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TOM TAT

Trong bai bao nay, cac cham luong ti carbon (CQD) duoc diéu ché tir humic acid
¢6 nguodn gdc tir than bun. CQD duoc ddc trung boi kinh hién vi dién ti truyén
qua c6 do phan giai cao (HRTEM). CQD bao gom cac hat nano c6 kich thude
khoang 20 nm. Cac CQD duogc bién tinh 1én dién cuc carbon thuy tinh d€ phat trién
mot cam bién hoa hoc méi d6i voi dimethyxanthine. Cac thong s dién hoa thich
hop bao gom thé lam giau, thoi gian lam giau, bién dd xung va budc thé duoc xac
dinh. Khoang tuyén tinh va giéi han phat hién cua phwong phap cing duoc khao

sat.

Tw khéa: dimethylxanthine, carbon chdm lwong ti, dién hoa.

1. MO PAU

Dimethylxanthine (DMX) la moét alkaloid thyc vat tee nhién da dwoc st dung
trong hon 80 ndm d€ diéu tri hen suyén, bénh phdi tic nghén man tinh va ngung thd o
tré so sinh trén toan thé gidi, vi né ré va phd bién rong rai [1-3]. DMX thuong duoc
dung & dang vién nén hodc vién nang va can phai theo ddi théng qua cac mau
mau/huyét thanh d€ dam bao st dung dung liéu luong, cting nhu do luong dé€ dam
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bao chat luong/kiém soat chat luong (QA/QC) cua vién nén/vién nang. Liéu diéu tri
ctia DMX, nhu dugc 1dy mau trong huyét thanh la 10-20 ug/mL d8i véi bénh hen
suyén va 6-11 pg/mL trong chimg ngung thd & tré so sinh [4]. Qua liéu lwong nay sé c6
tac dung phu nhu buén noén, nhitc dau va bon chon. Néu 6 nong do trén 20 pg/mlL, tac
dung phu nghiém trong hon nhu run, kich dong, mat ngu, tiéu chay, danh trong nguc,
rdi loan nhip tim va co giat; do d6, diéu quan trong 1a phai do chinh xac nong d6 DMX.

Cé nhiéu phwong phap phan tich xac dinh DMX, nhu séc ky 1éng hiéu niang cao
(HPLC) [5-7], phwong phap mién dich phéng xa [8], phuong phdp mién dich huynh
quang [9], dién di mao quan [10] va sic ky mao quan [11] hay dién hoa [12-13]. Trong
do, sac ky 1éng hiéu nang cao duwoc xem la phuong phép tiéu chuan dé xac dinh DMX
tuy nhién c6 nhiéu han ché nhw chi phi thiét bi va chi phi phan tich rat cao. Phuong
phap dién hoa la mét phuwong phap do nhay, do chinh xac, tinh chon loc cao va gidi
han phat hién thap, chi phi ré. Cac phat trién nghién ctru gan day vé vat liéu thé hé méi
(vat liéu nano, vat liéu carbon cham luong tk, vat liéu khung httu co kim loai,,,) da mé
duong cho viéc nghién cttu phat trién phuong phép phan tich bang cach bién tinh dién
cuee bmeg cac loai vat liéu nay.

Cac cham luong t (semiconductor-based quantumdots) ¢é tinh 6n dinh quang
hoc cao, phd phat xa hep, pho kich thich dai rong, cwong d6 phat quang manh va buéc
song phat quang c thé diéu chinh dwa vao kich thudc hat. Trong d6, carbon chdm
legng ttr c6 day du tat ca cac tinh chat wu viét ctia vat liéu chdm lwong ti ban dan
truyén thong cting nhu kha nang tao lién két tot voi cac thu thé, it bi tdy mau dwdi tac
dung ctia anh sang cuong d6 manh, phd phat quang phu thudc vao budc séng kich
thich va dong thoi khong chira cac yéu t6 cé thé gay doc tinh trong thanh phan cdu tao.
Dbdng thoi, ngudn nguyén liéu dé tong hop carbon chdm lugng ti ¢ sén, rat dé tim
kiém. Carbon chdm luong tit tong hop duoc c6 gia thanh rat ré, ngoai ra san phdm nay
than thién voi mdi truong, bén virng vé mat sinh hoc. Xuat phat tir nhitng van dé trén,
nghién cttu x4c dinh DMX bang phuong dién hoa dung dién cuc bién tinh bang carbon
chdm luong tir la nghién ctru mang tinh cap thiét cao va dang duwoc nhiéu nha khoa
hoc quan tdm nghién ctu sdu rong. Trong nghién ctu nay, chung téi budc dau khao
sat mot s§ thong s dién hod thich hop dé& xac dinh DMX béang phuong phap volt-
ampere dung dién cuc bién tinh bang carbon chdm lwong ti.

