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Capillary wall
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Diffuse layer

Rigid layer

Figure 1-1 The profiles of EOF and double-layer charge distribution at a negatively charged capillary wall.
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2.1.1.1 T &%+ 3ff (Field-amplified sample stacking » FASS)[10]
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2.1.1.2 = 8k &34 (Large-volume sample stacking » LVSS) [13]
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2121 KA T & LRSS Ok H5(Sweeping with anionic micelles)
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2-5(B)) > 2 A 1Td g B A R o FEAMCE - AL WRIE S e B 1
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2123 ¥ BR & B R R SE(Sweeping with nonionic micelles)
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e el 12 R 10 0 L - BREIRIR D E e TR 0 JIF A 0T
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BRFARR o FREE T 80 eirRAr S BRI £ BB
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Prd s rfigm en 2 2o 230 TR g MR AL DRSS Y T e
A 4F FACHE A {5 4 o
4e Figure 2-6 #7771 » FARMTHF FFTE R 5 lsweep 7 Y

Isweepzd(ac)'d(mcc) (2'1)
8B g A B A AT R R AR R SR R B G BRI G s

F747 2MC B2 M, B & 8] 1% & B30 T AR 87 f R 3 fér%xzv‘ Iz o Y e
Al o % A EIT] mc. BF > me #rA B iR (d(mc,) ) 22 ac A A S eriEdE
(d(ag) ) ¥ » W &7 &

d(MCe)=Vmclsweep (2-2)
Vime=Vep(MC)+Veor (2-3)
d(a)=Va(MEKC)tsien (2-4)
Va(MEKC)=Vep*(@)+Vesi (2-5)

Vi © P2 e i 4% 693 B

VA(MEKC) : a 22 fic?e & & (447 BT #b i B
Vep(ME) : e & & ey fo3d &

Vep*(a) = a e75 2T A f $id B

toweep © & a4 fY 3| mc, cpE

Vep(MC)=pep(MC)E (2-6)
Vep*(@)= (K/I(1+K) ) pep(MC)E (2-7)
tsweep: I inj/ (Veof'vmc) (2'8)
Veor=HeorE (2-9)

“ep(mc) : j%f(’?é E‘j"’?_‘ ‘,‘7“\' Sgﬁf’,, _:"Z
E:T8%A
k: % & fhiic(capacity factor) & 4 54~ 4 # 3T jcfe 4p 23 7 4p ¢ eF0t ]

MeoF * a,;‘%;‘,,xﬁﬂa,iﬁd%% &
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loweso= lis[L/(1+K)] 2-10)

F(2-10) ¥ @ F |y FEPE 0 A 4740 B iRk k(capacity factor) A%
s pl lsweepg%@ AT T AR Ak AR o g B AL B e
v ¥ EF’TIM&TE TR N L g A AT mﬁﬁwyjﬁ,ﬁ\< s 2 fd R Jffgw\r;iﬁ;ﬁfi o

2125 BHFEE 22 B £ M k42 (Cation selective exhaustive
injection-sweeping-micellar, CSEI-sweeping-MEKC) [27]

B EE 1 201 ~ B SR ALY k4R B % £ Terabe »t 2000 &
TR P R AR RS S R VR MB AT S Th R
FLg R Hisdle Figure 2-7 Ao d -7 7 plcve cnpfh 15 R R LR L
WmEFE O RFI - CBERFPIHARAAMLEEFRIR O BLE - IR
Bk 2 i 4e Figure 2-7 (BY #57 o MR #10 (1 @ ?@)ﬁa@i&,@%?&é
T2l stid PRI HPAAETRAT T LTSS 252 >
Prid B8 THFRLHKERE I BT SR FRRLEEEFIRED
P TR BT A E REAMFB LS KFREF R I BRLE IR RD
2R A58 A m);‘{ﬁ‘ (4= Figure 2-7 (C)) - {8 & ™ f 7 i e (FIA 8+
B A R R SeAR B (4o Figure 2-7 (D) gt P2 R T 4R
w) > EIERRMFE D SO RL L LM E L wp PGB
PR b B-2h e AL 5 B R o i L b g b §T 0 2 R IR eh
% o A RMEAS 8 A 11 i MEKC 4 #is]ie (7 4 3 (de Figure 2-7
(E)) -

