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Tom tit:

Trong nghién ciru nay, vét li¢u silica gel mang chét I6ng ion SiO,-(CH,),-N(Oct),Br dugc tong hop thanh cong va xic
dinh cau truc bang cac phwong phap pho hong ngoai (FT-IR), phan tlch nhiét kh01 lwgng (TGA), kinh hién vi dién
tur quét (SEM) va pho tan xa nang lwgng tia X (EDX). Vit liéu nay dwgc irng dung lam pha tinh cia cot chiét pha
rin trong qua trinh lam giau lwgng thudc trir siu carbamate trong nwéc. Cot dwgre rira giai bing 5 ml acetonitrile
(ACN), thdi khd rdi hoa tan lai trong ACN:H,0 (40:60, v/v) va phén tich bang HPLC-UV tai 2 budc séng 210 va
245 nm. Trong diéu kién da tbi wru, phuong phap nay co thé phéan tich cac thudc trir sdu carbamate voi LOQ (gioi
han dinh lwgng) 0,36-2,00 pg/l dbi véi nuéc sinh hoat va 0,4-3,5 pg/l dbi véi nuéce song. Hiéu suét thu hdi nim trong
khoing 60-110% & mirc ndng dd 10 pg/l, dd lip lai tot (RSD<10%), dat theo tiéu chuén cia Hiép hdi Qudc té vé Hop

tac phan tich chinh thirc (AOAC).

Tir khéa: carbamate, chit 16ng ion, HPLC-UYV, SiO,-(CH,),-N(Oct),Br.

Chi s6 phén loai: 2.4

1. Dat van de

Ngay nay, viéc img dyng cot chiét pha rin (SPE) dé lam
sach va lam giau mau két hop véi cac phuong phap phan
tich hién dai rat co y nghia ddi véi viéc xac dinh cac chat co
ham lugng vét va siu vét [1]. Trong d6, hudng nghién ciru
vé cac vat liéu chiét pha rin moi, dé thay dbi ciu trac va
thanh phan pha tinh khac nhau dé thay thé dan céac vat liéu
thuong mai phai mua tir nudc ngodi voi gia rat cao. Trong
nhiing nam qua, viéc lya chon chét h?ip phu thich hop nhat
dem lai hiéu qua phan tich cao 1a v6 cung quan trong cho
su thanh cong cua phuong phap phan tich [2, 3]. Mot loat
vat liéu moi dang duoc phat trién, bao gom polymer danh
du phan tir (MIP), vat liéu dwa trén nén carbon (graphen,
carbon nanotube) va cac hop chat sol-gel [4]. Cac hop chét
ndy gop phan tinh gon, nang cao hiéu qua va do chon loc
chat can phén tich. Cac vat lidu dung trong cot SPE nay la
nhiing vt li¢u than thién véi moéi truong khi thai loai.

Gan déy, chit long ion (IL) hay con duoc goi 1a mudi
néng chay & nhiét do phong, mudi hiru co long. .. dang nhan
dugc sy quan tdm cua cac nha hoéa hoc [5]. Viéce két hop
chat 16ng ion trong xir Iy mau, dic biét 1a cot SPE da bat
dau dugc nghién ctu trén thé gisi [6-8]. Trong linh vuc xir
ly mau phan tich, chit 1ong ion da dugc st dung lam chét
hap phu cho chiét long long [9], (SPE) [4], vi chiét pha rin
(SPME). Vit liéu chiét pha rin ghép chat 1ong ion (ILSPE)
dap ung t6t yéu cau nay do c6 thé dé bién tinh chat long ion
bang cach gian thém nhom dinh chirc phu hop dé o thé luu
giti, chon loc cac chét can phan tich. Loai vt liéu nay duogc
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tao ra béng cach gén 1§ét ch:éit long ion 1én silica gel dé thay
thé cac cot chiet truyén thong nhu C18, HLB thuong mai
dat tién va phai nhap khau [10].

Carbamate 13 nhiing loai thudc trir sau sir dung phd bién
(hinh 1), nhét 1a trong ndng nghiép, 1dm nghiép do it ton
du trong méi truong va hiéu qua hon so véi thude trir sdu
chlorine hitu co [11]. Tuy nhién, cac thudc trir siu nay cé
ddc tinh cao, de doa moi truong, stc khoe con nguoi va anh
huong dén cac sinh vat trong hé sinh thai néu tiép xuc trong
thoi gian dai [12]. Cac hop chit carbamate chia thanh 3
nhom chinh: carbamate, thiocarbamate va dithiocarbamate.
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Hinh 1. Cac loai thuéc trir sau ho carbamate.
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Phuong phap SPE cho thiy rat hiéu qua trong phan
tich thudc trir sdu nhom carbamate vi kha ning lam giau,
lam sach mau tdt va d& tu dong hoa nén dan thay thé cho
chiét 1ong - long. Cot C18 thuong duge ding dé lam giau
thudc trir sdu carbamate [13], ngoai ra vt liéu polystyrene-
divinylbenzene va carbon hoat tinh cling dugc st dung
nhung khong phd bién. V& phwong phap phan tich, cac k¥
thuat sic ky khi va sic ky long déu thich hop dé phén tich
cac thude trir sdu nay. Phuong phap xdc dinh thuoc trir sdu
nay da dugc quy dinh rd trong nhiéu tiéu chuin quéc té, khu
vuc va trong nudc [14] Trong nghién ctiu nay, cac vat liéu
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Abstract:

In this study, ionic liquid immobilised onto silica gel material SiO,-
(CH,),-N(Oct),Br was successfully synthesised and characterised
by Fourier-transform infrared spectroscopy (FT-IR), thermal
gravimetric analysis (TGA), scanning electron microscopy (SEM),
and energy-dispersive X-ray spectroscopy (EDX). This material
was applied as the stationary phase of solid-phase extraction for
the enrichment of trace amounts of carbamate pesticides in water.
The cartridge was eluted with 5 ml of acetonitrile (ACN), blow-
dried with nitrogen gas, and re-dissolved in ACN:H,0 (40:60,
v/v) and analysed by high-performance liquid chromatography -
ultraviolet (HPLC-UV) at 210 and 245 nm. Within this process,
elution of the cartridge with 5 ml of acetonitrile (ACN) was followed
by nitrogen gas blow-drying and subsequent re-dissolution in
ACN:H,O (40:60, v/v), culminating in analysis by HPLC-UV
at 210 and 245 nm. Optimisation of conditions facilitated the
analysis of carbamate pesticides, with the limit of quantitation
(LOQ)ranging from 0.36-2.00 pg/1 for tap water and 0.4-3.5 pg/l
for river water. Furthermore, the method exhibited favourable
repeatability, with a relative standard deviation (RSD) of less
than 10%, thereby meeting the Association of Official Analytical
Collaboration (AOAC) standards.

Keywords: carbamate, high-performance liquid chromatography -
ultraviolet, ionic liquid, SiO,-(CH,),-N(Oct),Br.

Classification number: 2.4

ILSPE véi cac chit 16ng ion khac nhau dugc khao sat va t6i
wu dé 1am giau va lam sach mau. Phuong phap HPLC-UV
dugc su dung dé phan tich cac thudc trir sdu ho carbamate.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Hoa chat dung cho viéc tong hop vat liéu pha tinh gdm
(3-chloropropyl)triethoxysilane (95%), (3-aminopropyl)
trimethoxysilane (99%), 1-bromooctane (99%), imidazole
(98%), 1-methylpyrrolidine (98%), 1,4-butane sultone
(99%) va triphenylphosphine (99%) duoc mua tir Merck.
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Céc hoa chit nitric acid (65%), hydrochloric acid (36,5%),
acetone va ethanol dwoc mua tir Xilong, Trung Qudc. Silica
gel 60 (cia Himedia, An Do) c6 kich thudc trong khoang
0,04-0,06 mm loai nghién va ray tir khéi silica gel. Cac chat
chudn carbamate bao gdm carbaryl, pirimicarb, methiocarb,
carbofuran va isoprocarb déu 1a loai tinh khiét 100% danh
cho phén tich ctia Supelco (Merck). Dung moéi acetonitrile
(ACN) (99%) va methanol (99%) thudc loai dung cho
HPLC cua Fisher.

2.2. Thiét bi va dung cu

Céac héa chat duoc can trén can phan tich OHAUS
80251621 Explorer Precision Balance. Quang phd hong
ngoai (FT-IR) duoc do trén may quang phé IR Affinity-1S
(Hang Shimadzu). Phén tich nhiét khéi luong (TGA) dugc
thyc hién bang cach st dung may phén tich nhiét khdi luong
Q-500 dudi ludng khong khi co téc do gia nhiét 1a 5°C/
phut. Phan tich quang phd tia X phan tan ning luong (EDX)
duoc thuc hién béng thiét bi EMAX nang lugng EX-400
EDX. Hé thong sic ky long HPLC 1260 két ndi dau do UV
(Shimadzu, Nhat Ban) cot sic ky pha dao C18 (150%4,6
mm, 5 pum, Waters) va cot bao vé C18 (10x4,6 mm, 5 um),
hé chiét pha rin va cac dung cu thuy tinh thong dung khac.
May cat nudc Hamilton cung cap nudc khir ion cho cac
khao sat trong nghién ctru nay.

2.3. Quy trinh hoat héa bé mt silica gel

Quy trinh hoat hoa bé mat silica gel duoc thyuc hién dua
theo tai liéu tham khao [15]. Pun hoan luu hén hop silica
gel va nitric acid (ty 1¢ 1:2) trong 4 gi0. Sau do, silica gel
duoc rira bang nudc cét va kiém tra bang gidy pH dén moi
truong trung tinh (pH~7). Tiép theo, silica gel duoc khudy
trong dung dich HCI & nhiét d6 phong trong 24 gio. Silica
gel hoat hoa dugc rira bang nudc dén mdi trudng trung tinh
(pH~7) va say kho ¢ 100°C trong ti sdy trong 24 gid.

2.4. Quy trinh tong hop vit liéu Si0-[C,,C Pyrro]PF,

va Si0 -[C, Me ,N|PF

Vit ligu SiO,-[C C Pyrro]PF, va SiO,-[C, Me N]PF
duoc tong hop theo phuong phap ngam tam (h1nh 2) [15]
thé, silica gel da hoat hoa (3,0 g) va chat Iong ion 1 methyl—
l-octadecylpyrrolidinium  hexafluorophosphate  (hodc
hexadecyltrimethylammonium hexafluorophosphate) (1,0 g)
dugc cho vao 20 ml methanol va khuay déu bang may khudy
tir. Sau 4 gid, hdn hop dwoc ly tim dé tich phan ran. Vat liéu
silica gel gén chét 1ong ion dugc rira lai bang nude cat (3x50
ml) va sdy kho & 100°C trong tu siy trong 4 gid.
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Hinh 2. Quy trinh téng hop Si0,-[C,,C,Pyrro]PF, SiO,-[C,,Me ,N]PF .
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2.5. Quy trinh téng hop vit li¢u SiO,-(CH,) -Im-OctCl,
$i0,-(CH)) ~-Im-(CH,) SO HCI, SiO,-(CH,) PPh CI

Vit ligu  SiO,«(CH,),-Im-OctCl,  SiO,~(CH,),-Im-
(CH,),SOHCI, SiO, (CH ) -N(Oct) Br, SiO, (CH ) PPh Cl
duoc tong hop thong qua phuong phap tao l1en ket hoa hoc
trong hinh 3 [16, 17].

