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T6m tit. Ki thu$t tliQn di mao qudrn trgdp dugc dung ct€ ph6n t6ch c6c anion sri dgng hQ diQn di
mao quAn bom mdu tuAn t.u ghdp v6i detector dO dAn kh6ng ti6p xric tg chi5 t4o vd mao quAn c6

ong l0 dpng 6p su6t tr6 trg, ddng ttryf tt01e lgc dugc vdo ddng chuy6.n
anion c nhin br) tril ddng eliQn di thAm thdu thay cho vi€c sri dgng chdt
m{t vd minh ld c6 thC ldm t6i uu tlQ phdn gini tin hipu/thdi gian phdn

tich. T6c d0 cia dd$ thriV ttQng hrc vi thdi itii5m dua vdo qud trinh phAn t6ch c6 th6 tti6u chinh
ilugc nhd b0 bom tu6n t1r v6i bsm xylanh.
Ti kh6a: anion/ddng thty <lQng lgc/ ttiQn di mao quan fg 6plbQ born m6u tuAn t.u/detector dO dan

khdng ti6p xric.

1. Gitfii thiQu

Trong qu6 hinh phin tich di€n di trg 6p, c6

ttr€ Uom ddng thriy ttQng lUc cirng chi6u dong

chuyi5n dQng cria ion <tii rut ngin thdi gian phdn

tich; ho[c bom ngugc chiAu vdi ddng ion ellS

k6o dai thoi gian luu frong hp gitip ting khi
ning phdn t6ch. Ddng thty dQng lgc s€ gdy ra

hiQn tuqng gi6n tin hiQu do anh huong cria ddng

chiy l6p, tuy nhi6n di6m ytiu niy c6 ttr6 tctric

phgc n6u dirng mao qudn c6 ttudmg kinh hgp l0
pm thay vi mao quan th6ng thudng c6 tludmg

kinh 50 -75 prm. N6u he ttign di (Ce) k6t n6i vdi
detector quang thi mao quin hgp l0 pm kh6ng

pht hgp do d0 ddi truyAn s6ng qud ngin nhtmg

khi kiSt n5i vdi detector <1o d0 din k'h6ng ti6p
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xric (C4D), mao quAn hgp khdng 6nh hudng

d6ng kO dtin dO nh4y [,2]. Bdi niy s€ trinh biy
nghiOn cfu vA viQc sri dpng ddng thriy clQng lyc
aC t5i uu thdi gian phdn tich/ hodc kh6 ndng

phdn trich c6c anion vO co vd hiru co nho khi
dnng hQ thi.it bi CE-C4D tu ch6 tpo v6i mao

quan l0 pm.

2.Yit IiQu phuong phdp

2.1. H6a chiit vd dltng cqt

rdt cit c6c h6a ch6t c6 d0 tinh khitit ph6n

tich cria Fluka (Buchs, Thgy Si) hay Merck
(Darmstadt, Dric). Dung dich g5c l0 mM cria

c6c anion v6 co: Cl-, NO3-, NO2-, SOa2- vd c6c

anion hiiu co: oxalat, malonat, fomiat, succinat,

cacbonat, axetat, lactat, salixylat, berzoat,
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sorbat, ascobat, gluconat pha tr) c6c mudi natri
tuong t?ng (tnl ascobat ttugc chuAn bi tr.uc ti6p
tu axit ascobic) <tugc dirng dO chuAn bi c5c

durig dich chuAn cria c6c anion v6 co vd hiru co.

Mao qudn tlugc xri ly bdi NaOH lM trong l0
phft vd nudc deion trong 10 phrit trudc khi srl
dpng cho ph6n t6ch.

