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TOM TAT

Chuing t6i da phat trién mét logi vat liéu méi 14 si dung chat long ion mang 1én silica gel lam
vat ligu chiét pha ran d@é phan tich fluoroquinolones. Trong nghién ciu nay, 1-methyl-1-
octadecylpyrrolidinium bromide dd dwoc tong hop va cé dinh 1én silica gel (ILSPE). Cau tric cia
chat léng ion va chat léng ion gdn lén silica dwoc phan tich bang FT-IR, *H va *C NMR, TGA-DT,
SEM, BET va EDX. Vit liéu dwoc hinh thanh dia trén lién két hydrogen va tuwong tac van der Waals
giiza silica gel va chat léng ion. Pha tinh nay chirg minh 12 vat liéu chié pha ran hiéu qud heu giie
enrofloxacin, norfloxacin va difloxacin. Cugi cung, vat liéu duwoc &p dung trong xi If mdu tring ga
va tdm chira enrofloxacin va difloxacin véi hiéu sudt thu hai cao (80-110%).

Tir khoa: 1-methylpyrolidine; khang sinh, fluoroquinolone; chat long ion; silica gel; cot chiét
pha ran

1. Giéi thigu

Quinolone 1a nhém khéng sinh c6 ngudn géc tir phong thi nghiém va duoc phat hién
lan d4u vao ndm 1960 nhé kham phéa 7-chloroquinolone - mot san pham phu trong qué trinh
t6ng hop chloroquine cé tac dung khang khuan (Eliopoulos, Klimm, Eliopoulos, Ferraro, &
Moellering Jr, 1993). Budc ngoac quan trong la dua thém vao khung quinolone mgt nguyén
tir fluorine & vi tri 6, tao ra nhom fluoroquinolone (FQ) ma chat dau tién 1a flumequine
(Sharma, Jain, & Jain, 2009). Cac FQ dugc st dung tir ndm 1985, thuéc nhém quinolone thé
hé 11 c6 phd rong trén ca vi khuan gram (-) va gram (+)(Appelbaum & Hunter, 2000). Céc
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FQ duoc dung diéu tri nhidm khuan duong niéu va nhiéu bénh nhiém tring toan than. Hién
nay, cac FQ ton tai nhiéu trong céc thuc pham nhu thit, ¢4, trang, sira do viéc sir dung trong
chin nudi(Goldman, 2004). Diéu nay di gy ra nhiéu van d& suc khoe do du luong khang
sinh tang cao trong thuc pham. Tai Hoa Ki, FDA khdng chip nhan du luong FQ trong thay
san. O chau Au, chinh pha ciing thiép lap nhiing quy dinh vé giéi han du lugng téi da cua
FQ trong céc san pham thuc pham cho ngudi tir nhitng nim 1990 (Toussaint, Chedin, Bordin,
& Rodriguez, 2005). Nhiéu nghién cau trén thé gi¢i di dinh luong du lwong cac FQ trong
nhiéu nén bang phuong phap khac nhau (Gajda, Posyniak, Zmudzki, Gbylik, & Bladek,
2012). Tai Viét Nam, Bo Nong nghiép va Phét trién Nong thon dd ban hanh Thong tu
10/2016/TTBNNPTNT vé viéc sir dung thudc va hda chit trong chin nudi (enrofloxacin 100
ug/L va difloxacin 300 pg/L).