Ban déu, 3-chloropropyl silica duoc téng hop bing cach
phén tan hdn hop bao gom silica gel da hoat héa bé mat (5,0
g) va (3-chloropropyl)trimethoxysilane (42,5 mmol) vao dung
mbi toluene (30 ml) trong didu kién siéu 4m 15 phut, rdi dun
hoan luu trong 24 gid, sau khi 1am ngudi, loc, rira bang ethanol
96%, sy kho trong tu sdy trong khoang nhiét do tir 80 dén
100°C trong 8 gio thu dugce vat liéu 3-chloropropyl silica dang
bot mau vang nhat (hinh 3). Trong budc ké tiép, 3-chloropropyl
silica (10 g) va triphenylphosphine (hoac 1-octylimidazole
hodc 4-(1H-imidazol-1-yl)butane-1-sulfonic acid) (10 mmol)
dugc thém vao binh cau day tron 100 ml véi 30 ml acetone
khan. Hon hop duoc dun néng ¢ 90°C trong 12 gid. Sau khi két
thtic, chat rén thu duoc duoc loc va rira nhiéu lan béng ethanol.
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Hinh 3. Quy trinh tng hop vat liéu Si0,-(CH,),-Im-OctCl, SiO,-(CH,),-
Im-(CH,),SO,HCI, SiO,-(CH,),-N(Oct),Br, SiO,-(CH,),PPh.CI.

2.6. Quy trinh tong hop vit ligu $i0,-(CH,) -N(Oct) Br

Vit liéu Si0,~(CH,),-N(Oct),Br dugc téng hop theo quy
trinh ¢ hinh 4. Cau no6i gilia chat long ion va silica gel duoc
mang 1én bé mit silica hoat hoa thong qua phuong phap tao
ndi hoa hoc dé tao thanh 3-aminopropyl silica [18, 19]. Hon
hop silica gel hoat hoa va (3-aminopropyl)triethoxysilane (ty
1€ 3:1) dugc phan tan trong dung moi toluene vdi sy cd6 mat
cta triethylamine va dun hoan luu tai 120°C trong 24 gio. Sau
khi két thuc phan ung, hon hop thu dugc lam ngudi va loc
léy chét rén vang nhat. Tiép theo do, san phém ran dugc rira
bang ethanol (5%20 ml) va sdy trong tii sdy & 100°C trong 6
gio. Trong giai doan cudi cung cuia quy trinh, cho hon hop
3-aminopropyl silica (10 g), 1-bromooctane (7,3 g), toluene
(40 ml) vao binh cau va phén tan dong déu bang chiéu xa siéu
am trong 15 phit. Hon hop dwoc dun hoan luu trong 12 gio.

JHOAHOC . [
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Cudi cing, vat liéu SiO,-(CH,),-N(Oct),Br duoc loc va rira
bang ethanol, say kho trong tu say & 120°C trong 6 gio trudc
khi dem str dung lam pha tinh.

: NH,
(EtO)3Si~_~_NH,
Et;N, toluene
24 gio, 120°C
1. HNOg, 80°C, 4 gi® CgH17Br Tolueneo, 12 h,
2. HCI, 24 giv 120°C
CgH17 / sHiz
%708H17
©

Hinh 4. Quy trinh tdng hop vat ligu Si0,~(CH,),-N(Oct),Br.

2.7. Quy trinh lam gidu trén cgt chiét ILSPE

Hoat hoa cot chiét Pha rin bﬂ?mg 10 ml ACN va 10 ml nuge
khu iop. Tai 50 rpl mau nudc qua cot chiét véi toc do 1:3 ml/
phut bang hé chiét pha ran chuyén dung. Sau khi tai mau 1én
c0t, rira ¢t voi 3 ml nudc, thoi kho va rira giai bg‘mg Sml ACI~\I.
Dung dich rua giai dugc thoi kho, hoa tan lai bang 1,5 ml hon
hop ACN:H,0 (40:60, v/v) va loc qua mang loc PTFE 0,45 pm
trude khi tiém vao hé HPLC-UV.

2.7.1. Théng s6 hoat déng ciia hé HPLC-UV

Pha dong gom 2 dung dich: A (dém phosphate pH 3, 10 mM
NaH,PO,) va B (ACN).

Thé tich miu tiém 1a 100 pl. Pau do UV thu nhan tin hiéu
¢ 2 budce song 210 va 245 nm. Chuong trinh gradient pha dong
duogc trinh bay ¢ bang 1.

Bang 1. Chwong trinh gradient pha dong.

