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Chemistry literature is rich in recent data on $ileea compounds (silica gel [41-46],
diatomaceous earth [245], cellulose etc.) used nam@ more in liquid chromatography,
especially in high performance liquid chromatogragRPLC) [133-134, 195-206], in high
performance thin-layer chromatography (HPTLC) asnasically modified stationary phases, in
order to perfect the separation process, obtaibaily efficiency and selectivity. The synthesis
of the organic layers, especially to the silica $ajers is achieved through the well-known
reaction of organosilanization which consists ie teaction of the silanol groups of silica gel
with an organosilane, forming the siloxanic boun®SSi-C [41].

The main goal of this work was aimed at obtainimgl a&haracterization of new
materials which can be used as stationary phaskguid chromatography. The synthesis of
the new stationary phases started from differeotganic hydroxilated supports, like Merck
silica gel, HR silica gel (manufactured in Romaaiahe Chemistry Institute in Cluj-Napoca),
diatomaceous earth from Mgi(Arad county), diatomaceous earth from Filia (Mauae

county) and sodium bentonite from Valea Chioarului.

1. Synthesis and characterization of chemically modified silica gel with 3-

methacryloxypropyltrimethoxysilane (silane A 174)

The chemical modified silica gel was obtained tigtothe 60H (Merck) silica gel
and of HR silica gel reaction with the 3-methacxkyloropyltrimethoxysilane (silane A174)
modifier. The preparation of the chemically modifigilica gel can be ideally represented
by the equation (fig. 1):

0
—0H HaC_O\ [l ﬁ

o _ =0
Si0; ~OH+H;C-0 —Si~CH,~CH,~CH,~0-C-C-CH;— Si0; | 0~ i~(CH,),-0-C~C~CH,
’ |

e -0 I
J-OH Hy(-0 i, ow /0 C|H
Fig.1. Silica gel chemically modified with 3-methacrylg@ogpyltrimethoxysilan (silane A
174)

The obtained chemically modified silica gel was releterized through elemental
analysis (carbon, hydrogen), measurements of spexifface [226], FTIR spectroscopy,

thermo analytical study and thin-layer chromatograpesting.



a)density of coverage

Table 1. Specific surface and density of coverage of sigjeachemically modified

Sample Silicagel | %C| %H eSMg o (umoli / m?)
Sample 1 | unmodified | - - 500 -

(silicagel | odgified | 12,35 1538335 4,63

Merck)

Sample 2 | unmodified | - - 296 -

ﬁg)ca 9el | nodified | 6,271 1,04B188 3,096
Sample 3 | unmodified | - - 500 -

(silicagel | odgified | 5479 0936439 1,56

Merck)

b)FTIR spectroscopy

Silicagel Merck
0.10 | 1

0.08

Q-H bending

0.06 —

Absorbance

0.04

0.02 4

0.00 T T T T T !
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Fig. 2. FTIR spectra of unmodified 60 H Merck silica gelack) and chemically modified
with silane A 174 (red - sample 1 and blue - sar3ple



c) thermo analytical study

Table 2. Mass losses of unmodified Merck silica gel, chexycmodified Merck silica
gel with silane A 174 and chemically modified HiRca gel with silane A 174

Sample Temperature interval °C / mass losses %

Merck silica gel 25-210 210 - 420 420 - 1100
3,2668 2,1816 1,1092

chemically modied| 25 - 230 230 - 460 460 - 1100

Merck silicagel | 3 5695 4,6598 3,4795

chemically modified 25 — 220 220-470 470 -1100

HR silica gel 3,170 5,3412 3,9647

d)chromatographic behavior

Table 3. Rex100 values opf- blocker drugs separated on chromatographic plates

Nr. | B- blocker drugs Rg x 100
chemically modified 60H chemically modified HR
Merck silica gel silica gel
standards mixture standards mixture
1 Metoprolol 67 67 70 69
2 Sotalol 35 36 38 40
3 Carvedilol 0 0 0 0
4 Labetalol 21 21,5 25 26,5




Conclusion
The data obtained from this research show the danmodification of the
inorganic support surface (silica gel) and the fation of a new non polar chemically

modified stationary phase, which can be use indighromatography [227].