Ngay nay, mot s phuong phap phan tich sir dung cot chiét pha rin (SPE) — gitp lam
gidu miu va loai tap, gitip phan tich chinh xac hon trén cac thiét bi c6 d6 nhay kém. Chat
long ion (IL) d& duoc sir dung nhiéu trong linh vuc phan tich, dac biét 1a phuong phap SPE
(Fontanals, Borrull, & Marcé, 2012). Cac nghién ctru trén thé gidi cho thay IL gan trén silica
gel hay polymer dung lam pha tinh SPE trong phén tich aryl amide(Zhao et al., 2014), kim
loai nang(Nguyen et al., 2022) va thudc diét co triazine (Wang et al., 2015)... Trong nghién
ctru ndy, vat liéu chat l1ong ion tam 1én silica (ILSPE) dwoc tong hop va ang dung trong phan
tich ddng enrofloxacin (Enro), norfloxacin (Nor) va difloxacin (Di) bang HPLC-MS/MS. IL
dugc didu ché c6 kha nang didu chinh ciu tric dya trén phan anion va cation, do vay day
alkyl C18 dugc gan trén 1-methylpyrrolidine s& ting tinh ki nu6c va giap cho qué trinh luu
giit chét phan tich tét hon. Ngoai ra, do trong cau tric phan tir cac FQ (Hinh 1) c6 chira nhoém
-COOH nén c6 thé tao ra tuong tac tinh dién tét véi cation cua IL khi chat phan tich ¢ pH
thich hop. Nghién ciru ndy tap trung vao viéc danh gia kha ning luu gii, rira giai chat phan
tich cua vat liéu ILSPE va &p dung phan tich trén nén mau that Ia tring ga va tom.,
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Hinh 1. Cdu tric cua enrofloxacin, norfloxacin va difloxacin
2. Vatliéu va phuwong phap
2.1. Hoa chat
1-Methypyrrolidine, pyridine, tetrabutylammonium bromide, triphenylphosphine, 1,4-
diazabicyclo[2.2.2]octane va 1-bromooctadecane dugc mua tir Merck. Nitric acid,
hydrochloric acid, acetone va ethanol dugc mua tir Xilong. Silica gel 60 (cia Himedia, An
Do) co kich thudc trong khoang 0,04-0,06 mm. Hoa chét ding dé phan tich HPLC thudc loai
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tinh khiét nhu acetonitrile, methanol, phosphoric acid, ammonia, sodium hydroxide
(Scharlau); difloxacin hydrochloride (99,4%) dugc mua tir Fluka, norfloxacin (99,5%) dugc
mua Dr Ehrenstofer GmbH va enrofloxacin (99,7%) dugc mua Merck.
2.2.  Quy trinh téng hep IL

1-Methyl-1-octadecylpyrrolidinium bromide dwoc diéu ché theo quy trinh & Hinh 2.
Héon hop 1-methylpyrrolidine (1,0 mmol) va 1-bromooctadecane (1,0 mmol) dugc dun hoan
luu tai 90 °C trong 3 gio. Sau khi phan tng két thic, chit rin dwoc rira bang diethyl ether
(3%10 mL) va 1am khd. C4u trdc san pham duoc xac dinh bang FT-IR, NMR va MS.

- 90 c, 3 giv ®, BrO
CN \H/;Br Q\ClBH37
Hinh 2. Phan ing téng hop chadt Iéng ion 1-methyl-1-octadecylpyrrolidin-1-ium bromide

2.3. Quy trinh pha IL trén silica gel

Viéc hoat hda bé mat silica gel va tam chat long ion duoc thuc hién tuong tu cac nghién
ctru trude day (Gharehbaghi & Shemirani, 2012). Trudc khi phu IL, silica gel dugc hoat hoa
Véi nitric acid (ti 18 1:1,5 theo khéi luong) bang cach dun néng & 80 °C trong 4 gid. Sau do,
silica gel duoc rira lai véi nudc cat, ethanol va say kho ¢ 120 °C trong 24 gio. Silica gel da
hoat héa (3,0 g) va IL (1,0 g) duoc cho vao 20 mL methanol va khudy déu biang may khuay
tir. Sau 4 gio, hdn hop duoc li tam dé tach phan ran. Vat liéu ILSPE duoc ria bang nuéc cat
(3 x 50 mL) va say kho & 130 °C trong 4 gio.
2.4.  Quy trinh chudn bi cét chiét pha rdn

Can chinh xac 200 mg vat liéu ILSPE vao cot Strata SPE duoc ¢ dinh bang 2 mang
loc 20 pm Molderd Frits cho loai 3 mL. Thuc hién cé dinh miéng frits véi luc day 1a nhu
nhau cho tirng cot. Ki hiéu va bao quan & nhiét do phong.
2.5. Quy trinh khdo sat kha nang lwu giiw

Céc dung dich chuan gdc (5000 pg/5 mL) duoc pha trong methanol va bao quan & 4
°C. Céc dung dich chuan (250 pg/5 mL) duoc pha trong nuée cat, bao quan & 4 °C va pha
lai 2 tuan/lan. Quy trinh khao sat luu giir va rira giai duoc tém tat trong Hinh 3. Trong cac
thi nghiém, 50 mL céc dung dich chuan hén hop FQ 50 pg/L duoc cho qua cot SPE.