Thoi gian (phut) % ACN % dém
0 40 60
7,5 70 60
12,5 70 30
13,5 70 30
14 40 60
17 40 60

2.7.2. Khdo sdt kha nang heu giit cac thudc trir sdu ho
carbamate trén cac ILSPE khac nhau

Tai 100 ml dung dich gdm cac thudc trir siu carbamate
ndng do 100 pg/l qua cot ILSPE dugc nhdi sdn 200 mg vat
liéu dé khao sat. Thu phan doan timg 5 ml dung dich sau
¢ot va phan tich bang HPLC-UV dé danh gia kha ning luu
gilr cac thudc trir sdu va chon vat liéu ILSPE tdi uu trong 6
loai vat liéu duoc téng hop (hinh 3). Cac chét long ion duoc
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gan trén nén silica gel bang lién két hoa hoc Si0,-(CH,),-
Im-OctCl, SiO,-(CH,),-Im-(CH,),SO,HCI, SiO,-(CH,),-
N(Oct),Br, SiO,-(CH,),PPh,Cl va bang cach hép phu vat 1y
8i0,-[C,,C,Pyrro]PF , SiO,-[C, Me,N]PF..

2.7.3. Toi wu quy trinh lam giau mau trén vt liéu Si0 -
(CH,) -N(Oct) Br

Thuc hién cac khao sat bao gém xac dinh dung lugng
dong, thé tich mau tdi da tai qua cot, thé tich dung moi ACN
rira giai, diéu kién thoi kho va danh gia hiéu suét thu hoi, do
lap lai ctia qué trinh 1am giau thudc trir sdu carbamate.
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2.7.4. Tham dinh phiong phdp

Quy trinh phén tich sau khi t6i wu dugc tham dinh véi céc tidu
chi nhu gidi han phat hién (LOD), giéi han dinh lugng (LOQ)
trong cac nén mau thuc, khoang tuyén tinh, danh gia do 1ap lai,
d6 on dinh cua phuong phdp va hiéu sudt thu hdi trén mot s6 mau
thuec te.

3. Két qua va ban luan
3.1. Xdc dinh céu triic va tinh chit ciia cdc vt ligu ILSPE
Cac loai vat ligu SiO,-[C ,C Pyrro]PF,, SiO,-[C, MeNJPF,,
(Si0,~(CH,),-Im-OctCl,  SiO,~(CH,),-Im-(CH,),SO,HCI, SiO,-
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Hinh 5. Phd hdng ngoai cta cda vat liéu ILSPE: SiO,-[C,.C,Pyrro]PF, (A), SiO,-[C,,Me,N]PF, (B), Si0,-(CH,).im-OctCl (C), SiO,-(CH,)-Im-

(CH,),SO,HCI (D), SiO,-(CH,),PPh.CI (E), SiO,-(CH,) -N(Oct)Br (F).
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(CH,),PPh.CI, SiO,-(CH,),-N(Oct),Br, dugc tong hop qua cac
buoc da mo ta & phan thuc nghlem Trong giai doan dau, bé mat
silica gel duoc hoat hoa thong qua phan tng thiy giai cac ndi
Si-O-Si trén bé mit dé tao ra cac ndi Si-OH ty do [15]. Véi 2
loai vat ligu SiO,- [CISClerro]PF va Si0,-[C MeNJPF, thi
chat long ion tuong tac vat ly véi silica gel thong qua hen két
hydrogen va tuong tac van der Waals [20]. Vi 4 loai vat li¢u con
lai thi cac lién két O-H ty do cua silica gel s& tham gia phan (g
thé than hach véi nhom —OEt ( va tach loai phan tir ethanol qua
phan tmg R-OH + EtO-R” — R-O-R’ + EtOH) dé gitp chat tao
cau nbi 1a (3-chloropropyl)triethoxysilane hodc (3-aminopropyl)
triethoxysilane dugc mang lén trong budc thu hai voi sy c6 mat
ciia xtic tac base Ia triethylamine [19, 21, 22]. Cudi cing, xay
ra qua trinh thé than hach véi tic nhan thich hop dé mang chat
long ion 1én silica gel. Cu thé, Si0,-(CH,),-Cl phan tng vdi tac
nhan than hach 1a 1-bromooctane, 4-(1H-imidazol-1-yl)butane-1-
sulfonic acid hodc triphenylphosphine dé tao thanh, (Si0,(CH,),-
Im-OctCl, SiO,-(CH,),-Im-(CH,),SO,HCI, SiO,-(CH,),PPh,Cl.
Riéng véi SiO-(CH,),-NH, thi nhom

amino NH, dong vai tro la tac nhén than  (a)
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(CH,),-Im-OctCl) [16]. Ngoai ra, v6i vét ligu khung imidazole
va triphenylphosphine (SiO,-(CH,),-Im-OctCl, SiO,-(CH,),-Im-
(CH,),S0, HCl, SiO,-(CH,),PPh Cl) ¢6 ndi H-Csp? ciing duoc quan
sat thiy trong ving 3080 3030 cm![16, 17]. Bén canh do, tin hiéu
cua lién két C-N ciing duoc quan sét 1d trong khoang 1400-1100
cm trong 5 loai vét liéu chira nguyén tir nitrogen [22] Vi SiO,-
(CH,),PPh, Cl thi tin hiéu cta dao dong noi C-P yéu trong vung
800-700 cm! ciing dwgc quan sat thiy. Ngoai ra, 8i0,-(CH,),-Im-
(CH,),SO;HCl con c6 tin hiéu trong ving 1225-980 cm™ dac trung
cho noi S 0 [22]. Cu thé, mdi vat liéu dugc quy két cac tin hiéu
chinh xdc trén phd hong ngoai (bang 2). Do do, véi nhiing két qua
thu dugc thi c6 thé thdy rang, vét liéu pha tinh c6 chét 1ong ion gin
trén bé mat silica gel thong qua cac tuong tac vét 1y hodc hoa hoc
d dugc diéu ché thanh cong.

