Tap chi Khoa hoc PHQGHN, Khoa hoc T nhién va Céng nghé 28 (2012) 226-232

K¥ thuat dién di mao quan trg &p phan tich cic anion

Mai Thanh Pc'?, Duong Héng Anh"*, Peter C.Hauser?, Pham Hung Viét!

' Trung tam Nghién ciru Cong nghé Mbi truong va Phat trién Bén viing,
Truong Pai hoc Khoa hoc Tu nhién, DHQGHN, 334 Nguyén Trdi, Ha Noi, Viét Nam
’Khoa Héa hoc, Truong Pai hoc Basel, Thuy Sp

Nhén ngay 12 thing 6 ndm 2012

Tém tit. K§ thuét dién di mao quan trg-ép dugc d1‘1ng dé phén tach cAc anion sir dung hé dién di
mao quan bom mAu tudn tu ghép véi detector dd din khong tiép xtic ty ché tao va mao quéan cé
duong kinh trong 10 um. Duéi téc dung 4p suét h3 trg, dong thuy dong luc duge vao dong chuyen
déng ciia c4c anion c6 thé lam tic nhan bl trir dong dién di thdm thiu thay cho viéc sir dung chét
hoat dong bé mat va dugc chimg minh 13 c6 thé 1am t6i wu do phén giai tin hiéuw/thdi gian phin
tich. Téc d9 cia dong thity dong lyc va thdi diém dua vao qué trinh phén tich c6 thé didu chinh

dugc nho bd bom tudn tir véi bom xylanh.

Tir khéa: anion/dong thity dong luc/ dién di mao quan trg 4p/bd bom miu tuin tu/detector d6 din

khéng tiép xtic.

1. Giéi thidu

Trong qua trinh phan tach dién di trg ap, cb
thé bom dong thiy dong lyc cing chiéu dong
chuyén dong cuia ion dé rit ngin thoi gian phan
tich; hoic bom ngugc chidu véi dong ion dé
kéo dai thoi gian luu trong hé giup ting kha
ndng phéin tich. Dong thiy dong luc s€ giy ra
hién tugng gidn tin hi¢u do anh hudng cia dong
chay 16p, tuy nhién diém yéu niy c6 thé khic
phuc néu ding mao quan c6 dudng kinh hep 10
pum thay vi mao quan thong thudng cé duong
kinh 50 -75 pm. Néu hé dién di (CE) két ndi véi
detector quang thi mao quan hgp 10 um khong
phi hop do d6 dai truyén sing qué ngin nhung
khi két ndi véi detector do d6 din khéng tiép
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xic (C'D), mao quan hep khong anh huéng
dang ké dén d6 nhay [1,2]. Bai ndy s& trinh bay
nghién ciru vé viéc sir dung dong thity dong luc
d8 t6i wu thoi gian phan tich/ hodc kha ning
phén tach cac anion v6 co va hitu co nho khi
ding hé thiét bj CE-C'D tu ché tao véi mao
quan 10 pm.

2. Vit liéu phuong phap
2.1. Hoa chdt va dung cu

Tét ci céc hoéa chit ¢c6 d6 tinh khiét phén
tich cua Fluka (Buchs, Thuy Si) hay Merck
(Darmstadt, Pirc). Dung dich géc 10 mM cua
céc anion v6 co: CI, NO5, NO,, SO,> va cac
anion hifu co: oxalat, malonat, fomiat, succinat,
cacbonat, axetat, lactat, salixylat, benzoat,
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sorbat, ascobat, gluconat pha tir cdc mudi natri
tuong tmg (trlr ascobat dugce chuan bj tryc tiép
tir axit ascobic) dugc dung dé chuin bj cic
dung dich chuin ctia cac anion vé co va hitu co.
Mao quan duge xir ly bodi NaOH 1M trong 10
phit va nuée deion trong 10 phit trude khi sir
dung cho phén tach.

