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TOM TAT

Trong nghién cizu nay, vdt liéu silica gel mang chat léng ion 3-alkyl-1-vinyl-1H-imidazol-3-
ium bis((trifluoromethyl)sulfonyl)amide (XT1 va XT2) va 1,8-diazabicyclo[5.4.0Jundec-7-enium
bis((trifluoromethyl)sulfonyl)amide (XT3) duwoc tong hop thanh céng va xdc dinh cdu tric bang cac
phuong phap FT-IR, TGA, EDX va BET. Sau cac thi nghiém khao sét, vt liéu SiO>-XT3 cho hiéu
suat thu hoi tér doi véi 5 ion kim logi nang 1a Cre*, Ni%*, Mn?*, Cu?* va Cd?* véi hiéu sudt thu hoi
trong khodng tir 79-104% ¢ pH 8,5 véi 1 mL dung mdi riza giai HNOs/H,O 1 M. Trong diéu kién da
t6i 1w, phwong phdp nay c6 thé phan tich ion kim logi ngng véi LOQ tir 1,95-4,27 ug/L déi Vi nuéce
mady d¢ ap lai tot (RSD <6%,), dat theo tiéu chudn AOAC.

Tir khéa: chat 1ong ion; kim loai nang; chiét pha ran; silica gel

1. Giéi thieu

Trong co thé con ngudi va dong vat thuong chia nhidu nguyén t kim loai & mic do
vi lugng, tuy nhién khi ham lugng vuot qué gisi han cho phép s& tra thanh mdi lo ngai cho
strc khoe (Verma & Dwivedi, 2013). Cac kim loai niang gay ra cac rdi loan trong co thé séng,
anh hudng dén su sinh truong, phét trién cua co, gay ra man ngta, chong mat, dang tri, than
kinh, bénh vé gan, viém than, ung thu va c6 thé dan dén nguy co tir vong (Verma & Dwivedi,
2013). Tuy nhién, kim loai nang trong nuéc thuong hién dién & ndng do thap va dé bi nhiéu
bdi cac tac nhan khac. Do d6, phan tich kim loai ning doi hoi phai cé qua trinh xir Ii mau
thich hop voi ham lugng vét va siéu vét (Wang et al., 2017). Ngoai cac phuong phéap chiét
long-long hay két tua thi chiét pha ran ciing 1a mot phuong phap tdi wu cho qua trinh nay.
Uu diém chinh cua chiét pha ran Ia st dung it dung méi hiru co doc hai, d& thuc hién,
kha nang loai tap cao va tu dong hoa (Fritz & Macka, 2000).

Cite this article as: Nguyen Dieu Linh, Dao Huynh Xuan Thuy, & Tran Hoang Phuong (2024). Application of
bis((trifluoromethyl)sulfonyl)amide coated onto silica gel as sorbent for extraction of Cré*, Ni?*, Mn?*, Cu?*
and Cd?*in water sample. Ho Chi Minh City University of Education Journal of Science, 21(7), 1190-1202.
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Viéc thay doi thanh phan pha tinh caa cot chiét pha rin gilp chat phan tich duoc chon
loc t6t hon cling nhur ndng do duoc gia ting dang ké. Do dé, bién tinh mot sé vat liéu ¢ dién
tich bé mit 16n (silica gel, carbon vo dinh hinh, graphene oxide) dé ting kha nang lam giau
va tinh chon loc chat phan tich 1a can thiét. Ngay nay, chat long ion 1a mét trong nhitng hop
chat hitu co dd va dang duoc nghién ctru trong linh vuc hap phu théng qua viéc mang cac
chat long ion nay Ién silica gel (Karel et al., 2016; Nguyen et al., 2020; Nguyen et al., 2018;
Tran et al., 2017). Pha tinh silica mang chat long ion alkylimidazolium gan day C18 (SiO>—
(CH2)s—Im—Cig) da duoc tong hop va ang dung lam giau vét kim loai nang trong mau nudc.
Két qua cua phan tich ICP-MS cho thiy gigi han phét hién (LOD) déi voi Cr¥* Ni* Cu?*
Cd?* va Pb?* Ian luot 12 0,724; 11,329; 4,571; 0,112 va 0,819 mg/L, twong tng véi do lach
chuan twong ddi (RSD) trong khoang 0,941-1,351% va hé s lam giau 1a 150 (Nguyen et al.,
2022). Twong tu, vat liéu chat long ion gén trén carbon nanosphere [NMIIM]Br-CNSs ciing
duoc str dung nhu mét tac nhan tao phuc trong viéc tach va lam giau Cu?*va Pb?* trong nuéc
thai, nuéc bién va trong gia vi hang ngay véi hé s 1am giau khoang 300 (gigi han phat hién
14 0,30-1,76 pg/L) (Aliyari et al., 2016). La®*" trong nudc ciing dugc phan tich mot cach chon
loc va hiéu qua bang qua trinh chiét pha ran sir dung SG-N-PhenacylPyrNTf, mang Ién silica
gel 1am pha tinh (Marwani & Alsafrani, 2013).

