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Tong quan vé cach tao 16 nano (nanopore) va ng dung loc,
do mot sb ion tap trong chét long
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TOM TAT

Bio c4o gi6i thiéu va phéan tich mét cach tdng quan vé viée ap dung cac mang loc sir dung céc 16 nano
(nanopore) vdi kich thudc tir vai dén vai chyc nanomet trong viéc loc va do cac ion tap mang dién c6 trong
chat long, Céc 1 nano ¢ thé dugc ché tao bang nh1eu phuong phap khac nhau. Céc 16 nano c6 thé duoc
ché tao bang phuong phap khac nhau, duoc sip xép trén mot chip tao thanh mang loc stt dung lam vach
ngin dé ngin dbi cac hop chira chit 1ong thanh hai ngan Khi dit mot hiéu dién thé glua hai ngan, dién
truong s€ tic dung lyc 1én cic ion kim loai va kéo céc ion kim loai hodc mang dién nay sang mot ngan,
hi¢u ung nay co the sir dung trong viéc loai bo vi lugng mot s tap kich thu¢e nano trong chét 1ong dé tinh
loc chét long. Néu str dung birc xa laser v6i bude song thich hop dé kich thich quang cac ion mang dién
trong chét long nhu nuée, chét dich, mau.. ., thi ¢6 thé x4c dinh dinh tinh, dinh lvgng thanh phin hoa hoc
cua cac ion nay thong qua viéc phan tich pho phat xa hozic hap thy dic trung.

Tir khéa: Nano; 16 nano; mang loc; ion kim loai; do, tinh Igc.

1. Dt vin dé

Céc 16 nano (nanopore) la cac 15 ¢6 kich thude nhé & cip d0 nanomet va co rat nhleu tng dung trong khoa

hoc ki thuat va cudc song. Trong tu nhién, cac 16 nano cé thé tim thay trén cac mang té bao nhu o-hemolysin

— 16 nano protein c6 duo’ng kinh vao khoang 1.4nm, MspA c¢6 dudng kinh 1.3nm (D. Deamer, 2010). Cac 15
nano nhan tao ciing c6 rat nhidu tng dung va thudng dugc st dung cho viée nghién ctru céc hat ¢ kich thuéc
¢ nm. C6 thé sir dung céc 16 nano trong viéc tinh loc chét 16ng, loai bo cac ion tap trong chét 1ong. Mot trong
nhitng (g dung quan trong ctia cic 16 nano 1 phan tich trinh tu chudi DNA (D. Fologea, 2005) thong thuong
sur dung phuong phap Sanger (B. Gharizadeh, 2006). Ung dung nay rét quan trong trong vigc gidi ma b gen
di truyén cta con ngudi cling nhu cac sinh vét. Bén canh do, cac 15 nano cling dugc sur dung d€ do, phan tich
tinh chét cac phéan tir hoiic ion trong chit 16ng (J. Shim, 2017), tinh loc chét 1ong (M.D. Afonso, 2003). Ngoai
ra, cac phan tu cling thuong duoc ¢ 1ap béng cach sur dung céc 16 nano c6 kich thudc nho két hop véi dién
truong tic dung dé phuc vu cho viéc nghién ctru c4c tinh chit cua chung.