2. THUC NGHIEM
2.1. Tach humic acid ttr than bun

Nguyén liéu than bun dwoc sang qua ray bot d€ loai bo 14 va ré cay; phan roi
xudng qua ray thi thu lai d€ chuan bi cho giai doan tiép theo.
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Hoa tan than bun ¢ dang thd véi dung dich KOH ¢ ty 1é khdi luwong than bun
trén thé tich dung dich KOH xac dinh (20 g/400 mL 0,1 M). Khudy hdn hop bang may
khudy ttr véi tdc do va thoi gian xac dinh. Hon hop thu duwgc duoc chuyén vao ong ly
tam thé tich 50 mL ly tdm véi t6c d6 4000 vong/phtt thi mau dwoc phan tach thanh 2
phan: phan ran 1a humin va cac tap chat vo co (loai bo), phan dung dich gom cdc mudi
humate va fulvate (gitt lai).

Acid héa phan dung dich thu duoc bang dung dich CHsCOOH & ndng dd xac
dinh (da tinh toan), pH < 2, chuyén cac mudi humate va fulvate vé lai dang acid ban
dau. Humic acid (AHM) trong mdi truong acid sé bi keo tu va lang xudng, fulvic acid
(AFV) van ton tai & dang dung dich do tan trong mdi treong acid. Rung siéu &m hon
hop ¢ diéu kién nhiét d¢ d€ day nhanh qua trinh keo tu AHM. Sau d6 dem ly tam dé
tach 18y phan két taa, sdy kho két tua ¢ 80°C dén khdi luong khong ddi, nghién min
thu duoc thanh pham humic acid (AHM).

2.2. Diéu ché carbon chdm lwgng ti tir humic acid (carbon quantum dots, CQDs)

Can 0,1 g humic acid da diéu ché ¢ phan trén (AHM) phan tan vao 50 mL H:0,
khuay déu, rung siéu am, sau d6 chuyén hon hop vao binh Teflon thé tich 100 mL (c6
vo thép khong gi). Thiy nhiét bang ti sdy ¢ 180°C trong 10 gio. Sau thoi gian phan
ung két thuc, binh Teflon duwoc d€ ngudi tu nhién dén nhiét do phong. Chuyén hdn
hop vao 6ng ly tam thé tich 15 mL, ly tam & 4000 vong/phut trong thoi gian 10 phut.
Loai bo phan ran, dung dich thu duoc c6 mau nau la dung dich carbon chdm luong ti
(CQDs).

2.3. Chuan bi dién cuc

Cac thi nghiém phan tich dién hoa dwoc tién hanh trén may CP-HH5 (Viét
Nam) vdi ba dién cuc: dién cuc carbon thay tinh (GCE) hoac GCE bién tinh bdi CQDs
la dién cuc lam viéc voi duong kinh 2,8 mm, dién cyec Ag/AgCl/KCI 3M la dién cyee so
sanh va dién cuc doi la day bach kim (Pt). Cac gian d6 volt-ampere vong (CV) duoc
ghi lai trong khoang thé tir 0,5 dén 1,5 V vdi téc dd quét 0,1 V-s-'. Trude khi thuc hién
cac thi nghiém dién hod, bé mat cuia dién cuc carbon thuy tinh tran (GCE) dwgc danh
béng bang bot nhom oxide 0,05 um. Sau d6, ngdm dién cuc trong dung dich HNO:s 1
M, ethanol tuyét ddi va nudc cat d€ loai bo bot nhdém oxide du. Qua trinh bién tinh
dién cyc duwoc tién hanh brimg cach nho 5 uL dung dich carbon chdm luong ti 1én bé
mat dién cuc va dé kho ty nhién trong khong khi. Dung dich dimethylxanthine trong
nudc c6 nong do 50 uM duoc pha ngay truede khi st dung.
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3. KET QUA VA THAO LUAN

3.1. Pdc trung vat liéu

(a)

Anh sing Pen UV

Hinh 1. a) Dung dich CQDs khi chiéu anh sang kha kién va ttr ngoai, b) HRTEM ctia CQDs.