Trong nghién ciu ndy, ching toi s& tong hop cac chat long ion thé hé méi khung
imidazolium va 1,8-diazabicyclo[5.4.0Jundec-7-enium mang Ién silica gel. Cac vat liéu nay
s& duoc tmg dung 1am pha tinh cho cét chiét pha ran ding trong xt If mau nudc chia Cré*,
Ni%*, Mn?*, Cu?" va Cd%".

2.  Vatliéu va phwong phap
2.1. Hoa chat

Chuan phan tich Cr¥*, Ni**, Mn?*, Cu?* va Cd?* (1000 ppm) va cac hoa chat 1-vinyl
imidazole, 1,8-diazabicyclo[5.4.0]Jundec-7-ene, octyl bromide, decyl bromide va lithium
bis((trifluoromethyl)sulfonyl)amide dwgc mua tr Sigma-Aldrich. Cac dung moéi nhu
methanol, ethanol va muéi potassium dihydrogenphoste dugc mua tir Xilong (Trung Quéc).
2.2. Thiét bi va dung cu

Phan &ng téng hop vt liéu duoc thuc hién trén méay khuay tir (IKA, Mi). Thiét bi quang
phd ngudn plasma cam tng cao tan két ndi khéi phd ICP-MS (Agilent ICP-MS 7700x).

Bdang 1. Thong sé ki thudt do ICP-MS

Théng sb Gia tri Thong sb Giatri
Ché @6 Plasma Coban  Tdc do dong khi pha lodng (L/min) 0,0
RF power (W) 1550 biéu chinh 6ng kinh Autotune
Nhiét d6 budng phun (°C) 2 Téc d6 dong khi cell (mL/min) 43
Do sau mau (mm) 10 Ning lugng (V) 5,0
Téc d6 dong khi may phun . o 25 analytes,
swong (L/min) 109 Songuyento 5 ISTDs

1191



Tap chi Khoa hoc Trwong BPHSP TPHCM Nguyén Diéu Linh va tgk

2.3.  Quy trinh diéu ché vt ligu silica gel mang chdt léng ion XT1 va XT2

=
( ( LiNTf, ~ XT1:n=8 l(
N CoHanuaBr | Nhiétgs phong N <1210 sio, { 28 _
\ ,R W e | @ o : &%9@ ” \_ @, S0z
Hoan lwu 2 gjer ® Br 4 h, MeOH NTf2 Nhiét dé phong CrHaonit

CoHoner CnHan+1 4 h, MeOH

Hinh 1. Quy trinh diéu ché vat ligu SiO2-XT1 va SiO-XT2

Trudc tién, silica gel s& duoc hoat héa bang cach un hoan luu hdn hop silica gel va
nitric acid (ti 18 1:2) trong 4 gid. Sau do, silica gel duoc rira bang nudc cat va kiém tra bang
gidy pH dén moi truong trung tinh (pH = 7). Sau do, silica gel tiép tuc dugc khudy trong
dung dich HCI & nhiét do phong trong 24 gio dé loai cac oxide kim loai 13n trong silica gel.
Silica gel hoat hoa s& duoc rira bang nudc cat dén khi pH dat trung tinh (pH = 7). Silica gel sau
rira s& duoc say kho & 100 °C trong tu sdy trong 24 gio (Gharehbaghi & Shemirani, 2012).