2126 BAF FF L 202 2 5 & #F Mk K2 (Anion selective
exhaustive injection-sweeping-micellar, ASEI-sweeping-MEKC)[28]

EHF ER M 22 B EFRRLS kg2 AR LS 1% AR 02
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A F G SERPBELFERS RS SR B0 AR b Ao I AR A
VLR H ANIEET A 74 0 B #4]4e Figure 2-8 #t5t » Figure 2-8 (A) £7 b it
SEARR o BRRA PR E BRI R AR Ly o RE LI - A K
Bk e 01 e R NI MM A o @ f TR AT PR
THFOVR D BT AR R EEA R 0 d IEHT AP X RS
R fRYEA AN P BT F P E D MEF TP P L E R howh - B
SR ¢ A A d - BB YT B A TR (4 Figure 2-8(B)(C)) - Figure 2-8
D)E)F) == % - = amkiFts » S FBATLE L > 2dak > Er 5 ial
Ao EHE UFIRIRSET R IEES S AT R 2 RMFIRS o

PLEA SR T SRR S AU DRSEEN 0 T A R AR R
FOREpH A A B E TR R FH S R EF L B RGBS -

213 7 Ik phidg €3 #73 ik ¥ 6 Jk&E(Dynamic pH junction) [29]

7 Ir phde B3 B8 RIS FURSEIRIE L K SRS A o F F TR R
PH Eemcs » 325 R BEGEEA b 47 b pH B0k T » 4 8
o B 4o Figure2:9#75% > Figure 2-9 (A)4 +74 5 7 5 "=z
B a0 v AT 2t 52 F (sample matrix) P 5 pH 2.0 o B
VRILE S S R TS R T 2 A% > B ¥ % %(BGE) i pH
40 2 et g foo w 124I(CTAB) > 2 11 P FRLERERT B 9
ik o d Figure2-9 (B)#77m » #-L fmF A sh4e f o TR > WP T AT K-
FrAU RG] O WRT B e 2 404 > REP AT GRS panE B
REABSEFT2Z 20 R e P pH 40 ¥ B 5dm3 e ERA 42
FRAFERY L S PGPS T B R TR o T
PHA0 # FE B3R BEE R S W &EFF > RiEHPFREBIFZ F B S
T oo AT Y PRI SR RE b S ch R4 3 A 2 RN e oo - Figure
2-9 (C) = = k¥Fis 2 & 474+ & + #-gr CTAB iz i& {7 4 fie(partition) &% >
1 MEKC - ;‘@E'Ja\éﬁﬁﬂﬁ gl
PRARGET LRGP A TR M AT AP ER
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JreE 3RS X P ATk pH BEREA e - T g4
foo ATHP I OBBEF EARIIELE 2 AL RERAE > P FIAR
FaF BRI BRERM R P20 Y f R s R

B FET o SRR o FERE TR

214 2 PRKESE &3 R&E L5 L& &S & k% Oynamic pH

junction-sweeping)

$H 7R B I Pl B B9 R 3% & Dk $5(Dynamic pH junction)4p iz > fe H 4e
R EEA] AR R DT RT RS ek AR REHON > sl

SRR A RERE )T ok B 3R ITAZ A e Figure 2-10 TR 0 A
£ m? EhAE pH BE7 7 Ao BEAOT ZEERRY R - LR
W3 g R m AEAE 4 pH mﬁ&@ﬁ’wﬁ—ﬁ@%@xﬁaéﬁéy
B BA > 4oSDS BF) 0 A pr e B R E K B z
'Fi’;*?'lfﬂ B2 REYSRE RS 2 RIS ’firr‘i'%;‘fé 3 i el i 1]k
Spemctk o fEd S ep i pH S ORTETE 1 < » BeEd & A 493012
Ll o N ) ﬁg(sweepmg)fﬂ e i (85 ?@r% R¥EE Ik ﬁﬁ(dynamlc pH
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215 “ AR SR F R EFERAADT K 45 (Large-volume sample
stacking-Sweeping-Micellar Electrokinetic Chromatography LVSS
-sweeping-MEKC) [31]