2.Synthesis and characterization of chemically modified diatomaceous earth with

n-octyl

o4 CHO 0
SIO\—OH +CH.0 >Si —(CH,), —CH —»Siozg > Si—(CH,), —CH,
OH CHO -3C.H.OH

Fig. 3. Chemically modified diatomaceous earth with n-bcty

The obtained chemically modified diatomaceous eardls characterized through
elemental analysis (carbon, hydrogen), measuremafitsspecific surface, FTIR
spectroscopy, thermo analytical study and thinfl@apeomatographic testing.

a)density of coverage

Table 4. Specific surface and density of coverage of chelljicaodified diatomaceous
earth

Sample Carbon (%) | Hydrogen%) | Ser[m“g] o (umol/nT)
diatomaceous - - 146,3 -

earth from Ming

chemically 4,28 2,52 73,2 6,94
modified

diatomaceousgart




b)FTIR spectroscopy
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Fig. 4. FTIR spectra of unmodified diatomaceous earthciland chemically modified
with n-octyl (red) [247]

c) thermo analytical study

Table5. Mass losses of unmodified diatomaceous eartimicladly modified

diatomaceous earth with n-octyl

Sample Temperature interval °C / Mass losses %

diatomaceous 25 - 250 250 - 390 390 - 1100 250 - 1100
earth 4.4485 0.6966 1.9668 2.6634
chemically |25 - 230 230 - 370 370 - 500 500 — 1100 230 - 110
modified 4.3851 0.8107| 1.4846 2.9003 5.1949

diatomaceou
earth

UJ

d)chromatographic behavior

The obtained chemically modified diatomaceous eagk thin-layer

chromatographic testing [248, 329]
a)Nine food colorants were separateddgrchemically modified diatomaceous earth.



Fig.5.Chromatogram for: 1-quinoline yellow, 2-tartrazifgesunset yellow FCF, 4-azorubine,
5-ponceau 4R, 6-erythrosine, 7-amaranth, 8-brilllaine, 9-V patent blue, 10-extract of soft
drinks. Stationary phase sC€hemically modified diatomaceous earth, mobilesghabsolute
ethanol — KSO, 1% in water (40:60, v/v) [313].

b)12 non-steroidal anti-inflammatory drugs was safga on plates with {Cchemically
modified diatomaceous earth.

Fig.6.Chromatogram atA=254 nm for: 1-
tenoxicam; 2-nimesulid; 3-meloxicam; 4-
celecoxib; 5-indometacin; 6-ketorolac; 7-
etoricoxib;  8-ketoprofen; 9-aspirin;  10-
ibuprofen;  11-sodium diclofenac; 12-
piroxicam. Stationary phase:gChemically
modified R diatomaceous earth; mobile phase:
acetonitrile - water - PO, 85% (50: 50:1,
vIv) [356].




Conclusion

The data obtained from this research show the neatiibn of the inorganic
support surface and the formation of a new nonrpadfemically modified stationary
phase [340a, 340Db].

3.Synthesis and characterization of chemically modified diatomaceous earth with
n-octadecyl

_ OH CI 8
SiIO)—OH + CI> Si —(CH,),, = CH, —SiO)J—J > Si—(CH,),; —CH,
OH o _3HCI

Fig. 7. Chemically modified diatomaceous earth with n-detyl

The obtained chemically modified diatomaceous eais characterized through
elemental analysis (carbon, hydrogen), measuremafitsspecific surface, FTIR
spectroscopy, thermo analytical study and thindagl@omatographic testing [372, 396,
418].

a)density of coverage

Table 6. Specific surface and density of coverage of chellgicaodified diatomaceous
earth

Sample C (%) H (%) Serm?g’] o (umol/nr)

diatomaceous - - 146,1 -
earth from Ming

chemically modified | 9,63 2,63 50,2 3,69
diatomaceous earth

10



b)FTIR spectroscopy
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Fig.8. FTIR spectra of unmodified diatomaceous earttac)l and chemically modified

diatomaceous earth with n-octadecyl (red), for 48800 cn' spectra range

c) thermo analytical study

Table.7.Mass losses of unmodified diatomaceous earth, idadlsnmodified diatomaceous
earth with n-octadecyl

Sample Temperature interval °C /mass losses %
diatomaceoy 25 - 280 280 - 365 365 - 560 560-690 280 - 1100
earth