Ké do, thanh phan 16p chét long ion dugc mang 1én bé mit
silica gel va do bén nhiét cua cac vat liéu dugc xac dinh bang
phuong phap phan tich nhiét khoi lugng (TGA) (hinh 6). Ket qua

(B)

hach s€ tic dong vao carbon than dién
tir gén tryc tiép v6i bromine trong luong
thira 1-bromooctane. San pham cubi cling
la chat long ion ammonium bac bon duge
gan 16n bé mat hat silica gel Si0,-(CH,),-
N(Oct),Br thong qua céc lién két hoa hoc.
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Dir li¢u trén phd hong ngoai FT-IR

(hinh 5) chimg minh cdu tric ciia cac vét 300
liéu da duoc tong hop. Cac tin hifu tai

ving 1090-1030 cm! va 900-700 cm™ 13 (©)

Nhiét dé (°C)
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Nhiét dé (°C)
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C

o
=3

do sw hdp thu dao dong bat ddi ximg va
dbi xtmg cua lién két Si-O-Si trén bé mat
silica gel. Ngoai ra, tin hiu tai ving 3700-
3200 cm? dac trung cho dao dong kéo
dan cia lién két Si-OH ciing dugc quan
sat thay trén pho hong ngoai [23]. Khi chat

Am =13%

Khéi lwong (%)
i

=27% 70

Am =27,5%

80 -

Khéi Iwong (%)

1ong ion duoc pht 1én bé mit silica gel, thi
co su chuyén dich tin hiéu cta dao dong
ndi Si-OH tir xudng thap hon. Biéu nay ¢6
thé duogc giai thich la do viéc hinh thanh

Nhiét dé (°C)

T
500

(F)

lién két hydrogen giita cac anion va mot s6
nguyén tir hydrogen tu do chua phan Ung
hoan hodc do tin hiéu ctia hoi nudc bi chat
l6ng ion hép thu trong khong khi.

‘Am =12,0 %

90+

80+

Khéi lwong (%)

Nhin chung, tt ca cac vat lidu déu co
cac tin hiéu yeu tai ving 2950-2800 cm'!

704

Am = 26,5%

Am = 29,0%

Khéi lwong (%)

60+

la do cac dao dong cua céac loai noi H-Csp?

trong nhom methylene hodc methyl cua
chat long ion [18, 22]. Céc tin hi¢u cua
cac loai ndi H-Csp® dugc quan sat rd hon
khi cac nhém alkyl chira nhidu nhom
methylene dugc gin Ién nitrogen (Si0,-

JHOAHOC . [
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(CH2)3-N(Oct)3Br (F).

Nhiét dé (°C)
Hinh 6. Gian db phan tich nhiét khéi lwong cta ILSPE: Sio,-[C,,C
PF, (B), Si0,-(CH,),-Im-OctClI (C), SiO,-(CH,),-Im-(CH,) SO, HCI (D), Si0,-(CH,),PPh.CI (E), SiO,-
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Bang 2. Tong hop dir liéu phan tich cau tric cac vat liéu ILSPE.

I I I Nhiét dp Ham lrgng  Thanh phéin
1] Al v v v .
Vit li¢u Dit liéu cau tric trén pho FT-IR (cm™) phin hity °C) L (%) HouvEnth
8i0,-[C ,C Pyrro]PF, 2916, 2851 (H-Csp®), 1630 (Si-OH), 1470 (C-N), 1061, 849 (Si-O-Si) 250 29,0 $i,0,C,N,P.F
: 2924, 2855 (H-Csp’), 1650 (Si-OH), :
$i0,-[C, MeNJPF, 1468 (C-N), 1031, 789 (SI-0-i) 265 30,0 $i,0,C,N,P.F
. 3094 (H-Csp?), 2927, 2862 (H-Csp’), 1644 (Si-OH), 1566 (C=N), 1472 (C-N), .
$i0,-(CH,),-Im-OctCl 1042,951 (51-0-Si) 235 27,0 $i,0,C, N, Br
. 3391 (0-H), 3087 (H-Csp?), 2945 (H-Csp?), 1636 (Si-OH), 1489 (C-N), 1150 .
$i0,-(CH,),-Im-(CH,) SO,HC! (5-0), 1032, 890 (S-0-S), 873 (5-0), 681 (C.5) 240 215 $i,0,C,N, S, ClI
. 3145 (H-Csp?), 2918 (H-Csp?), .
S0, {CIL),PPh,Cl 1572 (Si-OH), 1042, 950 (S1-0-S), 619 (C-P) w = SRR
$i0,-(CH,),-N(Oct),Br 2922, 2853 (H-Csp®), 1636 (Si-OH), 1541, 1458 (C-N), 1051, 791 (Si-O-Si) 290 29,0 $i,0,C, N, Br

cho thdy, hau hét cac vat lidu pha tinh déu bén ¢ nhiét do6 dudi
235°C. Ngoai ra, duong cong nhiét khi luong cho thiy hai tin
higu dang chu . Thir nhét, dugi 150°C c6 sy giam nhe khdi lugng
la do dung moi va hoi nudc. Ké d6, khdi luong cua vt liéu giam
manh ¢ khodng nhiét dg 240-700°C dugc cho la thanh phﬁn hiru co
do 16p chit long ion dugc mang 1én bé mat silica gel (khoang 26,5-
30,0%). Két qua do bén nhiét va ham lugng chét 1ong ion cia timg
loai vt lidu silica gel tim chét long ion duoc trinh bay ¢ bang 2.