CHBARSABEEF SR R ELT RN ZF I XBEAY
FH RIS L P ER TG - DT MF B TR &L
B oA R EAT T 2 B A A BN RN R kg o 0o
R L *W%ﬁ&ﬁﬁm@ﬂu$@ﬂ»+ﬂmﬁ%wf’%*»ﬁ#%é
fRimadrvTEis o A hEATAL TG ad L rgped > s
PP ErF G dm r v JOpER I IR B G R R S AL R
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TR o B 44 Figure 2-11 #7710 L &L g p ik K pH Bk

AR ERT B TR RE > LA A RS TR e R R PP

BWrzRe 22 he BEA REAFTFLM ] OTRREE AN C BB

o st Fa R ERe v RE RN E S BN DINED
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<
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5o AP d FEFFHFIATREEIRM PRGN RA TROP
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o F2z oo BRERFYERR DT IEESR PG FIT LA
R A W {67 3 k(peak tailing) R G o R E-ERF ET RIS B B
BRpE o RIF g AR e td RIHL R AT ARG 0 T
CA W a2 i IR e WA U E U 2§iﬁ~‘r§5i§é%éﬁfv\%‘r%§ﬂ
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LA,

EOF

Figure 2-1 Schematic diagrams of the FASS model. [10]

(A) The capillary is conditioned with a BGE (a high conductivity buffer), the sample,
prepared in a low-conductivity matrix, is then injected to a certain length, and a high
positive voltage is applied; (B) focusing of the analytes occurs near the boundaries
between the sample zone and the BGS because of its mobility changes; (C) stacked

analytes migrate and are separated by the CZE mode.
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Figure 2-2 Schematic diagrams of the LVSS model. [13]

(A) The capillary is conditioned with a BGS (a high-conductivity buffer), the sample
prepared in a low-conductivity matrix, is then injected to a certain length, and then a
high negative voltage is applied (EOF is toward the inlet); (B) the anionic analytes
move toward the detection end (outlet) and stack at one side of the boundary,
whereas the cations and neutral species move and exit the capillary at the injection
end (inlet); (C) the electrophoretic current is carefully monitored until it reaches
approximately 95-99% of its original value, and the polarity is then quickly returned

to positive (EOF is reversed); (D) the following separation occurs by CZE mode.
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Figure 2-3 Schematic diagrams of the pH-Mediate stacking model. [10]

(A) The analytes dissolved in a high ion strength buffer are electrokinetic injected
into the capillary, and then a plug of strong acid is also electrokinetic injected; (B) a
positive separation voltage is applied; (C) causing the ions to migrate faster and

become stacked; (D) the following separation occurs by CZE mode.
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— Detector
(a) Injection 5

Sample
[micelles] = 0 [micelles] > 0
Ao Micelles '—. Micelles

... — S

lCon{:smtra‘uon ; l[miCEHGS] =0
zone \i l

(c) o I @

Figure 2-4 Schematic diagram of a stacking mechanism by sweeping with anionic
micelles model [19] |

(@) A sample solution prepared ina ma‘trix with. conductivity similar to that of BGS
but devoid of micelle is |njected hydrodynamlcally as a long plug. (b) Electrophoresis
Is started by applying voltage- at negatlve polarlty with the BGS in the inlet vial. The
analytes are swept by the micelle penetrating the sample zone. (c) When the micelle
from the inlet vial reaches the boundary between the sample and the BGS zones,

sweeping is finished and MEKC begins in the reversed migrating micelle mode.
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A. Sample injection