Mot trong nhitng phuong phép chimg té vat liéu chdm luwong tir dé dang nhat
la kich hoat bang anh sang UV. Hinh 1a cho thdy huyén phti humic acid sau khi thuy
nhiét trong sudt c6 mau nau, chiing t6 qua trinh thuy nhiét da c6 cac bién do6i nhat
dinh. Khi chiéu UV, dung dich phat quang cho anh sang xanh ching to dung dich thu
duoc 1a dung dich carbon chdm luong tr (Hinh 1a). Huyén phu dwgc phén tan lén dé
silic &€ quan sat hinh thai bang kinh hién vi dién ti truyén qua phan giai cao. Két qua
cho thay kich thudc hat khoang 20 nm (Hinh 1b).

3.2. Xéc dinh cac thong s6 dién hoa
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Hinh 2. a) Cac duong volt-ampere vong cuia cac dién cire khac nhau véi Comx= 50 uM trong dém
BRS 0,1 M pH 7; b) Creong d¢ dinh tai cac dién ciec khac nhau.

Hinh 2a trinh bay cac duong volt-ampere vong (CV) ctia dung dich DMX 50 uM
trong dung dich dém BRS 0,1 M, pH =7 trén cac dién cec GCE va CQDs/GCE. Mau
trang (dung dich dém BRS 0,1 M, pH 7) khong cho thay cac dinh oxy héa khtt trong
khoang thé ttr 0,5 dén 1,5 V. Qua trinh oxy hda khtr cia DMX xay ra trén ca dién cuc
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GCE va dién cuc bién tinh v6i CQDs tai khoang 1,15 V, cho thdy phan tng dién hoa
cta DMX trén dién cuc GCE va GCE bién tinh la qua trinh bat thuan nghich. Pang cha
y, trén dién cuc bién tinh bang CQDs, cuong d6 dong dinh ting déng ké, gdp hon 5 lan
so véi dién cue GCE (Hinh 2b), thé hién wu diém ctia CQDs khi bién tinh 1én dién cuc
GCE dé xac dinh DMX.
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Hinh 3. a) Cac duong volt-ampere vong ciia CQDs/GCE trong dém BRS 0,1 M trong khoang pH
2 dén 9 véi Comx= 50 uM; b) Cuong do dong dinh tai cac gia tri pH khac nhau.

Hinh 3a trinh bay anh huong pH cua dung dich dém BRS dén tin hiéu dién

héa. Khi pH ting tir 2 dén 3, cuong d6 dong dinh anode tdng lén. Tuy nhién, khi pH

vuot qua 3 va tang dan dén 9, ceong d6 dong dinh lai giam dan (Hinh 3b). Gia tri pH 3

dugc lua chon cho cac thi nghiém tiép theo.

Khao sdt cic thong so'toi wu xdc dinh DMX
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Hinh 4. a) Cac duong volt-ampere xung vi phan cua DMX (50 uM) v6i thé lam giau tang dan; b)

Sy phu thudc cua ceong do dong dinh vao thé lam giau.
Hinh 4 cho thdy, khi tdng thé lam giau ti -0,3 V dén +0,1 V, cuong d¢ dong
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dinh téng dan va sau dé giam xudng khi tang thé lam giau dén +0,3 V. Dong thoi, gia
tri d6 1éch chuan cua 5 Ian do lap lai tai thé lam giau +0,1 V nho hon so véi cac thé lam
giau khac. Gia tri nay duoc lya chon dé€ thuc hién cac thi nghiém tiép theo.

Khi tang thoi gian lam giau t& 0 gidy dén 10 giay, cuong do dong dinh ting
dang ké ttr 3,03 + 0,23 A (n = 3) dén 5,03 + 0,10 A (n = 3) va sau do6 thay do6i khong
dang ké khi tdng thoi gian lam giau 1én dén 20 giay (Hinh 5). Do d6, d€ giam thoi gian
phan tich, gia tri thoi gian lam giau 10 gidy duoc lya chon dé thuc hién cac thi nghiém

tiép theo.
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Hinh 5. a) Cac duong volt-ampere xung vi phan cia DMX (50 uM) véi thoi gian lam giau tang

dan; b) Sy phu thudc ctia ceong do dong dinh vao thoi gian lam giau.

