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—Si—OCH:CH3+ HO—Si— —— —Si—0—Si— + CH3CH:0H
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Stober s Si02 la 1b
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1 SiO,
Fig. 1 Scanning electron micrographs of 500 nm SiO, particles
a. 517 nm; b. (Particles with conglutination)
. TEOS 1
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TEOS , Si02 , TEOS
2 2 2 2
[ 8]
, , TEOS ,
, Si02 ( 1b, 920 nm) ,
TEOS , , ,
2 2 2
2 OH ) o 2 2
2

1 TEOS 2
Table 1  Effect of tetraethoxsilene( T EOS) concentration Table 2 Effect of NH; OH concentration on particles dr
on particles diameter ameter

Concentration Concentration
Reag ent TE0S NH, OH _ Particle Reagent TEOS NH,OH  Particle
(mol/ L) (mol/L)  Alcohol (%) diameter/nm (mol/L) (mol/L)  Alcohol (%) diameter/ nm

1 0.15 2.0 6.0 420 1 0.20 1.5 6.0 440

2 0.20 2.0 6.0 5177 2 0. 20 2.0 6.0 517*

3 0.25 2.0 6.0 734 3 0. 20 2.5 6.0 650

4 0. 30 2.0 6.0 982 4 0.20 3.0 6.0 762

* 500 nm (Optimum * 1(As same as in Table 1)

conditions for synthesis of 500 nm silica particles)

, Si02 TEOS
, 2.0~ 80mol/L , 5102
R 500 nm : TEOS 0.2 mol/L,NH4«OH
2.0 molV/ L 86.5% 6. 0 mol/L
3.2
o 2
. 1.2¢
2 2
ol 1.0}
0.8
K 0.6
2 0-4 .
0.2}
B 2 Y 9 -
0'00 20 40 60 80 100
’ ’ @ (ACN)/%
2
2
’ Fig.2 Effects of ACN concentration on capacity fac
’ tors of thiourea, amitriptyline and toluene
( Conditions) : (Capillary column), 36
10
! ]; cmX 100 mm; ( Effective length), 11 cm;
(M obile phase), 5 mmol/ L Tris HCI (pH 5.0)
(Acetonitrile) ; (Flow rate of pump), 100 nl/min;
2 2
S0, : (Applied voltage ), — 7 kV; (UV detection
wavelength) 214 nm (Samples): O ( Thiourea) ;
0% O (Amitriptyline); 4 (Toluene)

: [11]
, Wei
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Fig.3 Effects of ACN concentration on retention time
of analytes
1. 4 (4 Dim ethylamin opyridine) ; 2.
(Amitriptyline) ; 3. (Caffeine); 4. 2,4,6 (2,
4, 6 Trichloroaniline) 2( Conditions are the

same as in Fig. 2)

3.5 pH

pH

, 5 4
pH
¢ )

pH 4 (pKa= 9. 4)'"

pH 7.0~ 8.0 \
pH .

, pH 5.0

3.6

Fig.4 Effects of buffer concentration on retention time
of analytes
( Conditions) : Tris HCI
(Acetonitrile) (70: 30, V/V);

(pH 5.0 buffer) +

3(Samples and other conditions are same as in Fig. 3

except buffer concentration)

pH 4.0~ 8.0

pH )
pH4.0 pH ,
(pKa=9.6) s
2.4,6 pH 4~ 8
pH

pH

(mjicro-HPLC) ,
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, , ~9kV
90000 /m 3, :
., - 7kV [ 13]
1 mm Si0: pCEC 200000 / m ,

