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Abstr:act-!he reacti~n of phlogopite with a trimethylsilylating reagent yielded organosilicate compounds which are sol
uble tn v~ous orgam.c s~lvents. ?a~ chr?mato~aphic analysis of the soluble products indicates that they consist of the 
tnmethylsIiyla~e.d .den~al1ves of slilclc aCIds whIch have been formed in the decomposition of phiogopite by hydrochloric 
aCId and that slilclc aCIds formed by the acid attack are monomeric and also oligomeric. The increase of the ratio of GC 
peak areas of monomer derivative to dimer one with an increase of the reaction time shows that silicic acids in the reaction 
system tend to depolymerize. The difference between phiogopite and biotite in the ease of trimethylsilylation also is 
dIscussed. 
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INTRODUCTION 

Trimethylsilylation of silicates has been studied for 
the purpose of the direct elucidation of the silicate 
structures by preparing the trimethylsilylated deriva
tives of the silicates. 

=Si-O- ~ =Si-O-Si(CHah 

The trimethylsilylated derivatives of mono silicic acid 
([(CH3)3Si]4SiO,J* as shown in Figure 1 can be synthe
sized by the reaction of orthosilicate (such as olivine) 
with the trimethylsilylating reagent which is tri
methylchlorosilane or the mixture of hexamethyldisi
loxane, isopropyl alcohol, and hydrochloric acid 
(Lentz, 1964; G6tz and Masson, 1971). Disilicate (such 
as hemimorphite) yields the derivative of disilicic acid 
([(CH3hSi]6Si207)t (Figure 1) by the trimethylsilylation 
reaction (Lentz, 1964; G6tz and Masson, 1970). 

Trimethylsilylation of silicates also has been inves
tigated in order to synthesize new polymers or oligo
mers retaining a silicate backbone. However, there 
have been few studies on the preparation of organic 
solvent soluble products from phyllosilicates by tri
methy lsily lation. 

When biotite was treated with the trimethylsilylating 
reagent, the trimethylsilylated derivatives of mono- and 
disilicic acids were formed mainly at reflux temperature 
and to a lesser degree at room temperature (Kuroda and 
Kato, 1977). In this paper, trimethylsilylation of ph log
opite was studied in order to prepare the oligomeric 
organosilicate compounds which have been little in-

• 1,1,1,5,5 ,5-hexamethyl-3,3-bis(trimethylsilyl)oxytrisiloxane. 
t 1,1,1,7,7, 7-hexamethyl-3,3,5 ,5-tetrakis(trimethylsilyl)oxytetrasil

oxane. 

vestigated except for the research by Currell et al. 
(1974). 

EXPERIMENTAL 

Material 

The source of the phlogopite used in this work was 
Madagascar. Clean phlogopite crystals were ground to 
pass 100 mesh. The purity of the ground material was 
checked by the method of X-ray powder diffraction_ 
Hexamethyldisiloxane (HMD), isopropyl alcohol, and 
concentrated hydrochloric acid were reagent grade. 

Trimethylsilylation 

The procedure described previously (Kuroda and 
Kato, 1977) was employed for the trimethylsilylation 
reaction. The reaction temperature was set at (A) room 
temperature or at (B) reflux temperature (75°C). Or
ganic solvent soluble products and insoluble products 
were obtained in a similar manner reported elsewhere 
(Kuroda and Kato, 1977). During the process of the re
action (72 hr), a 2-ml sample of the organic layer of the 
reaction mixture was taken out at constant intervals 
(every 12 hr) and the organic solvent soluble product 
was weighed after the evaporation of HMD under a re
duced pressure. 

Analyses 

Gas liquid partition chromatography was performed 
with a Shimadzu GC-2C chromatograph with a TCD. 
The chromatographic conditions were as follows; stain
less steel column, 2.25 m long and 3 mm i.d., packed 
SE-30, 5% on Shimalite W, 60-80 mesh. Oven temper
ature was 200°C and injection port temperature was 
270°C. Hydrogen was used as carrier gas and its flow 
rate was 20 ml!min. IR spectroscopy, X-ray powder 
diffractometry, DTA and thin-layer stick chromatog-
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Fig. 1. Trimelhylsilylated derivatives of mono- and disilicic acids. 

raphy were performed by using the same technique as 
described in the earlier paper (Kuroda and Kato, 1977). 

RESULTS AND DISCUSSION 

The trimethylsilylated product of phlogopite formed 
at room temperature (A) or at reflux temperature (B) 

p 

3600 2800 2000 
Wave number I cm-1 

0.1 

"0 
4i 
>- O. 

o 12 

B 

A 

24 36 48 60 72 
Reaction time I h 

Fig. 3. Yield of the lrimelhylsilylated products of phlogopile formed 
at (A) room temperature and (B) reflux temperature. 

was a slightly yellow transparent viscous liquid. The 
yields of the products obtained from 109 of phlogopite 
powder were (A) 0.5 g and (B) 5.2 g, respectively. They 
dissolved in a wide range of organic solvents and were 
insoluble in water. 

