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Abstract

In this study, we develop a rapid, efficient, low-cost and environmentally friendly
method to synthesize nitrogen-doped carbon quantum dots (N-CQDs). With simple input
materials as citric acid and urea, N-CQDs were successfully synthesized in only 5 minutes
using a domestic microwave oven. Characterisation results using TEM, UV-VIS, IR and
fluorescence methods have demonstrated the successful doping of N into CQDs. The
obtained N-CQDs material has a particle size of less than 10 nm, and the fluorescence
quantum efficiency (36.6%), which is significantly higher than that of undoped CQDs
(17.2%). The N-CQDs material also exhibits an on-off fluorescence effect in the presence
of Au nanoparticles (AuNPs) and in the presence of tyramine, a biological amine commonly
found in food products such as cheese, fish sauce, soy sauce, kimchi, etc. The fluorescence
recovery of N-CQDs/AuNPs is linearly proportional to the tyramine concentration in the
range from 0.02 ppm to 1 ppm, showing the possibility of using this material to detect and
quantify tyramine in food samples.
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Synthesis of nifrogen-doped carbon quantum dots (N-CQDs) ...

Tong hop cham Iuong tir carbon pha tap nito (N-CQDs) bang phuong phap thuy
nhiét ho trg vi song dinh hudng ung dung trong phan tich tyramin

Tran Bao Tram, Trin Ngoc Bich, Tran Tién Pat, Tran Pong Dwong, Vii Duy Tung,
Chu Thi Hué, Pham Gia Bach, Nguyén Thi Anh Hwong, Pham Thi Ngoc Mai
Khoa Hoa hoc, Truwong Pai hoc Khoa hoc tw nhién, Pai hoc Qué'c gia Ha Noi, Viét Nam

Tom tit

Trong nghién ctru nay, chung t6i phat trién mot phuong phap nhanh, hiéu qua, chi phi
thip va than thién v6i méi truong dé tong hop chdm luong tir carbon pha tap nito (N-CQDs).
Vi nguyén lidu dau vao don gian 1a acid citric va ure, quy trinh da téng hop thanh cong N-
CQDs chi trong 5 phut st dung 10 vi séng dan dung. Cac két qua khao sat dic trung bang
cac phuong phap TEM, UV-VIS, IR va huynh quang da chirmg minh dugc su pha tap thanh
cong N vao CQDs. Vit liéu N-CQDs thu duoc ¢6 kich thudce hat dudi 10 nm, hiéu suat luong
tir huynh quang (36,6%) cao hon dang ké so v6i hiéu suat luong tir cia CQDs khong pha tap
(17,2%). Vit liéu N-CQDs cling thé hién hiéu ung tat-bat huynh quang khi c6 mat hat nano
Au (AuNPs) va khi c6 mét tyramin, mdt amin sinh hoc thuong gép trong céc san phém nhu
phomai, nudc mim, nudc tuong, kim chi, v.v. Do hoi phuc huynh quang cua N-
CQDs/AuNPs ti 1¢ tuyén tinh véi nong d6 tyramin trong khoang tir 0,02 ppm dén 1 ppm,
cho thdy kha ning c6 thé str dung vat liéu nay dé phat hién va dinh luong tyramin trong cac
mau thyc pham.

Tir khéa: Tyramin, N-CODs, AuNPs, tit-bdt huynh quang.

1. PAT VAN DE

Cham lugng tir carbon (CQDs, C-dot hodc CDs) 1a moét loai vat liéu nano carbon mai
c6 kich thude dudi 10 nm. CQDs lan dau tién thu duoc trong qué trinh tinh ché 6ng nano
cacbon don vach bang dién di vao nam 2004. CQDs c6 kha ning hoa tan trong nudc va phat
quang manh, so v&i cac chim lugng tir ban dan truyén théng va thude nhudém hiru co, CQDs
vuot troi vé kha nang hoa tan (trong nudce) cao, tro vé mat hoa hoc, dé dang bién tinh bé mit.
Bén canh d6 d6 dan dién tt, doc tinh thap, than thién voi moi trudng va dic biét 1a dac tinh
phat xa huynh quang manh cho phép CQDs dugc (mg dung trong nhiéu linh vyc khac nhau
nhu y sinh, quang dién tir, cam bién va xtic tac [1].