) ldetector
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“BGE -

! Ji‘i -

S

Figure 2-5 Schematic diagram of a stacki'hg mechanism by sweeping with cationic

micelles model [23] : |

(A) the capillary column is initié*lly filled ‘v'\“/i"th a micellar background electrolyte
(BGE); (B) A sample zone containing nonmicellar sample matrix or simply water is
injected hydrodynamically with pressure for a period much longer than usual. By
application of voltage at negative polarity the electroosmotic flow is directed toward
the anode (as cationic micelles is adsorbed on the capillary wall) and the micelles

migrate toward the cathode; (C) The separation is then achieved via MEKC
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Figure 2-6 Evolution of micelles'and neutral analyte molecules during sweeping [26]
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water plug detector
A i —>
high conductivity nonmicellar solution
solution (low pH)
B stacked cations
cation \ EOF -
in water
C . stacked cations |
| }
e
micellar <4 EOF
solution
E swept cations

I
micellar
solution

cation ——

Figure 2-7 Schematic diagram of the CSEI-sweep-MEKC model [27]

(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.
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Figure 2-8 Schematic diagram of the ASEI"—SWeep—M EKC model [28]

(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 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; () 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.
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Figure 2-9 Schematic diagram of the'dynamic pH junction model [29]

(A) capillary is conditioned with asBGE (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 samplezones); (C) focusing analyte zone migrates

independently of the sample matrix.
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i h 4

® ® & %% %@

A $ s © BGS
@ il @ % %
{mon-micellar solution, low pH) {micallar solution, high pH)
dynamic junction

MEKC =

Figure 2-10 Schematic diagrams of the dynamic pH junction-sweeping model.[13]

(A) The micellar (such as SDS) BGS and the sample solution (a nonmicellar buffer)
are injected into the capillary, respectively; (B) when the injection is complete, a
positive polarity is applied (if a negatively charged SDS surfactant is used) to power
the CE separation; (C) the neutral analytes are converted to anions and are swept by

the SDS micelles; (D) separation occurs by the MEKC mode.
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Figure 2-11 Evolution of analyte zones in LVSS-sweeping-MEKC [31]

(@) A large-volume sample (prepared in water) was injected hydrody- namically (b)
the voltage was applied with reversed polarity (reversed EOF direction), the
sample-matrix was pushed back into the inlet vial by the EOF; (c) anionic analytes
were focused on passing through the concentration boundary and both vials at inlet
and outlet are changed to low-pH micellar BGE; (d) optimal stacking was achieved,
negative potential is applied to permit the micelles to enter the capillary and sweep
the focused sample zone as a narrow band. (e) subsequent separation is achieved
under MEKC mode.
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The compound is The compound is compound is anion compound compound is compound is
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Figure 2-12 The choice of on-line concentration techniques.[31]
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a A @ L (flunitrazepam) # L ¥ - § L E H > L B > 7
5-(2-f|uoro-pheny)-1,3-di-hydro-l-methyl-?-nitro-2H-1,4-benzodiazepin-2-on
e B 44 Figure 3-1 #7717 » F e >t 1, 4-benzodiazepines 7 — i A
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FOFEGELSIREL ISR A mﬁ/ﬁ}i# AT B2 — >t B
REHpR T LT o B R AR g EER AP RA T AL TE Y 8]

o}
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hAE L pRd L2 g e :si:@“”"@ Fric od FERED S A
B en i 38He Figure 3-1 o1 > PR S 2 7 A (N-desmethylation) -
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mATIR* SR b EI LA LERED G E[35]
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303 L& 1§ Hok(immunoassay) [36-39] k wdriE RlE A AT ko Hos
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T BELfoR KPP R WA i E 0 2R TR B R F AR
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[41-45] > &2 & H#HKR> & 7 11 G e’ BOPIETT 0 e A A ek

32



R R Y NN el I ER R A
H

BABABHP D2 * F AR FHRET Bt ™ o470 &
LA ST A ;_4ﬁo¢ﬁw%ﬁﬁﬁ~@’kﬁﬁﬁﬁi
L 75 3¢ (electrospray ionization, ESI)[46] = s? B4V B PEE
(atmospheric pressure chemical ionization, APCI[47] = # 12 = 7 & & Mk
BT ORF&EAe L2 B3 ALy TALSH >0 0 A0 57
%%?%?’ﬂ&&émgmﬂﬂME%dﬁ C A S - BT e
(MEKC) e st & Ao 2 H i Ftb o gt > e 546 UV @R EF