(A) (B)

Thanh phﬁn hoa hoc cua cac vat liéu duoc xac dinh bf?mg ph6 tan
xa nang lugng tia X (EDX). Hinh 7 x4c nhén sy hién di¢n cua cac
nguyén t C, O, Si, N hodc P, Br hoiic Cl trong céc vat liéu. Thanh phin
nguyén 0 tuong (g véi timg loai vt liu duoc liét ké trong bang 2.

Ngoai ra, cac vat liéu nay sau khi dugc diéu ché s& duge ray
qua hai rdy 50 va 100 pm trude khi nhdi vao cot SPE. Céc vat liéu
nay dugc su dung lam pha tinh c6 kich thudc 50-100 pum, twong
dbi dong déu. Anh chup kinh hién vi dién tir quét (SEM) ctia mdi
vat li¢u dugc trinh bay ¢ hinh 8.

(€)

cl

c s ‘
A
7
2

3
(keV)

Hinh 7. Phd tan xa nang lwong tia X ctia vat liéu ILSPE: Si0,-[C,,C,Pyrro]PF, (A), SiO,-[C,,Me,N]PF (B), SiO,-(CH,),-Im-OctCI (C),
$i0,-(CH,),-Im-(CH,),SO,HCI (D), SiO,-(CH,),PPh.CI (E), SiO,-(CH,),-N(Oct).Br (F).
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Hinh 8. Anh SEM caa vit ligu ILSPE: SiO,-[C,,C,Pyrro]PF, (A), SiO,-[C,,Me,N]PF, (B), SiO,-(CH,),-Im-OctCI (C), SiO,~(CH,) -Im-(CH,),SO,HCI (D),

Si0,-(CH,),PPh.CI (E), Si0,-(CH,),-N(Oct)Br (F).

3.2. Khio sdt khd nang luu giw cdc thudc triv siu ho
carbamate trén cdac ILSPE khdc nhau

Piu tién, chung to6i tién hanh téng hop nhidu loai vat liéu
ILSPE khéc nhau trén nhidu khung chat léng ion. Sau khi phan
tich TGA cua céc vét lidu, két qua cho thiy co 6 loai vét lidu
(8i0,-(CH,),-Im-OctCl, - SiO,~(CH,),-Im-(CH,),SO,HCI,  SiO,-
(CH,),-N(Oct),Br,  SiO,-(CH,),PPh,Cl, SiO,-[C ,C Pyrro]PF,,
Si0,-[C, Me,NIPF,) c6 ham lugng chat long ion gan nhu nhau
(25-30%). Do d9, 6 loai ILSPE nay dugc Iya chon dé€ tién hanh
cac thuc nghiém khao sat kha ning luu giit céc thude trir sau ho
carbamate (hinh 9).

Cac hop chat thudc trir sau carbamate dugc luu giit trén cac

vat liu ILSPE theo cac tuong tac kém phan cuc (ky nudc),
phén cyc va tinh dién. Cac vat li¢u SiO,-(CH,),-Im-OctCl,

PF, chi luu gitr cac hop chit thuéc’tn‘r sau thfmg qua tuong tac
kém phan cuc nén luu gilt khong tot cac thudce trir sdu hoi phan
cuc (pirimicarb va carbaryl). Khéi lugng lwu giit ciia pirimicarb
(logP=1,4) trén cac ILSPE nay du6i 2 pg, hidu suét giir dudi
20% cho thiy kha ning luu giir rat kém. Carbaryl (logP=2,36)
dwoc luu git v6i hiéu sudt 60-70% nhung qua trinh luu giit
khong hoan toan, bi rira gidi trong qua trinh tai mau qua cot.
C6 thé thay, methiocarb (logP=2,92) dugc luu giit tét trén cac
pha tinh gin day alkyl ky nu6c (hiéu suat luu giit trén 90%).
Véi pha tinh chi gan nhém phenyl Sin-(CH2)3PPh3C1 (it
phan cuc hon), kha nang Iuu gitt hop chat nay ciing gidm di
dang ké (hiéu suat luu git 60%). Khi sir dung vat liéu (SiO,-
(CH,),-N(Oct),Br) mang df)ng thoi 3 nhom octylr (C8) gén trén
nguyén tir nitrogen, kha nang luu gilt cac hop chat nay tang 1én
dang ké va luu giit tot toan bo cac hop chét. SiO,-(CH,),-Im-

Si0,-(CH,),PPh,Cl, SiO,-[C C Pyrro]PF, SiO,-[C, Me,N] (CH,),SO,HCI c6 thém tuong tac tinh di¢n nén gitr hoan toan
120 120 120
= 100 WA TS ‘\'\"_'r‘"\'; ______________ 100 _.,\,.\, ,,,,,, 100 t\_"\ ................ Si0,-(CH,),-Im-OctadeBr
; 80 T ! 80 \ \\ 80 \\\ """"" Siof(CHZ)K'Im'(CHz)asoxHCl
= o R SI0,-(CH,) PPh,C1
e 60 |1 60 i =G o
g \. \ S Si0,-[C,Me,NJPF,
g ® 0 Y, 0 PR .
= R ——— Si0,C,C,Pyrro]PF,
20 20 \ \ 20 ]
: ——— SI0A(CH,),N(Oct)Br
ANEPAY s
0 0 e 0
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

Khbi hrgng methiocarb (ng)

Khébi hrong pirimicarb (pg)

Khoi Iwgng carbaryl (ug)

Hinh 9. Higu suat Iwu gilr cac thudc trir sau carbamate trén cac ILSPE.
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Hinh 10. Biéu db téi wu cac théng sé quy trinh lam giau mau véi SiO,~(CH,

pirimicarb (pK,D =4,53) trong moi truong acid va phan tuong
tac phan cyc ctia nhom imidazole the hién rd hon do pha tinh
ctia ILSPE nay c6 mach carbon ngan, it bi chudng ngai lap thé
nén cai thién dugc kha ning luu giit carbaryl (hiéu suat luu giir
100%) nhung dung luong khong cao. Vi vét liéu SiO,-(CH,),-
N(Oct),Br luu gitr tot tat ca cdc chét phén tich nén duoc su
dung cho quy trinh 1am gidu mau cac thude trir sdu ho nay.