Hoat hoa cot véi 10 mL Hat Vortex trong 2 pht
H,0:MeOH (95:5) chan khdng | oc qua mang 0,45 um
Tai dung dich l l Phan tich
Cot SPE FQ50 g/l & pH 8,0 | Y .| Rura giaj |_Y~|  nantic
véi tbc a6 1 mL/phdit J HPLC-MS/MS

Hinh 3. Quy trinh chiét pha rdn
2.6.  Quy trinh xa i va phan tich mdu that
Mau trimg ga va tom duoc ldy tai cac cho, siéu thi trén dia ban Thanh phé Hb Chi
Minh. Mau duoc luu trong ti lanh & nhiét 6 4 °C. Quy trinh chiét va lam sach méau duoc di
qua 5 buéc (Ramos et al., 2003). Pau tién, 5 g mau (trang ga hoic tdm) dugc xay nhuyén va
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ddng nhit. Ké do, thém 20 mL dung dich dém phosphate 0,2% pH = 8,0, tién hanh vortex trong
2 phiit va dem di ly tAm 15 phat. Thém 10 mL hexane, vortex 2 phut, li tim 15 phit dé loai béo.
Cho dung dich miu sau khi dwoc xir Ii qua cot ILSPE va tién hanh khao sét kha ning luu gitt,
hé dung méi rira giai. Sau d6 thdi kho, dinh mic 1én 1 mL bang dung dich pha dong.
2.7. Phwong phap phan tich

Hoéa chit duoc can chinh xéc trén can Ohaus 8025162. Phan g dugc tién hanh trén
méy khudy tir Phoenix RSM-01HP. pH duoc do bang dién cuc Mettler — Toledo pH InLab
© Expert Pro — ISM. Li tam duoc thuc hién bang PLC - 012, Gemmy Industrial Corp. Phd
hong ngoai (FT-IR) dwoc ghi trén may Bruker E400. Phan tich nhiét khdi luong (TGA) dugc
thuc hién trén may Q-500 (tdc do gia nhiét 1a 5 °C/phut). Phuong phap kinh hién vi dién tir
quét (SEM) dugc thuc hién trén may JSM-1T100 InTouchScope. Ph tan xa nang lugng tia
X (EDX) dugc ghi bang thiét bi EMAX ning luong EX - 400 EDX. Pudng dang nhiét luu
gitr N2 6 77 K duoc thuc hién trén may Quantachrome Autosorb iQ2. Qué trinh tai mau dugc
khao sat trén hé théng Phenomenex. Quy trinh phan tich duoc thuc hién trén may sic ki long
hiéu ning cao ghép khbi phd (HPLC-MS/MS) ciia Shimadzu, RF-10XL, cot C18 (5 um, 4,6
x 150 mm cua Agilent). Diéu kién HPLC Ia thé tich tiém: 100 pL, nhiét do budng chira cot:
40 °C, pha dong la acetonitrile va dém amonium formate 0,2% (pH = 3,5), chuong trinh
gradient néng d6. Piéu kién MS: polarity positive, gas temperature 325 °C, gas flow 8
L/phat, nebulier 50 Psi, Capillary 4000 V, solvent cut 5 phut.
3.  K&étqua vathao luan
3.1. Xdc dinh cdu tric va tinh chdt cia 1-methyl-1-octadecylpyrrolidin-1-ium bromide

