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Chemistry literature is rich in recent data on the silica compounds (silica gel [41-46], 

diatomaceous earth [245], cellulose etc.) used more and more in liquid chromatography, 

especially in high performance liquid chromatography (HPLC) [133-134, 195-206], in high 

performance thin-layer chromatography (HPTLC) as chemically modified stationary phases, in 

order to perfect the separation process, obtaining both efficiency and selectivity. The synthesis 

of the organic layers, especially to the silica sub layers is achieved through the well-known 

reaction of organosilanization which consists in the reaction of the silanol groups of silica gel 

with an organosilane, forming the siloxanic bound Si-O-Si-C  [41]. 

The main goal of this work was aimed at obtaining and characterization of new 

materials which can be used as stationary phases in liquid chromatography. The synthesis of 

the new stationary phases started from different inorganic hydroxilated supports, like Merck 

silica gel, HR silica gel (manufactured in Romania at the Chemistry Institute in Cluj-Napoca), 

diatomaceous earth from Miniş (Arad county), diatomaceous earth from Filia (Maramureş 

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 through the 60H (Merck) silica gel 

and of HR silica gel reaction with the 3-methacryloxypropyltrimethoxysilane (silane A174) 

modifier. The preparation of the chemically modified silica gel can be ideally represented 

by the equation (fig. 1): 

 

Fig.1. Silica gel chemically modified with 3-methacryloxypropyltrimethoxysilan (silane A 

174) 

The obtained chemically modified silica gel was characterized through elemental 

analysis (carbon, hydrogen), measurements of specific surface [226], FTIR spectroscopy, 

thermo analytical study and thin-layer chromatographic testing. 
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a)density of coverage 
 
Table 1. Specific surface and density of coverage of silica gel chemically modified 

Sample Silica gel  % C % H SBET(m
2/g)α (µmoli / m2) 

unmodified - - 500 - Sample 1 

(silica gel  

Merck) 
modified 12,35 1,533 335 4,63 

unmodified - - 296 - Sample 2 

(silica gel 
HR) modified 6,271 1,043 188 3,096 

unmodified - - 500 - Sample 3 

(silica gel  

Merck) 
modified 5,479 0,936 439 1,56 

 
 
b)FTIR spectroscopy 
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Fig. 2. FTIR spectra of unmodified 60 H Merck silica gel (black) and chemically modified 
with silane A 174 (red - sample 1 and blue - sample 3) 
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c) thermo analytical study 
 
Table 2. Mass losses of  unmodified Merck silica gel, chemically modified Merck silica 
gel with  silane A 174 and chemically modified HR silica gel with silane A 174 

Sample Temperature interval °C / mass losses % 

25 - 210 210 - 420 420 - 1100 Merck silica gel  

3,2668 2,1816 1,1092 

25 - 230 230 - 460 460 - 1100 chemically modified 

Merck silica gel  

 

3,6695 4,6598 3,4795 

25 – 220 220 – 470 470 – 1100 chemically modified 

 HR silica gel  

 

3,170 5,3412 3,9647 

 
 
d)chromatographic behavior 
 
Table 3. RFx100 values of β- blocker drugs separated on chromatographic plates  

RF  x 100 

chemically modified 60H 

Merck  silica gel  

 

chemically modified HR 

silica gel  

Nr. β- blocker drugs 

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 
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Conclusion 

The data obtained from this research show the chemical modification of the 

inorganic support surface (silica gel) and the formation of a new non polar chemically 

modified stationary phase, which can be use in liquid chromatography [227]. 

 

2.Synthesis and characterization of  chemically modified diatomaceous earth with        

n-octyl 

 

 

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

 

The obtained chemically modified diatomaceous earth was characterized through 

elemental analysis (carbon, hydrogen), measurements of specific surface, FTIR 

spectroscopy, thermo analytical study and thin-layer chromatographic testing. 