Dé cai thién hon nita cac tinh chat doc dao cia CQDs va ting cudng kha ning lién két
hod hoc, CQDs thuong dugc pha tap véi cac di td nhu N, S, P, Cl, v.v [2, 3]. Trong cac
nguyén td ndy, N dugc xem 13 hiéu qua nhét trong viéc ting cudng hiéu tng phat quang va
thay ddi cac tinh chét dién tir, nho cap electron tu do trong nguyén tor N va sy tao thanh cac
vi tri defect (khuyét tat) trong cau triic cuia CQDs. Su hinh thanh cac nhém amin -NH> trén
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bé mat CQDs gitip ting cudng do tan trong nudc va kha ning twong tic véi mot sé nhom
chirc dic trung cia cac chét hiru co [4].

Cham lugng tir carbon pha tap Nito (N-CQDs) thuong duoc tong hop tir cac ngudn
chira carbon va nito bang cac phuong phap nhu phuong phap dién hoa, nhiét phén, thuy
phan, v.v [5]. Tuy nhién, cac phuong phap niy c6 nhuoc diém 14 can nhiét d6 cao, thoi gian
téng hop dai, d6i khi con can str dung dung méi hitu co doc hai. Phuong phap thuy nhiét hd
trg bang vi song cho phép tong hop CQDs trong mot thoi gian rat ngin (khoang vai phut),
chi str dung nuée, nho do tiét kiém ning lvong va khong toa nhiéu nhiét luong ra méi trudng.
So v6i nung néng truyén théng, vi séng gitp ddy nhanh déng hoc phan tng va rit ngin thoi
gian phan tmg bing cach cung cp ning luong truc tiép dén cac chat phan tng. Dy 1a mot
ki thuat chi phi thip, an toan véi moi truong va rat hiéu qua dé tong hop CQDs chi véi 10 vi
song dan dung ma khong can sir dung dén 10 nung, 16 thuy nhiét, hay binh phan tGng nhiét
d6 cao nhu trong cac nghién ciru tong hop vat liéu nano trude day [6, 7].

Trong nghién ciru nay, chiing t6i str dung phuong phép thuy nhiét hd trg vi séng nhu
mot ki thuat xanh va hiéu qua dé tong hop chdm lugng tir carbon pha tap nito (N-CQDs) tir
ngudn carbon 1a acid citric va ngudn nito 13 ure. N-CQDs thu duge c6 kha nang phat quang
manh, tan tot trong nudc, c thé ung dung lam vat liéu cam bién huynh quang xé4c dinh cac
hop chit hitu co. Tyramin (Hinh 1) 1a mét trong cac amin sinh hoc dugc sinh ra do qua trinh
phan huy acid amin tyrosin. Tyramin thudng gip trong cac san pham 1én men, hun khoi nhu
nudc mam, nude trong, phomat va duoc xem 12 mot chi thi vé chat luong cta cac thyc pham
nay. Ham luong qua cao cua tyramin trong thuc pham s& gdy nén cac anh hudng xiu cho
ste khoé thé hién qua cdc triéu chung nhu dau dau, tang, huyét ap, di ngoai, ndén mua, v.v
[8, 9]. Chiing t6i s& thir nghiém kha nang dinh lugng tyramin sir dung t6 hgp N-CQDs va hat
nano Au (N-CQDs/AuNPs) bang phuong phap huynh quang, lam tién dé cho cac nghién ctru
tiép theo vé xac dinh va danh gid ham luong tyramin trong cac loai mau thyc phiam khac

nhau.
/@/\/NHz
HO

Hinh 1. Céng thirc cdu tao ciia tyramin

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Hoa chit

Céc hoéa chat tinh khiét phan tich: acid citric monohydrate (CeHgO7.H20; 99,5%;
Fisher ChemicalTM), urea (CHsN20; 99,5%; Fisher ChemicalTM), acid chloroauric
(HAUCIs 99%; 30 wt.% HCI; Sigma-Aldrich, USA), natri clorua (NaCl; 99,5%; Xilong,
China), natri hydroxit (NaOH; >96%; Xilong, China), tyramin (98%, Sigma-Aldrich, USA).
2.2. Thiét bi