Figure 2 shows the infrared spectra of the phlogopite 
powder and the trimethylsilylated product formed at 
reflux temperature. The characteristic absorption 
bands in the product were assigned to trimethylsilyl 
groups (2960 , 2895 em - I, v-CH3 ; 1260 em-I, 
<'l-CH3(Si(CHah); 1050-70 cm- I, v-Si-O-Si, indicating 
the trimetbylsilylation of silanol groups of silicic acids 
which were generated in the acid decomposition of 
pblogopite. The spectrum of the soluble product 
formed at room temperature was identical with that of 
the product formed at reflux temperature. Hydroxyl 
absorption could not be detected, which indicated the 

Rf VOIUl> 

Fig. 2. Infrared spectra of (P) phlogopile and (T) trimethylsilylated Fig. 4. Thin-layer stick chromatogram of the trimethylsilylate<i prod-
derivative formed at reflux temperature. uct formed at reflux temperature. 
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Fig. 5. Gas chromatograms of the trimethylsilylated products from (A) olivine, (B) hemimorphite, (C) laumontite , (D) phlogopite at room tem-
perature, and (E) phlogopite at refiux temperature. 

almost complete conversion of silanol groups as ex
pressed by the following formula. 

=Si-O-H ~ =Si-O-Si(CH3h 

The variation of the yield of the trimethylsilylated 
soluble products per 2 ml of organic layer in the process 
of the reaction is given in Figure 3. The increase of the 
amount of the trimethylsilylated product formed at re
flux temperature revealed that the acid decomposition 
of phlogopite occurred with time at a reasonable rate. 
On the other hand, the acid attack at room temperature 
was insufficient to break down the layer structure of 
phlogopite, so that it can be concluded that the degree 
of the decomposition at room temperature did not vary 
so greatly with time. 

Figure 4 gives the thin-layer stick chromatogram of 
the soluble product formed at reflux temperature. This 
chromatographic pattern was similar to those which 
were reported for the trimethylsilylated products of 
biotite (Kuroda and Kato, 1977), indicating the pres
ence of the trimethylsilylated derivatives of mono- and 
disilicic acids. Higher molecular weight derivatives 
also were detected at the starting point. 

For better separation and identification of the tri
methylsilylated products, gas liquid partition chroma
tography (GLPC) was employed. GLPC of trimethyl
silylated derivatives of various silicic acids was 
reported by Wu et al. (1970) and Garzo and Hoebbel 
(1976) who analyzed a series of trimethylsilylated de-
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Fig. 6. Trimethylsilylated derivatives of cyclotetra- and trisilicic 
acids . 
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Fig. 7. Gas chromatogram of the trimethylsilylated product formed 
at reflux temperature. 

rivatives and determined their retention characteris
tics. 

Figures 5(A), (B), and (C) show the gas chromato
grams of the trimethylsilylated products prepared from 
olivine «Mg,FehSi04), hemimorphite (Zn4Si207 
(OHh ' H20) and laumontite (CaAI2Si40 12 ' 4H20) by the 
trimethylsilylation reaction described by Lentz (1964, 
the Lentz method) or Gotz and Masson (1971, the direct 
method) . Monomeric , dimeric, and cyclotetrameric de
rivatives were obtained as the main products . The chro
matograms of the soluble products from phlogopite giv
en in Figures 5(D) and (E) indicated that they contained 
the trimethylsilylated derivatives of mono- and disilicic 
acids. The presence of the trimethylsilylated deriva
tives of cyclotetra- and trisilicic acids illustrated in Fig
ure 6 were detected clearly as shown in Figure 7, when 
the sensitivity of the GC recorder changed. The pres
ence of the derivative oftrisilicic acid was estimated by 
the retention characteristics (Garz6 and Hoebbel, 1976) 
and other published GC patterns . 

Figure 8 shows the effect of the reaction time on the 
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Fig. 8. Ratio of peak areas of monomer to dimer derivatives from 
phlogopite at reflux temperature . 

ratio of peak areas of monomer to dimer derivatives 
obtained from phlogopite at reflux temperature. The 
increase of the ratio of SiOJSi20 7 with time reflects the 
depolymerization of silicic acids in the reaction system. 
Similar behavior of silicic acids (depolymerization) was 
reported in the study of trimethylsilylation of hemi
morphite by Lentz (1964), who explained the phenom
enon of the appearance on the monomeric derivative 
in a moderate yield by the depolymerization of silicic 
acids (acid cleavage of siloxane bond). From these find
ings, it was concluded that hydrochloric acid, which 
had been considered as a reagent for the removal of in
terlayer cations and for the attack on Mg in the octa
hedral layer and AI in the tetrahedral layer, played an 
important role in the distribution of low molecular 
weight silicic acids. 