2.2. Thiét bj va vdn hanh thiét bi

Hinh 1 biéu dién so @5 h¢ thiét bj dién di
mao quan bom miu tudn tw ghép véi detector
d5 dn khong tiép xic (hé SIA-CE-C*D) ty ché
tao. BY bom méu tudn ty (SIA) bao gbm mot
bom xylanh khép v&i mt xylanh 1mL va van
da kénh 6 cbng (Tecan, Crailsheim, Dirc) [3].
B giao dién (interface) bang plexiglass dugc
st dung dé ndi bd SIA véi mao quéan [4]. Tai
diu ra cua giao dién c6 18p cam bién do ap suit
(Honeywell, Thyy ST) dé quan tréc tryc tiép ap
sudt_ctia dong chit long; mot éng néi PEEK
dudng kinh 0,007 inh dai 35 cm va 2 van dimg
(Nresearch,Thyy S7) dé diéu chinh 4p luc
ngugc. Thiét bi cé nguén cép dién cao thé

(Spellman CZE2000, Pulborough, Anh) véi
dién thé t6i da 13 +30 kV va mao quan ¢6 duomg
kinh ngoai 365 pm va duong kinh trong 10 pm
(Polymicro, Phoenix, AZ, M¥).

T4t ca cac budc vin hanh thit bi bao gdm:
xtt 1y, rira mao quan, hat va bom méu thiy
dong Iuc, diéu 4p ciing nhu phan tach va thu
nhén tin hiéu déu dugc thuc hién ty dong héa
v6i phdn mém ty xay dung trén co so
LabVIEW. Khi bom mét doan miu x4c dinh
chay qua dAu vao ctia mao quéan trong giao dién
SIA-CE, van ding V1 dugc m¢ va V2 déng.
Pé tao dong thuy ddng luc trong qua trinh phan
tach dién di ca hai van dimg V1 va V2 dugc
déng sau d6 dong co ddy bom xylanh véi budc
dAy phi hop. Thay dbi budc diy cia bom sé& tao
ra céc tbc do dong thity dong luc hay 4p suét
khac nhau. Khi rira giao dién V1 (hoic ca hai
van dirng) mé. Trong qua trinh phin tich cic
ion, dién cyc tai dau detector dugc dat mot dién
thé cao c6 diu phu hgp va dién cyc con lai
dugc ndi dit.
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Hinh 1. So dd h¢ SIA-CE-C*D dé thyc hién ky thudt dién di mao quén trg 4p.
C*D: detector do d6 din khong tiép xtc; HV: ngudn cao thé; W: thai; V1, V2: van dimg.
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2.3. Thuc nghiém

Dé chimg minh kha nang sir dung mao quan
dudmg kinh hep c& 10um nhim khéc phyc hién
trgng gidn tin hiéu do dong chay 16p gy ra
ddng thoi khong anh hudng t6i 4o nhay cua
thiét bj ching t6i tién hianh thyc nghiém so
sinh hiéu qua tich cla cdc cft mao quin v&i
dudmg kinh khac nhau trong trudng hop c6 trg
ap. Truc hét st duyng mao quan véi dudmg
kinh trong théng thudmg 12 50 pm, phan tich 15
anion vO co va hiru co khi cé sir dung dong
thity dong luc trg 4p véi cac téc do khac nhau
(didu kién thi nghiém cu thé dugc trinh biy
trong hinh 2). Sau d6 sir dung céc loai mao
quan c6 dudng kinh khac nhau: 10, 25, 50 pm
phan tach cac anion khi c¢6 sir dyng dong thuy
dong luc tro 4p v6i cac tbe dd khac nhau (diéu
kién thi nghiém cu thé dugc trinh bay trong
hinh 3) va so sanh céc két qua dé dua ra két
ludn vé viéc ding mao quan dudng kinh trong
10 pm. Céc thi nghiém tiép theo déu sir dung
loai mao nay.

Trong qué trinh phan tich cic anion bang
ky thuat dién di, dudi tic dung cua lyc dién
trudmg céc anion s€ bj hut v¢& phia anot nhung
dong dién di thdm thiu (dong EOF) lai kéo
ching ngugc lai vé phia catot. Do vay mubn
c4c anion chuyén dong vé phia anot va tach 16t
cin c6 bién phap dé bl trir anh hudng cia dong
EOF (lam giam hodc do hin chiéu dong EOF)
& mot mirc d thich hgp. Dé so sanh higu qua
clia k§ thuit trg 4p (mét bién phap bu trir dong
EOF) vi k¥ thuit thong dung 13 bu trr EOF
bing chit hoat dong bé& mit dang cationic, thi
nghiém phan tach cac anion hitu co duge thyc
hién trong hé dém Tris/CHES pH=8,4 véi hai
ky thuét: () trg ap (bu trir dong EOF.