Phép do phd huynh quang duoc thuc hién trén may huynh quang F-4700 (Hitachi), v6i
bude song kich thich 1a 360 nm va phd phat xa duoc ghi trong khoang tir 380 — 600 nm. Pho
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hap thu phan tir UV-Vis duoc ghi trén thiét bi quang phd UV-1601 (Shimadzu). Cac phép
do phén tich hinh thai, cAu trac, thanh phﬁn hoa hoc dugc thuc hién trén thiét bi héng ngoai
FTIR-1S (Shimadzu), hién vi dién tir truyén qua JEM 1010 (TEM, JEOL), hién vi dién tir
quét JSM-IT200 (SEM, JEOL) cung phd tan xa ning lugng X-Ray (EDS), va thiét bi do
nhiéu xa X-ray D8 Advance (XRD, Bruker) str dung ngudn kich thich Cu Ka tai A = 1,54 A,
Quy trinh téng hop vét liéu sir dung 10 vi song Toshiba MW3-MM25PE(BK) 25 L 800 W.
2.3. Qui trinh tong hop CQDs, N-CQDs, N-CQDs/AuNPs

Téng hop vat liéu N-CQDs: Tron déu acid citric (0,77 g, 4 mmol) va urea (0,012 g,
0,2 mmol) dén khi thu dwoc hdn hop bot dong nhat, thém 5 mL nude cat. Cho hdn hop vao
10 vi song trong 5 phuat cong suit 600 watts dén khi tao thanh hdn hop mau cam dam. Dé
ngudi san pham dén nhiét d6 phong. Rung siéu am trong 10 mL nudc cat trong 15 phut dé
phan tan déu N-CQDs tao thanh. Ly tim sau d6 loc dé loai bo phan khong tan. Bao quan N-
CQDS thu duogc trong ti lanh & 4°C.

Téng hop vat liéu CQDs: Quy trinh tong hop twong tu N-CQDs, tuy nhién chi st dung
tién chat acid citric va khong c6 mat urea.

Tong hop vat liéu N-CQDs/AuNPs: Thém 260 uL HAuUCIls (10 mM) vao 5 mL dung
dich N-CQDs (10 mg/L), u dung dich trong 50 phit d& N-CQDs khir HAuCly tir Au®* thanh
AW, San pham cudi cung thu dugc 1a dung dich c6 mau hong thdm chira t6 hop N-
CQDs/AuUNPs.

2.4. X4c dinh tyramin bing phwong phap huynh quang sir dung t6 hop N-CQDs/AuNPs
2.4.1. Nguyén tdc xdc dinh tyramin

Dung dich N-CQDs thé hién cuong do phat xa manh tai budc song 450 nm khi duogc
kich thich tai budc song 360 nm. Khi thém mudi HAuCls vao dung dich N-CQDs, céc hat
nano vang (AuNPs) s& duoc hinh thanh do cic nhém chirc bé mit ciia N-CQDs ¢6 kha ning
khir Au (IIT), su tao thanh AuNPs c6 thé dugc x4c nhan théng qua phd hip thu UV-Vis cua
hén hop véi pic hip thu ddc trung cia AuNPs tai bude song 520 nm. Sau phéan ng gitta N-
CQDs va HAUCl4, cac hat N-CQDs sé lién két voi AuNPs thong qua turong tac tinh dién voi
vai tro bén hoa bé mat AuNPs. Cudng d6 phat xa huynh quang ctia hdn hop N-CQDs/AuNPs
giam di rd rét so voi dung dich N-CQDs do xay ra hién twong dép tit huynh quang thong
qua hiéu tmg FRET véi N-CQDs la donor va AuNPs la acceptor. Khi thém tyramin vao hon
hop N-CQDs/AuNPs, kha ning hap phy ciia tyramin 1én AuNPs d lam phén tan cac hat N-
CQDs trong dung dich. Twr do, cac hat AuNPs bi gidm dié€n tich &m nén tuong tac déy tinh
dién giita chiing s& giam, xay ra hién tugng co cum AuNPs lam mau dung dich chuyén tir do
sang xanh lam. Pong thoi, cudng do phat xa huynh quang ciia N-CQDs duoc hdi phuc. Do
hoi phuc huynh quang khi c6 mat chét phan tich 1a tyramin duoc ghi lai nhu tin hiéu phan
tich cia phuong phap.