Dé didu ché vat lidu tir silica gel hoat hda va céac chét long ion, bude dau tién, chat
long ion s& duogc tong hop bang cach khudy hoan luu hdn hop gdm 1-vinylimidazole (5
mmol; 0,47 g) va 2 loai alkyl bromide la octyl bromide (5 mmol; 0,96 g) va decyl bromide
(5 mmol; 1,7 g) trong 2 gi&r & 100 °C dé thu duogc 2 loai chét long ion lan luot 1a 3-octyl-1-
vinyl-1H-imidazol-3-ium bromide va 3-decyl-1-vinyl-1H-imidazol-3-ium bromide c6 dang
long sanh mau vang. Céac chat long ion duoc tao thanh s& dugc rira bang dung méi diethyl
ether (3 mL x 3). Tiép theo, cho hdn hop 3-alkyl-1-vinyl-1H-imidazol-3-ium bromide (5
mmol) va muédi lithium bis((trifluoromethyl)sulfonyl)amide (5 mmol; 1,5 g) hoa tan hoan
toan trong 20 mL methanol & nhiét do phong trong 4 h. Hon hop dung dich sau phan @ng
dugc loc qua celite dé loai mubi vo co. Dung dich sau loc duoc c6 quay dé loai hoan toan
dung mdi thu dugc chat long ion sénh mau vang nhat lan lugt 1a 3-octyl-1-vinyl-1H-
imidazol-3-ium  bis((trifluoromethyl)sulfonyl)amide (XT1) va 3-decyl-1-vinyl-1H-
imidazol-3-ium bis((trifluoromethyl)sulfonyl)amide (XT2). Cudi cing, chat long ion 3-
alkyl-1-vinyl-1H-imidazol-3-ium bis((trifluoromethyl)sulfonyl)amide (2 g) duoc khudy Vi
silica gel hoat hoa (6 g) trong dung mdi methanol trong 12 h. Sau dé, hdn hop sau phan g
dugc co quay dé thu duoc hai vat liéu 13 SiO2-XT1 va SiO2-XT2 mau tring min.
2.4. Quy trinh diéu ché vat ligu silica gel mang chat léng ion SiO-XT3

Dé didu ché vat liéu SiO>-XT3 tur silica gel hoat hda va céc chat long ion XT3, budc
dau tién, chat long ion s& dugc tong hop bang cach khudy hoan luu hdn hop gdm 1,8-
diazabicyclo[5.4.0Jundec-7-ene (5 mmol; 0,76 g) va octyl bromide (5 mmol; 0,96 g) va decyl
bromide (5 mmol; 1,7 g) trong 2 gid ¢ 100 °C dé thu dwoc dang l6ng sanh mau tring. Céc
chat long ion dugc tao thanh s& duoc rira bang dung mdi diethyl ether (3 mL x 3). Tiép theo,
cho hdn hop 1,8-diazabicyclo[5.4.0]undec-7-enium bromide (5 mmol) va mudi lithium
bis((trifluoromethyl)sulfonyl)amide (5 mmol; 1,5 g) hoan tan hoan toan trong 20 mL
methanol & nhiét d6 phong trong 4 h. Hon hop dung dich sau phan tmg dugc loc qua celite
dé loai mubi vé co. Dung dich sau loc dugc c6 quay dé loai hoan toan dung méi thu duoc
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chat long ion sanh  mau tring 1a  1,8-diazabicyclo[5.4.0]undec-7-enium
bis((trifluoromethyl)sulfonyl)amide  (XT3). Cudi cung, chit léong ion 1,8-
diazabicyclo[5.4.0Jundec-7-enium bis((trifluoromethyl)sulfonyl)amide (2 g) dwoc khuay
véi silica gel hoat hoa (6 g) trong dung modi methanol trong 12 h. Sau d6, hdn hop sau phan
g duoc c¢b quay dé thu dugc vat lidu 12 SiO-XT3 mau tring min.

LiNTf,

N C8H17Br /j Nhiét g5 phong O\/je _ so Q:j Qrio- L sio,
- . X
& Br @NKN/TS/\/\ T MeoH 4n, h,

Hoan Iwu 2 giv 41, MeOH
nhiét g phong

H|nh 2. Quy trinh diéu ché vat ligu SiO2-XT3

2.5. Quy trinh khdo sét qua trinh chiét pha rdn kim logi ngng

Can 200 mg vat liéu silica gel mang chat long ion va nhdi vao cot Strata SPE duoc ¢b
dinh bang 2 mang loc 20 um Molderd Frits cho loai 3 mL. Thuc hién ¢ dinh miéng frit voi
lyc ddy 1a nhu nhau cho tirng cot. Dung dich hdn hop chuan 50 pg/L gém cac ion kim loai
nang Cr¥*, Ni%*, Mn?*, Cu?*, Cd** & pH = 8,5 (30 mL) duoc tai qua cot chiét pha rin chira
200 mg mdi vat liéu. Sau do6, cot SPE duoc ria giai bang 1 mL dung dich HNO3/H20 (1 M).
Dich rira giai sau d6 duoc thdi kho va dinh mirc bing HNO3 2% va phan tich biang ICP-MS.
2.5.1.T6i wu quy trinh lam giau mau trén vat ligu SiOz-XT1