3,6893 0.3182 0,9561 0,968 2,2423
Cischemical| 25 - 240 240 - 619 619-1100 240-1100 25- 1100
modified
diatomaceou 3,0199 7,8097 1,6975 9,5072 12,5244

earth

11



d)chromatographic behavior

Fig.9.Chromatogram for: 1-quinoline yellow, 2-tartrazifgesunset yellow FCF, 4-azorubine,
5-ponceau 4R, 6-erythrosine, 7-amaranth, 8-brilliblue, 9-V patent blue, 10-carmine,
11-extract of soft drinks. Stationary phase rg €hemically modified diatomaceous earth,
mobile phase: absolute ethanol 550,0,5% in water (40:60, v/v) [313].

Conclusion
The data obtained from this research show the neatibn of the inorganic
support surface and the formation of a new nonrpdfemically modified stationary

phase, which can be use in liquid chromatography.

12



4.Synthesis and characterization of some chemically modified stationary phases with

ethylphenyl
= OH CH, 0
SI0; Ot + OH.09Si-CH;CH-CH, — SO, o) Si~CH-CH; C.H,
CH,0 -3CHOH A~ O

Fig.10 . Chemically modified stationary phases with ethgipyi

The obtained chemically modified stationary phasese characterized through
elemental analysis (carbon, hydrogen), measuremafitsspecific surface, FTIR
spectroscopy, thermo analytical study and thinfl@apeomatographic testing.

a)density of coverage

Table 8. Specific surface and density of coverage of chellgicaodified stationary phases

Sample % C %H Seer(m?/g) a(pmol/m?)

unmodified HR - - 320
silica gel

chemically 8,35 2,11 165 6,56
modified silica

gel

diatomaceous - - 33,5
earth from Filia

chemically 4,28 1,9 15,3 3,00
modified
diatomaceous
earth

13



b)FTIR spectroscopy

Ahsorbance

0.o

4000

T
3500

T
3000

Woawvenum ber (1 Jjcm )

Fig.11l. FTIR spectra of unmodified HR silica gel (black)dachemically modified

silicagel with ethylphenyl (red), for 4000-2500 ¢rspectra range

¢) thermo analytical

Table 9.Mass losses of different stationary phases unmextidind chemically modified

with ethylphenyl

study

Sample Temperature interval °C / mass losses %
diatomaceous earth25 - 260 | 260 - 360 360 - 560] 560 - 1100 260 - 1100
21518 | 04322 | 1.0787 0.8914 2.4023
chemically modifiefi25 - 270 | 270 - 560 560- 1100 270 - 110D
diatomaceous eartfiz 5273 | 3 2698 1.6795 5.1493
unmodified 25 - 200 200-600 | 600-1100 200 - 110D
silica gel 3.2668 21816 1.1092 3.2908
chemically modified25 - 105 105-205 205-710 710-1100 205-1100
silica gel 11513 | 0.7335 | 85024 3.3940 11.8964

14



d)chromatographic behavior

Table 10. Rex100 values of aromatic polycyclic compounds sejedran chromatographic
plates

Compounds Re x 100
ethylphenyl ethylphenyl Cs Merck silica gel
chemically modified| chemically modified
diatomaceous earth| silica gel

Benzo[a]piren-7- 44 42 41.5

hydroxyl

Benzo[a]piren-8- 35 33 33,5

hydroxy

Benzo[a]pirene 70 64 63,5

Dibenz[a,h]antracer 72 69 68

Crisen 75 74 78

Conclusion

The data obtained from this research show the foomaf some new non polar
chemically modified stationary phases, which camsein liquid chromatography [276].

5.Synthesis and characterization of chemically modified diatomaceous earth with

n-thiol

50, |0 RO | ‘D\

“OH + CH,0—Si(CH,)sSH —» O NS(CH.L-SH

_OH CHSD/ . SCHS-DH o

Fig.12. Chemically modified diatomaceous earth with n-thio
The obtained chemically modified diatomaceous eais characterized through

elemental analysis (carbon, hydrogen), measuremafitsspecific surface, FTIR

spectroscopy, thermo analytical study and thinfd@peomatographic testing.

