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Abstract. A stationary phase for thin layer chromatography has been prepared through binding triethox-
yoctylsilane with the purified diatomaceous earth (rich in silica). The phase has been characterized by el-
emental analysis, measurement of specific area, FTIR spectroscopy, thermal analysis and chromatograph-
ic testing. (doi: 10.5562/cca2162)  
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INTRODUCTION 

The reversed phase liquid chromatography using open 
or closed columns is a very popular and frequently used 
technique in the current times. The C8 and C18 chemical-
ly modified stationary phases are the most frequently 
used for separations.1,2 Thin layer chromatography has 
become a modern and efficient method following the 
introduction of chemically modified stationary phases 
and quantitative determination devices. A chemically 
modified stationary phase consists from a support that 
has an organic compound bonded to its surface. Various 
compounds that have hydroxyl groups were used as 
supports: silica gel,3–8 volcanic tuffs,9,10 alumina,11 dia-
tomaceous earth.12 

A number of minerals were used in order to obtain 
stationary phases for thin layer chromatography. There-
fore, activated bentonite,13 Sinai clay,14 China clay,15 
modified perlite,16 volcanic tuff9,10,17 and diatomaceous 
earth12,18–21 were successfully used as stationary phases 
in thin layer chromatography. 

Diatomaceous earth, also known as diatomite or 
kieselgur (name of German origin), is a sedimentary 
siliceous rock mainly formed from petrified remains of 
some mono cellular microscopic algae, basically made 

of SiO2. It is a siliceous rock mainly made of diatom 
shell remains. Because of its structure and composi-
tion, diatomite is used as: chemical adsorbent with 
recommended use for toxic liquids retention for chem-
ical accidents; water adsorbent, drying agent; oil ad-
sorbent that can be used in the event of accidental oil 
spills; fertilizing agent (used as anti-agglomerant); 
hydroponic medium for plant growing; herbicide and 
fungicide carrier for agriculture; filtering material with 
applications in the food industry (beverage and/or food 
processing); filtering material for general use (water 
filtering in pools); filling material for ceramic, poly-
meric and paint industry; as a light building material, 
good sound insulating material; additive in cement 
industry; material for the thermal insulation for fur-
naces or other devices that work under high tempera-
ture conditions. 

All these applications and the chemical composi-
tion, especially the high SiO2 content of the diatoma-
ceous earth make it a study subject for producing sta-
tionary phases for liquid chromatography, and especial-
ly for thin layer chromatography. 

The aim of this paper was to prepare and charac-
terize a new chromatographic stationary phase as being 
cheaper and easily to obtain. 

http://dx.doi.org/10.5562/cca2162
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EXPERIMENTAL 

Chemicals, Reagents and Materials 

Diatomaceous earth from Minis, Arad district (Roma-
nia) was employed. Chlorhydric acid, toluene, xylene, 
methylene chloride, methanol, ethanol, H3PO4 triethox-
yoctylsilane, AgNO3, KBr, TLC plates silica gel C8 

(Merck), food dyes (amaranth, erythrosine, brilliant 
blue, patent blue V, quinoline yellow, tartrazine, pon-
ceau 4R) (Fluka).  
 
Synthesis of n-Octyl Modified Minis Diatomaceous 
Earth Stationary Phase 

The micronized white Minis diatomaceous earth, with 
high silica content, has a composition of 80.18 % SiO2, 
6.53 % Al2O3, 0.85 % Fe2O3, 1.35 % CaO, 0.56 % 
MgO, 0.34 % Na2O, 0.60 % K2O, 0.33 % TiO2 and the 
rest until 100 % is made of volatile materials. The dia-
tomaceous earth was purified12 with 6 M hydrochloric 
acid to remove traces of iron that decrease the white 
degree and interferes with the visualized compounds in 
thin layer chromatography. After purification, the dia-
tomaceous earth was washed with distilled water until it 
was chlorine free (reaction with AgNO3). The pH of the 
purified material was corrected with 5 % NaOH until 
pH = 7 was reached, and then it was dried in a stove at 
100 °C. A quantity of 100 grams of purified and 100 °C 
activated Minis diatomaceous earth was inserted into a 
flask with 3 necks, and then 400 mL of xylene (dried on 
a molecular sieve) were added. The reaction was per-
formed in a nitrogen atmosphere. In order to avoid 
moisture from entering the system, the installation was 
provided with a small tube containing calcium chloride. 
When the reaction mass reached 60 °C, 20 g (23 ml) of 
triethoxyoctylsilane were added through the dropping 
funnel. After the entire quantity of the organic silicon 
material was added, the reaction mixture was stirred and 
heated to 60 °C for four hours. 

