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Acetic acid  Ka = 1.75E-5 

Formic acid  Ka = 1.80E-4 

Oxalic acid  Ka1 = 5.60E-2 
 
 
 
 
 
 
 

Table 4-2 
[43]  
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Table 4-3 Comparison of theoretical plates of Benzodiazepines separations  

                                                                

    Benzodiazepines              Aqueous system              Nonaqueous system 

 

Chlordiazepoxide                 33,807                     33,477 

Clorazepate                      22,126                     43,392 

Diazepam                       12,339                     26,899 

Bromazepam                     32,736                     36,922 

Nitrazepam                      32,736                     52,289 

Alprazeolam                     18,745                     71,491 

Triazolam                       18,745                     57,376 

Estazolam                       18,745                     61,693 

 

                                                                             Unit : N/m 
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Table 4-4 Migration time reproducibilities of Benzodiazepines for Non-Aqueous CE. 

                                                               RSD(%) for          RSD(%) for  

    Benzodiazepines       migration time (min)       migration time a        peak area a 

 

Chlordiazepoxide           4.07                    1.15               4.38 

Clorazepate                4.20                    1.12               2.53 

Diazepam                 4.53                    0.97               2.36 

Bromazepam               4.81                    0.98               1.41 

Nitrazepam                5.75                    0.82               4.53 

Alprazeolam               6.05                    0.73               2.66 

Triazolam                 9.12                    1.25                0.32 

Estazolam                 9.55                    1.25                0.96 

 

a. run to run : n = 5 
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Table 4-5 Regression equation R2 and detection limits of Benzodiazepines for Non-Aqueous CE. 

                                                                          

    Benzodiazepines        Regression equation               R2               LODa (ppm) 

 

Chlordiazepoxide       y = 281.8x – 913.7              0.9922            2.43 

Clorazepate            y = 260.5x – 831.5              0.9910            2.66 

Diazepam             y = 446.8x – 1053.1             0.9981            1.70 

Bromazepam           y = 559.5x – 1961.4             0.9946            2.89 

Nitrazepam            y = 249.7x – 715.8              0.9939            3.62 

Alprazeolam           y = 362.2x – 1176.5             0.9934            2.69 

Triazolam             y = 800.5x – 2691.8             0.9963            3.17 

Estazolam             y = 592.0x – 2032.6             0.9977            3.37 

 

a. LOD: S/N=3 
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Fig.4-1 Structure of the Benzodiazepines [13,50] 
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Fig.4-1 Structure of the Benzodiazepines [13,50]
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Fig.4-2 Electropherogram of benzodiazepines with aqueous capillary 

electrophoresis . Buffer (A) pH 4.0, 20 mM Acetic acid/ 

sodium acetate. (B) pH 4.0, 40 mM Acetic acid/ sodium 

acetate. separative voltage 18 KV injection time 2s effect 

length 30 cm; total length :37 cm; ID = 50µm ; On-line UV 

detection obtained at 230 nm. Analytes(100ppm)

1.Chlordiazepoxide , 2.Clorazepate 3.Diazepam, 

4.Bromazepam , 5.Nitrazepam , 6.Alprazolam, 7.Triazolam , 

8.Estazolam  
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Fig.4-3 Electropherogram of benzodiazepines with non-aqueous 

capillary electrophoresis . Buffer (A) 0.5 M Acetic acid/ 10 

mM sodium acetate. (B) 1.0 M Acetic acid/ 10 mM sodium 

acetate. (C) 0.5 M Formic acid /10 mM sodium formate  (D) 

1.0 M Formic acid /10 mM sodium formate

Solvent:methanol-acetonitrile (95:5,v/v); separative voltage 18 

KV injection time 2s effect length 30 cm; total length :37 

cm; ID = 50µm ; On-line UV detection obtained at 230 nm. 

Analytes(100ppm) 1.Chlordiazepoxide , 2.Clorazepate 

3.Diazepam, 4.Bromazepam , 5.Nitrazepam , 6.Alprazolam, 

7.Triazolam , 8.Estazolam  
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Fig.4-4 Effect of concentration of Oxalic acid on separation of 

benzodiazepines . Buffer Oxalic acid/2.5 mM TEA. 