15



a)density of coverage

Table 11. Specific surface and density of coverage of cheliyicaodified diatomaceous
earth

Sample C % H % S % Sser(m?/g)

diatomaceous earth from Filia - - - 33,2

chemically modified

diatomaceous earth 4,02 1,59 2,99 23,0

b) thermo analytical study

_ftep 503530 Y Step -1.7210 %

k -1.2827 hg -0.4384 mg
= = Step -2.8139 %
mg ™ 2 -0.7167 g

Step -1.8763 %

% 04779 mg Step -11.3993 %

-2.9037 mg

L L e e e < U o e ) ) S o N S S R o ) .y S R R, L
100 200 3no 400 500

Minax
Min -8,50e-03 mgPC-1
at 14151 °C
Max -3,89e-03 mg®C™- Mirika
at 194,64 °C Whnt ;‘32-391'35-03( mgeC -1 MM
i MinMa d 135 ° Min  -2,13e-03 mg°C~-1
1 Mn 446803 mgece M 223803 mgien-l at G5B
at 32975 °C at 486,34 °C Max -1.302-03 mgeC1
L M -3,908-03 mgPC-1 at 100305 °C
at 31073 °C
T T T T[T T =TT T T =TT
100 200 300 400 500 600 700 500 300 1000 oC

Fig.13. Thermo-gravimetric curves of the diatomaceoushesatnple
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Step -11.3071 %
-1

{8} g
1 | Step |10.6093 %%
1.5282 mg
5 Step -8.7303 % 1
mg -1.3151 mg I
* Step -42.7843 %
Step -12.3184 % = e o i)
Le=se mo -6.4450 rng
100 200 300 400 500 %
1

T T T T T T T T T T
20 40 60" 80 100 120 140 1600 180 200 i

L
f T T T T T T T T T T
o 20 40 [=lu} 20 100 izo 140 160 1s0 200 mir

Mirfas

Mirfas -~
& i Min -0.20 rgmin~~-1 MinMasx
o Miry -57‘195-003 rngrmin -1 at S65.74 °C Min  -0.11 marmin™-1
1 at 160.92 °C i Max -24.18&-03 mgrmin~-1 at  §38.85 *
Max '35‘378;03 mgmin~-1 at 503,35 °C Max -35.302-03 magrin™-1
at 185.99 °C at 877.25 *C
100 200 200 400 s00 600 FOoo 800 900 1000 e
I L I I L I I L ! L
f T T T T T T T T T T
o 20 40 60 80 100 120 140 160 180 200 min

Fig.14. Thermo-gravimetric curves of the chemically maetifidiatomaceous earth sample

c)chromatographic behavior

12 3 4 5 6 7 8

Fig.15. Chromatogram at=254 nm for: 1-Diazepam, 2-Nitrazepam, 3-Lorazepan,
Bromazepam, 5-Medazepam, 6-Tetrazepam, 7- Auti®@opiclone. Stationary phase —

diatomaceous earth chemically modified with n-thiabbile phase: methanol - water (30:20,

VIv)
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Conclusion
The data obtained from this research show the aanmodification of the
surface support and the formation of a new pol@&ntbally modified stationary phase,

which can be use in liquid chromatography.

6.Synthesis and characterization of bentonite chemically modified with

y-aminopropyltriethoxysilane

Bentonite are rocks formed from a mineral resulbgdthe devitrification and
chemical alteration of erruptive glass materiatnmally volcanic tuf and ash.[284]
The percent composition of sodium bentonite frore hioarului valley is: Si©-
78,22%; AbOs - 14,42%; FgO5 - 1,70%; CaO - 0,60%; Na - 1,60%; MgO - 1,60%; 4O
- 1,55%; TiQ — 0,50%; MnO - 0,03%.

Sinthesis of the stationary phase:

_ oH GO O _
SiO,\—0OH+ C,H.0 )Si —(CH,), —NH, —Si0, @) > Si—(CH,), —NH,
OH CH.0 -3C,H.OH 0

Fig. 16. Chemically modified bentonite with n-tyol
The obtained chemically modified bentonite was abwrized through elemental

analysis (carbon, hydrogen), measurements of spetcifface, FTIR spectroscopy, thermo

analytical study and thin-layer chromatographititgs

18



a)density of coverage

Table 12. Specific surface and density of coverage of cheligicaodified bentonite

Sample Carbon [Hydrogen [Nitrogen [Sger [a (umol/m?) |Vp
(%) (%) (%) [m*g-1] (cm®lg)