 
 
 
a)density of coverage 
 
Table 4. Specific surface and density of coverage of chemically modified diatomaceous 
earth 
Sample    Carbon (%) 

  
Hydrogen (%) SBET[m

2g-1] α (µmol/m2) 

diatomaceous 
 earth from Miniş 

 -  - 146,3 - 

chemically  
modified 
diatomaceous earth

4,28 2,52 73,2 6,94 
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b)FTIR spectroscopy 
 

 
Fig. 4. FTIR spectra of unmodified diatomaceous earth (black) and chemically modified 
with n-octyl (red) [247] 
 
 
c) thermo analytical study 
 
Table 5. Mass losses of  unmodified  diatomaceous earth, chemically modified 
diatomaceous earth with n-octyl  
Sample Temperature interval  °C / Mass losses % 

25 - 250 250 - 390 390 - 1100 250 - 1100 diatomaceous 
 earth 4.4485 0.6966 1.9668 2.6634 

25 - 230 230 - 370 370 - 500 500 – 1100 230 - 1100 chemically  
modified 
diatomaceous 
 earth 

4.3851 0.8107 1.4846 2.9003 5.1949 

 
d)chromatographic behavior 
 

The obtained chemically modified diatomaceous earth was thin-layer 
chromatographic testing [248, 329].  

a)Nine food colorants were separated on C8 chemically modified diatomaceous earth. 
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Fig.5.Chromatogram for: 1-quinoline yellow, 2-tartrazine, 3-sunset yellow FCF, 4-azorubine, 
5-ponceau 4R, 6-erythrosine, 7-amaranth, 8-brilliant blue, 9-V patent blue, 10-extract of soft 
drinks. Stationary phase - C8 chemically modified diatomaceous earth, mobile phase: absolute 
ethanol – K

2
SO

4 
1% in water (40:60, v/v) [313]. 

 
b)12 non-steroidal anti-inflammatory drugs was separated on plates with C8 chemically 
modified diatomaceous earth. 

 

 

Fig.6.Chromatogram at λ=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: C8 chemically 
modified R diatomaceous earth; mobile phase: 
acetonitrile - water - H3PO4 85% (50: 50:1, 
v/v) [356]. 
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Conclusion 

The data obtained from this research show the modification of the inorganic 

support surface and the formation of a new non polar chemically modified stationary 

phase [340a, 340b]. 

 
 

3.Synthesis and characterization of  chemically modified diatomaceous earth with               

n-octadecyl 

 

 

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

 

The obtained chemically modified diatomaceous earth was characterized through 

elemental analysis (carbon, hydrogen), measurements of specific surface, FTIR 

spectroscopy, thermo analytical study and thin-layer chromatographic testing [372, 396, 

418]. 

 

a)density of coverage 
 
Table 6. Specific surface and density of coverage of chemically modified diatomaceous 
earth 
Sample    C (%) 

  
H (%) SBET[m

2g-1] α (µmol/m2) 

diatomaceous  
earth from Miniş 

 -  - 146,1 - 

chemically modified 
diatomaceous earth 

9,63 2,63 50,2 3,69 
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b)FTIR spectroscopy 

 

Fig.8. FTIR spectra of unmodified diatomaceous earth (black) and chemically modified 

diatomaceous earth with n-octadecyl (red), for 4000-2500 cm-1 spectra range 

 
 
c) thermo analytical study 
 
Table.7.Mass losses of unmodified diatomaceous earth, chemically modified diatomaceous 
earth with n-octadecyl  
Sample Temperature interval  °C /mass losses % 

25 - 280 280 - 365 365 - 560 560-690 280 - 1100 diatomaceous
earth 

3,6893 0.3182 0,9561 0,968 2,2423 
25 - 240 240 - 619 619-1100 240-1100 25- 1100 C18 chemically 

modified 
diatomaceous 
earth  

3,0199 7,8097 1,6975 9,5072 12,5244 
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d)chromatographic behavior 

 
 
Fig.9.Chromatogram for: 1-quinoline yellow, 2-tartrazine, 3-sunset yellow FCF, 4-azorubine, 
5-ponceau 4R, 6-erythrosine, 7-amaranth, 8-brilliant blue, 9-V patent blue, 10-carmine,           
11-extract of soft drinks. Stationary phase – C18 chemically modified diatomaceous earth, 
mobile phase: absolute ethanol – K

2
SO

4 
0,5% in water (40:60, v/v) [313]. 