Mbt wu diém khi sir dung k¥ thudt trg ap so
v6i ki thuét thong dung dung chit hoat dong bé
mit 13 khi t5i vu héa qua trinh phan tich bing

nhitng pha djng khac nhau s& khong phai xir ly
lai mao quan ma chi cin thay déi ap suét. Diéu
nay dugc chimg minh qua day thi nghi¢ém phén
tach céc anion hitu co & céc diéu kién pH khac
nhau tir 6 t&i 10.

Véi hé thiét bj SIA-CE-C4D tyr ché viéc trg
ap co thé thyc hién tai cac thoi diém khéac nhau
5o v&i thoi diém bom mAu gitp t8i wu héa ddng
thoi kha nang phén tich va rit ngn thoi gian
lru cia céc ion. Thi nghiém phan tich ddng
thdi cac anion v co va hiru co duge thyc hién
trong hé dém His 90 mM/MES 90 mM va mét
s& diéu kién khac nhau: (a) trg 4p P = 1,7 bar
ngay tir khi bit ddu bom mau; (b) trg 4p P = 2,4
bar ngay tir khi bt d4u bom méiu; (c) trg 4p Py
= 1,7 bar ngay tir khi bt d4u bom miu va P, =
2,4 bar tir sau khi bom 240 s.

3. Két qua va thio luin

3.1. So sdanh hi¢u qua tdach cua cdc cét mao
quan voi duong kinh khdc nhau

Hinh 2 mo ta viéc tich cic anion hiru co
bang k¥ thuat trg 4p & pH cao sir dung cft mao
quan ¢6 dudng kinh trong 50 pm tai cac ap sudt
khic nhau. O hinh 2a : 4p sut (hay dong thay
dong luc) chua dit 16n dé b trir dong EOF nén
dién di @b s& mit mét sb tin hidu; Hinh 2c: ap
suit qua cao, dong thuy dong luc s& lam cho
c4c anion chuyén ddng rat nhanh, rit ngin thoi
gian hru nhung lai gy dbn pic; Hinh 2b: 4p
sudt t5i wu nhét cho ¢t 50 um, cac tin higu tich
khoi t6t hon. Tuy nhién c6 thé thiy ngay véi
didu kién tdi wu nhét, cac pic ciing khong hoan
toan tach dugc va céc pic cubi cé dang khong
nhon, chin pic khong gon. Hién tuong gidn tin
hiéu nay giy ra do dong chay lop trong mao
quan 50 pm tao nén do chénh éch 4p hai dau
cot (vén chn thiét dé bu trr dong EOF).
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Hinh 2. Dién di 46 phan tach 15 anion v co va hitu
co (ndng dd 10(} va 200 pM) khi sir dung dong thiy
dong luc v te dd khac nhau dé bu trir dong EOF.
Céc diéu kién dién di: mao quan ¢ duorng kinh
trong 50 pm, dd dai hiéu dung =32 cm, E =334
V/em, téc d¢ dong EOF = 0,13 cmy/s, the d6 dong
thity ddng huc: A) 0,089 cm/s; B) 0,103 cm/s;
C) 0,16 cm/s.

Lap lai thi nghiém trén véi cdc mao quéan
nho hon c6 duong kinh 25 va 10 pm, cic két
qua dugc trinh by trong hinh 3. So sinh cac
dién di db 3A, B, C, D ¢4 thé thay rd rang mao
quan nho hon cho d§ tich tbt hon, va anh
huéng cia dong chay 1op s& dugc giam di dang
ké lam cho c4c tin hi¢u khéng bj doing chan.
Viéc sir dyng C4D ¢6 lgi thé 1a tin hidu gin nhu
khong bj phu thudc vao duong kinh trong mao
quan (trong khi véi UV truyén théng, dudng
kinh mao quan t6i thiéu phai bing 50 pm méi
cho do nhay tt). V6i mao quan 10 pm (hinh
3A), pic thu duge 13 cao va nhon nhit, va cic
pic dugc tach hoan toan khoi nhau. Theo do,
céc thi nghiém tiép theo chiing t6i s& sir dung
mao quan 10 pm.
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Hinh 3. Dién di d phén tach 15 anion v co va hiru
co khi sir dung cac mao quan cé duong kinh khic
nhau. Céc didu kién dién di: d6 dai hi€u dung cua

mao quén 32 cm, E =334 V/cm. A) Mao quan
dudng kinh trong 10 pm, pha déng: His / MES 90
mM, téc do dong thiry dong Iyc 0,075 cmvs, dong

EOF 0,086 cm/s; B) Mao quan dudng kinh trong 25

pm, pha dgng: His / MES 30 mM, toc d6 dong thuy

dong lyc 0,137 cm/s, dong EOF 0,13 cm/s; C) Mao
quan dudng kinh trong 25 pm, pha dgng: His / MES

60 mM, téc @3 dong thity dong luc 0,103 cns, dong

EOF 0,098 c¢m/s; D) Mao quan dudng kinh trong 50

pm, pha déng: His / MES 30 mM, téc d6 dong thiy

déng e 0,103 cm/s, dong EOF 0,13 cm/s.