Phan ung giira 1-methylpyrrolidine va 1-bromoctadecane 1a phan ung thé than hach
ludng phan tir cia amine bac ba va hop chat alkyl bromide bac mot (Hinh 2). Ngoai ra, phan
tmg duoc thyuc hién trong diéu kién khdng dung médi, thoi gian ngan va hiéu suét cao.1-
Methyl-1-octadecylpyrrolidin-1-ium bromide c6 dang ran, c6 mau nau, hiéu suat cd 1ap 90%,
nhiét do néng chay 12 98 °C. Trén phd hong ngoai FT-IR (Hinh 7b), c6 thé quan st thdy cac
van hap thu dic trung cho dao dong kéo gidn cua ndi H-Csp® tai 2916 cm™ va 2849 cm™.
Bén canh d6, cac van hap thu yéu trong viing 1470-1405 cm™ dic trung cho cac dao dong
bién dang cua cac nhom -CHs va >CH; dic trung cho diy akyl mach dai va caa vong
pyrrolidine. Pic biét, tin hiéu caa dao dong ndi C-N dugc xac nhan bai van hap thu tai 1467
cm™. Trén phé *H NMR (500 MHz, MeOD) cua hop chat (Hinh 4), ¢6 6 loai tin hiéu cong
hudng duoc ghi nhan trong vang 4,0-0,5 ppm. Tin hiéu singlet tai 3,08 ppm (s, 3H) déc trung
cho proton nhém methyl gan di nguyén ti nitrogen caa vong pyrrolidine (N-CHs). Céac tin
hiéu multiplet tai 3,58-3,51 ppm (m, 4H) va 3,41-3,36 ppm (m, 2H) dac trung cho proton
ctia 3 nhém methylene gan xung quanh di nguyén tir nitrogen (N-CHz-). Nhém -CHs cua
day octadecyl dugc xac nhan bai tin hiéu cong huong triplet tai 0,90 ppm (t, J = 7,0 Hz, 3H).
Céc proton cua cac nhém methylene con lai dugc quan sat thiy dudi dang miii singlet tai
2,23 ppm (s, 4H) va multiplet tai 1,41-1,28 ppm (m, 32H).
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Hinh 4. Phé *H NMR cua 1-methyl-1-octadecylpyrrolidin-1-ium bromide
Ngoai ra, khung suon carbon cua hop chat nay ciing dugc ghi nhan bai phé **C NMR
(125 MHz, MeOD) (Hinh 5). Céc tin hiéu cong huéng caa carbon gin xung quanh nguyén
tur nitrogen dugc quan st tai 6 65,7, 65,6, 65,5, 65,5 va 65,4 ppm. Cac tin hiéu con lai (33,0,
30,9, 30,8, 30,7, 30,6, 30,5, 30,4, 30,2, 27,6, 24,8, 23,7, 22,6 va 14,4 ppm) déc trung cho cac
carbon methylene va methyl cua day alkyl bdo hoa.
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Hinh 5. Phé *C NMR cua 1-methyl-1-octadecylpyrrolidin-1-ium bromide
Trén phd HRMS (Hinh 6), ¢6 mili tin hiéu m/z = 338,3294 dic trung cho manh cation
trong cau tric cua 1-methyl-1-octadecylpyrrolidin-1-ium bromide, phu hop véi gié tri tinh
toan theo li thuyét 1a 338,3282 cho Ca3HasN*. Tur nhitng dit liéu phd nghiém, c6 thé thiy
rang 1-methyl-1-octadecylpyrrolidin-1-ium bromide d duoc diéu ché thanh cong.
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Hinh 6. Khéi phd phan gidgi cao (HRMS) cuia 1-methyl-1-octadecylpyrrolidin-1-ium bromide
3.2. Xdc dinh cdu tric va hinh thai cia vat liéu chat léng ion tém Ién silica gel
Vit liéu duoc hinh thanh théng qua viéc ngadm tam silica gel trong dung dich chira 1-
methyl-1-octadecylpyrrolidinium bromide ¢ nhiét d6 phong. Tuong tac vat li gitra silica gel
va IL bao gdm lién két hydrogen va twong tac van der Waals (Vafaeezadeh & Fattahi, 2014).
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Hinh 7. Phé FT-IR cia a) SiOz, b) 1-  Hinh 8. Gian dé phan tich nhiét khoi Lirong
methyl-1-octadecylpyrrolidin-1-ium (TGA va DT) cua vat liéu

bromide va c) vdt liéu ILSPE

Trén phd FT-IR cua vat liéu (Hinh 7c), cac van hap thu tai 1051 cm™ va 793 cm™ duoc
cho 1a céc tin hiéu dao dong bat dbi xtmg va d6i xang cua lién két Si-O-Si (trong (ng Vi cac
tin hiéu tai 1055 cm™ va 797 cm™ cua silica hoat héa & Hinh 7a. Ngoai ra, ¢ thé thay vt liéu
ILSPE ciing c6 c6 van hap thu tai 1632 cm™ dic trung cho ndi Si-OH rong tl giéng nhu silica
hoat hoa ban dau (tin hiéu 1633 cm™). Tuy nhién, khi IL duoc pha 1&n bé mit silica gel, thi c6
su chuyén dich tin hiéu caa dao dong néi O-H tir 3388 cm™ sang 3310 cm™. Biéu nay c6 thé
dugc giai thich 1a do viéc hinh thanh lién két hydrogen giita cac anion bromide va nguyén tu
hydrogen trén nhdm O-H cua silica gel hoat hoa (Saleem et al., 2014). Bén canh d6, nbi H-
Csp® dic trung cho cac nhom alkyl caa IL trén vat liéu ciing dugc xac nhan bai cac van hap
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thu tai 2922 cm™ va 2853 cm?, ung véi céc tin hiéu 2916 cm™ va 2849 cm™ cua 1-methyl-
1-octylpyrrolidin-1-ium bromide. Ngoai ra, van hap thu cua dao dong néi C-N ciing duogc
quan s&t & 1466 cm, (tng vai tin hiéu & 1467 cm™ caa IL. Do d6, c6 thé thay rang IL khung
pyrrolidine phu trén bé mat SiO, da duoc diéu ché thanh cong.