RIFEIUAP AL E  PIE R Ft 57 o M REL AP AT Y

s

¥
® X A G 345 Cl8 ¢ht md %4 ESI-MS[48] % tas 4% o
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(CSEIl-sweeping-MEKC, ASEI-sweeping-MEKC, LVSS-sweeping- MEKC) ;
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BB EFFRSRE RS-

A s RSty T-allAlpla ke A e ithdge
Fagpla § A E BB RT oY CTAB ¥ e & Fohikip ¥ = 84
Yo de e gy 44 2 4 0 d ﬂéf{‘ﬁ#ﬂdﬁﬁ“ 4o Figure 3-2 » g AL F| BT
(condition) #& L fmE P SLih g FIRUE R CTAB i o % (28] 2 e |28 B3
RO RBLBFIAFEE S RUSEERFNS EERDEROKREE S (4 Fig.
322A) EP R ERFEETRARZPIERB SR IRE O UFE
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& * P 5. & = (Beckman Instrument, Fullerton, CA, USA) #7 %3 2
Ly LAk > PIACEMDQ i 7[:& {75 B o % ¢h k-7 Ak - {Rigrd
71(UV-VIS diode array) i 5 R % o &k B2~ {78y d Beckman Cotlter
MDQ 32 Karat software #4122 g g2 5 2 & 50 um > #hjE 360 um 0 A,
£ 60cm(Z @pl% v i 50cm) 2 - F it £ g (fused-silica capillary
polymicro Technologies » Inc.,Phoenix » AZ » USA) % 5 ~ 3gg 41 » £ oy
bR 2o B OFe 7 % polyimide(Pl) 12k iEgE 0.5 cm o v AR R
BB ) W 2 T ot BRI RS RIE T e PR R &
25CT o AT R L 25 KV o 5t bf R 4 52 54(0.5 psi) = 4%~ £
g ? oo WP BB LR 240 nm o R B F T hd B3 ok R
Milli-Q -k % *t(Millipore, Bedford, MA, USA) #73% & -

34 #&

T RIS LA 7 soo w AL 4k (Sodium tetraborate) P& p Sigma Chem.
Co.(St.Louis,M0,U.S.A)) - ‘CTAB(hexadecyltrimethylammonium bromide) pi:
p Merck-Schuchardt = # (Schughardt, 8011 Hohenbrunn bei Miinchen) - 7%
f& = & 4 (sodium dihydrogen phosphate - NaH,PO,) ~ & ¥ i 4 (sodium
hydroxide) ~ @ 4 (HCI) # £ p Fluka = @ - ? fig (methanol) ~ ¢ f% (ethanol) -
= % 7 '=z(dichloromethane) ~ £ 5 f% (isopropanol) & p&-p Merck = @ » g -k
(Ammonium hydroxide) - p Riedel-deHaén = & - & & & ;X (flunitriazepam,
catalog no. F-907; 1 mg/mL methanol; F) ~ 7- 5 & & ® &
(7-aminoflunitrazepam catalog no. A-911; 1 mg/mL acetonitrile; 7-AF)& 3 ¢
#& 4 ' & £ (N-desmethylflunitrazepam, catalog no. D-918; 1 mg/mL

methanol; N-DF) ‘# ptp Radian International =~ # > H H iR Figure 3-1-
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iz * Supelco = 7 (Bellefonte, PA, U.S.A) #t2 & z_ 12 port Vacuum
Manifold #4p 5 B~% % - # e EYELA (Tokyo, Japan) = & 74 & 2. A-3S
A kg SR o FApEEF S Oasis® MCX solid phase extraction cartridges
(3 cc/60 mg) P p Waters 2> # (Waters, Milford, MA, USA) -
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a, A @ L (flunitrazepam) ~ 2 ¥ A & g & ;X (N-desmethyl flunitrazepam)
¥ 7-F A& A& £(7-aminoflunitrazepam) &% & 5 4 A fe g 307 fR &L
a3k 0 & 5 1000 ppm R A R 3 ke Y -10C %r 0 W AR
e M RER &R P FRFERDEES R WA R FE L4
FoR G BAR AR L 10 ppme A AT E R AT F & 0L B /li’ﬁrﬁ-L i
kR o