2.2. ThiAt bi vd vQn hanh thiiit bi

Hinh 1 bi€u di6n so ad nC thiiSt bi <tign di
mao quin bom m6u tuAn tU gh6p v6i detector
d0 den kh6ng ti6p xric (h9 SIA-CE-C4O) q ctr6

tao. B0 bon miu tuen tU (SIA) bao gdm mQt

bom xylanh khop voi mQt xylanh lml. vd van

tla k6nh 6 c6ng (Tecan, Crailsheim, Dric) t3l.
BQ giao diQn (interface) bing plexiglass dugc
su dsng ae n5i bO SIA v6i mao qunn [4]. Tgi
dAu ra cta giao diQn c6 l6p cim bi6n elo 6p su6t

(Honeywell,ThUy Si) dti quan tric trUc titip 6p

suAt. cria ddng ch6t long; mQt Ong ndi PEEK
tluong kfnh 0,007 inh ddi 35 cm vd 2 van dimg
(Nresearch,Thsy Si1 de AiCu chinh 5p lyc
ngugc. Thi6t bi c6 ngudn c6p diQn cao th6

(Spellman CZ,82000, Pulborough, Anh) v6i
diQn th.5 t6i da h +30 kV vd mao quin c6 cludng

kinh ngoii 365 prm vd cludrng kinh trong 10 pm

@olymicro, Phoenix, AZ, My).

f6t ca c6c budc vfn hdnh thii5t bi bao g6m:
xri lf, rta mao quin, hrit vd bom m6u thiy
dQng lpc, tti6u 6p cfing nhu ph6n tlch vd thu
nhdn tin hiQu dAu clugc thgc hiQn t.u tlQng h6a

vdi phan mdm t1r xay dUng tr€n co sd
LabVIEW. Khi born mQt tlopn mdu x6c rlinh
ch4y qua tliu vdo cia mao qudn trong giao diQn

SIA-CE, van dimg Vl dugc mo vd V2 <l6ng.

D6 tao ddng thriy tlQng luc trong qu6 trinh phAn

tach ttiQn di ci hai van dimg Vl vd V2 tlugc
d6ng sau d6 <tQng co dAy bom xylanh vdi bu6c
dAy phn hgp. Thay d6i budc dAy cria born s6 t4o
ra cilc ttic ttQ ddng thriy clQng lyc hay 6p su6t

k*r6c nhau. Khi rua giao diQn Vl (hoac cd hai
van dimg) md. Trong qu6 trinh phAn t6ch c6c

ion, tliQn cpc tgi dAd detector ctugc cldt mQt di€n
thii cao c6 d6u phir hgp vd dipn cgc cdn l4i
duqc n5i d6t.

Mao quin ph6n t5ch

NaOH 1M Cim bidn
dp suSt

6ng
diEu ip

/ -urDung dich

d€m

()rao oren

ndi 061

,l v2/ t-D<.
6ne ndit

HOp an toin
w

. Hinh 1. So d6 he SIA-CE-CD d6 thuc hiQn g thuat diQn di mao qudn rq 6p.
CD: detector <to clQ adn nrOng ti6p xric; HV: ngudn cao th6; W: th6i; Vi, V2: uutr armg.
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2.3. Thttx nghiQm

DO chtmg minh kfi6 ndng srl dpng mao quin

dudmg kinh hgp cd l0um nhim khic phuc hiQn

tuqng gi6n tin hiQu do ddng ch6y l6p gdy ra

ddng thoi kh6ng inh huong t6i d0 nhpy cia
tni6t Ui chirng t6i ti6n hanh thuc nghiQm so

s6nh hipu qui trich cia c6c cQt mao quin voi

tluong kinh kh6c nhau trong truong hqtp c6 trq

6p. Tru6c h6t st dpng mao quin voi tluong

kinh trong th6ng thudng D 50 pm, phin t5ch 15

anion v6 co vd hiru co khi c6 sri dgng ddng

thny dQng lyc trg 6p v6i c6c ttic clO kh6c nhau

(di6u kiQn thi nghiQm cp th€ tlugc trinh bdy

trong hinh 2). Sau el6 sti dpng cic loai mao

quin c6 ttudmg kinh kh6c nhau: 10, 25, 50 pm

phAn tach cic anion l*ri c6 sri dpng ddng thty
dQng lgc trq 6p v6i c6c t6c t10 kh6c nhau (di6u

kiQn thi nghiQm cu thii tlugc trinh bdy tong
hinh 3) vd so sSnh c6c k6t qun dO tlua ra kiit

lufln vA viQc dung mao quin ttudng kinh trong

10 pm. C6c thi nghiQm tii5p theo d€u sri dpng

logi mao ndy.