After several trials it was established that the opti-
mum mass ratio was 4:1 diatomite: triethoxyoctylsilane. 
Then the reaction mixture was cooled at room tempera-
ture, it was filtered and the resulted material was subject-
ed to gas chromatography analysis that did not highlight 
the triethoxyoctylsilane presence. The chemically modi-
fied diatomite was washed with xylene, methylene chlo-
ride and ethyl ether, and then it was vacuum dried. The 
resulted product is a white powder and it isn’t water wet-
ted. The synthesis reaction is presented in Figure 1. 

Specific Surface and Whiteness Degree 

The specific surface area measurements were done 
using BET method. The whiteness degree was measured 
with a Zeiss leucometer, using magnesium oxide as 
standard (whiteness degree 97 % at λ = 502 nm).  
 
FTIR Spectroscopy and Thermogravimetry 

FT-IR spectra have been recorded with a Jasco-6100 
FT-IR spectrometer in the range 4000–400 cm–1 (resolu-
tion 4 cm–1) using KBr (Merck Uvasole) pellet tech-
nique. 

The thermo gravimetric measurements were rec-
orded using a TG-DTA-DTG Mettler Toledo device, in 
the 25–1100 °C temperature range, with 5 °C/min heat-
ing speed in nitrogen atmosphere with 30 ml/min flow. 
Aluminum sample cells and approximately 30 mg of 
samples were used. 
 
Chromatography 

In order to test the chromatographic behavior of the n-
octyl modified Minis diatomaceous earth, glass chroma-
tographic plates with 10×10 cm sizes and 0.3 mm layer 
thickness were prepared. The glass deposited paste was 
prepared at room temperature by mixing of n-octyl 
modified diatomaceous earth with a 5 % alcoholic solu-
tion of polyvinylpyrrolidone (organic binder).22 

The n-octyl modified diatomaceous earth behavior 
as a stationary phase was analyzed by separation of 
seven food dyes. The chromatographic behavior was 
comparatively studied on n-octyl modified diatoma-
ceous earth prepared plates and commercial Merck C8 
silica gel plates. Standard solutions (0.05 %) of the 
seven dyes were prepared in ethyl alcohol-water (vol-
ume ratio = 1:1). 5 μL spot volumes were applied onto 
the plates with Brand micropipettes. The spotted chro-
matographic plates were developed by the ascending 
technique with a methanol-water-H3PO4 mixture (vol-
ume ratio = 50:50:1), w(H3PO4) = 0,75 in a normal 
chromatographic chamber with a 7 cm distance. 

 

RESULTS AND DISCUSSION 

Coverage Density 

The results of the elemental analysis (carbon, hydro-
gen), specific surface measurements (BET method) and 
coverage density are presented in Table 1. 

The presence of carbon and hydrogen in the  
n-octyl modified diatomaceous earth and therefore the 
reduction of the specific surface area of the hydroxylat-
ed material from 146.3 m2/g to 73.2 m2/g indicate the 
transformation of the diatomite from a hydrophilic ma-
terial to a hydrophobic one. The calculated coverage 

Figure 1. Synthesis reaction of n-octyl modified Minis diato-
maceous earth. 
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degree of 6.94 μmol/m2 is in conformity with the litera-
ture23,24 and offers information about the roles the –OH 
groups at the adsorbent surface. The values of whiteness 
degree for silica gel RH and diatomaceous earth were 
found to be 96 % and 89.5 %, respectively. 
 
FTIR Spectroscopy 

The FTIR spectra of the diatomaceous earth and of chem-
ically modified one are presented in Figures 2 and 3. 

The comparative studies of FTIR spectra for the 
modified and unmodified Minis diatomaceous earth 
indicates the surface transformations obtained as a result 
of the silanization reaction: 
 the presence of the modifier n-octyl chain is  

highlighted by the ν(CH) 2800–3000 cm–1 bands  
presence, characteristic for the methylene groups  
(–CH2–), bands that are absent in the unmodified 
diatomite spectrum; 

 the silanization reaction determines a reduction of 
the OH groups number, which in theory means a 
decrease of the ν(OH) band area in the 3200–3600 
cm–1 spectral domain;25 in the recorded spectrum 
using the KBr pellet technique this quantitative ef-
fect is masked by the potassium bromide retained 
water resulted from the sample preparation process; 

 due to the high SiO2 content, in the 800–1300 cm–1 
range, characteristic for the Si–O bond vibrations, 
ν(Si–O) and ν(Si–O–Si) bands shapes changes can 
be observed for the modified diatomite. 