Do bén nhiét va khdi luogng IL cua vat liéu ciing da duoc kiém tra bang gian ¢ phan
tich nhiét khéi lugng TGA (Hinh 8). Duéi 150 °C, ¢6 sy sut giam khéi luong khoang 5% do
su bay hoi cua nudc hoac dung moi. Tir khoang 300 °C tro [én, ¢O su giam khdi luong tuong
g voi 22,5% lugng IL bj than hoa trong méi truedng khi Na. Vi vay, vat liéu co do bén
nhiét dudi 300 °C. Bén canh dé, hinh thai cua vt liéu ILSPE d3 duoc nghién ctu bang cach
sir dung anh SEM. Vit liéu duoc diéu ché c6 bé mat cit rat sic va thd. Trudc khi s dung
vat lidu di duoc rdy dung kich thudc phi hop. Anh SEM (Hinh 9) caa vat liéu cho thay vat

liéu thu dugc ¢ dang céc hat c6 kich thuac khoang 50-100 pum.
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Hinh 10. Gidn do pho tan xa ndng lwong  Hinh 11. Puong dang nhiét leu git N cua
tia X (EDX) cua vat liéu vdt ligu ILSPE ¢ 350 °C
Ham luong nguyén té trén bé mat silica gel gan IL dwoc danh gia bang phwong phap
quang phd tia X tan xa ning luong (EDX). Gian dd6 EDX xac nhan su hién dién cua céc
nguyén tb carbon, nitrogen, oxygen, silicon va bromine trong cau trdc caa vt liéu cho thiy
su phu thanh cong caa IL I1&n bé mat silica gel (Hinh 10). Ngoai ra, dya trén dudng dang
nhiét Tuu gitr N2 & 350 °C (Hinh 11), dién tich bé mat (BET) cua vat liéu la 315,388 m?/g
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véi va ban kinh 15 xdp trung binh 1a 18,137 A. C6 thé thay rang 16p pha cua IL trén silica
lam giam dién tich bé mat cua silica gel ban dau (450,007 m?/g). Hon nita, ban kinh 16 xdp
silica gan IL thip hon silica gel hoat hda (25,996 A).
3.3. Khdo sat khung chdt léng ion trén nén silica gel

Bai vi phan tir cac FQ cd chira nhém chirc amine va carboxylic acid nén cé thé tao ra
tuong tac tinh dién tbt véi cation hozc cation cua IL, do dé cac IL khac nhau tam trén silica
gel dd dugc khao sat. Ban dau, 5 IL khac nhau (khung ammonium, pyrrolidinium, tri-
phenylphosphonium, pyridinium, 1,4-diazabicyclo-[2.2.2]octanium) dwoc phi 1&n bé mat
silica gel bang phwong phap tam vat Ii boi viéc hoa tan IL. Kha nang luu gitt FQ ctia cac vat
liu ILSPE khéac nhau dugc mé ta & Hinh 12. Vat liéu silica gel tim tetrabutyl-ammonium
bromide va 1-octadecyl-1,4-diazabicyclo[2.2.2]-octanium bromide cho kha nang luu gitlr
thap (dudi 40%). Mic du, kha ning luu giit cua vat liéu silica gel tam triphenylphosphonium
bromide cao hon hai vt liéu trén nhung van khong t6t nhu mong doi. Vai vat liéu silica gel
tam 1-methyl-1-octadecylpyridinium bromide, kha niang luvu gitr Enro 1a 89,1% va Di la
93,8% trong khi chi 24% lugng Nor duoc Iuu git. Dac biét, 1-methyl-1-
octadecylpyrrolidinium bromide tam trén silica gel cho thdy kha ning luu giir rat cao voi
Enro (99%) va Di (100%) mac du Nor chi ¢6 56,8% dugc luu gitr. Do vay, vat liéu silica gel
tam 1-methyl-1-octadecylpyrrolidinium bromide dugc chon cho nghién ciu nay.

Enro 1 F
100 - — Nor 1001 Z7Enre 7
i ——|Di 90 [ “Ner
— 80 80 i
g = oi
2 = 70
= i
g 60 g 60
‘-g % 50
2 40 @ 40
& @
= T 304
20 20 4 Z
10 H
0 0 T T T
C4 c8 c18

Khung chét Iéng ion D¢ dai day alkyl
Hinh 12. Khdo sat khung IL trén silica gel Hinh 13. Khdo sét cia gac alkyl