3.2. So sdnh gz'ii'a‘su' phdn téch cdc anion khi bis
trir dong EOF bang trg dp hay dimg chat hoat
dong bé mdt

Khi phén tach anion hitu co yéu bing CE
thuong phai thyc hién & pH twong déi cao dé
dam bao sy phan ly hoan toan. G didu kién nay
dong EOF rit manh, ngudi ta thudng thém chét
hoat d¢ng bé miat dé lam giam cuong d¢ hodc
dio chidu dong EOF. Dé so sanh, qué trinh
phén tach ctia cling hén hgp chudn céc 11 anion
hiru co yéu dugc thyc hién trong hai trudng



230 M.T. Diec va nnk. /Tap chi Khoa hoc DHQGHN, Khoa hoc Tw Nhién va Cong nghé 28 (2012) 226-232

hop: sir dung céch thong thudng 1a thém CTAB
(0,1 mM) hoc dung dong thity dong luc trg ap.
Nhu c6 thé thdy trong dién di d6 4A, dong thiy
dong Iwc hoc hoan toan cé thé bu trir dong
EOF. Ngoai trir mdt s6 khac biét trong thai gian
phan tich tdng (c6 thé dugc diéu chinh bing

céch t6i vu tdc 46 dong thity dong lye va/hodc
A :
B 12 4
1 Jlm 5 5‘ e i 5

ndng d9 CTAB), két qua thu dugc tir hai ky
12
100 200 300 400 500 600

thuit 1a twong ty nhau.
l H g 2 789 10 ] ISOmV

Thdi gian (s)

Hinh 4. Dién di d6 phan téch cé4c anion hitu co. (A)
CE tr¢ 4p v6i P = 2,8 bar. (B) CE théng thudng
ding CTAB déo chiéu dong EOF (0,1 mM). Anion:
(1) oxalat; (2) malonat; (3) fomiat; (4) succinat; (5)
cacbonat; (6) axetat; (7) lactat; (8) salixylat; (9)
benzoat; (10) sorbat; (11) gluconat (tit ca & 200
pM). Piéu kién CE: d¢ dai hiéu dyng ciia mao quéan
35 cm; E =400 V/cm; pha dng: Tris 70mM/CHES
70 mM, pH 8,4, dién thé duong dit & dhu detector.

3.3. Phan tdch anion ¢ cdc pH khdc nhau, s
dung ky thudt trg dp

Véi ky thudt thong dung dé bu trir dong
EOF phai sir dung céc chit hoat dong bé mit vi
du CTAB, nhu vdy mdi khi thay ddi pH va
thanh phn dém, cin mét thoi gian t8i wu ndng
d6 CTAB. Vi ky thuat CE trg 4p va hé thiét bj
SIA-CE, ngudi ding chi cin thay ddi buée diy
ctia bom xylanh dén t6i thay ddi 4p suit tai dau
cot va tao ra dong thiy dong luc véi toc do
khac nhau d& ba trir dong EOF. Do véy viée t6i

wu khéng mét nhiéu thdi gian nhu cich hoat
héa cét b?mg CTAB. Hinh 5 biéu dién cac dién
di db thu dugc trong qua trinh t6i wu pha déng
(pH, thanh phén) d& phan tach c4c anion hitu co
c6 didu chinh 4p sudt tro 4p.
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Hinh 5. Dién di d6 phan tach 11 anion véi c4c pha
déng c6 pH khac nhau bing dién di mao quan két
hop vai k¥ thudt trg 4p. a) pH 10,2, pha dng: CAPS
90 mM + Arginin 90 mM, P = 2,3 bar; b) pH 9,1,
pha dong: CHES 50 mM + Arginin 30 mM, P = 2,4
bar; c¢) pH 8,4, pha dng: TRIS 70 mM + CHES 70
mM, P = 2,8 bar; d) pH 7,2, pha djng: MOPSO 25
mM + Arginin 15 mM, P =2,1 bar; ¢) pH 6,1, pha
d6ng: Histidin 90 mM + MES 90 mM, P = 2,4 bar.
Thir tw c4c pic: 1) Oxalat; 2) malonat; 3) Fomiat; 4)
Succinat; 5) Cacbonat; 6) Axetat; 7) Lactat; 8)
Salixilat; 9) Benzoat; 10) Sorbat; 11) Gluconat.
Diéu kién dién di: chiu dai hiéu dung ciia mao quan
35 cm; E=400 V/cm.