Solvent:methanol-acetonitrile (95:5,v/v) separative voltage

18 KV injection time 2s effect length 30 cm; total 

length :37 cm; ID = 50µm ; On-line UV detection obtained at 

230 nm. Analytes(100ppm) 1.Chlordiazepoxide , 

2.Clorazepate 3.Diazepam, 4.Bromazepam , 5.Nitrazepam , 

6.Alprazolam, 7.Triazolam , 8.Estazolam  
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Fig.4-5 Variation of the effective mobilities of benzodiazepines as a 
function of Oxalic Acid concentration. Other conditions as 
described in Fig. 4-4. 
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Fig.4-6 Effect of concentration of Triethylamine on separation of 

benzodiazepines. Buffer 450mM Oxalic acid/ TEA. 

Solvent:methanol-acetonitrile (95:5,v/v) separative 

voltage 18 KV injection time 2s effect length 30 cm; 

total length :37 cm; ID = 50µm ; On-line UV detection 

obtained at 230 nm. Analytes(100ppm) 1.Chlordiazepoxide , 

2.Clorazepate 3.Diazepam, 4.Bromazepam , 5.Nitrazepam , 

6.Alprazolam, 7.Triazolam , 8.Estazolam  
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Fig.4-7 Variation of the effective mobilities of benzodiazepines as a 
function of Triethylamine concentration. Other conditions as 
described in Fig. 4-6. 
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Fig.4-8 Effect of percentage of acetonitrile in buffer solvent (v/v) on 

separation of benzodiazepines . Buffer 450 mM Oxalic acid/2.5 

mM TEA. Solvent:methanol-acetonitrile separative voltage

18 KV injection time 2s effect length 30 cm; total length :37 

cm; ID = 50µm ; On-line UV detection obtained at 230 nm. 

Analytes(100ppm) 1.Chlordiazepoxide , 2.Clorazepate 

3.Diazepam, 4.Bromazepam , 5.Nitrazepam , 6.Alprazolam, 

7.Triazolam , 8.Estazolam  
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Fig.4-9 Variation of the effective mobilities of benzodiazepines as a 
function of percentage of acetonitrile in buffer solvent. Other 
conditions as described in Fig. 4-8. 
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Fig.4-10 Electropherogram of a stantard mixture of eight 
benzodiazepines . Buffer 450 mM Oxalic acid/2.5 mM TEA. 
Solvent:methanol-acetonitrile (95:5,v/v) separative voltage 18 
KV injection time 2s effect length 30 cm.ID = 50µm ; On-line 
UV detection obtained at 230 nm. Analytes(50ppm)
1.Chlordiazepoxide , 2.Clorazepate 3.Diazepam, 4.Bromazepam , 
5.Nitrazepam , 6.Alprazolam, 7.Triazolam , 8.Estazolam  
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Fig.4-11 Typical electropherogram of Benzodiazepines for medicinal 
tablet. (A) Valium Tab (ROCHE Pharmaceutical Co.,LTD), (B) 
Balonmen Capsules (JEN SHENG Pharmaceutical Co.,LTD).  
Other conditions as described in Fig. 4-9. 
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5.1  

(capillary electrophoresis,CE)

window

( :e.g. Z-shaped, multi-reflection, bubble cell) 

(e.g. electrochemical detector, laser induced florescence, 

amperometric detector) window

,

;

(stacking)  

[51,52] :1.

(Field-amplified sample stacking) 2.

(Large volume sample stacking) 3.

(pH-Mediate stacking) 4. (pH junction) 5.

(Sweeping stacking techniques in MEKC) 6.