3.4. Khdo sét anh hwong dj dai day alkyl trén khung pyrrolidinium

Théng thudng, cau tric cia IL ¢d thé duge diéu chinh dya trén phan anion va cation dé
c6 thé tan dung nhitng tinh chat cia nd vao muc dich st dung. Su anh huong cia nhém alkyl
trén cation trong IL dén kha nang luu gitr mau ciing dwoc quan sat (Hinh 13). Vat liéu ILSPE
chira day alkyl chira 4 carbon (C4) Iuu giit kém ca ba chét phan tich Enro, Nor va Di (< 30%).
Khi ting gip doi do dai day alkyl (C8) thi kha ning luu giit ciia Enro (87,3%) va Di (93,8%)
tang 1én rat dang ké trong khi Nor giam (9,8%). Do vay, day dai alkyl C18 duoc thiét ké gan
trén khung 1-methylpyrrolidine s¢ tang tinh kém phan cuc lam cho tuong tac ki nudc gitra pha
tinh va chat phan tich ting 1én va do d6 gitip cho qua trinh luu giir chat phan tich tot hon. Thuc
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té cho thy, véi vat liéu sir dung 1-methyl-1-octadecylpyrrolidinium bromide (C18) thi kha
nang luu gitr cua Enro, Di va Nor lan luot 12 99%, 100% va 56,8%.
3.5. Khdo sat thé tich “breakthrough”

Thé tich breakthrough 12 thé tich ti da ciia mau c6 thé tai qua pha tinh SPE ma khong
bi rd ri dang ké chit phan tich. Cung véi thé tich dung dich ria giai can thiét, thé tich
breakthrough gitp xac dinh hé s 1am giau caa vat liéu. N6 dic biét duoc quan tam khi xu If
cac muc do vét. Céc thé tich breakthrough caa cdc mau chuan chira Enro, Nor va Di (mdi
loai 50 pg/L) duoc danh gia bang cach theo ddi phan trim luu giit trong khi ting thé tich
mau trong khoang 10-90 mL ¢ diéu kién t6i wu (Hinh 14). Thé tich nap t6i da duoc tim thay
la 50 mL ma khong c6 su rira troi dang ké cua Enro va Di. Vi Nor, su luu giit duoc tim
thiy chi khoang 40%.

3.6. Khdo sat dnh hwong cua pH

D6 pH cua dung dich gép phan anh huong dén sy ton tai cua cac FQ. Dé xem xét su
anh huong cia méi trudong dén trang thai ton tai va su luu gitr cia mau trén vat liéu, pH cua
dung dich ciing dugc khao sat (Hinh 15). Sau khi tdi wu, pH = 8,0 dwoc chon dé khao sat su
luwu giit FQ trén cot ILSPE. C6 thé thy rang ¢ pH = 8,0 (phu hop gia tri pKa), cac nhom -
COOH cua cac FQ ton tai & dang -COO- nén tao ra tuwong tac tinh dién tt voi cation 1-
methyl-1-octadecylpyrrolidin-1-ium cua IL. Vi vy, hdn hop dung dich chuan FQ duoc diéu
chinh dén pH = 8,0 bang dung dich dém phosphate trudc khi tai mau qua cot.

—a—Enro
100 4 Nor 10049 4 A o a r L
—aDi ./-/
. 804 _ 804
£ S
=] P
EE: 604 % s0d ™ Enro
] s Nor
‘_? ! —a— Di
"3 40 8 404
= =
@ &
T 20 4 T 20 4
0 0
T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 3 4 5 6 7 8 9
Thé tich (mL) pH
Hinh 14. Khao sat anh huwong thé tich mau Hinh 15. Khdo sat dnh huwong cua pH

3.7. Khdo sét ti 1¢ chdt léng ion va silica gel

Dé xem xét kha ning luu giir cac FQ, cac ti 1¢ khac nhau giita khéi lwong IL va silica
gel ciing duoc duoc khao st lan luot 14 1:15, 1:10, 2:10, 3:10 va 4:10. Dua vao két qua duoc
trinh bay & Hinh 16, hiéu suat luu giir cua vat liéu ¢ ti 1é khdi luong caa IL va silica gel 1a
3:10 duoc ghi nhan 1 tot nhat. Khi tang ti 1& nay 18n 4:10 thi vat liéu s& khé cho mau di qua
duoc. Do vay, IL dugc tam 18n silica gel theo ti 1& 3:10 duoc st dung cho cac nghién ctu
tiép theo.
3.8. Khdo sat dnh hwéng ciia nong dg va thé tich mdu
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Do ndng d¢ vét cua cac FQ trong thyc té rat khac nhau nén kha ning luu giit trén cot
ILSPE ciing duoc quan sét véi cac thé tich va nong do khac nhau. Bong hoc caa qué trinh
dugc khao sat trén cac thé tich mau trong khoang 25-250 mL chira khoang 2500 ng mdi FQ.
Kha ning luu gitr caa mdi FQ tir cac thé tich khac nhau cua dung dich nudc duge thé hién
trong Hinh 17. Kha ning luu giit dwoc thiy 12 6n dinh & thé tich 50 mL va nong d6 50 pg/L,
dugc chon 12 thé tich va ndng do mau téi uu dé lam viéc.

