is suggested that the differences in the reactivity between halloysite and kaolinite is due to the difference 
in susceptibility of the clay minerals to acid attack. 
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INTRODUCTION 

Trimethylsilylation has been used for the synthesis 
of volatile derivatives from nonvolatile compounds 
(such as steroids and nucleosides) for the purpose of 
their gas-chromatographic analyses. However, tri- 
methylsilylation is useful for the synthesis of organic 
derivatives from silicates, too. This reaction has been 
employed for studies of silicate structures and the anal- 
yses of their trimethylsilyl derivatives by gas chroma- 
tography have been reported (Lentz, 1964; Wu et al., 
1970; G6tz and Masson, 1970, 1971; Sharma et al., 
1973; Currell et al., 1972). 

The syntheses of inorganic polymers retaining a 
Si2Os tetrahedral framework have been attempted by 
the reaction of phyllosilicate minerals with the trimeth- 
ylsilylating reagent. Successful results in the prepara- 
tion of sheetlike polymers from phyllosilicates have 
been reported by several workers (Frazier et al., 1967; 
Fripiat and Mendelovici, 1968; Linsky et al., 1971; Za- 
pata et al., 1973), who investigated the trimethylsilyl- 
ation of chrysotile. 

It is well known that halloysite is easily attacked by 
acid, so it can be expected that silanol groups which are 
generated by the acid decomposition of the octahedral 
layer in halloysite are trimethylsilylated when the tri- 
methylsilylating reagent is present. 

Trimethylsilylation of silanol groups can be ex- 
pressed by the following formula: 

- - - S i - O - H  --~ -=Si-O-Si(CH3)3. 

This paper describes the possibility of the synthesis of 
the trimethylsilyl derivative from halloysite. 

Organic interlamellar complexes of halloysite have 
been studied by several investigators. Carr and Chih 
(1971) have reported the preparation of the various or- 
ganic complexes of halloysite with polar organic com- 
pounds. The general review by Theng (1974) summa- 

rizes most of the significant work on the preparation of 
organic complexes of halloysite. However, there have 
been no reports about the preparation of the trimeth- 
ylsilyl derivative from halloysite. 

EXPERIMENTAL 
Materials 

Halloysite from New Park, Utah (USA), was used in 
this work. This sample was fully hydrated and was 
checked by X-ray powder diffraction. The ground ma- 
terial was passed with a 325 mesh screen. Hexameth- 
yldisiloxane, 2-propanol, and concentrated hydrochlo- 
ric acid which were used as the trimethylsilylating 
reagent were reagent grade chemicals. 

Trimethylsilylation procedure 

The halloysite powder (2.25 g) was added to the mix- 
ture of hexamethyldisiloxane (30 ml), 2-propanol (22.5 
ml) and hydrochloric acid (22.5 ml). The reaction mix- 
ture was refluxed (ca. 75~ with stirring for 72 hr. The 
reaction mixture was cooled and the solid product was 
separated by filtration. The product was washed with 
2-propanol and water once and followed by the further 
washing with acetone in a Soxhlet extractor for 3 hr. 

Analyses 

Infrared spectra were measured in KBr pellets with 
a Shimadzu IR-400 spectrometer. X-ray powder dif- 
fraction patterns were produced on a Shimadzu VD-11 
diffractometer, using Ni filtered CuK~ radiation. Dif- 
ferential thermal analysis was carried out on a Shimad- 
zu DT-20B. Sample weight was 5-10 rag, and ~-A1203 
was used as a reference. The experiments were per- 
formed under a static air atmosphere at a heating rate 
of ca. 20~ 

RESULTS AND DISCUSSION 

The resultant material (1.05 g) was a white solid hav- 
ing organophilic and hydrophobic properties. Figure 1 
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Fig. 1. Infrared spectra of (a) halloysite, (b) the trimethylsilylated 
product, and (c) the acid-treated product. 

shows the infrared spectra of the starting material, the 
trimethylsilylated product and the product from halley- 
site treated with concentrated hydrochloric acid. The 
spectrum of the trimethylsilylated product showed the 
characteristic bands attributed to trimethylsilyl groups 
and silicate framework (2960 cm -1 (v-CHa), 1260 cm -1 
(8-CHa), 1050-90 cm -1 (v-Si-O-Si) ,  840 cm -1 and 750 
cm -x (p-CH3)). 