Cuong do dong dinh cling phu thudc vao bién d¢ xung. Khi tang bién do xung
ttr 0,04 dén 0,10 V, ceong do dong dinh ting dan va dat gid tri 16n va on dinh nhat 6
bién do xung 0,10 V va sau do6 khong tang 1én ntta khi tang bién d¢ xung lén 0,12 V
(Hinh 6). Gid tri bién d6 xung 0,10 V dugc chon cho cac thi nghiém tiép theo.
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Hinh 6. a) Cac duong volt-ampere xung vi phan caia DMX (50 uM) véi bién d6 xung tang dan;

b) St phu thudc cta ceong d6 dong dinh vao bién do xung.
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Hinh 7. a) Cac duong volt-ampere xung vi phan cia DMX (50 uM) véi budce thé tang dan; b) Su
phu thudc ctia cuong d6 dong dinh vao budc thé.

Tién hanh do tin hiéu dong dinh trong khoang budc thé khao sat ttr 0,005 V dén
0,009 V. Két qua cho thay, tin hiéu tang dan tir 0,005 dén 0,008 V va thay d6i khong
dang k&€ ¢ 0,009 V (Hinh 7). Bén canh d6, budc thé 0,008 V cho do léch chudn ctuia cuong
dd dong dinh thap hon nén ching t6i lwa chon gia tri nay dé€ thyc hién cac thi nghiém
tiép theo.

Qua qua trinh khao sat anh huong ctia mét s6 thong s6 ky thuat cua may dién
hoa, két qua thu duoc cho thay tin hiéu ceong dé dong dinh cao nhét tai cac diéu kién
nhu sau: thoi gian lam giau 10 gidy; thé lam giau: +0,1 V; bién d6 xung: 0,10 V va budc
thé: 0,008 V. Cac gid tri thong s6 dién hod trén dugc sit dung cho cac khao sat tiép theo.
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Hinh 8. (a) Cac duong volt-ampere xung vi phan cia CQDs/GCE trong dém BRS 0,1 M pH 3 véi
Comx= 1,6 — 51,7 uM; Buong tuyén tinh gitta ceong d¢ dong dinh va nong do DMX (b).

Hinh 8a biéu dién duong cong volt-ampere xung vi phan khi néng d6 DMX téng
tr 1,6 d&n 51,7 uM. Phuong trinh tuyén tinh biéu dién sy phu thudc ctia cuong dd
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dong dinh vao néng d6 DMX: I = (-0.05071 + 0.04648) + (0.32847 + 0.00248) Cowmx (12 =
0.99949).

Gidi han phat hién (35/b) cia phuong phap nay 1a 1,0 uM, trong do, S la do léch
chudn vabla hé s6 géc ctia duong hdi quy tuyén tinh. C thé thdy rang, dién cuc
CQDs/GCE duoc phat trién trong nghién ctru nay cung cdp cac két qua tuong tuwong
hodc cao hon so véi cac cong bé trude day [12, 14-15].

4. KET LUAN

Trong nghién ctru nay, carbon cham luong tir duoc tdng hop bang mdt phuong
phap thuy nhiét don gian, cho thdy kich thudc hat khoang 20 nm qua quan sat bang
kinh hién vi dién t& truyén qua dd phan giai cao. Phuong phap phan tich dién hoa
duoc phat trién dé€ xac dinh dimethylxanthine dwa trén cac phép do volt-ampere vong
va volt-ampere xung vi phan bang cch st dung dién cuc carbon thuy tinh dwoc bién
tinh carbon chdm luwong tit, cho thdy cuong dé dong dinh dwgc ting cuong dang ké so
v6i khi chi st dung dién cuc carbon thuy tinh tran. Phuong phap duoc dé xuat la don
gian, nhanh chéng va chi phi thdp, phu hop d€ phan tich dimethylxanthine trong cac
mau dugc pham.
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OPTIMIZATION OF SOME ELECTROCHEMICAL PARAMETERS FOR
DETERMINATION OF DIMETHYLXANTHINE BY CARBON QUANTUM DOTS
MODIFIED ELECTRODE
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ABSTRACT

In the present paper, the carbon quantum dots (CQDs) was prepared from humic
acid derived from peat. The CQDs were characterized by high resolution
transmission electron microscopy (HRTEM). It was found that the CQDs consists
of nanoparticles around 20 nm. The CQDs is dropped casting to a glassy carbon
electronde to develop a new chemistry sensor toward dimethyxanthine. The
operational parameters including accumulation potential, accumulation time,
pulse amplitude and potential step are optimized. The linear range and limit of

detection were also addressed.