C6 rat nhiéu phuong phap tao 16 nano, tuy nhién cac phuwong phap déu c6 nhiing uu va nhugc diém nhét
dinh. Phuong phap st dung khéc dung tia dién tir (e-beam lithography) c6 thé tao cac 16 nano trén cac dé
Si3N4 (d6 day chi vao khoang tir vai t6i vai chuc nm) v6i dudng kinh 16 nano ¢& vai nm. Phuong phép nay
cho téc d6 tao mau thép, doi hoi thiét bi dét tién, k¥ thuat do dac phirc tap, chi phi van hanh cao. Phuong
phap an mon dién hoa sur dung axit HF lam dung dich an mon thudng dugc st dung tao 16 nano trén mang
silic tao 16 nano c& khoang vai nm dén vai chuc nm. Day 1a mét trong nhitng phuong phap ré tién, toc do
tao 16 nano twong dbi cao, tuy nhién d9 lap lai khong dugc cao. Phuong phap an mon dién hoa co thé st
dung anh sang kich thich dé tao ra cac 16 tréng trén mang dé the hién qua trinh phan tng hoa hoc dn mon,
tuy nhién phuong phap nay lai c6 thém théng s6 ctia ngudn sang nén kha ning lip lai cua phwong phap bi
giam. Mot phuong phap dién hoa khac cin it théng sé ché tao hon phuong phép trén 1a sir dung hiéu g
déanh thing 16p mang silic khong dung anh sang kich thich bén ngoai. Trong phuong phap nay, hinh dang
ctia 16 nano thudng kho diéu khién hon cic phuong phap néi trén. Vi vdy, tiy theo tirng yéu cau cu thé dé
lya chon phuong phap ché tao 1 nano cho phu hop.

Trong bao céo nay, tac gia sé g10’1 thiéu tong quan vé cic phuong phap tao 16 nano véi cac kich thudc
khac nhau va cac wu nhuée diém cua chung, cac phuong phap dé xéc dinh duong kinh ciia cc 16 nano va
cac g dung cta chung.

2. Cac phuong phap che tao 16 nano
2.1. Phwong phap khic si dung chum tia dién tir (e-beam lithography)

Céc 16 c¢6 dudng kinh ¢& vai tram nm dén vai pm cé thé dwoc tao ra bang cach sir dung phuong phap
quang khéc. Trong phuong phap nay, mot 16p mang nhay sang dugc phu trén bé mat cua miu cin khic.
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Sau d6, mat na dugc dat 1én phia trén cua 16p mang nhay sang nay va tia UV duoc dat ¢ trén cung dé chiéu.
Tai nhitng noi trén mang nhay sang ma mit na dwoc che thi bj phoi bsi tia UV va tré thanh 16p chét rin
moéng bao vé miu (loai nhay sang am). Sau khi bo mit na, nhiing diém con lai (khong bi phoi) dugc rira
trong cac dung dich, phan dién tich nay ciia miu s& bi khic boi cac dung dich an mon.

Tuy nhién véi cic 16 nano nho hon & cip d6 nm thi khéng thé 4p dung cac phwong phép nay do gidi han
clia budc song anh sang st dung trong quang khic (khoang 350-400 nm dbi véi tia cyc tim). Do vay, sir
dung chum tia dién t&r v6i ndng lugng cao sé khéc phuc duoc han ché trén va c6 thé tao ra dugce cac 16 nano
& cap d6 nho hon, c6 thé vai nm. Phuong phap nay ciling tuong tu nhu phuong phap quang khéc, diém khac
biét 1a phuong phap nay ding chum tia dién tir c6 d6 truc chuin cao, duong kinh cia chium tia chi vao
khoang mét vai nm (R. Menon, 2005; M.J. Madou, 2002; M. Altissimo, 2010; C. Vieu, 2000) ding dé tao
mat na trén mdt 16p nhay sang thay vi su dung tia UV. Tuy nhién phuong phap nay thuong sir dung dé tao
céc 16 nano c6 chiéu dai khoang vai chuc nm, trén cac loai mang mong nhu SiNy.

2.2. Phwong phdp quang khdic chim ion

Phuong phap nay twong ty nhu phuong phap quang khic st dung chim tia dién tir n6i trén, nhung sir
dung mot chum ion thay vi dung chum tia di¢n tir (J. Orloft, 2003), thong thudng ion gallium duge sir dung.
Do ion c6 khoi hrorng 16n hon rat nhiéu so véi ciia electron nén ion s& giam dugc hiéu tmg hi¢n tugng nhiéu
xa nhiéu hon, do vay s& cho dé phén giai cao hon so v6i chum tia dién tir. . Phuong phap st dung chim ion
hdi tu ciing cho dudng kinh ciia 16 nano dudi 20nm.