sr In3
4 Peaks:
—9kV 1. 4-Dimethylaminopyridine

201 3 2. Amitriptyline
3. Caffeine
—T7kv 4. 2.4,6-Trichloroaniline

0kVv
0, L L L . ! L L L L L L L L n 3
3 4 5 6 7 8 0 5 10 15 20 25 30 35 40 45 50
pH t/min
5 pH 6
Fig. 5 Effects of pH of running buffer in mobile phase Fig.6 Effects of separation voltage on retention time of
on retention time of four analytes analytes
(Conditions) : 5 mmol/L Tris HCI ( Buffer) + ( Conditions) : (Capillary column), 36 emXx
(Acetonitrile) (70:30,V/V), pH 100 mm; (Effective length), 11 cm; (M obile
2, (Samples and other conditions are the same as in Fig. 2 phase), 5 mmol/L Tris HCI (pH5.0) (Acetonr
ex cept pH value) trile) (70/30,V/V); (Flow rate of pump), 100 nl./
min; (U V detection wavelength): 214 nm
3 , 4 (n= 3)
Table 3 Relative standard deviations ( RSD) of retention times of four analytes under condition of different voltages
4 2,4,6
Vol 4 Dimethylaminopyridine Amitriptyline Caffeine 2,4, 6 Trichloroaniline
tage
(kv B RSD RSD RSD RSD

t2 i3 (%) i2 L3 (%) Ly 5] 13 (%) 1y %] i3 (%)

1 9.81 9.62 9.77 1.03 13.49 13.35 13.39 0.54 14.84 14.80 14.82 0.41 18..0217.96 17.99 0.17
3 5.01 5.04 5.03 0.30 6.71 6.67 6.68 0.74 10.77 10.85 10.67 0.84 13.10 12.95 13.10 2.87
5 3.09 3.10 3.15 1.03 4.12 4.13 4.23 1.50 6.85 6.81 7.00 1.50 8.30 8.09 8.51 2.53
7 2.47 2.45 2.48 0.62 3.37 3.30 3.40 1.53 5.89 5.85 5.90 1.30 7.37 7.29 7.53 1.65
9 1.48 1.50 1.52 1.33 2.04 1.97 2.08 2.74 3.80 3.70 3.85 2.0l 4.63 4.42 4.69 3.00
Stober 500 nm Si02 s
- , 3 5~
30 mmol/L 500 nm Si0:2 , pCEC
pCEC , Si02 , 10 min 4
2
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Preparation of 500 nm Spherical Silica Particles and Its Applications in
Pressurized Capillary Electrochromatography

ZHANG Xiac Hui', WANG Yan', GU Xue', QU Qi Shu?, YAN Chao"'
Y(School of Pharmacy, Shanghai Jiao Tong University, Shanghai 200240)
2(College of Chemistry and Chemical Engineering, Yangzhou University, Yangzhou 225002)

Abstract Nonporous, spherical silica particles with diameter of 500 nm was prepared by Stober meth-
od. The concentration of tetraethoxysilane( TEOS), ammonium hydroxide and water was 0.2, 2.0
and 6.0 mol/ L respectively. The 500 nm packing was packed into 100 mm i. d. capillary columns by
slurry packing method. The application of the column in pressurized capillary electrochromatography
(pCEC) for the separation of four basic compounds: 4 dimethylaminopyridine, amitriptyline, caffeine
and 2,4, 6-trichloroaniline has been studied. The effects of the composition of mobile phase, the con-
centration of the buffer, pH value and applied voltage were investigated. T he optimum separation for
the four basic compounds was achieved with the mobile phase of acetonitrile and 5 mmol/ L Tris HCI
buffer (pH 5.0) 30/70, V/V), applied voltage at 9 kV and UV detection at 214 nm. A column effi
ciency of 90 000 plates per meter for caffeine was obtained under the optimized conditions. The experr
mental results demonstrated that the silica column showed a normal phase separation mechanism,
reversed phase separation mechanism and ion exchange mechanism as the proportion of the acetonitrile
changed. In this research, the 500 nm silicastationary phase was used in pCEC separation for the first
time, which provides useful guideline for application of submicron particles in chromatographic field.
Keywords Submicron silica stationary phase; Pressurized capillary electrochromatography; Prepara-
tion; Basic compounds
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