 
 

Conclusion 

The data obtained from this research show the modification of the inorganic 

support surface and the formation of a new non polar chemically modified stationary 

phase, which can be use in liquid chromatography. 
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4.Synthesis and characterization of some chemically modified stationary phases with 

ethylphenyl 

 

 

Fig.10 . Chemically modified stationary phases with ethylphenyl 

 

The obtained chemically modified stationary phases were characterized through 

elemental analysis (carbon, hydrogen), measurements of specific surface, FTIR 

spectroscopy, thermo analytical study and thin-layer chromatographic testing. 

 

a)density of coverage 
 
Table 8. Specific surface and density of coverage of chemically modified stationary phases 
Sample % C %H SBET(m2/g) α(µmol/m2) 
unmodified HR 
silica gel  

- - 320  

chemically  
modified silica  
gel  

8,35 2,11 165 6,56 

diatomaceous  
earth from Filia 

- - 33,5  

chemically  
modified 
diatomaceous  
earth 

4,28 1,9 15,3 3,00 
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b)FTIR spectroscopy 

 
Fig.11. FTIR spectra of unmodified HR silica gel (black) and chemically modified 

silicagel with ethylphenyl (red), for 4000-2500 cm-1 spectra range 

 
 
c) thermo analytical study 
 
Table 9.Mass losses of different stationary phases unmodified and chemically modified 
with ethylphenyl 

Sample Temperature interval  °C / mass losses % 

25 - 260 260 - 360 360 - 560 560 - 1100 260 - 1100 diatomaceous earth 
 2.1518 0.4322 1.0787 0.8914 2.4023 

25 - 270 270 - 560 560 - 1100 270 - 1100 chemically modified 
diatomaceous earth 3.6443 3.4698 1.6795 5.1493 

25 - 200 200 - 600 600 - 1100 200 - 1100 unmodified  
silica gel  3.2668 2.1816 1.1092 3.2908 

25 - 105 105 - 205 205 - 710 710 – 1100 205 - 1100 chemically modified 
silica gel 1.1513 0.7335 8.5024 3.3940 11.8964 
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d)chromatographic behavior 
 
Table 10. RFx100 values of aromatic polycyclic compounds separated on chromatographic 
plates  

RF  x  100 Compounds 
ethylphenyl  
chemically modified 
diatomaceous earth 

ethylphenyl 
chemically modified 
silica gel 

 C8 Merck silica gel 

Benzo[a]piren-7- 
hydroxyl 

44 42  41.5 

Benzo[a]piren-8- 
hydroxy 

35 33  33,5 

Benzo[a]pirene 70 64  63,5 
Dibenz[a,h]antracen 72 69  68 
Crisen 75 74  78 
 
Conclusion 

The data obtained from this research show the formation of some new non polar 

chemically modified stationary phases, which can be use in liquid chromatography [276]. 

 

 
5.Synthesis and characterization of  chemically modified diatomaceous earth with     

n-thiol 

 

 

 

Fig.12. Chemically modified diatomaceous earth with n-thiol  

 

The obtained chemically modified diatomaceous earth was characterized through 

elemental analysis (carbon, hydrogen), measurements of specific surface, FTIR 

spectroscopy, thermo analytical study and thin-layer chromatographic testing. 
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a)density of coverage 
 
Table 11. Specific surface and density of coverage of chemically modified diatomaceous 
earth 

Sample C % H % S  % SBET(m2/g) 

diatomaceous earth from Filia - - - 33,2 

chemically modified  

diatomaceous earth 

 

4,02 

 

1,59 

 

2,99 

 

23,0 

 
 
b) thermo analytical study 
 
 

 

 

Fig.13. Thermo-gravimetric curves of the diatomaceous earth sample  
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Fig.14. Thermo-gravimetric curves of the chemically modified diatomaceous earth sample  

 
c)chromatographic behavior 

 

Fig.15. Chromatogram at λ=254 nm for: 1-Diazepam, 2-Nitrazepam, 3-Lorazepam, 4-

Bromazepam, 5-Medazepam, 6-Tetrazepam, 7- Autilon, 8-Zopiclone. Stationary phase – 

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

v/v) 
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Conclusion 

The data obtained from this research show the chemical modification of the 

surface support and the formation of a new polar chemically modified stationary phase, 

which can be use in liquid chromatography. 