2.3. Phwong phap an mon dién hoa

Phuong phap an mon dién hoéa dugc coi la phuong phap ré nhung lai cho két qua kha tot. Trong phuong
phap nay, dung dich an mon 1a céc axit ¢6 tinh an mon cao, tinh di hudng 16n nhu HE. Trudce khi thyc hién
qua trinh an mon, cac chip dugc lam sach béng cong ngh¢ phong sach va tao hinh dé dinh vi céc 13 nano s&
duoc tao ra (H. K. Gatty, 2020).

HF 5.4%
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Hinh 1. Anh SEM cua mot é dwoc tir dién nguwoc voi dinh la noi 16 nano sé hinh thanh sau qua trinh
an mon dién hoa (trai), mat cat cua hé dung cho qua trinh an mon dién hoa (phai)

Hinh 1 1a anh SEM ctia mot chip silic da dugc tao cac tr dién nguoc cé kich thude day 2pum x 2pum va
lam sach. Pinh ciia hinh t&r dién nay 1a noi c6 do cong 16n nhét va sé& 1a noi tip trung cuong do dién truong
cao nhit. Hinh 1 bén phai 1a so d6 cua thiét bi gdm hai ngin dé thuc hién n mon dién hoa. Chip silic véi
cac tlir dién nguge dugce chén gitra hai ngan lan lugt chira axit HF va mubi NaCl, hai dién cyc 1am bang
bach kim (d6 va xanh). Dat hiéu dién thé mot chidu (khoang 15-20V) vao hai dién cuc nay nhém tao ra hiéu
ng dénh thing (breakdown). Trong qué trinh d&n mon dién hoa, phan ing hoa hoc s& bat dau tai dinh cta
hinh tir dién nay va 15 nano s& bit dau dwoc hinh thanh tir mat trudc ra mét sau cua chip. Két qua thu dugc
16 nano c6 kich thuéc mit trude khoang 7nm nhu trén hinh 2.

3. Phuong phap xac dinh kich thwéc 16 nano
3.1. Sir dung kinh hién vi dién tir quét (SEM)

Tuy vao muc dich tmg dung ma ma 16 nano dugc ché tao voi hinh dang, kich thude, do dai khac nhau.
C6 thé st dung kinh hién vi dién tir quét v6i d6 phong dai 1én t6i vai tram nghin 14n dé xac dinh kich thude
16 nano. Trong ki thuat chyp anh SEM, chip silic c6 chira 16 nano duge dinh trén ga mau béng kim loai cta
kinh hién vi. D& cho anh c6 chit lugng tdt, phai tdi vu hoa higu dién thé tang téc chum tia dién tir, khoang
cach gitra thiu kinh va mAu, qua trinh tryc chudn tia dién tr, chon loai ddu do pht hop. Trudce khi chup anh
méau, cac chip duoc rira va xir ly cAn than bang cac loai hoa chét trong phong sach véi nhiét do thich hop
dé dam bao khong c6 tap chét bi bam trén bé mat cua 16 nano. Anh SEM c6 thé cho d6 phén giai khoang
vai nm nhu trén hinh 2 (mat truéce ciia mang cé 16 nano khoang 7nm), va nhin chung miu khong bi pha huy
hodc thay d4i tinh chét sau khi chup. Dé nhan biét chinh x4c 16 nano da hinh thanh hay chua, anh SEM cua
mit sau mang can duge chyup nhu trén hinh 2 (bén phai).
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Hinh 2. Anh SEM ciia 1 16 nano trén chip silic tao bdi phirong phdp dn mon dién hoa, mat trudce
(bén trdi) va mat sau (bén phdi) dwoc chup voi dé phong dai hon 900.000 lan