Keywords: dimethylxanthine, carbon quantum dots, electrochemical method.
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TAP CHI KHOA HOC VA CONG NGHE, Truong Dai hoc Khoa hoc, DH Hu& Tap 21, 56 2 (2022)

Nguyén Quang Man sinh ngay 01/12/1987. Ong t5t nghiép Thac si Héa
hoc, chuyén nganh Héa Htu co nam 2013 tai treong Dai hoc Khoa hoc,
Dai hoc Hu€. Hién 6ng la giang vién treong Pai hoc Y-Duoc, Pai hoc
Hué.

Linh vwc nghién ciru: Tong hop vat liéu va tiing dung trong xuc tac, dién

hod, phan tich hop chat hitu co.

Nguyén Phudc Nhan sinh ngay 16-12-1986. Hién 6ng dang cong tac tai
S6 Khoa hoc Cong nghé tinh Thira Thién Hu€, va 1a NCS thudc chuyén
nganh Hda ly thuyét va Hoa ly, truong Dai hoc Khoa hoc, Pai hoc Hué.

Linh vwc nghién ciru: tdng hop cac dan xudt tr than bun tmg dung trong

nong nghiép.

Ngo6 Thi Thanh Xudn sinh nam 1982. Ba t6t nghiép Duoc si Pai hoc,
treong Dai hoc Y duoc TP H6 Chi Minh nam 2005 va Duoc si Chuyén
khoa I tai Pai hoc Y dwgc Hué ndm 2015. Hién ba dang cong tac tai Trung

tam Kiém nghiém thudc, my pham, thie pham Thira Thién Hué

Linh vyc nghién cipu: phan tich cac hoat chat hitu co trong thu6c, my

phém va thuc pham.

Ping Thi Minh Hién, sinh ndm 1982. Ba t6t nghiép Thac si nganh Hoéa
phan tich tai truong Dai hoc Khoa hoc, Pai hoc Hué nam 2013. Hién
dang cong tac tai Trung tam Kiém nghiém thudc, my pham, thuc pham
Thtra Thién Hué

Linh viee nghién civu: phat trién cac phuong phép phan tich sac ky va dién

hoa.

Nguyén Ngoc Nghia sinh ndm 1990. Ong t6t nghiép ctt nhan Hoéa hoc
nam 2013 tai truong DH Su pham, Dai hoc Hué, t6t nghiép Thac si Hoéa
phéan tich nam 2016 tai truong DH Khoa hoc, Dai hoc Hué. Hién tai, 6ng
dang cong tac tai truong Trung hoc phd thong A Ludi, huyén A Luwdi,
tinh Thtra Thién Hué.

Linh vwc nghién civu: vat liéu khung imidazole kim loai MIL-101: tdng

hop, bién tinh va cam bién dién hoa.
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Nguyén Thi Trac Ly nhan br?mg Thac si vao nam 2010, hién tai dang
cong tac tai treong trung hoc phd thong Tan Hiép, Tinh Kién Giang.

Linh vuc nghién ciru: vat liéu mao quan trung binh (MOFs) va tng dung

hép phu va xuc tac.

Hoang Vii Hai, sinh nam 1988. Ong t3t nghiép ctt nhan su pham Héa hoc
tai Pai hoc Tay Nguyén nam 2011, hién dang la hoc vién Cao hoc nganh
Hoa hoc tai Truong Pai hoc Khoa hoc, PH Hué. Hién nay, 6ng cong tac
tai treong THPT Lwong Thé Vinh, Tan Bién, Tay Ninh.

Linh vwc nghién citu: vat liéu carbon cham luong ti: tong hop va tng

dung cam bién dién hoéa

H6 Quang Pao sinh nim 1988. Ong t8t nghiép ThS Ly luan va phuong
phap day hoc Hoa hoc Dai hoc st pham 1 Ha N6i nam 2013. Hién tai
dang la Gido vién truong THPT Tran Hung Pao, huyén Krong Bong, tinh
bak lak.

Linh vwc nghién citu: tong hop cac dan xuat tir than bun tng dung trong

phan bén nong nghiép.
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