Thermo Analytical Study 

By comparing the thermo gravimetric curves for the 
unmodified and n-octyl modified Minis diatomaceous 
earth (see Figures 4 and 5), a similar thermal behavior 
can be observed with only one significant difference. 

The Minis unmodified diatomaceous earth shows 
the first mass loss of 4.39 % in the 30–250 °C tempera-
ture interval due the free and chemically bonded water 
evaporation; in the 250–400 °C interval a new 0.70 % 
mass loss can be attributed to the breakdown of some 
organic substance traces, of some oxides from the dia-
tomaceous earth or of the FeCl3 traces remained from 
purification. The last 1.97 % mass loss is seen in the 
400–900 °C temperature range and can be attributed to 
the SiO2 breakdown. 

The n-octyl chemically modified diatomaceous 
earth shows the first mass loss (quantitatively comparable 
to the previous sample) of 4.45 % in the 30–230 °C tem-
perature interval due the free and chemically bonded 
water evaporation; in the 230–375 °C temperature do-
main the 0.81 % mass loss can be attributed to the break-
down of some organic substance traces, or to some oxides 
from the diatomaceous earth or of the FeCl3 traces re-
mained from purification. For this sample there is an addi-
tional 1.49 % mass loss in the 380–510 °C temperature 
range compared to the unmodified sample, this event can 
be attributed to the breakdown of the C8 organic part. The 
last 2.90 % mass loss is noted in the 510–900 °C tempera-
ture domain and can be attributed to the SiO2 breakdown. 

Table 1. Surface coverage density of n-octyl modified Minis diatomaceous earth (C / %; H / %; SBET specific surface; α coverage 
degree) 

Stationary phase Carbon / % Hydrogen / % SBET / m2 g–1 α / μmol m–2 

Minis diatomaceous earth – – 146.3 – 

Modified Minis diatomaceous earth 4.28 2.52 73.2 6.94 

 

Figure 2. FTIR spectra in the 4000–2500 cm–1 spectral region
for unmodified (solid line) and n-octyl modified Minis diato-
maceous earth (dash line). 

Figure 3. FTIR spectra in the 1800–400 cm–1 spectral region 
for unmodified (solid line) and n-octyl modified Minis diato-
maceous earth (dash line). 
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Chromatographic Behavior 

The n-octyl modified Minis diatomaceous earth is a 
powder with a 94 % white degree (the white degree 
determination was made with a Zeiss leucometer using 

MgO with a white degree of 97 % for λ = 502 nm as a 
gage), a value that is similar to silica gel. From the data 
presented in Table 2 it can be seen that separations were 
good on both n-octyl modified diatomaceous earth 
plates and on Merck C8 silica gel plates. 

 

Figure 5. Thermo gravimetric curves for n-octyl modified Minis diatomaceous earth. 

 

Figure 4. Thermo gravimetric curves for unmodified Minis diatomaceous earth. 
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Table 2. The RF ×100 values of seven food dyes separated on n-octyl modified diatomaceous earth plates compared to Merck 
C8 silica gel plates. 

Name Structural formula RF ×100(a) RF ×100(b) 

Amaranth 

 

83 88 

Erythrosine 0 0 

Brilliant blue 

 

40 44 

Patent blue V 

 

22 27 

Quinoline yellow 30 32 

Tartrazine 

 

93 96 

Ponceau 4R 

 

65 70 

(a) C8 Merck silica gel plates. 
(b) n-octyl modified diatomaceous earth plates; Mobile phase: methanol-water-H3PO4 mixture (volume ratio = 50:50:1),

w(H3PO4) = 0,75. 
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The obtained RF×100 values for the studied dyes are 
better for Merck C8 silica gel plates because of the 
greater specific surface area of silica gel (500 m2g–1) 
compared to the n-octyl modified Minis diatomaceous 
earth (146.3 m2g–1), which leads to a greater coverage 
degree of the chemical modifier.  
 
CONCLUSIONS 

The results obtained from these studies showed that the 
chemical modification of the Minis diatomaceous earth 
surface by the organosilanization reaction with triethox-
yoctylsilane transformed its surface from hydrophilic to 
hydrophobic, that is a new non-polar stationary phase 
which can be used for separation and identification of 
various compound classes using the reversed phase thin 
layer chromatography method. 
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