Thuce hién céc khao sat bao gom xac dinh pH tbi wu, thé tich mau tdi da tai qua cot, thé
tich dung moi rira giai, diéu kién thoi kho va danh gia hiéu suat thu hoi, do 1ap lai cua qua
trinh 1am giau hdn hop ion kim loai nang Cr3*, Ni?*, Mn?*, Cu?* va Cd?".
2.5.2. Tham dinh phwong phdp

Sau qua trinh ti wu hoa, quy trinh phan tich duoc dinh lugng dya trén cac tiéu chi nhu
gidi han phéat hién (LOD), giéi han dinh lugng (LOQ) trong cac mau thyc té, khoang tuyén
tinh, danh gia do lap lai, d6 6n dinh ciia phuong phap, va hidu suat thu hoi trén mot s mau
thuc té. Mau nude may duoc lay tai Truong Pai hoc Khoa hoc Tu nhién Thanh phd H6 Chi
Minh va dwoc chinh pH dn 8.5 va duoc bao quan ¢ nhiét d6 phong. Sau d6, 12 mau nudc
may s& duoc chia thanh 2 nhém véi 6 mau duoc thém chuan ion kim loai véi ndng d6 5 pg/L
va 6 mau dugc thém chuan véi néng d6 12 20 pg/L. Cac mau that s& duoc tai qua cot vat liu
Si0,-XT3 véi quy trinh chiét pha rin da duogc t6i uu hoa. Dich rira giai sau d6 duoc dinh mic
bang dung dich HNO3s 2% va ndng do céc ion kim loai s& duoc xac dinh bang phuong phap
ICP-MS. Giéi han dinh lwgng va gi6i han phat hién dugc tinh toan theo céng thirc nhu sau:

LOD =3SD

LOQ = 3LOD
(trong do, SD 1a d¢ léch chuan cua 6 miu nudce may dugc thém chuan)

Do tai lap duoc khao sat thong qua viéc lap lai két qua cia 6 mau dung dich da duoc
tai qua cot véi nong do nhu nhau, két qua sau khi phan tich s& duoc tinh toan khoang tin cay
dua theo cong thuc

D
RSD—S—

1193



Tap chi Khoa hoc Trwong BPHSP TPHCM Nguyén Diéu Linh va tgk

(trong d0, X 1 ndng do trung binh cua 6 mau khao sét)
3. Kétqua vathao luan
3.1. Xdc dinh cdu trac va hinh thai cia vt ligu chdt léng ion tam Ién silica gel

Céc dic tinh cu tric va hinh thai ciia cc vét liéu duoc téng hop tir chat long ion mang
trén silica gel hoat héa thong qua tuwong tac vat Ii duoc xac nhan bang quang phd hdng ngoai
bién d6i Fourier (FT-IR), phé cong hudng tir hat nhan *H va 3C-NMR, phan tich nhiét trong
luong (TGA), phd tan sic ning luong tia X (EDX), kinh hién vi dién tir quét (SEM), phuong
phap do dién tich bé mat Brunauer-Emmett-Teller (BET). Trong giai doan dau, bé mit silica
gel duoc hoat hoa théng qua phan tng thay giai cac néi Si-O-Si trén bé mit dé tao ra cac ndi
Si-OH tu do (Gharehbaghi & Shemirani, 2012). Vi 3 loai vt liéu d3 tdng hop & phan thuc
nghiém thi chit long ion twong tac vét |i véi silica gel thong qua lién két hydrogen
(\VVafaeezadeh & Fattahi, 2014).

Trong phd FT-IR (Hinh 3a), cac dinh hap thu caa silica hoat héa & 1079 cm™* va 792cm’
1 dwoc quy cho céc tin hiéu bat d6i ximg va ddi xting cua lién két Si-O-Si, kém theo dinh
hap thu rong dién hinh caa nhém hydroxyl (-OH) tai 3517 cm™ (Xu et al., 2015). Bén canh
d6, phd FT-IR cua vat liéu tir silica gel va chat long ion XT1 cho thay dinh hap thu cua lién
két C-H (sp®) tai 2940 cm™ va 2859 cm™ &g vé6i dao dong cua gbc methyl hodc methylene
c6 trong cau tric vat liéu (Amarasekara & Owereh, 2010; Berktas et al., 2020), dinh hap thu
ciia C=C trong vong huong phuwong dwoc quan sat & 1677 cm™, dinh hap thu cua lién két
C=N va C-N lan luot tai 1521 cm™ va 1361 cm™. Ngoai ra, dinh hip thu tai 1189 cm™ &ng
véi su dao dong cua S-O-S (Amarasekara & Owereh, 2010). Céc tin hiéu cia C-H (sp®),
C=N, C=C trong vong huong phuong c6 thé quan sét rd rang trén phd FT-IR cua vat liéu
SiO,-XT1. Tuong tw nhu phd cua vat ligu SiO2-XT1, phd FT-IR cua vt liéu SiO-XT2 (Hinh
3b) ciing cho cac dinh hip thu dic trung. Dit liéu trén chi ra rang, ion Br- di trao d6i thanh
cdng véi anion trifluoromethanesulfonate. Bén canh do, chat long ion mang nhém alkyl (C-
8) va (C-10) di dugc ¢ dinh thanh cong trén silica gel hoat hoa.