Trong qua tinh phin t6ch c6c anion bing

ki thuflt tti€n di, dusi t[c dpng cria lUc dign

truong c6c anion s€ bi hrit vA phia anot nhtmg

ddng ttiQn di thAm th6u (ddng EOF) lpi k€o

chfng ngugc lgi vA phia catot. Do vfy mu5n

c6c anion chuy6n dQng vA phia anot vd t6ch t6t

cAn c6 biQn ph6p dC br) trir inh hudng cria ddng

EOF (ldm gi6m hoec tt6o hin chi6u ddng EOF)

d mQt mric d0 thich hqp. Di5 so s6nh hiQu qui

cfia k! thu$t trg 6p (mQt bign ph6p bir trtr ddng

EOF) vd k! thuft th6ng dpng h bt tnr EOF

bang ch6t ho4t itQng bd mat dgng cationic, thi

nghiQm phdn t[ch c6c anion htru co tlugc thgc

hiQn trong h€ dQm Tris/CFIES pH=8,4 voi hai

k! thuft (a) trq 6p (bn tnl ddng EOF.

MQt uu di6m khi sri {rng k! thuft trg 6p so

vdi k! thuft thdng dsng dung ch6t hoat <10ng b6

m[t li l*ri t5i uu h6a qu6 tinh phAn tlch bnng

nhiing pha ttQng kh6c nhau s€ khdng phni xt lf
lgi mao quin mi chi c6n thay <l6i 6p su6t. DiAu

ndy dugc chimg minh qua ddy thi nghiQm phdn

tAch cilc anion hfru co o c5c diAu kiQn pH kh6c

nhau tir 6 tdi 10.

voi hO thiiSt bi SIA-CE-C4D tu ch6 viQc trs
6p c6 th6 thUc hiQn t4i c6c thoi di6m kh6c nhau

so v6i thoi <ti6m bom mdu gifp tdi uu h6a cl6ng

thoi khe n6ng ph6n trich vd rut ngdn thoi gian

luu cria c6c ion. Thi nghiQm phAn tach cl6ng

thoi c6c anion v6 co vd hiru co dugc thgc hipn

trong hQ dQm His 90 mM/MES 90 mM vd mQt

s6 di€u kiQn }tr6c nhau: (a) trq 5p P: 1,7 bar

ngay tu khi bit dAu bom m6u; ft) trg 5p P:2,4
bar ngay tir khi bat dAu born mdu; (c) fq 6p P1

= I,7 bar ngay tu kni bat etAu bcrrn m6u vir P2 =

2,4bar ttr sau khi bom 240 s.

3. K6t qui vA thio lufln

3.1. So sdnh hi€u qud tdch cila cdc cQt mao

qudn vdi fudng k[nh khdc nhau

Hinh 2 mO ta viQc t6ch c6c anion htu co

bing k! thuflt tg 6p d pH cao st dsng cQt mao

quin c6 ttudmg kinh trong 50 pm t4i c6c 6p suSt

lrlr6c nhau. O hinh 2a : 6p su6t (hay ddng thriy

dQng lgc) chua dri l6n d6 bU tni ddng EOF n6n

<li€n di ctd sc m6t mQt s5 tin hiQu; Hinh 2c: 6p

su6t qu6 cao, ddng thriy ttQng lgc s€ ldm cho

c6c anion chuy6n etQng r6t nhanh, rtit ngin thdi

gian luu nhtmg lai g6y d6n pic; Hinh 2b: 6p

su6t t5l uu nhAt cho cQt 50 pm, c6c tin hiQu tach

kfi6i t5t hon. Tuy nhi6n c6 th6 th6y ngay v6i

diAu kiQn t5i uu nh6t, c6i pic cfing kh6ng hoan

toan trich dugc vi c6c pic cu5i c6 d4ng kh6ng

nhgn, chAn pic kh6ng gqn. HiQn tuqng gi6n tin

hiQu niy gdy ta do ddng chiy lop trong mao

quan 50 pm tpo nOn do ch6nh lQch 6p hai dAu

cQt (vi5n can tni6t A6 Ut trtr ddng EOF).