(

) (Sweeping stacking 

techniques in MEKC)
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5.2 (Field-amplified sample stacking,FASS)[53,54] 

(sample zone) (BSG zone)

(stack) Fig.5-1(A) : ,

(

)

(

)

( )

(SB)  

Fig.5-1(B) :

(

)

(SB)  

 

5.3 (Large volume sample stacking)[55] 

((8) )
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( )

[55]  

Fig.5-2(A) : (BGE)

( )

( ) Fig.5-2(B)

(BGE) BGE

Fig.5-2(C)

Veof(avg)

Fig.5-2(D) ( )

Veof(avg)(EOF)

( )

 

(EOF)
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5.4 (Dynamic pH junction)[56] 

pH ( :

DNA )

;

pH ( )

 

Fig.5-3 : Fig.5-3(A)

(sample matrix)
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(BGE) pH 4.0

(CTAB) Fig.5-3(B)

;

pH 4.0

pH 4.0

Fig.5-3(C) CTAB

(partition) (MEKC)

 

 

5.5 (pH-Mediate stacking)[57] 
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(pH-Mediate stacking)

( Dynamic 

pH junction )

pH

pH :

(BGE)

Fig.5-4  

Fig.5-4(A)

( )

Fig.5-4(B) (HCl) Fig.5-4(C) 

(D)

H+ H+

Fig.5-4(C)

Fig.5-4(E)

 

5.6 (Sweeping stacking techniques in MEKC) 
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5.6.1 [58] 
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5.6.2 [58] 
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) SDS

Fig.5-6(C) MEKC  

 

5.6.3 [59] 

” ” , ,

EOF

Fig.5-7
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5.7  

:

 Shigeru Terabe 2000

(Cation-Selective Exhaustive 

Injection and Sweeping)[60] 2002  Hian Kee Lee 

(Anion-Selective Exhaustive Injection-Sweeping)[61]

ppt -
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5.7.2 [61] 
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5.8  

Terabe [58]
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mca

aa mcc mcc d(mcc)

ac d(ac)  

d(mcc)=Vmctsweep                              (23) 

Vmc=Vep(mc)+VEOF                           (24) 

d(ac)=Va(MEKC)tsweep                         (25) 

Va(MEKC)=Vep*(a)+Veof                       (26) 

Vmc  

Va(MEKC) ac  

Vep(mc)  

Vep*(a) a  

tsweep  

 

           Vep(mc)=µep(mc)E                           (27) 

           Vep*(a)= k/(1+k) µep(mc)E                  (28) 

           tsweep=linj/(Veof-Vmc)                          (29) 

           VEOF=µEOFE                                (30) 

µep(mc)  

E  

k (capacity factor)  

µEOF  

 

 

Isweep= Iinj[1/(1+k)]                            (31) 

 

Iinj (k)(capacity factor)

Isweep Iinj
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[58,59,60,61]  

 

SFEheight  (hsweeping-CZE / hconventional-CZE) × dilution factor      (32) 

 

SFEheight  :  peak height  

hsweeping-CZE  :  peak height  

hconventional-CZE  :  peak height  
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Fig.5-1 Schematic diagram of the principle of sample stacking (FASS) 
in CZE (A) and MEKC (B). [54] 
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Fig.5-2 Schematic illustration of the matrix removal and stacking of small 
anions in acidic buffer: (A) injection of extremely large volume 
of sample containing small anions by pressure; (B) start of anions 
stacking and removal of aqueous sample plug under negative 
voltage; (C) process of anion stacking and removal of aqueous 
sample plug; (D) complete removal of aqueous sample plug and 
start of separation under negative voltage. [55] 

 

(A) 

(B) 

(C) 

(D) 
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Fig.5-3 Schematic diagrams of a dynamic pH junction model: (A) 
capillary is conditioned with a BGE (pH 4.5), then the analyte 
prepared in sample matrix (pH 2.0) is injected by pressure for a 
much longer time compare to normal injection; (B) focusing of 
the analyte occurs because of its mobility changes in the two 
zones (BGE and sample zones); (C) focusing analyte zone 
migrates independently of the sample matrix. [56] 
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Fig.5-4 Schematic diagrams of pH-mediated stacking model. : (A) A 