3.4. Phdn tdach anion sir dung budc tang dp

Khi phén tach hdn hgp cta nhiéu anion ¢6
d6 linh ddng dién di kha khac nhau (tam goi la
céc anion nhanh va anion chdm) c6 dong EOF
ngugc chiéu véi dong chuyén dong ion cin phai
ba trir dong EOF (bang nhitng bién phap khic
nhau), do d6 s€ xay ra hién tugng pic ctia cac
anion chuyén d6ng nhanh (anion nhanh) bj kéo
lai gn nhau trong khi pic c4c anion chuyén
dong chim (anion chidm) & cach xa 1am kéo dai
tdng thdi gian phén tich qua mic. Tinh hudng
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ndy da duoc biu dién & dién di dd 6A, viéc dat
ap lyc lién tuc 1,7 bar dam bao d¢ phan giai cta
cac pic nhung thoi gian phén tich kéo dai toi
800s. Con trong dién di db 6B, dong thiy dong
lyc hoc manh hon & 2,4 bar gitp giam dang ké
thdi gian phan tich nhung lai gdy mat d6 phén
giai d6i vai cac pic cia ion nhanh 13 nitrat vi
nitrit. C4ch giai quyét trong trong truomg hop
nay la thay déi tbc d6 dong thuy dong luc (hay
4p suit hd trg) trong qua trinh phan tach. Diéu
kién t6i wu 1a @3t 4p suét 1,7 bar khi bt ddu
bom méu sau d6 ting 1én 2,4 bar sau 240s. Két
qua trong dién di d5 6C cho thdy viéc diéu
chinh diéu kién trg 4p dam bao d6 phan giai cho
tit ca céc pic ctia anion nhanh va chim trong
khoang thdi gian phén tich twong ddi ngin (gén
450s).

A
4? ISO mV

W12y 4 1518
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T
100 200 300 400 S00 600 700 800
Thoi gian (s)

Hinh 6. Phén tich ddng thoi anion nhanh va cham sir
dung budce ting ap. (A) P=1,7bartirt=0s; (B) P
=24barttt=0s;(C)P;=1,7bartlrt=0s, P,=
2,4 bar tir £ = 240 s. Diéu kién CE: [ ;=35 cm; E =
400 V/cm; pha dong: His 90 mM va MES 90 mM.
Anion (200 pM): (1) clorua; (2) nitrat; (3) nitrit; (4)

sulfat; (5) oxalat; (6) fomiat; (7) malonat; (8)
succinat; (9) xitrat; (10) axetat; (11) lactat; (12)
salixylat; (13) benzoat; (14) sorbat; (15) ascorbat;
(16) gluconat.

4. Két lufn

Nghién ctru cho thiy trong qua trinh phén
tach dién di mao quan viéc dua dong thuy dong
luc vao dong chuyén dong cua céc ion cé thé
lam tac nhén bu trir dong EOF va 1a ky thuit c6
ich @& didu chinh linh hoat thoi gian lwu cua
anion nhim t8i wu d6 phén giai vi/hodc thoi
gian phan tich. Véi hé dién di mao quan bom
méu tudn ty ghép vai detector d6 din khong
tiép xiic ty ché tao c6 thé sir dung bom xylanh
diéu khién bing mdy tinh dé thay déi dong thiy
dong lyc mdt cach linh hoat (ca vé tbc do va
thoi gian bat ddu), do vay c6 thé thu dugc két
qua phédn tach t6i wu twong tw nhu rira giai
gradient trong sic ky 16ng hiéu niing cao.
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The separation of anions was carried out by pressure-assisted capillary electrophoresis technique
using the built in-house system with contactless conductivity detector and narrow capillary 10 pm L.D.
Based on the pressure assistance, the incorporation of hydrodynamic flow to the electrophoretic
movement of anions can be used as a solution for the compensation of the electroosmotic 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 controlled by the sequential
injection analysis manifold with a syringe pump.

Keywords: anion, hydrodynamic flow, pressure-assisted capillary electrophoresis, sequential
injection analysis manifold, contactless conductivity detector.