Dbi véi vt lidu SiO2-XT3 (Hinh 3c), phd FT-IR cho thay dinh hap thu cia nhém NH;
tai 3543 cm™, dinh hap thu caa lién két C-H (sp®) tai 2900 cm™ va 2871 cm™, dinh hap thu
cia C=C trong vong huong phuong duoc quan sat & 1683 cm™ . Ngoai ra, tin hiéu caa C-N
duoc quan sat thiy tai 1337 cm™ va tin hiéu C=N hap thu tai 1513 cm™. Do d6, c6 thé thay
rang chit long ion XT3 dé duoc gin thanh céng 1én bé mit silica gel hoat héa. Dya trén cac
dinh hip thu trén phé hong ngoai FT-IR, c4c chét long ion da duoc gan thanh cong 18n bé
mat silica gel hoat héa dua trén tuwong tac hoa hoc.
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a) b) c)
Hinh 3. Phé FT-IR cua a) vdt liéu SiO2-XT1, b) vdt liéu SiO2-XT2, ¢) vt liéu SiO2-XT3

Phuong phap phén tich trong lwong nhiét (Hinh 4) da duoc sir dung dé xac dinh d6 bén
nhiét va khéi lwong caa chat long ion phu trén bé mat cua silica gel hoat héa. Viéc do luong
duoc tién hanh trong khoang nhiét do tir 25-800 °C, vai toc do gia nhiét 1a 20 °C/phut trong
moi truong nitrogen. Két qua cho thay vat liéu SiO,-XT1 da trai qua mot su giam trong
luong khoang 2% & nhiét do duéi 150 °C do su bay hoi ctia dung méi va nude. Bong thoi,
su giam manh vé trong luong 1én dén 24% tir 250 dén 800 °C c6 nguy@n nhan tir 16p hop
chat hiru co tuong ng véi chat long ion. Két qua phan tich trong lwong nhiét da chirg minh
hiéu qua cua qué trinh tong hop silica gel gin chat long ion.

100

95 +

80+

85+

80

Phan tram khéi lwgng (%)

75

70

6 160 260 3“)0 4EI|U 5’60 BlI]O T{IJU BlI]D 900
Nhiét 4 (°C)
Hinh 4. TGA cua vdt liéu SiO2-XT3