3.6.4 7 I kA5 Hrix i 2 jp3R
3641 ¥#®3% % pH B2 B

FHR2ZAFE SR RGO ERY LEERRE G AR D
(Na,B,07-10H,0) ~ & 5 it 4 ~CTAB(L = "2 £ = 7 A6t 4%) ~ " G2 % »
S RAFHF AT BARRRE R ML R > AP E T
PRk R 25 mM I ARER LS B0k pH Ed 9.0 3 10.5 1 pIEE
iR E ke b s+ bk 4 P pip g tben e B aiE R D CTAB 90
mM ~ @ g2 2 8 30% (V/V) ~ e daeasi® 2 > 0.5 psi; 180 sec ~ A 454 ik B
5 2.0 ppm o R SRR Y L B BRI R & 4 BLPF 2 B R E 2 4P
[ ‘}fj:étl‘%%ﬁ—* %o m# CTAB 2 7 fg o

3.6.42 ¥t kI kA2 BE

BURRRBPEFIEROZ A FETLRAOBBER O FTRR SR
WFRRTATAL DT 2 FH LT RFAROPE > ATLE IR R
PH &35 95 ¥ fa i w matgh (duE AR d 10 mM I 50 mM) 12 il 4t
ER TR S S RS R L A E Rk 2 4 I CTAB
90mM ~ ® g 7 & 30% (VIV) ~ & ~ 5 it > 0.5 psi; 180 sec ~ 4 4747 &
B2 2.0 ppm; FFEAR SRR 2 S R T B A B 2 bR IR iR 12 Ap
e oo fe 7 ;,l“ e R oo E R CTAB 2 7 f; o
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3643 ¥tmae s £% FER CTAB 2 %5

AR R Y o dRd TR g e B A AT IR i
AA g RIS FE > FM EQ:&%U'L%;‘,’“]:%E CTAB ez & » d 10 mM 3 4¢
90 mM 127 )?Zr"}f’& e CTAB )= 2 plere g 5 B4t~ 1t iféifﬁ'*i%
LB e g A R B ARG D pH 9.5, 40 MM FRELAN 5 R R ~ T
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7k 5 B 30% (VIV)~ it~ i€ % > 0.5 psi; 300 sec A 74k B 5 5 1.0
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3.6.4.6 & S iLatpF R

CE B AR ARF > I FHEE RS ORISR B 2 T
pLAVIP R T e B R R 0 2 T pH 9.5, 25 MM v RERL 4 5 % ~ CTAB
50mM-~ " g 2 & 30% (VIV) &4k &% 4 2 383 k& 40mM > & 52 ~ 0.5
psi; & 180sec 3 4r I 420sec » M F 45 Boif § R S AR o

3.6.47 H & FIRNEITE 2 A B F

Bl A HLIEET 0 0 B R RIS B 53R SRR 100 ppm 1Y
O f A M A L iR 0 R S 0B psi; 3.0sec gt Ak T RA HER
BRI AP LI RAERHFEAR LSV EEAEIFESESNLE
FAVL R r N B R BE 2 s B (Stacking efficiency in term of peak
hieght, SEneign)[28] # 7+ & 3+ B ¥ei i@ s o

_ hstack C (3_2)
SEign= N CW

Nstack * & & * &1 /i}sf{ﬁ;}iﬁw MR GL T LR R R
h DR - BT E s T B R
%miéﬁﬂﬁikﬁﬁﬁﬁ’%@?ﬁﬁﬁﬁkﬁ
C " :-kirzire ¥ i ki

Beagple ke d AR B R 1I0ppm o E L EER G 2 R G
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uL (Post-extracted spiked sample) - i&» £ mp T AL & 2129 R TR
& F B 4o~ 30 uk 10 ppm R & enE 2 & (Extracted sample) z. & 478
SO FEEAAE e FE A BE AN e T AT c B NEAT X
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Peak Area

(3-3)

Post—extracted spike sample
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v Fa R 0 F 2o B4 pH R AP R EH B 0 ORI