3.3. Téi wu quy trinh lam giau mdu trén $i0-(CH) -
N(Oct) ,Br

Cac thube trir su c6 do phan cyc khac nhau nén kha ning
luu gitr trén Si0,-(CH,);-N(Oct),Br cing c6 sw khac biét rd rét
(bang 3). Cac hop chat cang keém phan cyc cang luu gitr manh
trén Si0,-(CH,),-N(Oct),Br, dung luong twong d6i cao (carbaryl,
1soprocarb va methlocarb) Doi voi hop chét hoi phan cyc dung
luong luu gitt trén cot con thap va d& bi ty rira giai trong qué
trinh tai mau (carbofuran va pirimicarb). Sau 50 ml mau tai qua
cdt, 2 hop chat nay hau nhu bj rira giai dang ké trong qua trinh
tai mau qua cot (hinh 10A). Vi vay thé tich miu tai qua cot toi
dala 50 ml.

Bang 3. Dung lwgng dong clia cac thudc trir sau ho carbamate trén
200 mg vat liéu Si0,-(CH,),-N(Oct),Br.

Hop chat Dung luong (ng)
Carbofuran 6

Carbaryl 16

Isoprocarb 16

Methiocarb 40

Pirimicarb 10

JHOAHOC . [
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Vi tuong tic giita cac thudc trir sdu voi SiO,-(CH,),-
N(Oct),Br la tuong tdc kém phan cuc nén khi ting thé tich
ACN, hiéu suat thu hoi tang. Thé tich ACN dé rira giai hoan
toan cac thude trir sau twong ddi 16n, khi sir dung 5 ml cho
thy, cac thude trir su nay duoc rira giai t6t ra khoi cot Si0,-
(CH,),-N(Oct),Br (hinh 10C). Dé cai thién hiéu qua lam giau,
dung dich rira giai duoc thdi kho ¢ nhiét do thuong (hinh 10D)
dé han ché mat mAu va sau d6 hoa tan lai v6i 1,5 ml dung moi
ACN:H,O (40:60, v/v). Khi do mau dugc lam gidu khoang 33
lan, cai thién dang ké kha nang phan tich ham lugng cac thude
trr sdu ho carbamate ¢ ham lugng vét. Hiéu suét thu hoi cua
toan qua trinh trén chuan déu trén 70% (hinh 10D), d4p img
yéu cau khi phan tich cac thudc trir sdu nay theo tiéu chuan
AOAC, d6 lap lai cua phuwong phap t6t (RSD<10%). Ngoai
ra, qua trinh tuong tac gilia chit phan tich véi vat ligu SiO,-
(CH,),-N(Oct),Br xdy ra nhanh, thuan loi dé rit ngan thoi gian
tai mau, két qua cho thdy tai miu véi toc do 3,6 ml/phit ma
hiéu suét van cao nhu té¢ d6 1,2 ml/phut (hinh 10B).

3.4. Tham dinh phwong phdp

Sic ky dd ciia chuan hdn hop cac thude trir siu carbamate
1000 pg/l dugc trinh bay ¢ hinh 11.

carbamate trong khoang 20-1000 pg/ml c¢6 do tuyén tinh cao
(R%>0,999) dat yéu cau theo tiéu chudn AOAC (bang 4).

Duong chuén cua céc
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Hinh 11. Sac ky d6 chuan hdn hop thudc trir sau carbamate 1000 g/l

Bang 4. Cac thong sé clia dwdng chudn.

Chat Nong dd (ng/l)  Phuwong trinh dudng chudn R’

Carbofuran ~ 20-1000 944,77x-1694.8 0,9994
Carbaryl 20-1000 2457,4x-7418,5 0,9995
Isoprocarb 20-1000 737,19x-1734,1 0,9993
Methiocarb ~ 20-1000 1376,5x-3535 0,9997
Pirimicarb  20-1000 1226,8x-4393 3 0,9992

Bang 5. Két qua noéng dé (ug/l) thudc trir sau ho carbamate trén mau
nwéc.

Khoa hoc Ky thuat va Céng nghé | Ky thuat hoa hoc =

Bang 6. Hiéu suat thu hoi, do Iap lai, LOD, LOQ cua phwong phap trén
cac mau nworc.