Cac nguyén t co mat trén bé mit silica gel duoc danh gia bang phuong phap quang
phd tan xa ning luong tia X (EDX). Két qua tir gian dd EDX cho thiy su hién dién cua
carbon, fluorine, oxygen, silicon, nitrogen va sulfur trong cu trdc caa vat liéu, chitng minh
rang qua trinh phua chat long ion trén bé mat cua silica gel da thanh cong (Hinh 5). Hinh anh
phan b4 nguyén té cho thiy su phan bb dong déu caa C, N, O, Si, F va S trén bé mit silica
gel. Sau qué trinh téng hop bang cach gan chat long ion 1&n bé mat silica, vat liéu ¢6 dang phién
va o kich thudc khong déng déu. Ngoai ra, trén bé mat hat silica ciing xuét hién cac kénh vi
mé, ching to cac chit long ion di duoc gan thanh cong lén bé mit cua silica gel hoat hoa.
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Hinh 6. a) Puong dang nhiét hap phu cia SiO2-XT3 va
b) D4 th; biéu dién 1/[Q((Po/P)™Y)] theo P/P,
Ngoai ra, dya trén duong dang nhiét luu giit N2 & 350 °C (Hinh 6a), va d6 thi biéu dién
gia tri 1/[Q((Po/P)™)] theo &p suit twong ddi cuia phwong phap do dién tich bé mit, két qua
cho thay dién tich bé mat (BET) cua vat liéu 1a 246,9683 m?/g véi va béan kinh 15 x4p trung
binh 14 22,116 A. C6 thé nhan thiy ring, sau khi gan chat long ion thong qua twong tac vat
Ii 18n bé mat silica gel hoat hda, mot phan chat long ion d3 di vao cac 16 xop 1am giam dién
tich bé mat vat liéu so véi silica gel ban dau (450 m?/g), dong thoi ciing lam giam ban kinh
15 xbp trung binh caa vat lidu so vai silica gel.
3.2. Khdo sat sw anh huwong ciia pH dén hiéu sudt thu hai hén hep kim logi ngng
Trong nghién ciu nay, ¢ 3 loai vat liéu silica gel mang 3 loai chat long khac nhau
dugc tong hop va khao sat kha ning luu gitt hdn hop. Dong thoi, pH caa dung dich ban dau
g6p phan anh huéng dén su ton tai cua cac ion kim loai nang nén pH caa dung dich ciing
dugc khao sét trong nghién ciu nay (Hinh 7). Dung dich hdn hop chuan 50 pg/L caa hdn
hop gém Cr¥*, Ni®*, Mn?*, Cu?*, Cd?*, & pH = 8,5 (30 mL) duoc tai qua cot chiét pha rin
chtra 200 mg mai vat lidu. Sau d6, cot SPE duoc rira giai béng 1 mL dung dich HNOs/Ethanol
(1M), loc qua mang loc 0,45 pm, thdi kho, dinh muc bang HNO3 2% va phan tich bang ICP-

000 005 010 015 020 025 030 035 040
Ap suét tuong déi (P/P,)
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MS. Théng thudng, trong mdi trudng pH thich hop, cac ion kim loai ¢é thé tao phuc véi
anion bis((trifluoromethyl)sulfonyl)amide (Williams et al., 2005) trén 3 loai vat li¢u da duoc
tong hop 1am tang hiéu suat thu hdi caa cac ion kim loai nang. Dua trén két qua thuc nghiém
& Hinh 7, tronng khoang pH tir 7,5-8,5 cho kha ning luu gitr d6i véi cation Cr3* va Cu?*, cac
cation con lai gdbm Mn?*, Ni?* va Cd?* cho kha ning luu gitr tot hon & pH 8,5 trén ca ba loai
vat liéu. Trong d6, co thé thay vat lieu SiO2-XT3 cho kha ning luu giir tot ddi hdn hop céc
cation kim loai nang, biéu hién qua hiéu suat thu hdi dbi véi 5 cation kim loai ning tir 75-
104%. Vi vay, vat liéu SiO-XT3 duoc chon 1am vat liéu dé xac dinh cac diéu kién 1am giau
ti wu & cac thi nghiém tiép theo.
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o8 pH d::; dich .
C. SiO2-XT3
Hinh 7. Khdo sat s anh huwong cua pH
dén hiéu sudt thu hoi cac ion kim logi ngng ¢ tirng logi vt liéu tong hop

3.3. Khdo sat sw dnh hwéng cia dung moi rira gidi va thé tich riza gidgi dén dg thu hoi
cac ion kim logi nang

Dung médi rira giai ciing 14 yéu té quan trong anh huéng dén hiéu suat thu hdi cua cac
ion kim loai ning. Dung dich hdn hop chuan 50 pg/L cia hdn hgp gom Cre*, Ni?*, Mn?*,
Cu?*, Cd?*, & pH = 8,5 (30 mL) duoc tai qua cot chiét pha ran chira 200 mg mdi vat ligu
duoc tai qua cot chiét pha rdn chira 200 mg vat liéu SiO.-XT3. Sau dé, cot SPE duoc rira
giai bang 1 mL cua cac hé dung mdi khic nhau nhu HNOs/Acetone, HNO3/MeOH,
HNO3s/H,0 va HNOg/Ethanol véi nong d6 1M cho tat ca céac loai dung moi rira giai. Sau
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cuing, loc qua mang loc 0,45 pum, théi khé, dinh mic bang HNO3 2% va phan tich bang ICP-
MS. Két qua Hinh 8a cho thay la hé dung m6i HNO3/H20 1 M 1a téi uu vai hiéu suat thu hoi
ctia Cr¥*, Ni%*, Mn?*, Cu?* va Cd?* véi hiéu suét thu hdi trong khoang tir 78-100%. Tiép theo
d6, hé dung moi HNO3/H20 1 M sé tiép tuc duoc &p dung dé khao sat thé tich rira giai thich
hop Vvéi cling quy trinh tai mau nhu trén. T biéu d6 cot & Hinh 8b, & thé tich rua giai la
0,5mL, hiéu suat thu hoi cua cac kim loai nhin chung con kha thap, ching han nhu hiéu suat
thu hoi ciia Cd?* thap hon 50%. Trong khi d6, thé tich rira giai 1 mL va 2 mL cho hiéu suat
thu hoi khong cd su chénh léch dang ké. Vi vay, 1 mL thé tich HNO3s/H20 1 M s& duoc lua
chon dé 1am dung méi rira giai dbi vai cot vat liéu SiOz-XT3.
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b) thé tich dung méi rira gidgi dén hiéu sudt thu hoi kim logi nang