PN e
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4

37.2 $F3 R D PRI ERZBE
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Dxe
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Vi = ik tp (8 40) PR
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B RARM o Tl B e A AT Y RAERT R o e 10% 7R 07 %
R H s - BA YT (T-AF) Fr Ak SgR 2 0 3B e T R D
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Table 3-1 Regression equations, coefficients of variation (r?), limits of quantitation (LOQ), limits of detection (LOD),
migration times, and values of RSD for flunitrazepam, 7-aminoflunitrazepam, and N-desmethylflunitrazepam during

separation using the normal MEKC and sweeping-MEKC techniques, respectively.

flunitrazepam 7-amino-flunitrazepam N-desmethyl-flunitrazepam

Normal MEKC
Regression equation y=100.61 x+22445 y=12994x-121.41] y=71.544 x - 227.85
Coefficient of variation r*=0.9968 > =0.9985 r*=0.9971
LOQ (S/N = 10, ppm) 6.23 1.74 5.82
LOD (S/N = 3, ppm) 1.87 0.52 1.74
Migration time (min) 10.54 7.17 13.10
RSD (%:;n=5)

[ . Migration time 0.55 0.25 0.62

IT. Peak area 2.85 2.04 1.48
sweeping-MEKC
Regression equation y=11.494 x - 681.53 y=28.198 x — 852,94 v =24.66 x - 3097.3
Coefficient of variation 7%= 0.9964 r*=0.9992 r* =0.9982
LOQ (S/N= 10, ppb) 447 18.2 40.0
LOD (S/N = 3, ppb) 13.4 5.6 12.0
Migration time (min) 8.48 6.21 10.24
RSD (%; n=5)

[ . Migration time 0.39 0.28 0.51

IT. Peak area 1.14 2.01 4.10
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Table 3-2 Recoveries for 7-aminoflunitrazepam (7-AF), flunitrazepam (F) and
N-desmethylflunitrazepam (NF).

Recovery AVE +1.96=5D
7-AF  76.1% 80.7% 72.4% 72.4% 78.1% 75.9 +7.04%
F 72.8% 68.7% 69.7% 73.8% 76.6% 72.3 +3.17%

NF 8§2.9% 77.0% 82.2% 77.0% 78.6% 79.6 +5.55%

+ 1.96%SD (95% confident level)
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Figure 3-1 The major mechanisms of flunitrazepam metabolism in humans.
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Figure 3-2 Schematic diagram of sweeping using a CTAB micellar phase.
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Figure 3-3 Effect that the pH of the buffer solution has on CE separation. (a)
pH 10.5; (b) pH 10.0; (c) pH 9.5; (d) pH 9.0. Conditions: capillary, 60 cm (50
cm to detector), 50 mm 1.D.; buffer solution: 25 mM borate buffer, 90 mM
CTAB, 30% CH3OH (v/v); sample matrix solution: 25 mM borate buffer; pH
Is the same as that of the buffer; separation voltage: —25 kV; injection time:
180 s; UV detection at 240 nm. Analytes (2 ppm): peak 1,
7-aminoflunitrazepam (7-AF); peak 2, flunitrazepam (F); peak 3,
N-desmethylflunitrazepam (NF).



5.0x10™

w

2 —u—7-AF
—

N 4.0x10" I
c —a— NF
(]

"

2 3.0x10™
E I———————I—— S—

S I
E 20x10™ ) e P
= e —
()] B
| - 4
@ 1.0x10™
o
o
]

0.0 T T T ! ! ! [
T Ts 10 10.5

Figure 3-4 Variation of the apparent mobility of flunitrazepam and its major
metabolite as a function of the bufferelectrolyte pH. Other condition as