MAu nuée song Sai Gon -~ Mau nwée kénh Tau Hii

X ; : LOD LOQ
Chat Higusuit — Djliplai Higusuit — Doliplai (o) (ugl)
thu hi (%) (%RSD)  thu hdi (%) (%RSD)
Carbofuran 65,5 4,0 61,2 10.1 0.4 14
Carbaryl 80,3 2,6 60,2 8,2 0,2 0,6
[soprocarb 96,4 0,5 95,5 5,7 0,4 1,5
Methiocarb 84,1 3,5 69,2 10,5 1,0 35
Pirimicarb 103,7 42 106,8 50 0,2 0,6
MAu nuée may ctia Miu nuée mé
Truong Dai hoe Khoa inh 16 10 y
Chat hoc T nhién ’ LoD  LOQ
L At 1 e ppen % e (ugl) o (ugl)
Hi¢usuat  Djlip lgi  Higu suat D lip lgi
thu hdi (%) (%RSD)  thu hdi (%)  (%RSD)
Carbofuran 61,2 71 88,9 37 0,3 0,9
Carbaryl 78,6 0,2 94,9 5,5 0,1 04
Isoprocarb 89,4 71 90,7 N 02 0,8
Methiocarb 69,2 2,7 84,6 73 0,6 2,0
Pirimicarb 974 2,7 108,0 438 0,1 0.4

Ap dung quy trinh da t6i wu dé phan tich cac mau nudc
sinh hoat va nudc song. Cac mau nude nay duoc ldy theo
TCVN 6663:2016, mau dyung trong chai nhua PE va bao
quan ¢ 4°C trong phong thi nghiém, mau dugc loc cin rin
béng giéiy loc dinh tinh trudc khi tai qua cot. Két qua néng
dd thudc trir sdu ho carbamate trén mau nudc dugc md ta &
bang 5. P6i véi miu nudce sinh hoat & tinh 16 10, quan Binh
Tan c6 phat hién thudc trir sdu pirimicarb & mirc nong do 63
ng/l. Mau nudc sinh hoat léy tai Truong Pai hoc Khoa hoc tu
nhién - Pai hoc Quéc gia TP H6 Chi Minh va mau nudc song
Sai Gon khong phat hién cac thude trir siu nay. Mau nudc
kénh Tau Hu, quan 5 phat
hién c6 mat isoprocarb

nhung dudi ngudng dinh
luong. Gidi han phat hién
(LOD), gi6i han dinh
luong (LOQ) ctia phuong
phap trén nén miu duoc
xac dinh tai néng do cho
tin hi¢u S/N>3 (LOD) va
S/N>10 (LOQ).

Mau duge thém chuén
& mirc ndng do6 10 pg/l
dé danh gia hiéu suat thu
hoi, do lap lai va LOD,

Carhofuran ~ Carbaryl ~ Isoprocarh  Methiocarb  Pirimicarb
Tinh 19 10,
L KpH KPH  KPH KPH 630£30
Nude quin Binh Tén
sinh hoat ong Dai
* TungDiber KH  KPH KPH KPH
Khoa hoc Ty nhién
) Sai Gon KPH KPH KPH KPH KPH
M KPH
g o ke LD KeH KPH
TauHu
- Maiu nudc may e Mau nudc sdng
80000
800004
70000
700004
5 60000 o
e ) Thém chuan 5
o0 50000 y
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400004
40000 4
20001 1 2 000
200 200°]
1000 Mau om0

Hinh 12. Séc ky dé mau va mau thém chuan 10 pg/l méi thudc trir sau. 1: Pirimicarb, 2: Carbofuran, 3: Carbaryl,

4: Isoprocarb, 5: Methiocarb.
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T = g
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LOQ trén nén miu. Sic
ky d6 cua miu va mau
thém chuan 10 pg/l cua
cac thube trr sdu duoc
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trinh bay ¢ hinh 12. Cac thudc trir siu déu c6 hiéu sut thu
hdi cao trén cic nén miu nudce song, nude kénh va nude may
(bang 6), dat hiéu suat thu hdi theo tiéu chuan AOAC & mirc
noéng do 10 pg/l (60-110%). Cac chit carbofuran, carbaryl
d& bj mét trong qué trinh thoi kho do nhiét d¢ soi twong doi
thap nén hiéu suat thu hoi chua that sy tot. Do lap lai trén cac
nén mau nay ciing nam trong mirc cho phép khi phan tich
ham luong vét thudce trir sdu (RSD<15%). LOD va LOQ cua
phuong phap thap, dudi mire gidi han cho phép cua cac thude
trlr siu ndy trong mau nudc bé mit va nudc sinh hoat nén
dam bao phén tich t6t cac mau c6 nong do thap.

4. Két luan

Vit liéu SiO,-(CH,), N(Oct) Br da duoc tong hop thanh
cong va dugc xac dlnh céu tric bang cac phuong phap hoa
ly (FT-IR, TGA, SEM, EDX). Nghién ctru nay da xay dung
dugc quy trinh 1am giau mau bang vat liéu Si0,-(CH,),-
N(Oct),Br va phan tich thuoc trir sdu carbamate bang phuong
phap HPLC UV trén nén miu nudc. Phuong phap co gidi
han dinh luong thip, d6 1ap lai va hiéu sudt thu hoi tot. Kha
nang lam glau cua vat liu SiO,-(CH,),-N(Oct),Br dbi voi
cac hop chat dai dién cho nhom carbamate trong nghlen ctiu
nay 1a 33 lan, LOQ dat ngung mot vai ppb. Néu sir dung dau
do MS ¢6 d6 chon loc cao hon thi chic chén sé cai thién duoc
rat nhiéu d6 nhay cua phuong phap [24, 25]. Nghién ctru cho
thay tiém ndng rat 16n ctia S1O -(CH,),-N(Oct),Br trong XU ly
mau phan tich, tuy nhién can them nhung khao sat vé do bén
ctia vat lidu theo thoi gian bao quan va kiém ching thém trén
nhiéu nén mau nudc khac.

Nghién ctru nay duoc hd trg kinh phi tir S& Khoa hoc
va Cong nghé¢ TP HO6 Chi Minh, ma s6 102/2020/HD-
QPTKHCN. Céc tac gia xin tran trong cam on.
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