3.4. Khdo sat sw anh hwéng cia thé tich mdu tai dén kha nang e giie kim logi ngng

Thé tich mau 16n nhét hay kha ning lam giau cua vat liéu 12 thé tich mau tai qua chat
hap phu SiO2-XT3 ma tai thé tich nay khong bi rd ri kim loai niang (Hinh 9). Cac thé tich
khéc nhau (tir 30 &én 210 mL) dung dich hén hop chuan 50 pg/L caa Cr¥*, Ni?*, Mn?*, Cu®*
va Cd?* dugc tai qua cot chiét pha ran chira 200 mg vat liéu SiO.-XT3. Sau d6, dung dich
himg duoc loc qua mang loc 0,45 pm, théi kho, dinh muc bang HNOs 2% va phan tich bang
ICP-MS. V6i c4c ion kim loai nang nhu Cr®*, Mn?*, Cd?* thi hau nhu khi tai tir 30 dén 150mL
mau thi gié tri phan tram luu giir khong thay doi déang ké, tir 180 d¢én 210 mL thi c6 sy giam
nhe kha ning luu giit. Trong khi d6, véi Cu?* thi gié tri phan tram luu giir bat dau giam tir
150 mL, tuy nhién van ¢ mic trén 85% va giam manh khi ting thé tich tai cao hon 150 mL.
Phan tram lwu gitr cia Ni%* bt dau giam & thé tich 90 mL va duy tri trén 75% o thé tich 120
mL. Vi vy, thé tich mau I6n nhat ma c4c ion kim loai ning cd thé hip phu tét 1én bé mat vat
liéu SiO2-XT3 1a 120 mL.
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Hinh 9. Khdo st si dnh hwong cua thé tich mau tdi

deén hiéu sudt thu hoi c&c ion kim logi ning

3.5. Thdm dinh phwong phdp
Puong chuan dugc xay dung dya trén ndng do chat phan tich caa mau trong khoang

ndng do tir 0 ppb dén 1000 ppb. Két qua phwong trinh hdi quy tuyén tinh ¢ dang y = a + bx,
trong d6 x 1a ndng d6 cua chat phan tich va y Ia ti 1& cia chat phan tich trén noi chuan. Két
qua thu duogc cho thiy do tuyén tinh cua bon kim loai cao (0,9950 < R?*< 1) Bang 2.

Bdng 2. Puong chudn cua kim logi phan tich

Kim loai Phwong trinh hdi quy tuyén tinh R?
Cr y = 0,4507x + 2,4860 0,9998
Mn y = 0,0463x — 0,0097 0,9999
Ni y =0,2329x + 5,4233 0,9998
Cu y = 0,6305x + 0,0603 0,9997
Cd y =0,0142x — 0,0013 0,9999

Ap dung quy trinh d3 t6i wu dé phan tich cac mau nuéc sinh hoat. Cac mau nudc nay
duoc lay theo TCVN 6663:2016, mau dung trong chai nhya PE va bao quan & 4 °C ¢ phong
thi nghiém, mau duoc loc cin rin bang gidy loc dinh tinh truéc khi tai qua cot. Gigi han phét
hién (LOD) va gisi han dinh lugng (LOQ) dugc khao sat trén mau nudc sinh hoat tai Trudng
Dai hoc Khoa hoc Ty nhién — Pai hoc Québc gia Thanh phd Ho Chi Minh. Trong thi nghiém
nay, chuan bi 6 mau thuc giéng nhau & 2 ndng d6 lan luot 12 5 pg/L va 20 pg/L nap qua 12
cot nhu nhau véi quy trinh tdi wu da duoc khao sat, sau d6 ham luogng kim loai duoc xac
dinh bang ICP-MS. Két qua thu duogc thé hién trong Bang 3 cho thdy, giéi han phét hién cua
cac kim loai nang cua phuong phap lam giau sir dung vat liéu SiO2-XT3 trong khoang
2,57-4,01 ug/L véi gia tri RSD cua céac ion kim loai niang bé hon 6%. Bang 4 1a két qua cua
phuong phap thém chuan vao mau that. Dya vao két qua Bang 4, hiéu suat thu hdi caa cac
ion kim loai nang trong mau that c6 gié tri I6n hon 90%, dat hiéu suat thu hoi theo tiéu chuan
AOAC ¢ miic ndng d6 10 pg/L (60-110%). Bidu nay ching to, vat liéu SiO2-XT3 ¢6 tiém
tiém ning dé &p dung 1am vat liéu pha tinh cta cot chiét pha ran trong thuc té.
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Bdng 3. Két qua LOD va LOQ cua thiét bj