Thiét 1ap mdi quan hé giita d6 hdi phuc huynh quang (F-Fo) ¢ budc séng 450 nm voi
ndng d6 tyramin, trong d6 F va Fo 1an luot 1a tin hiéu huynh quang khi ¢6 va khong co
tyramin, dé 1am co so dinh luong tyramin bang phuong phap huynh quang.
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2.4.2. Quy trinh xdc dinh tyramin

Lay 5 mL dung dich N-CQDs/AuNPs tong hop dugc, thém 25 uL dung dich CuSO4
0,01 M, sau d6 thém tyramin va U trong 10 phut. Do phé huynh quang cua dung dich trén
maéy quang phd huynh quang véi cac diéu kién do: budc séng kich thich A = 360 nm; phd
phat xa duogc quét trong vung budc song tur 380 - 600 nm.

3. KET QUA VA BAN LUAN

3.1. T6i wu quy trinh tong hop

Dé tdi wu quy trinh tong hop N-CQDs str dung 16 vi séng, tién hanh khao sat cac yéu
t6 anh hudng bao gdm thoi gian vi song va cong suit vi song. Thoi gian vi séng duge khao
sat & 3 muc 1a 3, 5, 7 phut tai cong suat vi song 1a 500 W. Két qua cho thay vai thoi gian vi
song 1a 5 phit, cuong do huynh quang cua vat liéu thu dugc 1a cao nhat (Hinh 2a). Tuong
tur, khi thay d6i cong sut vi song tir 400 dén 700 W (Hinh 2b), thoi gian 5 phit, cuong do
huynh quang cua vat li¢u dat cao nhét tai cong suit vi song 1a 600 W. Nhu vay diéu kién tbi
vu dé tong hgp N-CQDs tir acid citric va ure 1a nhiét phan trong vong 5 phut, tai cong suét
vi séng 600 W.

— 3 min — 700W|
7000 - 7000 -
0004 (a) 5 i (b) —— 600W,
— 4
6000 6000 4 00W
S 50004 S 5000
s s
2 2
£ 4000+ s 4000 -
$ s
£ 3000 £ 3000
@ @
2000 4 2000
1000 1000
0 T T T T T 0 T T T T T
400 440 480 520 560 600 400 440 480 520 560 600
Wavelength (nm) Wavelength (nm)

Hinh 2. (a): Anh hwéng cia thoi gian 16 vi séng, (b): Anh huwdng ciia cong sudt vi S6Ng.

3.2. Khio st dic trung cu tric cia N-CQDs

Tién hanh khao sat cac dic trung cdu tric ciia vat liéu N-CQDs tong hop bang phuong
phap thuy nhiét hd tro vi song tai cac didu kién tdi wu bao gdm: thoi gian thuy nhiét 5 phut,
cong suét vi song 600 W.

Trén Hinh 3 13 anh hién vi dién ttr truyén qua caa N-CQDs. Cac hat thu duoc c6 hinh
cau v6i duong kinh khoang tir 5 - 8 nm, cho thay viéc dd tong hop thanh cong vt liéu co
kich thudc chdm lugng tir chi bang 1 quy trinh don gian véi thoi gian rat ngin 13 5 phut.

Pé ching minh su pha tap ctia N vao N-CQDs ciing nhu hiéu rd hon sy hinh thanh cac
nhom chire trén bé mat vat liéu, ghi phé héng ngoai FT-IR cua dung dich N-CQDs thu duoc.
Trén phd hong ngoai FT-IR ciia N-CQDs (Hinh 3b) cho thy c¢6 sy xuat hién cua cac dao
dong tai 3445 cm™, twong g véi dao dong kéo dan cua nhom O-H hinh thanh do sy oxi
hod trén bé mat C. Bén canh d6 cac dinh tai 3176 cm™ twong tmg v6i dao dong kéo din cua
nhém N-H; 2935 cm™ twong tmg v6i dao dong kéo dan cua lién két C-H; 1697 cm™ tuong
g véi dao dong ciia -C=0; 1351 cm™ va 1174 cm™ twong tng voi dao dong kéo dan cia
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lién két C-N (amin thom); 732 cm™, 635 cm™ twong Gmg véi cac lién két N-H va C-H. Su c6
mat cia cac nhom chirc chira N da chiing minh duoc sy pha tap thanh cong N vao N-CQDs
bang cach nhiét phan ddng thoi ure va acid citric v6i su hd tro cta vi song. Cac nhom chirc
chira N hinh thanh trén bé mat N-CQDs ciing 1 nguyén nhén gitip ting do tan va kha ning
twong tac voi cac chat hop chat hitu co ciia N-CQDs.