3.2. Phwong phdp do ¢ déin ciia 16 nano

Phwong phap do dé dan két hop véi cac anh chup boi kinh hién vi dién tir quét rit hiru ich trong viée xac
dinh duong kinh ciia 13 nano ciing nhw dy doan hinh dang cta 16 nano ma khéng can cit mau. So d6 hé do do
dén ctia 16 nano sir dung cAu hinh 4 dién cuc duge trinh bay nhu trén hinh 3 bén trai. Dung dich KCl dugc
dung 1am chit dan dién. Nguon dién dugc ndi véi hai diém 1 va 4, hiéu dién thé gitta hai mat cta chip silic
duoc do trén hai diém 2 va 3. Hai dién cyc 2 va 3 1a nhiing dién cyc tham chiéu Ag/AgCl (reference electrodes)
ding dé loai bo hiéu dién thé tiép xuc giita KCI va dién cyc. Ngudn dién s& ¢6 chirc nang didu khién sao cho
hiéu dién thé 2-3 dat dugc gia tri dinh trude. Cac gia tri cua hiéu dién thé cling nhu thoi gian duy tri hiéu dién
thé duogc 1ap trinh trén may tinh. Gia trj thyc ciia dong dién chay (dudng mau xanh, hinh 4 & giita) qua dién
cyc 1 (hodc 4), hiéu dién thé 2-3 (mau do, hinh 4 gilra) dugc ghi lai trén mdy tinh. Trén dd thi nay, trong
khoang thoi gian ma cuong d6 dong dién dat gid tri on dinh, gid tri dong dién nay dugc va hi¢u dién thé duoc
bidu dién trén hinh 4 bén phai. Do 16 nano giéng nhw mét dién tré nén s& co tinh chit Ohmic hay quan hé U-
I 1a tuyén tinh. H8 s6 goc cua dudng thing nay thé hién d6 dan cua 15 nano.
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Hinh 3. Céu tao hé do d@é dan ciia 16 nano (trai), chip dwoc dat gitva hai khoang chira KCI.
Cuong do dong dién (xanh) va hiéu dién thé (do) dwoc ghi lai déng thoi theo thoi gian (gitta).
D6 thi biéu dién quan hé gitta dong dién va hiéu dién thé ciia 16 nano (phai), do daén cua 16 nano
dwoc tinh tir hé sé goc cua dé thi
4. Ung dung ciia cic 18 nano
4.1. Nhgn biét va khdo sdt sw dich chuyén, tinh chit cdc ion hodc phén tiv

Hinh 4. H¢ do su dich chuyén ciia cdc cftuzfi DNA qucz,lé~ nano trén chip silic bcin,g kinh hién vi quang
ket hop voi may do quang pho. Laser don sac 514 nm dwoc sir dung dé kich thich



Dé khao sat su dich chuyén cua cac phan tir hodc ion cling nhu xac dinh sy c6 mat cia chung c6 trong
chét 16ng, hé do tin hiéu quang dwoc thiét 14p ciing véi kinh hién vi quang hoc. M6t tia laser véi kich thuéce
rt nho, khodng vai chuc um? dugc sir dung @8 kich thich vao vi tri cac 15 nano (M. Zhang, 2015). Kinh
hién vi quang hoc duoc st dung nhim muc dich truc chuén chip va tia laser kich thich, dam bao tia laser
chiéu dtng vao vi tri ctia 16 nano. Dudi tac dung ciia dién trudng, cac ion tap dugc kéo v& vi tri cc 18 nano
va phat xa dudi tac dung cua tia laser kich thich. Do qua trinh chuyén dong rat nhanh nén qua trinh phat
quang ctia cac ion dugc ghi lai bang camera véi toe do ghi hinh rét 16n, mdi mot khung hinh vao khoang
mot vai ms. Quang phé phét xa dic trung cua ion hay nguyén tir cling dugc phan tich trén may quang phé
dé nhan biét loai tap.