 
 

 

6.Synthesis and characterization of bentonite chemically modified with 

γ-aminopropyltriethoxysilane 

 

Bentonite are rocks formed from a mineral resulted by the devitrification and 

chemical alteration of erruptive glass material, normally volcanic tuf and ash.[284] 

The percent composition of sodium bentonite from the Chioarului valley is:  SiO2 - 

78,22%; Al2O3 - 14,42%; Fe2O3 - 1,70%; CaO - 0,60%; Na2O - 1,60%; MgO - 1,60%; K2O 

- 1,55%; TiO2 – 0,50%;  MnO - 0,03%.  

 

Sinthesis of the stationary phase:  

 

 

 

Fig. 16. Chemically modified bentonite with n-tyol 

 

The obtained chemically modified bentonite was characterized through elemental 

analysis (carbon, hydrogen), measurements of specific surface, FTIR spectroscopy, thermo 

analytical study and thin-layer chromatographic testing. 
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a)density of coverage 
 
Table 12. Specific surface and density of coverage of chemically modified bentonite 
Sample Carbon  

(%) 

  

Hydrogen  

(%) 

Nitrogen 

(%) 

SBET 

[m2g-1] 

α (µmol/m2 ) Vp 

(cm3/g) 

Sodium 

bentonite  

- - - 111.6 - 0.10 

–NH2  

modified 

bentonite 

3.99 1.52 1.56 30 3.64 0.05 

 

 

b) FTIR spectroscopy 
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Fig. 17. FTIR spectra of unmodified bentonite (black)  and chemically modified bentonite with    

–NH2 (red), for 4000-2500 cm-1 spectra range 
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c)thermo analytical study 
 

 

Fig.18. Thermo-gravimetric curves of the sodium bentonite sample 

 

 

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

Table 13. RFx100 values of the compounds separated on chromatographic plates  
Values RF x 100 Compound 

Plates  

Nano-Sil-NH2 

Plates with chemically modified 

(-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 polar stationary phase in liquid 

chromatography [295].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 22 

 

SELECTED REFERENCES 

 

41.C. J. Welch, J. O. DaSilva, J. Nti-Gyabaah, F. Antia, K. Goklen, R. Boyd, J. Chromatogr. 