Transmittance (%)

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (em™)

caDs i |
(C) NCQDs| % (D)
40
3 " o
s |
s >
2 .
W, Wy g =
i "\\\“ E o
“vﬁ\w . ‘
sl |
10 20 30 <0 50 60 70 s 1 m m g
2-Theta (degree) Energy (keV)

Hinh 3. Phdn tich ddc trung vt liéu N-CQDs. () Anh chup hién vi dién tir quét, (B) Phé
héng ngoqi, (C) Gian dé nhiéu xa tia X, (D) Gidn dé tan xa nang lwong tia X EDS.

Gian d6 XRD cuia N-CQDs cho mét peak rong ¢ gia tri 20 = 20° (Hinh 3c), twong tng
v6i cac mat phang nhidu xa (002) cua carbon, cho thay di c6 sy sap xép cuia cic nguyén tir
carbon theo cau tric graphit tao nén 13i cia N-CQDs. Khéng c6 su khac biét dang ké giira
gian d6 XRD ctia N-CQDs va CQDs cho thdy & ham lugng pha tap ndy chua tao nén sy thay
d6i déang ké vé khoang cach mang.

Thanh phan hoéa hoc cia vat liéu dugc danh gia qua phép do EDS (Hinh 3d). Két qua
cho thay vat liéu N-CQDs chira 3 nguyén t6 C, N va O v&i ham lugng carbon (64%), oxy
(29%) va nito (5%), mot 1an nita khang dinh viéc dd dwa di t N thanh cong vao N-CQDs.
Két qua nay cung voi két qua FTIR va XRD cho thay céu trac ciia N-CQDs bao gom 16i C
sap xép theo cdu trac graphit, voi 16p vo bi chirc ning hoa chira cac nhom chitc COOH,
OH,.v.v va cac nhom chuc chira di nguyén to nhu -NH, C-N,.v.v.

3.3. Khao sat cac tinh chit quang hoc ciia N-CQDs

Pho hip thu phan tir UV-Vis (Hinh 4a) cia N-CQDs cho 2 dinh dic trung ¢ 215 nm
va 320 nm twong tmg v6i chuyén mire dién tir n- ¥ ctia ndi doi C=C ctia vong thom trong
13i carbon va chuyén murc dién tir n- ©* transitions ctia cac nhom -COOH/-NH; trén bé mat
ctia N-CQDs [10, 11]. Khi so sanh v&i CQDs tong hop tir tién chat acid citric, sy pha tap di
t6 N da lam muc chuyén dién tir n- w* transitions tai budc séng 320 nm trd nén 1o rét hon
thong qua sy ¢ mdt ciia cac nhom chirc amin, amid.
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Hinh 4. (a) Phé hdp thu phén tir UV-Vis; (b) Phé kich thich (EX) va phét xa hupnh quang
(EM) ciia dung dich N-CQDs; (c) Pé bén huynh quang ciia N-CODs khi chiéu dén UV
trong 60 pht.

Pho kich thich va pho phét xa huynh quang cta vat liéu N-CQDs (Hinh 4b) cho 2 dinh
tuong Ung & bude song 365 va 450 nm. Khi dugc kich thich ¢ bude song 360 nm, vat licu
N-CQDs phat huynh quang manh mau xanh 1a ciy. C6 thé nhan thdy N-CQDs c¢6 kha ning
phéat huynh quang vuot tréi hon so véi CQDs; dong thoi, bude song phat xa cia N-CQDs va
CQDs lan lugt 1a 451 nm va 443 nm ching t6 da co sy dich chuyén vé phia budc séng dai
(red-shift) khi pha tap di t& N. Hién tuong ndy c6 thé giai thich thong qua su thay ddi dai ning
lugng viing cam khi ¢6 mit cdc nhém chirc amin, amit chirc ning hoa trén bé mat N-CQDs [12].