X-ray powder patterns of insoluble products (resi
dues) separated from the reaction mixture showed the 
starting material (phlogopite). The intensity of the pow
der pattern of the insoluble product formed at room 
temperature was the same as that of phlogopite , where
as the intensity of the pattern of the insoluble product 
formed at reflux temperature was slightly diminished. 
DT A curves of the insoluble products showed no exo
thermic peaks, so they contained few organic (trimeth
ylsilyl) groups. 

In the same reaction time, the proportion of the sol
uble product may depend on the rate of decomposition 
of the octahedral layer. If the octahedral layer is de
composed by the acid, silicic acids will appear as a re
sult of the decomposition of the tetrahedral layer. In 
comparison with the trimethylsilylation of biotite (Ku
roda and Kato, 1977), the yield of the soluble product 
formed at room temperature was considerably lower. 
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In view of the variation of the yield of the soluble prod
uct formed at room temperature (Figure 1), it can be 
considered that the acid attack by hydrochloric acid on 
phlogopite at room temperature is not sufficient to de
compose the octahedral layer in phlogopite. On the oth
er hand, the insoluble products formed at room tem
perature and also at reflux temperature were found to 
be phlogopite on the basis of their X-ray powder pat
terns. 

Consequently, the difference between biotite and 
phlogopite in the ease of trimethylsilylation seems to 
be ascribable to the difference in the cations in the oc
tahedral layer. The susceptibility of silicates to acid 
attack is affected by the presence of Fe (Murata, 1943), 
so it is suggested that the presence of Fe in the octa
hedrallayer in biotite increases the acid decomposition 
of phyllosilicate structures. 
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Pe3WMe- B pesynbTaTe peaKUHH ~nOrOnHTa C TpHMeTHnCHnHnOBNMH peareHTaMH 06-
paSOBanHCb opraHOCHnHKaTH~e coe~HHeHHH,paCTBopH~e B pa3nH~H~ opraHH~eCKHX 
paCTBopax. raso- XpoMoTorpa~H~eCKHA aHanHS paCTBopH~ npo~YKTOB YKa3~Ban, 
~TO OHH COCTOHT H3 TpHMeTHnCHnHnOB~ ~epHBaTOB KpeMHHeB~ KHcnOT,KOTop~e 
06pa30B~BanHCb npH pa3no~eHHH ~noronHTa conHHoA KHcnOToA H ~TO KpeMHHeB~e 
KHcnOT~,~OpMHpOBaBOOHeCH no~ B03~eaCTBHeM conHHoA KHcnOT~ ,6~H MOHOMepH~ 
H nonHMepHNMH. B03paCTaHHe OTHoooeHHH MOHOMepHoro ~epHBaTa K ~HMepHOMY B 
nHKOB~ SOHax raSOB~ XpOMOTorpaMM C B03paCTaHHeM BpeMeHH peaKUHH nOKa3~
Bano,~TO KpeMHHeB~e KHcnOT~ B peaKUHOHHOA CHCTeMe npOHBnHnH TeH~eHUHW K ~e
nonHMepHsaUHH. 06c~aeTCH TaK~e pa3nH~He Me~y ~noronHTOM H 6HOTHTOM no 
cnoc06HoCTH K TpHMeTHnCHnHnH3aUHH. 

Kurzreferat- Die Reaktion von Phlogopit mit einem Trimethylsilylierungsrea
genz ergab Organosilikatsubstanzen,die in verschiedenen organischen Losungs
mitteln loslieh waren. Gas chromatographische Analysen deuteten an,daB sie 
aus den trimethylsilylierten Derivaten der Kieselsauren bestehen,welche wah
rend des Abbaus von Phlogopit durch Salzsaure geformt wurden und,daB Kiesel
sauren,die durch Saureabbau geformt wurden,monomerisch und oligomerisch war
en.Die Zunahme des Verhaltnisses der GC Signalflachen der monomeren zu denen 
der oligomeren mit Zunahme der Reaktionszeit,zeigt,daB Kieselsauren in die
sem Reaktionssystem,die Tendenz haben,zu depolymerisieren.Der Unterschied 
zwischen Phlogopit und Biotit mit Hinsicht auf die Leiehtigkeit,mit der Tri
methylsilylierung stattfindet,wurde auch diskutiert. 

Resume-La reaction de phlogopite avec un reactif trimethylsilylatant a 
produit des composes organosiliees qui sont solubles dans divers solvants 
organiques.L'analyse ehromatographique ~ gaz des produits solubles indi
que que ces derniers consistent en derivatifs trimethylsilylates d'acides 
siliciques qUi ont ete formes par la decomposition de phlogopite par l'aci
de hydroehlorique,et les acides silieiques formes par l'attaque acide sont 
monomeriques et egalement oligomeriques.Le fait que Ie rapport des regions 
des pies de GC du derivatif monomere ~ celui du derivatif dimere augmente 
avec l'augmentation du temps de reaction montre que les acides siliciques 
ont tendance ~ se depolymeriser dans ce systeme de reaction. La difference 
entre la facilite de trimethylsilylation de phlogopite et de biotite est 
aussi discutee. 
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