A, 1101, 2006, 204 

42.U.D.Neue, J.Sep.Sci., 30, 2007, 1611 

43. J.G.Dorsei, W.T.Cooper, Anal.Chem., 70, 1998, 591 R 

44. U.Truedinger, G.Mueller, K.K.Unger, J.Chromatogr., 535, 1990, 111 

45. G.Srinivasan, L.C.Sander, K.Muller, Anal.Bioanal.Chem.,384, 2006, 514 

46. J.J. Kirkland, J.W. Henderson, J.J. DeStefano, M.A. van Straten, H.A. Claessens, J. 

Chromatogr. A, 762, 1997, 97-112 

133. J.M.Cintron, L.A.Colon, Analyst, 127, 2002, 701 

134. L.X.Chen, Y.F.Guan, J.P.Ma, G.A. Luo, K.H.Liu, J.Chromatogr.A, 1064, 2005, 19 

195. S.Goubert-Renaudin, R.Schneider, A.Walcarius, Tetrahedron Lett, 48, 2007, 2113 

196. G.D. Chen, S.X.Zhou, H.M.Liao, L.Wu, J.of Compos Mater, 39, 2005, 215 

197. B.G.Gao , R.Wang, H.Jiu, D.Kong, J.Appl.Polym.Sci., 202, 2006, 5808 

198. T.Kovalchuk, H.Sfihi, L.Kostenko, V.Zaitsev, J.Fraissard, J.Colloid and Interf.Sci., 302, 

2006, 214 

199. A.D.Asandei, G.Saha, Polym.Preprints (American Chemical Society, Division of Polymer 

Chemistry), 47, 2006, 831 

200. K. Matyjaszewski, J. Pietrasik, H. Dong, R. Krishnamoorti, V. Goel, PMSE Preprints, 94, 

2006, 214 

201. C.Oh,C.D.Ki, J.Y.Chang, S.G.Oh, Mat.lett.59, 2005, 929 

202. H.Touzi, N.Sakly, R.Kalfat, H.Sfihi, N.Jaffrezic-Renault, M.B. Rammah, H.Zarrouk, 

Sensor and Actuators. B:Chemical B96, 2003, 399 

203. J.Yu, J.Yu, Y-F.Gao, Z-X.Guo, Chinese J.Plym.Sci., 20, 2002,  71 

204. C.Sulitzky, B.Rueckert, A.J.Hall, F.Lanza, K.Unger, B.Sellergren, Macomol.,35, 2002, 

79 

205. H.Bottcher, M.L.Hallensleben, S.Nuss, H.Wurm, Polym.Bull.(Berlin), 44, 2000, 223 



 23 

206. C. Congiusta, J.Y.Granleese, D.Gravier, L.Hoffman, S.Mathew, D.Clarke, M.Johnston, 

S.R.Clarke, Silicon, 1, 2009, 29 

226. F.Meiouet, G.Felix, H.Taibi, H.Hommel, A.P.Legrand, Chromatographia, 31, 1991, 335 

227.O.F. Măruţoiu, T. Hodişan, C. Măruţoiu, A.Simionescu, C. Spinu, I. Bratu, V.Zaharescu, 

Rev. Chim.(Bucureşti), 60, 2009, 1293 

245. W-T.Tsai, C-W.Lai,  K-J.Hsien, J.Colloid.Interface.Sci, 297, 2006, 749 

247. O.F. Măruţoiu, T. Hodişan, C.Măruţoiu, I. Bratu, IC-ANMBES, June 18-20, 2010, 

Braşov 

248.O.F. Măruţoiu, C. Măruţoiu, E.J. Popovici,  Brevet de invenţie, nr. 125683, 2011 

276. O.F. Măruţoiu, C.Tigae, C.Măruţoiu, I.Kacso, I.Bratu, I.Perhaita, 1st Central and Eastern 

European Conference on Thermal Analysis and Calorimetry, sept. 7-10, 2011, Craiova  

284.C.S.Ross, E.V.Shannon, J.Wash.Acad.Sci.,15 , 1925, 465 

295. O.F. Măruţoiu, I. Bratu, C. Măruţoiu, T. Hodişan, M. Lazăr, I. Perhaita, PIM sept. 2011, 

Cluj-Napoca 

313.O.F. Măruţoiu, I. Gogoaşă, C. Măruţoiu, M. Tofană,  D. Moigrădean,  I. Gergen,  Journal 

of Agroalimentary Processes and Technologies, 17, 2011, 46 

329. C. Tigae, O. F. Măruţoiu, N. Gh. Băghină, M. L.Soran, A.Simionescu, C.Măruţoiu, 

Separation of Pesticides Mixture by Bidimensional HPTLC, Rev. Chim. (Bucureşti) , 60, 

2009, 494  

340.a. O. F. Măruţoiu, I. Gogoaşă, M. Tofană, C. Măruţoiu, N. Băghină, I. Gergen, M. Rada, 

The 2nd International Conference on Food Chemistry, Engineering & Technology, 19-20 

May, 2011,Timişoara   

340.b. O. F. Măruţoiu, I. Gogoaşă, M. Tofană, C. Măruţoiu, N. Băghină, I. Gergen, M. Rada, 

J. Agroalimentary Processes, 17, 2011, 253             

356. B. Tiţa, O.F. Măruţoiu, D. Tiţa, C. Măruţoiu, M.L.Soran, Z. Moldovan, 17th 

International Symposium on Separation Sciences, sept. 5-9,  2011, Cluj-Napoca 

372.A.Baciu, Z.Moldovan, I.Bratu, O.F. Măruţoiu, I.Kacso, I.Glajar, A.Hernanz, C.Mărutoiu, 

Current Analitical Chemistry, 6, 2010, 53-59 

396. A. Hernanz, I. Bratu, O.F. Măruţoiu, C.Marutoiu, J.M. Gavira-Vallejo, H.G.M. 

Edwards, Anal.Bioanal.Chem., 392, 2008, 263-268 

418. C.Măruţoiu, O.F. Măruţoiu, A.Simionescu , Brevet de invenţie, nr.125185, 2011 