X-ray powder diffraction patterns of (a) the original 
halloysite, (b) the trimethylsilylated product,  and (c) 
the acid-treated halloysite are given in Figure 2. Figure 
2(a) shows the typical pattern of hydrated halloysite. 
Figure 2(b) indicates the weak diffraction peak around 
20 --- 5.6 ~ (d = 15.8 A). Figure 2(c) shows that the prod- 
uct treated with acid is amorphous. It is suggested that 
the powder pattern (Figure 2b) indicates the formation 
of a new type organic derivative from halloysite and its 
structure seems to be lamellar. Because of the drastic 
experimental conditions, however,  the original layer 
structure was wholly decomposed.  The peak at 20 = 
26.6 ~ (Figure 2b) seemed to be due to the presence of 
a small amount of quartz. 

Table 1 gives the H and C analysis of the product and 
calculated values from the idealized trimethylsilyl de- 
rivatives from halloysite. H and C content in the prod- 
uct are in good agreement with the one calculated from 
the formula in which three hydrogens out of 10 in silanol 
groups were substituted by trimethylsilyl groups. Alu- 
minon tests on the product indicate the presence of a 
trace amount of A1. 
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Fig. 2. X-ray powder diffraction patterns of (a) halloysite, (b) the tri- 

methylsilylated product, and (c) the acid-treated product. 

From the results described above, it is suggested that 
the trimethylsilylated product has a layer structure re- 
taining a Si2Q tetrahedral framework. The schematic 
representation is illustrated in Figure 3. 

Figure 4 gives the micro-DTA curves of (a) halloysite 
and (b) the trimethylsilylated product.  Figure 4(a) 
shows the typical pattern of the hydrated halloysite and 
the two endothermic peaks due to the dehydration of 
the interlayer water and hydroxyl groups, respectively. 

Figure 4(b) shows the absence of endothermic peaks 
and the presence of one exothermic peak at 490~ at- 
tributed to the oxidative decomposition or combustion 
of the trimethylsilyl groups. The temperature at the ini- 
tiation of the exothermic peak was higher than that for 
common organic compounds. The oxidation of the tri- 
methylsilyl groups may be hindered due to the inhibi- 
tion of diffusion by collapse of the layerlike organo-sil- 
icate structure. The infrared spectrum of the product 
heated up to 600~ by DTA showed no organic groups 
and it was found to be silica. 

The same experimental procedure used for halloysite 

Table 1. H and C data of the product and the calculated values 
from the idealized trimethylsilyl derivatives from halloysite. 

Found Calculated 

H (%) C (%) Idealized formula H (%) C (%) 

[(CHa)3Si]4Si4Olo 6.4 25.5 
4.1 11.5 [(CH93Si]zSi4Os(OH)2 4.8 17.1 

[(CHa)~Si]aSi,oO~s(OH) 7 3.8 11.9 
[(C H3)3Si] ~Si40~(OH)z 3.4 10.3 
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Fig. 3. Schematic representation of the trimethylsilylated product. 

was applied to a standard sample of kaolinite (API No. 
2). The product was analyzed by means of X-ray pow- 
der diffraction and infrared spectroscopy and the re- 
sults indicated that no organic derivative was formed 
from kaolinite by this treatment. The difference be- 
tween halloysite and kaolinite in reactivity for trimeth- 
ylsilylation may be due to the fact that hydrochloric 
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Fig. 4. Micrn-DTA curves of (a) halloysite and (b) the trimethylsilyl- 
ated product. 

acid can penetrate into the layer structure of halloysite 
and attack the octahedral layer. These results (the in- 
ertness of  kaolinite) agree with the investigation by 
Currell et al. (1974), who surveyed the possibility of the 
trimethylsilylation of various types of silicate minerals. 

Although the detailed reaction mechanism of the tri- 
methylsilylation of halloysite has not been offered, the 
overall reaction may be postulated as follows: 

(1) The attack on halloysite by hydrochloric acid is 
initiated in the interlayer region. 