Chit phan tich LOQ (pg/L) LOD (ug/L) RSD (%)
Cr3 4,01 13,38 5,66
Mn2* 4,27 14,25 5,99
Ni2* 1,95 6,50 3,40
Cu?* 2,29 7,65 4,99
Cl2* 2,57 8,55 4,46

Bdng 4. Nong do céc ion kim logi ngng trong nuiréc may

MAiu that Nuéc may
Nong dd chuén Hiéu suét
thém vao 5 20 thu hdi (%)
(ng/L)
Cr 4,72+1,21 20,97 + 2,63 91,89
Mn 4,75+ 1,22 23,48 + 1,66 92,47
Nong do Ni 3,82+0,61 18,01 +1,89 97,53
Cu 3,07 £0,65 18,59 + 1,39 94,20
Cd 3,84 +0,75 19,65+ 1,49 94,41
4.  Kétluan

Trong nghién ctru ndy, vat liéu silica gel mang chét long ion di duoc tong hop dua trén
2 khung hop hop chat hitu co 1a 1-vinylimidazole (SiO2-XT1 va SiO2-XT2), va 1,8-
diazabicyclo[5.4.0]undec-7-ene (SiO2-XT3) thong qua tuong tac vat li. Cac vat liéu da duoc
xéac dinh cau tric bang cac phuong phap nhu FT-IR, NMR, TGA, SEM-EDX, BET. Théng
qua cac khao sét, vat liéu SiO2-XT3 cho kha ning ¢ng dung lam pha tinh dé chiét pha ran
mot s6 kim loai nang & ham luong vét trong mau nudc may vai hiéu suat thu hdi cao va RSD
phl hop theo tiéu chuan AOAC. Trong d6, dung dich hdn hop chuan 50 ug/L cua Cré*, Ni%*,
Mn?*, Cu®* va Cd?* ¢ pH = 8,5 (30 mL) duoc tai qua cot chiét pha ran chira 200 mg vat liéu
Si02-XT3 thi ¢t SPE duoc rira giai bang 1 mL dung dich HNOs/H20 1 M. Két qua cho thiy
higu suét thu hdi ciia Cr3*, Ni?*, Mn?*, Cu?* va Cd?* lan luot Ia 100, 110 va 81%.

7

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

% L&i cam on: Nghién ciru nay duroc hé trerkinh phi tee Triong Pai hoc Khoa hoc Ty nhién,
PHQG-HCM, ma sé U2022-17.
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SILICA GEL AS SORBENT FOR EXTRACTION OF Cr¥, Ni?*, Mn?*, Cu* AND Cd?
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ABSTRACT

In this study, 3-alkyl-1-vinyl-1H-imidazol-3-ium bis((trifluoromethyl)sulfonyl)amide (XT1,
XT2) and 1,8-diazabicyclo[5.4.0Jundec-7-enium bis((trifluoromethyl)sulfonyl)amide (XT3) ionic
liquid modified onto silica gel was successfully prepared and characterized by FT-IR, TGA, SEM-
EDX, and BET methods. Following the experiments, SiO2-XT3 exhibited a good recovery efficiency
for five heavy metal ions including Cr®*, Ni**, Mn?*, Cu?*, and Cd®" with recoveries ranging from
79 — 104% at pH 8.5 with 1 mL of 1 M HNOs/HO elution solvent and high enrichment factors for
each cation. Under optimized conditions, SiO,-XT3 was utilized to analyze heavy metal ions in tap
water with a limit of quantification (LOQ) ranging from 1.95 - 4.27 ug/L and good repeatability
(RSD <6%), meeting AOAC standards.

Keywords: ionic liquid; heavy metal; solid-phase extraction; silica gel
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