Viéc phan tich sy dich chuyén cua cac don nguyén tir chay qua 18 nano ciing c6 thé thyc hién thong qua
phép do d6 din nhu trén st dung hé do trén hinh 3 ma khong cin c¢6 hé do quang. Gatty va cong sy da thyc
hién viéc khéo sat su truyén qua ctia cic chudi DNA qua 16 nano silic voi chidu day gin 500nm (H.K. Gatty,
2020). Khi cac phén tir chuyén dong qua 15 nano, dong chét 16ng dan dién s& bi ngit va dong dién bj giam
dot ngdt voi bién do khoang vai chuc pA trong vai ms, hién tuong nay dugc goi 1a hién tugng nghén dong.
Trong phep khao sat nay, dong dién do dugc chi vao khoang 100-200nA, va sy thay ddi ctia cwdng do dong
dién rat nho nén hé can phai dat trong mot 1ong Faraday dé tranh nhiéu dién tir phia bén ngoai. Bén canh
do, do cac phan tir c6 kich thudc qua bé nén qua trinh nghén dong dién chi dién ra trong vai ms hodc ngén
hon, do véy thiét bj ghi dong dién theo thoi gian can co tdc d¢ lay miu tin hiédu toi vai chuc kHz dé dam
bao do phan giai thoi gian.

4.2. Loai bé vi lwong cdc logi ion tap

Véi mot sb loai tap mang dién thi viéc loai bo tap chét trong mot thé tich nho 1a hoan toan c6 thé thuc
hién dugc dudi tac dung cua di€n truong Kkét hop vdi sir dung 16 nano. Hé trén hinh 3 duge st dung cho
viéc loai tap chét, trong hé mdt ngan chua hén hop chét long c6 chura tap, ngén con lai ¢ thé sir dung mot
loai dung méi. Bing cch dat hiéu dién thé giita hai diém 1 va 4, dién truong xuét hién va s& kéo cac ion
tap mang dién tir ngin chtra hdn hop, di qua 15 nano rdi sang ngin con lai, do viy ndng db tap s& giam dan
& bén ngan chira hdn hop. Trong hé nay, 16 nano c6 tac dung loc lwa kich thudc tap, déng thoi mang chua
16 nano c6 tac dung c6 1ap hai dung dich véi néng do tap chét khac nhau. Qua trinh co thé thuc hién duoc
trong thoi gian rat 1au, vi vay co thé sir dung chip véi nhiéu 15 nano (h¢ array) dé tang tbc do qua trinh loc.

5. Két luan

Nhu vay, cac 16 nano déng vai trd quan trong trong linh vuc nghién ctru khoa hoc cling nhu cic (ng
dung trong k¥ thuat. Cac phuong phap tao 15 nano rit da dang, moi phuong phap déu c6 wu va nhuoc diém
nhét dinh. Viéc giam duong kinh cac 16 nano s& mé ra rat nhiéu tng dung mo6i cho con nguoi trong viée
nghién ciru cac thuc thé & cap d6 nanomet. Do véy, cac phuong phap ché tao liét ké & trén ciing can dugc
cai thién dé dap tmg nhu ciu nay.
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ABSTRACT

General concepts of nanopores: fabrication methods,
applications in filtration and detection of ion in liquid

Nguyen Xuan Chung'”
! Hanoi University of Mining and Geology

The report presents the general concept of nanopores in the range of few to few tens of nm in ion filtration
and detection applications. In order to create these nanopores for the such applications, the nanopores can
be fabricated by various methods. These nanopores are formed on a chip and work as a filtering membrane.
For filtration application, the chip inserted between 2 chambers of a cell, an electric field is applied to create
an electric force which motivates ions to move from the first chamber, go through nanopores and arrive the
rest chamber. Consequently, the concentration of ions or molecules in the first chamber decrease, while
their concentration in the rest chamber increases, finally the liquid becomes purer. By combining electric
field with a laser excitation, the ions or molecules can be detected by a spectrometer where the characterized
emission spectrum can be recorded and analyzed. The quantitative concentration of ions can be determined
in terms of emission intensity and optical density.

Keywords: Nano; nanopore; membranes; ion; detection; filtration.
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