M.T. Drhc od nnk. lTqp chi Kroahoc DHQGHN, Khoahgc Ttt Nhi€n vd C6ng nghQ 28 (2012) 226-232 229

1.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
't3.

14.
15.

1.

2.
3.
4.
5.
6.
7.
8.
9.
't0.

11.
12.
13.
14.
15.

cf
Nor'
SO.z-
Oxalat
Fomiat
Malonat
Succinat
Xitrat
Axetat
Laclat
Salixylat
Benzoat
Sorbat
Ascobat
Gluconat

cr'
Nog-
SO.z-
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Fomiat
Malonat
Succinat
Xitrat
Axetat
Lactat
Salixylat
Benzoat
Sorbat
Ascobat
Gluconal

w "!9$

Thligian (s)

trong 50 pm, hiQu dpng :32 cm,E:334
V/cm, t6c tlQ OF:0,13 cm/s, t6c tlQ ddng

thriy tlQng lyc: A) 0,089 cm/s; B) 0,103 cm/s;
C) 0,16 cm/s.

L{p lgi thi nghiQm tr€n vdi c6c mao qudn

nh6 hon c6 duong kinh 25 va 10 pm, c6c k6t
que dugc trinh bdy trong hinh 3. So s6nh c6c
dipn di dd 3A,, B, C, D c6 the th6y 16 rdng mao
quin nh6 hon cho ttQ tdch ttSt hon, vd inh
huong cria ddng chny lop sC dugc gi6m di tt6ng
t<6 tam cho c6c tin hiQu kh6ng bi dodng ch6n.
Vigc st dpng C4D c6 lqi th6 le tin hiQu g6n nhu
kh6ng bi phU thuQc vio tludmg kinh trong mao
quin (hong khi v6i W truyAn th6ng, tludng
kinh mao quin t5i thi6u phni bing 50 pm moi
cho <tQ nhgy t6t). Voi mao quan l0 pm (hinh
3A), pic thu duge ld cao vd nhgn nh6t, vd c6c
pic tlugc Lich hoan toin kh6i nhau. Theo d6,
c5c thi nghiQm ti6p theo ch0ng t6i s€ st dsng
mao qudn l0 pm.

Thdigian (s)

HLLh 3. Di€n di dd phan t6ch 15 anion v6 co vd hiiu
cs khi st dUlg cdc mao qudn c6 tludmg kinh kh6c
nhau. C6c tli6u ki€n di€n di: ilQ ddi hi€u dsng cria
mao quAn 32 cm,E-- 334 V / cm. A) Mao quAn

iludmgkinh trong l0 pm, pha rlQng: His / MES 90
mM, tdc tlQ ddng thty tlQng lyc 0,075 cm/s, ddng

EOF 0,086 cm/s; B) Mao quan tludng kinh trong 25
pm, pha tlQng: His / MES 30 mM, t6c dQ ddng thriy
tlQng lgc 0,137 cm/s, ddng EOF 0,13 cm/s; C) Mao
quan tludmg kinh trong 25 pm, pha tlQng: His / MES
60 mM, t6c dQ ddng thriy ilQng lgc 0,103 cm/s, ddng
EOF 0,098 cm/s; D) Mao qudn tludmg kinh tong 50
pm, pha itQng: His I MES 30 mM, t6c tlQ ddng thriy

<lQng lUc 0,103 cm/s, ddng EOF 0,13 cm/s.