described in Figure 3-3.
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Figure 3-5 Effect that ion strength of buffer solution has on CE separation. (a)
50 mM; (b) 40 mM; (c) 30 mM; (d) 25 mM; (e) 20 mM; (f) 10 mM.
Conditions: capillary, 60 cm (50 cm to detector), 50 mm 1.D.; buffer solution:
borate buffer, pH 9.5, 90 mM CTAB, 30% CH3OH (v/v); sample matrix: pH
9.5; borate buffer concentration is the same as that of the buffer; separation
voltage: —25 KV; injection time: 180 s; UV detection at 240 nm. Analytes (2
ppm): peak 1, 7-aminoflunitrazepam (7-AF); peak 2, flunitrazepam (F); peak 3,
N-desmethylflunitrazepam (NF).
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Figure 3-6 Variation of the apparent mobility of flunitrazepam and its major
metabolite as a function ofsthe buffer'electrolyte concentration. Other
condition as described in Figure 3-5.
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Figure 3-7 Effect that CTAB concentration in buffer solution has on CE
separation. (@) 90 mM; (b) 70 mM; (c) 50 mM; (d) 30 mM; (e) 10 mM.
Conditions: capillary, 60 cm (50 cm to detector), 50 mm I.D.; buffer solution:
25mM borate buffer, pH 9.5, 30% CH30OH (v/v); sample matrix: pH 9.5; 40
mM borate buffer; separation voltage: -25 kV; injection time: 300 s; UV
detection at 240 nm. Analytes (1ppm): peak 1, 7-aminoflunitrazepam (7-AF);
peak 2, flunitrazepam (F); peak 3, N-desmethylflunitrazepam (NF).
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Figure 3-8 Effect that the percentage of methanol (v/v) in the buffer solution
has on CE separation. (a) 40%; (b) 30%; (c) 20%; (d) 10%. Conditions:
capillary, 60 cm (50 cm to detector), 50 mm 1.D.; buffer solution: 25mM
borate buffer, pH 9.5, 50 mM CTAB; sample matrix: pH 9.5; 40 mM borate
buffer; separation voltage: —25 KV; injection time: 300 s; UV detection at 240
nm. Analytes (1ppm): peak 1, 7-aminoflunitrazepam (7-AF); peak 2,
flunitrazepam (F); peak 3, N-desmethylflunitrazepam (NF).
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Figure 3-9 Effect that the sample matrix (borate buffer) concentration has on
CE separation. (a) 50 mM; (b) 40 mM; (c) 30 mM; (d) 10 mM. Conditions:
capillary, 60 cm (50 cm to detector), 50 mm I.D.; buffer solution: 25 mM
borate buffer, pH 9.5, 50 mM CTAB, 30% CH3OH (v/v); sample matrix: pH
9.5; separation voltage: —25 KkV; injection time: 300 s; UV detection at 240 nm.
Analytes (1ppm): peak 1, 7-aminoflunitrazepam (7-AF); peak 2, flunitrazepam
(F); peak 3, N-desmethylflunitrazepam (NF).
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Figure 3-10 Effect that the injection time has on CE separation. (a) 360 s; (b)
300 s; (c) 240 s; (d) 180 s. Conditions: capillary, 60 cm (50 cm to detector), 50
mm 1.D.; buffer solution: 25 mM borate buffer, pH 9.5, 50 mM CTAB, 30%
CH3;OH (v/v); sample matrix: 40 mM borate buffer, pH 9.5; separation
voltage: —25 kV; injection time: 300 s; UV detection at 240 nm. Analytes
(1ppm): peak 1, 7-AF; peak 2, F; peak 3, NF.
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Figure 3-11 A comparison between“the sweeping-MEKC method and that of
normal hydrodynamic samplé injection. (A) Normal hydrodynamic injection.
Sample concentration: 100 ppm; hydrodynamic injection: 3.0 s. (B)
Sweeping-MEKC procedure. Sample concentration: 1 ppm; sample injection:
300 s. Analytes : peak 1, 7-AF; peak 2, F; peak 3, NF.
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Figure 3-12 Sweep-MEKC electropherogram of (A) suspect I, (B) suspectII,
(C) suspectIl, (D) mix (A)(B)(C) powders and spike standard flunitrazepam

(F).
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Figure 3-13 Sweep-MEKC electropherogram of (A) no extraction urine, (B)
solid-phase extraction urine (spike standard 7-aminoflunitrazepam (peak 1),
flunitrazepam (peak 2) and N-desmethylflunitrazepam (peak 3)),

*is impurity.
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