Tinh chat phat huynh quang cia CQDs dugc cho 1a do tong hop ciia nhiéu yéu td, bao
gdm hiéu timg nén lugng tir dic trung ciia cac chdm luong tir, 1ién hop cac ndi doi vong thom
clia cau tric graphit trong CQDs va cac khuyét tat bé mit [13]. Viéc pha tap N va thu dong
hoé bé mit ciia N dan dén viéc 6n dinh céac khuyét tat bé mat, tao diéu kién cho cap dién
t/15 tréng d& dang tai hop va nho d6 tang hiéu suat lugng tir ctia vat liéu. Sir dung quinine
sulfate 1am chét chuén so sanh, xac dinh dugc gia tri hi¢u suit luong tir (QY) cua vat liéu N-
CQDs 14 36,6%, cao hon nhiéu so véi CQDs khong pha tap 13 17,2% [14]. Pang chu y 14 vat
liéu N-CQDs tong hop bang phwong phéap thuy nhiét sir dung 10 vi séng c¢6 hiéu suat lugng
tir cao hon déng ké so véi vat liu N-CQDs tong hop bang phuong phap nhiét phan trong 18
gio tai 180°C (20,8%) (Bang 1).

Bing 1. So sanh phwong phdp tong hop N-CODs sir dung vi séng va nhiét phdn

Phwong phap nhiét phian Phwong phap vi song

Nguyén li¢u Acid citric, urea Acid citric, urea
Thoi gian 18 gio 5 phat
Picu kién 180°C 600 W
Hiéu suét lwong tir (%) 20,8 36,6

Do bén cua N-CQDS duoc khao sat béng cach chiéu dén UV Xenon 150 W lién tuc
trong 60 phut vdi bude song kich thich tai 360 nm vao cuvet thach anh chira dung dich khao
sat, khoang cach tir cuvet dén dén 1a 8 cm. Két qua cho thiy cudng d6 huynh quang chi giam
khoang 0,2% sau khi chiéu dén 60 phat (Hinh 4c). Dung dich N-CQDs bén trong 1 thang
néu duoc luu trix tai 4°C, khong co dau hiéu duc hay két taa.
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Nhu vay, cac két qua khao sat trén day cho thiy dung dich N-CQDs c6 do bén tdt, co
kha nang phat huynh quang rat manh, phii hop dé img dung 1am cam bién huynh quang trong
phan tich thyc pham. Tiép theo, tién hanh nghién ctru kha nang tmg dung vt liéu N-CQDs
két hop voi hat nano Au duya trén hiéu Gng tit bat huynh quang dé phat hién va xac dinh
tyramin.

3.4. Khio sat kha nang ing dung trong phan tich tyramin

Khi N-CQDs duoc thém vao dung dich mudi vang HAuCls, N-CQDs khtr Au®* thanh
AuNPs, dong thoi N-CQDs ciing duoc hip phu trén bé mit cia AuNPs thong qua cac tuong
tac tinh di€n tao thanh 1 16p vo bao vé cac hat AuNPs khoi su keo tu. Sau khi thém N-CQDs
vao dung dich HAuCls, dung dich chuyén tir mau vang nhat sang mau dé thAm (Hinh 5)
twong ung voi su hinh thanh cia cac hat AuNPs c6 kich thudc trong khoang tir 20-30 nm
[15]. Trén phd hap thy phan tir UV-Vis cua vat liéu N-CQDs/AuNPs (Hinh 5) xuat hién mot
hép thu cuc dai tai 520 nm, twong Gmg véi budc song hip thy dic trung ciia cac hat AuNPs
kich thudc 20-30 nm [16, 17]. Ngoai ra, trén gian do nhiéu xa tia X (XRD) cua vat liéu N-
CQDs/AuNPs bén canh quang nhiéu xa xung quanh gia trj 26 = 200 dugc xac nhan 14 cia
N-CQDs, ciing xuét hién céac pic nhiéu xa tai gia tri 20 = 380; 430; 650; 770 tuong g véi
céc mat phang mang tinh thé cta kim loai Au, mot 1an nita chimg minh su ¢6 mat ciia AuNPs
trong t0 hop vat liéu N-CQDs/AUNPs.
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Hinh 5. Sy hinh thanh vit liéu N-CQDs/AuNPs. (a) Phé hdp thu UV-Vis cia dung dich N-
CODs/AuNPs; (b) Gian dé nhiéu xa tia X cia vt liéu N-CQDs/AUNPS