FZZ7] Enro e 7z enro [ Nor E==] Di

1009 ™ INor
i

100

80
80 ~

60
60

40

Hiéu suét lwu gid (%)

40

Hiéu suat lwu gite (%)

20
20

1:15 1:!IO - 2:I10

Ti Ié chat long ion va silica gel Nang d§ va thé tich m3u

Hinh 16. Khao sat anh huwong cua ti ¢ Hinh 17. Khdo sét anh hirong cua nong dé
chdt léng ion va silica gel va thé tich mau

3.9. Khdo sét téc dé tai mdu qua cét

Téc d6 tai mau ciing 1a mot yéu té anh hudng dén qua trinh luu gii cac chat phan tich
ctia pha tinh. Dya vao Hinh 18, cd thé thiy véi téc d6 0,5 va 1,0 mL/phdt, kha ning luu giir
Enro va Di Ia rat cao (>95%). Trong khi d6, kha nang luu giir ciia Nor ting tir 42,2% lén
56,8%. Tuy nhién, khi toc do tai mau tiép tuc ting 1én 2 mL/phut, pha tinh khong luu giir
duoc céc chat phan tich (hiéu suat luu gitt <20%). Do vay, ching tdi lua chon 1 mL/phdt 1a
tdc d6 tai mau tdi vu qua cot trong cac khao sat nay.
3.10. Khdo sat @nh hwong dung moi ria gidi

Viéc rira giai cac FQ duoc nghién cau trén cac hdn hop dung méi tir it phan cuc dén
phéan cyc manh nhu MeOH:NH3 25% (4:1, v/v), MeCN:MeOH:NH3 25% (3:2:2, v/v/v), HCI
0,1 M trong methanol, HNOs 0,1 M trong methanol (Hinh 19). Khi sir dung MeOH:NHj3
25% (4:1, v/v) va HNOs 0,1 M trong methanol thi Enro va Di déu duoc ria giai 100% ra
khoi cot. Tuy nhién, chi c6 61% va 45% lugng Nor duoc rua giai twong tng voi hai hé dung
mdi nay. Véi hé dung méi HCI 0,1 M trong methanol thi ca ba FQ déu duoc rira giai tuong
dbi tét (>90%). Ngoai ra, hé dung méi MeCN:MeOH:NHs 25% (3:2:2, v/v/v) cling cho kha
nang rira giai hiéu qua véi ca ba loai FQ nay. Cu thé, hiéu suat rira giai cia Enro, Nor va Di
lan luot 12 103%, 92% va 98%. Do vay, MeCN:MeOH:NH3 25% (3:2:2, v/v/v) dugc chon
la dung mai rira giai tt nhat cho qué trinh nay.
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3.11. Giai hgn phat hi¢n (LOD) va gidgi han dinh lweng (LOQ)

Trong céc diéu kién thuc nghiém tdi uu héa, cac duong chuan cho Enro, Nor va Di 1a
tuyén tinh trong pham vi nong d6 tir 5 pug/L dén 300 pg/L vai hé sb twong quan cao tir 0,9976
dén 0,9998 (Hinh 20). Bé danh gia do chinh xac cua phuong phép, 6 1an l3p lai (mAu thw)
duoc thuc hién. Do léch chuan va d6 léch chuan tuong d6i dugc tinh theo cong thirc bén
duéi. Tir 46, cac dic tinh dinh lwong caa phuong phap hién tai, bao gom gidi han phat hién
(LOD = 3SD) va gi6i han dinh luong (LOQ = 10SD) di duoc nghién ctu va két qua duoc
tom tat trong Bang 1. Nhu d3 thdy & bén dudi, LOD va LOQ thap c6 thé dat duoc véi gié tri
RSD cua phuong phap la khoang 25,33-30,88%.