sample in a high ionic strength sample matrix is injected 
electrokinetically. (B) Next a plug of strong acid is 
electrokinetically injected behind the sample plug. (C) As the 
separation voltage is applied the strong acid titrates the sample 
zone to neutral, creating a high resistance zone, the field strength 
will get bigger. (D) The acid titrates the entire sample zone and 
the analytes are stacked into narrow bands at the boundary of the 
titrated zone and the BGE. (E) The electrophoretic separation 
proceeds through the remainder of the capillary. [57] 
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Fig.5-5 Schematic diagram of the principle of sweeping under acidic 
condition. [58] 
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Fig.5-6 Schematic diagram of the principle of sweeping under basicity 
condition.(A) Starting situation, injection of S prepared in a 
matrix having a conductivity similar to that of the BGS; (B) 
application of voltage at positive polarity, micelles emanating 
from the cathodic side sweeping analyte molecules; (C) the 
injected analyte zone is assumed completely swept. [58] 
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Fig.5-7 Sweeping of a charged analyte in electrokinetic chromatography 
with a neutral pseudostationary phase. [59] 
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Fig.5-8 Schematic diagrams of the CSEI-sweep-MEKC model: (A)starting 
situation, conditioning of the capillary with a nonmicellar background 
buffer, injection of a high-conductivity buffer void of organic solvent, and 
injection of a short water plug; (B) electrokinetic injection at positive 
polarity (FESI) of cationic analytes prepared in a low-conductivity matrix 
or water, nonmicellar background buffer found in the outlet end, cationic 
analytes focus or stack at the interface between the water zone and 
high-conductivity buffer void of organic solvent zone; (C) injection is 
stopped and the micellar background solutions are placed at both ends of 
the capillary, shows the profile of the analytes after FESI; (D) application 
of voltage at negative polarity that will permit entry of micelles from the 
cathodic vial into the capillary and sweep the stacked and introduced 
analytes to narrower bands; (E) separation of zones based on MEKC. [60] 
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Fig.5-9 Schematic diagrams of the ASEI-sweeping-MEKC model.:  −  represents 

anion; (A) after filling the capillary with low-pH nonmicellar electrolyte, a 
water plug is injected into the capillary to provide the high electric field at the 
injection point; (B) negative voltage (-20 kV) is applied with positive 
electrode at the capillary outlet, and the sample is electrokinetically injected 
into the capillary. Due to the high electric field, the anions move rapidly 
toward the outlet. At the same time, the water plug is moving out of the inlet 
of the capillary; (C) when the sample anions enter the boundary of water and 
low-pH BGE, they are neutralized and cease moving. A focused sample zone 
is formed (shaded area A); (D) injection is halted and both vials at inlet and 
outlet are changed to low-pH micellar BGE; (E) negative potential -20 kV is 
applied to permit the micelles to enter the capillary and sweep the focused 
sample zone as a narrow band. The water plug continues to move out of the 
inlet; (F) subsequent separation is achieved under MEKC mode. The dark 
bands represent three components being separated. [61] 
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CTAB(hexadecyltrimethyl-ammoniumbromide)

/ CTAB

Fig.6-1 CTAB

( )

( ) (

)

CTAB

;

CTAB

mcc (S) aa

(tsweeping)

( )

 

 

6.2  

(Beckman Instrument

Fullerton CA USA) P/ACE 2000

( ,Taipei,Taiwan)

50 µm 360 µm 57 cm( 50 cm)

(fused-silica capillary polymicro Technologies

Inc.,Phoenix AZ USA)

polyimide(PI) 0.5 cm
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25 -25 

kV (0.5 psi)

P/ACE 2000 - (UV-Visible)

230 nm Milli-Q 

(Millipore,Bedford,MA,USA)  

 

6.3  

(chlordiazepoxide) (clorazepate) (diazepam)

(bromazepam) (nitrazepam) (alprazeolam)

(triazolam) (estazolam) (flunitrazepam)

(sodium tetraborate) Sigma 

Chem.Co.(St.Louis,MO,U.S.A.)

CTAB(hexadecyltrimethyl-ammoniumbromide) Merck-Schuchardt

(Schuchardt,8011 Hohenbrunn bei München) (sodium 

hydroxide) (Hcl) Fluka (methanol) (ethanol)

Merck Fig.4-1  
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CTAB 70 mM 25%(v/v) : 0.5 psi; 

210 sec 1.0 ppm ; 

CTAB  

 

6.4.4.2   

pH 9.6 (

10 mM 50 mM

CTAB 60 mM 25%(v/v)

:0.5 psi; 210 sec 500 ppb; 

CTAB  

 

6.4.4.3 CTAB  

CTAB CTAB 20 mM

100 mM CTAB

pH 9.6, 25 mM 

30%(v/v) :0.5 psi; 210 sec

500 ppb; 