o
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Do ¢6 su truyén ning luong giita N-CQDs va AuNPs, phat xa huynh quang cta N-
CQDs dugc cac hat AuNPs dap tit thong qua hiéu ing truyén nang lugng cong hudong huynh
quang (FRET), twong Gng v6i trang thai “tat”. Khi tyramin dugc thém vao dung dich N-
CQDs/AuNPs, tyramin lién két thong qua lién két Au v6i nhém -NH trong phan tir tyramin,
giai phong N-CQDs ra khoi to hop va trc ché hiéu tng FRET giira N-CQDs va AuNPs. Pong
thoi, mudi dién ly co tac dung lam co 16p dién kép trén bé mit cua AuNPs, do d6 sé& ting
cuong tuong tac tinh dién gitta AuNPs va tyramin [18]. Trong nghién ciru ndy, mudi CuSOs
dugc sir dung trong cac khao sat dinh lugng tyramin. Nho vay, phat xa huynh quang cuia N-
CQDs dugc hdi phuc va chuyén sang trang thai “bat”. Piéu nay c6 thé duoc quan sat rd trén
phd huynh quang cua céc dung dich N-CQDs; N-CQDs/AuNPs va N-CQDs/AuNPs/tyramin
(Hinh 6).
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Hinh 6. Hiéu itng ddp huynh quang ciia N-CODs khi ¢6 nano Au va hoi phuc huynh quang
khi c6 mdt tyramin 6 nong do 0,5 ppm

Pé danh gia kha nang str dung t6 hop N-CQDs/Au vao phan tich va phat hién tyramin,
truée hét tién hanh ghi phd huynh quang ctia cac dung dich N-CQDs/Au khi ¢6 mit tyramin
& cac nong do khac nhau tir 0,02 ppm dén 10 ppm theo quy trinh di cho trong muc 2.4.2.
Két qua cho thdy do hdi phuc huynh quang (F-Fo), trong d6 Fola cudng d6 huynh quang cua
dung dich N-CQDs/AuNPs va F la cuong do huynh quang cua dung dich khi thém tyramin,
tang tuyén tinh theo ndng d6 ciia tyramin trong khoang tir 0,02 ppm dén 1 ppm (Hinh 7a).
Xay dung dudng chuan trong khoang nong do nay thu dugce phwong trinh: (Fo-F) = 0,0903
X Cryramin (PpM) + 0,2543; hé s twong quan cao R?= 0,9987 (Hinh 7b).
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Hinh 7. (@) Phé huynh quang ciia N-CODs/AuNPs véi cdc nong dé tyramin khdc nhau tir 0
dén 1 ppm. (b) Puong chudn xdc dinh tyramin bang phirong phdp hupnh quang sir dung
dung dich N-CQDs/AUNPs

Trong nghién ctu nay, d0 chum (precision) dugc danh gia thong qua do lap lai
(repeatability) voi quy trinh do 1dp cac mau khac nhau noi trong mot ngay duoc thuc hién
boi mot phan tich vién va cung trang thiét bi (ISO 3534-2). Khao sat d6 chum da duoc xay
dung dua trén két qua do lap 7 lan dung dich tyramin ¢ 3 muc n6ng do 0,04 ppm; 0,4 ppm
va 0,8ppm. Két qua thu dugc véi cac muic ndng do trén cho gia tri d6 1éch chudn twong ddi
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(% RSD) lan luot 1a 2,8%; 1,6% va 2,4% dap mg yéu cau ciia Hiép hoi cac nha phan tich
(AOAC) [19]. B6 dung ctia phuong phap duoc danh gia thong qua do 1éch cia duong chuén,
tai 3 muc néng do trén, d6 léch duong chuan dat tir 2,3% - 3,1%, dap tmg yéu ciu cia AOAC
[19].