3.2. fra s1t phdn tdch cdc anion khi bit
tri biing trq dp hay dimg chiit hoqt
aQn

Ifti phdn t6ch anion hEu co y6u bing CE
thudmg phii thyc hiQn d pH tuong d5i cao d6

ttAm bio sg phdn ly hoan todn. O di6u kiQn ndy
ddng EOF r'.it m4nh, nguli ta thulng th6m chAt

ho4t dQng bd mat A6 nrn gidm cuong dQ hopc

tt6o chidu dong EOF. Dii so s6nh, qu6 ninh
phdn trich cria ctrng hdn hgp chuAn c6c I I anion
hiru co y6u eluqc thgc hipn trong hai trudng

lop,f'laatoo7*
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hqrp: srl dpng c6ch th6ng thudmg li th€m CTAB
(0,1 mM) ho{c dirng ddng thriy tlQng llrc trq 6p.

Nhu c6 tn6 tn6y trong tliQn di dd 44, ddng thriy

itQng luc hgc hoan todn c6 th6 bt trir ddng

EOF. Ngopi tnr mQt s5 kh6c biQt trong thoi gian

phin tich tdng (c6 thiS duqc tli€u chinh beng

c6ch t6i uu t5c dQ ddng thty dQng luc vA/hofc

ndng <lQ CTAB), ktit qua thu tlugc tt hai k!
thuAt h tuong tg nhau.

1,, 
,.u

t00 2a 300 :l(n 500 600

Thoi gian (s)

Hinh 4. DiQn di dd phan t6ch c6c anion htu co. (A)
CE tg 6p vdi P :2,8 bar. (B) CE thdng thudrng

dung CTAB d6o chi6u ddng EOF (0,1 mM). Anion:
(l) oxalat; (2) malonat; (3) fomiat; (4) succinaq (5)

cacbonat; (6) axetat; (7) lactat; (8) salixylat; (9)
benzoat; (10) sorbat; (l l) gluconat (t6t cn d 200

pM). DiAu kiQn CE: tlQ ddi hi€u dpng cria mao qud,n

35 cm; E:400 V/cm; pha tlQng: Tris T0mfWCtmS
70 mM, pH 8,4, <tiQn th6 duong ttflt d cl6u detector.

3.3. Phdn tdch anion & cac pH khdc nhau, su
dung W thuQt trg dp

Vdi ky thuft th6ng dpng i16 bir tru ddng

EOF phni srl dpng c6c ch6t hoat dQng bd mat vi
ds CTAB, nhu vfy m5i tctri thay d6i pH vd

thanh phAn dQm, cAn mAt ttrOi gian t5i uu ndng

dO CTAB. Vdi ky thuOt CE trq 6p vA hC thi.5t bi
SIA-CE, ngudi dirng chi cdn thay aOi UuOc aAy

cria bom xylanh dan t6i thay d6i 6p su6t tai dAu

cQt vi t?o ra ddng thriy tlQng lyc vdi t5c d0

kh6c nhau dd bir trt ddng EOF. Do v4y viQc tdi

uu khdng mAt *rie,, thdi gian nhu c6ch hopt

h6a cQt beng CTAB. Hinh 5 bi6u di6n c6c ctiQn

di tl6 thu dugc trong qu6 trinh t6i uu pha tlQng

(pH, thdnh phAn) de phdn t6ch c6c anion hiru co

c6 diAu chinh 6p suAt trg 6p.

340

Thdigian (s)

Hinh 5. DiQn di tl6 ph6n t6ch I I anion vdi c6c pha

ttQng c6 pH kh6c nhau bing tliQn di mao quan ki5t

hqrp vdi kl thuflt trq 6p. a) pH l0,2,pha dQng: CAPS
90 mM + Arginin 90 mM, P =2,3 bar; b) pH 9,1,

pha ilQng: CHES 50 mM + Arginin 30 mM, P =2,4
bar; c) pH 8,4, pha tlQng: TRIS 70 mM + CHES 70
mM, P:2,8 bar; d)pH7,2, pha tlQng: MOPSO 25

mM + Arginin 15 mM, P:2,1bar; e) pH 6,1, pha

tlQng:Histidin 90 mM + MES 90 mM, P:2,4bu.
Thrl t.u c6c pic: l) Oxalat; 2) malonat; 3) Fomiat; 4)

Succinat; 5) Cacbonat; 6) Axetat; 7)Lactat;8)
Salixilat; 9) Benzoat; l0) Sorbat; I l) Gluconat.