= Enro
Z (x. — X) 20000000 - Nor y = 64408x + 376956
SD = ,|[&=&/—— 4 Di R®=0,0976
n-1

15000000
RSD (%) = °2.100
X

y = 54908x + 103036
R?=0,0908

10000000 +

Dién tich peak

y = 44533x + 35630

5000000 R*=0,9997

Bang 1. LOD va LOQ cua phuong phap
Enro Nor Di
LOD (ngL) 137 145 2,66
LOQ (pg/L) 458 484 8.86 0 50 100 150 200 250 300

AN ons 3085 2048 Néng do (ug/L)
0 ’ ’ ’ Hinh 20. Duong chudn cuia cac FQ

3.12. Ung dung phdn tich dw lweng FQ trén mdu thdt

Pé chirng minh gia tri cua vat liéu silica tim chit 1ong ion trong cac diéu kién téi wu,
cac mau that trimg va tom dugc sir dung dé lam giau va xac dinh Enro, Nor va Di bai HPLC-
MS/MS. Do chinh xac ciia phuong phap duoc danh gia bang cach sir dung cac mau that co
thém chuan (5 pg/kg) va cac thi nghiém tinh hiéu suat thu hdi cac FQ da duoc st dung. Dya
vao Bang 2, nhitng két qua nay chi ra rang hiéu suat thu hdi 1a hop Ii dé phan tich vét trong
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mau trirng va tdém. Két qua so sanh véi cac nghién ctru trude kia (Bang 3) cho thiy vat liéu
ILSPE c6 tiém ning (ng dung trong xt I mau that dé phan tich cac FQ.

Bdng 2. Ung dung ILSPE phan tich dw lwong FQ trong mau that ¢ thém chuan (5 ug/kg)
Hiéu suét thu hoi (%)

Chit —— ——
Mau trung ga Mau tom
Enro 102,6 87,8
Nor 65,6 23,7
Di 90,1 89,6
Bdng 3. So sanh két qud nghién cizu hién tai véi cac nghién ciru khac trén thé gisi
Sb Hiéu suat
Vit li¢u pha tinh lwong Mau thu hdi (L(?kD) (L?l?)
FO (%) ng/kg ng/kg
Hon hop vat liéu C8 va trao doi cation : 98,7-
(Toussaint et al., 2005) 1 Thitlgn 104,2 03 10
Vit ligu C18 vaHLB (Luetal, 2019) 11 Eﬁ’;% 80-126  0,1-0,16 ;
Vit liéu C18 (Bitas & Samanidou, 5 Tom 96,3- 16,7-33.3 )

2016) 102,6
A . .

L S O e ow s

Vit liéu chat long ion tam silica Tring va 23,7-

(Nghién ctru nay) tom 102,6
4.  Kétluan

Vit liéu silica gel tam 1-methyl-1-octadecylpyrrolidinium bromide da duogc tong hop

thanh cdng véi quy trinh don gian. Vat liéu nay c6 dién tich bé mat 1a 315,388 m?/g véi va
ban kinh 16 x6p trung binh 1a 18,137 A, phu hop 1am pha tinh trong c6t chiét pha ran. Kha
nang luu giir hiéu qua caa cot ILSPE dbi véi Enro, Nor va Di di dugc xac dinh théng qua
cac khao sat diéu kién ti vu (ndng d6 mau tai 50 pug/L, pH = 8,0, toc do tai mau 1 mL/phat).
Ngoai ra, khi str dung hé dung mdi MeCN:MeOH:NH325% (3:2:2, v/v/v) thi trén 90% lugng cac
FQ dugc ria giai khoi cot. Ngoai ra, vat liéu ILSPE duoc chimg minh 1a c6 tiém ning trong
phan tich du lwong khang sinh Enro va Di trén nén mau that (treng ga va tdm) véi hiéu suat
thu hdi cao (80-110%). Viéc sir dung vat lidu ILSPE budc dau c6 kha ning tng dung trong
quy trinh xi I va 1am giau Enro va Di, do d6 can dugc tiép tuc nghién ctiu cai thién hiéu suat
thu hoi caa Nor va phét trién tiép trén cac FQ khac.

1,37-2,66 4,58-8,86

< Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

% Loi cam on: Nghién ciu nay dwoc hé tror kinh phi tir S& Khoa hoc va Céng nghé
Thanh phé Hé Chi Minh, ma sé 102/2020/HP-QPTKHCN.
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ABSTRACT

We developed a new sorbent using ionic liquids grafted onto silica and applied it as solid-
phase extraction in the analysis of fluoroquinolone antibiotic. In this study, 1-methyl-1-
octadecylpyrrolidinium bromide was synthesized and grafted onto silica gel. The structure of ionic
liquid and ILSPE material was characterized by FT-IR, *H and *C NMR, TGA-DT, SEM, BET, and
EDX. The material formed between silica gel and ionic liquids via hydrogen bond and van der Waals
interaction. lonic liquid grafted onto silica is an efficient sorbent for the preconcentration of
enrofloxacin, norfloxacin, and difloxacin. Finally, it was applied to determine fluoroguinolones
in actual samples (egg and shrimp) with high recovery (80-110%).

Keywords: 1-methylpyrolidine; antibiotic; fluoroquinolone; ionic liquid; silica gel; solid-
phase extraction
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