LOD va LOQ dugc xac dinh dua theo cong thire LOD = 3Sy/b va LOQ = 10Sy/b véi
Sy 1a sai s tin hiéu mau blank. Két qua thu dugc gia tri LOD 14 6 ppb; LOQ 1a 18 ppb. Gia
tri LOD thu dwogc ctia phuong phap thip hon va tuong dwong so v6i mot s nghién ciru khac
(Bang 2). Tuy nhién dé dat dugc do nhay cao, phuong phap HPLC-UV doi hoi phai din xuét
hoa trude cot do tyramin hip thu quang yéu, phuong phap sic ki khi GC/MS phai két hop
v6i vi chiét 1ong 16ng con phuwong phap dién di mao quan phai két hop véi ki thuat bom mau
khuéch dai truong dé 1am giau miu.

Bdng 2. LOD cua mét s6 phwong phdp xdc dinh tyramin.

Phwong phap LOD (ppb) TLTK
Dbién ho4, str dung mang MIP 20.000 [20]
Huynh quang, st dung MIPS/UCNP 200 [21]
HPLC — UV, dan xuét hoa trudc cot 0,6 [22]
HPLC-UV 20 [23]
GC -MS két hop vi chiét 1ong long 2,1 [24]
Dién di mao quan, sir dung ki thuat bom mau khuéch 2 [25]
dai truong dé lam gidu mau

Dién hoa, str dung dién cuc MOF-sgi carbon 7 [26]
Dién hoa, str dung dién cuc perlite-MIP 3 [27]
Pién hoa, sir dung dién cuc bién tinh vdi soi carbon, 12 [8]
chitosan va nano Au

Phuwong phap huynh quang sir dung CQDs/AuNPs 6 Nghién ctru nay

Duya trén cac két qua khao sat da thyc hién, co thé thiy vat licu N-CQDs tong hop bang
phuong phap thuy nhiét sir dung 16 vi song c6 kha niang tmg dung dé phan tich tyramin bang
phuong phap huynh quang v&i do nhay, do chinh xac pht hop va dat yéu cau theo AOAC

4. KET LUAN

Vit liéu CQDs pha tap N da duogc tong hop thanh cong bang mot quy trinh nhanh chi
trong 5 phut, don gian khong yéu cau dung moéi thiét bi phirc tap ma chi can sir dung 10 vi
song dan dung. Cac két qua khao sat dic trung bang cac phuong phap TEM, EDS, UV-VIS,
IR cho thiy vat liéu c6 cau trac 161 graphit va 16p vo bao gdm cac nhém chirc nhur -COOH,
OH, -NH. Cac nhém chirc trén bé mit nay da gitip cho vat liéu c6 kha nang tan trong nudc
t6t cling nhu kha ning twong tac tdt v6i cac chét hitu co. Pic biét, bang viéc pha tap N vao
CQDs, hiéu suit luong tir ctia vt liéu tang 1én dang ké (36,6%) so v6i CQDs khong pha tap
(17,2%). Kha nang phat quang manh cia N-CQDs htra hen kha nang s dung véat liéu lam
cam bién huynh quang cho céac chat hitu co c6 kha niang dap hodc ting cudng huynh quang
ctia CQDs. Vit lidu N-CQDs di duoc thir nghiém kha nang tmg dung trong cam bién huynh
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quang phat hién va dinh luong tyramin, mot amin sinh hoc hay gip trong cac thyc pham nhu
pho mat, nudc mam, nude tuong, kim chi, bia, v.v. Dya trén hi¢u ung tat bat huynh quang
ctia t6 hop N-CQDs/AuNPs, c6 thé xac dinh tyramin trong khoang nong do tir 0,02 ppm dén
1 ppm. Cac nghién ctru tiép theo can duoc tién hanh dé phat trién phuong phép tng dung
cho xéc dinh tyramin cho cac mau thyc pham, ciing nhu mé rong dé xac dinh cac d6i tuong
phan tich khac.

LOI CAM ON

Nghién ctru ndy duoc tién hanh trong khuon khé dé tai QG.23.75 cua Pai hoc qudc
gia Ha Noi.
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