Sodium - - - 1116 |- 0.10

bentonite

—NH, 3.99 1.52 1.56 30 3.64 0.05

modified

bentonite

b) FTIR spectroscopy

- — —bentonita
bentonita amina

0.4 - 0O-H...0

Absorbance

. T T T T T 1
4000 3500 3000 2500

W avenumber (1/cm)

Fig. 17. FTIR spectra of unmodified bentonite (black) @hémically modified bentonite with
—NH; (red), for 4000-2500 cihspectra range

19



c)thermo analytical study

Method: 25-1100grd-Sgrd/min Sample: Bentonita netratata, 17.0066 mg
dt 1.00s
ik 25,0-1100,0°C 5,00°C/min Sample Holder: Alumina 1500
1100.0°C 5.0 min ' 5 i
\ Synchronization enabled (Gas: a20t-30m/in
Step -7.1634 %
1 -1.2183 mg
Step -0.8467 % Step -10.7459 %
= -0.1440 mgStep -0.8584 % L8275 Mg
1 | -0.1460 mg
Step, -1.8756 %
=0.3195 mg TG
100 Inlul O} 400 fuinl 00 i=lnlul 1000 110E0
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Fig.18. Thermo-gravimetric curves of the sodium bentoséample

Method: 25-1100grd-Sgrdfmin -~ Sample: Bentonita modificata NHZ2, 16,1230 mg

o dt 1,00
T 25.0-1100.0° 5.00°C/min Sample Holder: Alumina 150ul
] 1100.0°C 5.0 min .
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3
1 I
Mg Step -1.4615 %
02356 mg Step -8.5357 % Step -15.0429 %
Sten -L0752 % 18762 mg -2.4254 mg
-0.1734 mg Step -1,1490 % G
* 0.1852mg |
100 200 300 ) SE 666 ) H66 E L i Heed
1 1 | L 1 | L L L L | -1 1 T 1 1 Tl 1 L L 1 1 1 Tt 1 L L L L L L T L 1 1 1 1 L LY
I T T T T T T T T T T T T T T T T T T T T T
o 20 40 a0 a0 100 120 140 160 180 200 i

MinhAas MinMas

Min -0.33 °C Minlax Min  -3.98 °C
5| at 76.50°C Min -3.32 °C i e
or | Max 0.21°C at 892,32 °C Max -3.00 °C
at 28,51 °C Max 56.272-03 °C 72161 °C
at 310,09 *C :
100 200 300 400 500 600
1 1 | - 1 | L L L L 1 1 1 1 11 11 1 L L 1 1l 1
f I\:’IinMax T T T T T T T T T T T T T T T T T T T T
i Wi 1380 03 gy binax 60 80 100 120 140 160 180 200 min
at 177.80 °C Min -13,20e-03 mgrmin~-1
Max -9.232-03 mgrin”-1 at  277.27 °C )
at 2257 °C Max -9.36e-03 mamin~-1

at 230,36 °C

i Mirax
Minfdas Min  -5.06e-03 mgmin“-1
L . . Min -52.55e-03 mamin -1 at 920,93 °C
gl B ¥ X
s n 535“‘315“?(03 mgrrin”-1 at 41117 °C Max 1,09e-03 mgrmin~-1
i : B i o
Max -0.606-03 mgrin-1 Mgi{ 7210155%003& mgmin”®-1 at 1084.37 °C
at 125,99 °C :
100 200 300 500 600 700 800 900 1000 1106C
f T - 1 ‘I T - 1 ‘I YR - 1 \‘ Y - 1 I‘ T N} 1 ‘I L T 1 I‘ T -} L I‘ L L L I‘ L - L |I L T 1 I‘ L1 '
1] 20 40 a0 a0 100 120 140 160 180 200 min

Fig.19. Thermo-gravimetric curves of the chemically maaifbentonite sample
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d)Chromatographic behavior

Table 13. Rex100 values of the compounds separated on chronsguioig plates

Compound \Values RF x 100
Plates [Plates with chemically modifie
Nano-Sil-NH2 (-NH2) bentonite

Uric acid 15 17

Xanthine 25 28.5

Hipoxanthine 38 43.2

Adenine 50 63.2

Conclusion

This new product can be used successfully as a p@iionary phase in liquid

chromatography [295].
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