(2) The octahedral layers are decomposed and labile 
tetrahedral layers, having silanol groups on one side, 
are generated. 

(3) The silanol groups in the tetrahedral layers are 
partly trimethylsilylated by trimethylsilanol or trimeth- 
ylchlorosilane formed by the reaction of hexamethyl- 
disiloxane and hydrochloric acid. 
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PeBDMe- TpHMeTHnCHnHnt~epHBaT Fannya3HTa,0hln HOnyqeH peaK~He~ HOpOmKa Fannya3HTa 
c TpHMeTHnCHnHnOBbLM peaFeHTOM. ~po~yKT peaH~HH 0h~ OpFaHO~H~bHbIM H pe3ynBTaT~ HC- 
c~e~OBaHH~ eFo HH~paKpacHOPO cHeETpat~HaFpaMM HopomHOBOFO MeTO~a peHTPeHOCTpyHTyp- 
HOFO aHanH3a H ~neMeHTHbL~ aHanH3 yKa3~BaDTsqTO TpHMeTH/ICHnH~H3aKH~ npoHcxo~Mna B 
cHnaHOnOBhlX Fpynnax B TeTpag~pHqeCKOM cnoe Fa~nya~HTa nocne HHCnOTHOFO pasno~eHM~ 
OETag~pHqeCKOFO CnO~. Tep~anbHa~ CTa6PLUbHOCTb npo~yHTa 65uqa oHeHeHa Hocpe~cTBOM 
~H~epeH~HaIIbHOFO TepManbHOFO aHa~Hsa. 0pFaHHqecHH~ ~epHBaT KaOnHHHTa He MOF 0~TB 
HOnyqeH C HOMO~BD aHa~IOFHqHO~ Hpo~e~yp~. HOBH~HMOMy,paB~HqHe B peaKTHBHOCTH ~a~- 
nyaBHTa H KaO~HHHTa MO~HO HpHHHCaTb pa~HqF~0 B qyBCTBHTe~bHOCTH F~HHHCT~X MHHepa- 
~OB H Bo~e~CTBHD HHC~OT~. 

Kurzreferat- Das Trimethylsilylderivat des Halloysit wurde durch Reaktion 
von Halloysitpulver mit einem Trimethylsilylierungsreagens pr~pariert.Das 
Produkt war organophil und die Resultate seines Infrarotspektrums,R~ntgen- 
pulverdiagrammes und elementare Analyse deuteten an,daB die Trimethylslily- 
lierung an Silanolgruppen in der tetrahedrischen Schicht des Halloysit nach 
S~uredekomposition der oktahedrischen Schicht vorkommt.Die thermische Sta- 
bilit~t des Produkts wurde mit differentialer thermischer Analyse ermittelt. 
Das organische Derivat des Kaolinit,hergestellt in derselben Weise,konnte 
nicht erhalten werden.Es scheint,daB der Unterschied in der Reaktivit~t 
zwischen Halloysit und Kaolinit auf den Unterschied in der Anf~lligkeit der 
Tonmineralien fur den S~ureangriff zur0ckzuf0hren ist. 

R6sum6-Le d6rivatif trim6thylsilyl de l'halloysite a 6t6 pr@par6 par r6- 
action de poudre d'halloysite avec un agent r~actif trim~thylsilylatant. 
Le produit ~tait organophyllique et les r~sultats obtenus de son spectre 
infrarouge,des diagrammes de diffraction aux rayons-X,et de l'analyse de 
l'~16ment ont indiqu~ que la trim~thylsilylation s'est pass~e sur des grou- 
pes silanol dans les feuillets t~tra~driques de l'halloysite apr%s la d~- 
composition acide du feuillet octa6drique. La stabilit~ thermale du produit 
a 6t~ @valu@e au moyen d'une analyse thermique diff~rentielle.Le d@riva- 
tif organique de kaolinite par le m~me proc~d~ n'a pas pu ~tre obtenu. Ii 
semble que la difference de r~activit~ entre l'halloysite et la kaolinite 
est attribuable ~ une difference de susceptiblit~ des min6reaux argileux 

l'attaque acide. 