Di6u kipn tliQn di: chi6u ddi hiQu dpng cta mao qudn
35 cm;E:400 V/cm.

3.4. Phdn tdch anion st dltng brdc tdng dp

Ifti phAn tach h5n hqp cfia nhi6u anion c6

dQ linh tlQng diQn di kh6 kh6c nhau (tam gei ld
c6c anion nhanh vd anion chflm) c6 ddng EOF

ngugc chiAu vdi dong chuyiSn ctQng ion cdn phdi

bt tni ddng EOF (bing nhiing bi$n ph6p kh6c

nhau), do d6 s€ xiy ra hiQn tuqng pic cria c6c

anion chuy6n dQng nhanh (anion nhanh) bi k6o

[i gAn nhau trong khi pic c6c anion chuy6n

dQng chfm (anion ch$m) d c6ch xa lAm k6o ddi

t6ng thoi gian phdn tich qu6 mirc. Tinh hu5ng

A t2.

1 
0t1," 

,*
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ndy il6 dugc bi,3u di6n d di€n di d6 6e, viQc il4t
6p lgc li€n tgc 1,7 bar tlim b6o ttQ ph6n giAi cria

c6c pic nhrmg thoi gian ph6n tich k6o ddi t6i
800s. Cdn frong eliQn di dO 68, ddng thriy dQng

lgc hgc m4nh hon d 2,4 bar girip giim d6ng kO

thdi gian phAn tich nh.mg lgi gAy mrit A6 pnan
gidi d5i vli c6c pic cta ion nhanh ld nitrat vd

nitrit. C6ch grdi quy6t trong trong truong hQp

ndy ld thay tl6i t5c t10 ddng thty elQng lsc (hay
6p su6t h6 tq) trong qu6 trinh phdn trich. DiAu

ki€n t5i uu li tlat 6p su6t 1,7 bar ktri bit dAu

bom miu sau d6 tlng l6n 2,4 bar sau 240s. Ktit
qui tong ttipn di dd 6C cho th6y viQc diAu

chinh di€u kipn trq 6p tlim bno dQ phAn giai cho

th cd c6c pic cria anion nhanh vd chfm trong
l*roang thdi gian phdn tich tuong <l6i ng6n (gin
45oi).

l*'u

4. r6t tugn

Nghi0n crlu cho th6y trong qu6 trinh phin
trich tlipn di mao qudn viQc <lua ddng thriy tlQng

lgc vdo ddng chuytin dQng cta cdc ion c6 thai

ldm tac nhdn bi tnl ddng EOF vd ld k! thuft c6

ich dG diAu chinh linh hoat thoi gian luu cria

anion nhim tdi uu <tQ phAn gi6i vA/ho[c thoi
gian phdn tich. Vdi hQ diQn di mao quan born

m6u tudn tU gh6p v6i detector dQ d6n kh6ng
titip xric tU ch6 t4o c6 th6 sri dpng born xylanh
di€u khi6n bAng m6y tinh dC thay tt6i ddng thriy
dQng lpc mQt c6ch linh hopt (cn vA t5c d0 vd

thoi gian bit ttAu;, do vfy c6 th6 thu clugc ktit
qui phdn t6ch tOi uu tuong t.u nhu rua gi6i
gradient tong sfc kj l6ng hiQu ndng cao.
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Anion determination by pressure-assisted capillary
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The separation of anions was carried out by pressure-assisted capillary electophoresis technique

using the built in-house system with contactless conductivity detector and narrow capillary 10 pm I'D'

Based on the pressure assistance, the incorporation of hydrodynamic flow to the elecfrophoretic

movement of anions can be used as a solution for the compensation of the electoosmotic flow without

using surface modifier. This technique is likely to result from the optimization of separation and

analysis time. The rate of hydrodynamic flow and the imposing time was confiolled by the sequential

injection analysis manifold with a syringe pump.

Keywords: anion, hydrodynamic flow, pressure-assisted capillary electophoresis, sequential

injection analysis manifold, contactless conductivity detector.