CTAB  

 

6.4.4.4  
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10%(v/v)

40%(v/v) 

pH 9.6, 25 mM CTAB

60 mM :0.5 psi; 210 sec 500 ppb; 

CTAB  

 

6.4.4.5  

CTAB

;

10 mM 50 mM

pH 9.6, 25 mM 

CTAB 50 mM 30%(v/v)

:0.5 psi; 210 sec 500 ppb  
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6.4.4.7  

100 ppm - (50:50,v/v)

2.0 sec. peak

 

 

6.4.4.8  

- (50:50,v/v)

20 ppm

 50 ppb 100 ppb 300 ppb 600 ppb 1000 ppb

0.5 psi, 270

(RSD)  

 

6.5  

6.5.1 pH  

Fig.6-2 : pH

pH

pH

CTAB

( ); CTAB(

) CTAB

pH

pH



 78 

CTAB
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: (

); CTAB

( ) ;

(lsweep=linj*(1/(1+k)))(31 )

( (diffusion effect))

Fig.6-6 CTAB 20 mM 50 mM

CTAB

CTAB 70 mM peak width

CTAB

CTAB

50 mM  
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30%
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6.5.2

(Fig.6-10) (10 mM)

( )

 

peak height (Fig.6-11)
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mM

30 mM  

 

6.5.6  

peak height

(sample zone)

EOF (

)

(Fig.6-12)

:150 sec. 210 sec. 270 sec. 330 sec. 390 

sec. peak 270 sec.  

 

6.5.7  

buffer

(pH 9.6, 25 mM CTAB 50 mM

30%(v/v); pH 9.6, 30 mM 

CTAB ) (600 ppb) 

(270 sec.) (100 ppm) (2.0 sec.)

-

(50:50,v/v) Fig.6-13 peak 

height : bromazepam 175 estazolam 

124 alprazolam 150 triazolam 199 flunitrazelam 180

chlordiazepoxide 248 diazepam 235 clorazepate 308

nitrazepam 310 :

CTAB
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6.5.8  

Table 6-1 peak

(reproducibility)

0.40%( Fig.6-14) peak 4%

 

Table 6-2 (R2) 0.9966∼0.9999

17.2 ∼ 36.5 ppb ( Table 6-2)  

 

6.6  

:(1)

(2)

(k value); (

) (3)

 

12

124∼310 50 ppb

17.2 ∼ 36.5 ppb (S/N=3)
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Table 6-1 Migration time reproducibilities of Benzodiazepines for Sweeping-MEKC. 

                                                               RSD(%) for           RSD(%) for  

    Benzodiazepines       migration time (min)       migration time a         peak area a 

 

Bromazepam               7.86                    0.22                1.72 

Estazolam                  8.09                    0.22                3.49 

Alprazeolam                8.25                    0.15                2.10 

Triazolam                  8.59                    0.26                1.60 

Flunitrazelam               8.82                    0.22                1.75 

Chlordiazepoxide            9.43                    0.18                1.32 

Diazepam                  10.01                   0.17                 2.78 

Clorazepate                 10.90                   0.22                 2.55 

Nitrazepam                 11.62                   0.39                 0.35 

 

b. run to run : n = 5 
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Table 6-2 Regression equation R2 and detection limits of Benzodiazepines for Sweeping-MEKC. 

                                                                          

    Benzodiazepines        Regression equation               R2               LODa (ppb) 

 

Bromazepam           y = 30.6x + 241.6              0.9988             17.2 

Estazolam              y = 17.6x + 159.3              0.9968             31.8 

Alprazeolam            y = 19.4x + 23.3               0.9966             36.5 

Triazolam              y = 22.9x + 322.6              0.9986             28.9 

Flunitrazelam           y = 14.8x – 25.4                0.9990             23.7 

Chlordiazepoxide        y = 19.7x – 16.1                0.9992             34.3 

Diazepam              y = 36.1x – 432.2               0.9999             18.8 

Clorazepate             y = 24.2x – 196.7               0.9996             24.5 

Nitrazepam             y = 24.2 – 313.3                0.9995             33.7 

 

a. LOD : S/N=3 
 


