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ABSTRACT

In this study, nitrogen-doped graphene quantum dots (N-GQDs) were
successfully synthesized by hydrothermal method. The morphology and
adsorption properties of samples were studied through high resolution
transmission electron microscopy (HR-TEM) and UV-Vis absorption
spectra. The UV-Vis absorption spectra showed that the typical
absorption peaks at 234 nm and 342 nm and 640 nm were
characteristic of the N-GQDs materials. HR-TEM image showed that the
average size of N-GQDs is about 5 nm. Compared with the absorption
peak at 342 nm (strongest absorption peak) of N-GQDs, the absorption
peak of N-GQDs Fe3* shift towards lower wavelengths at 295 nm, which
is due to the complexation between hydroxyl, carboxyl, pyridinic
nitrogengroups of the N-GQDs and Fe3* ions. These results indicated
that the N-GQDs materials could have potential application for detecte
Fe3* inthe water.

Gidi thiéu chung

kém (Zn), coban (Co), v.v.,, & ndng do cao la chat doc
déi vai con ngudi vi nd gay ra cac bénh tif vong nhu

Ngay nay, & nhiém ion kim loai nang dang tr& thanh
mot van dé toan cau anh hudng xéu dén suic khde con
ngudi va moi trudng. Cac ion kim loai nang tdntai chu
yéu trong méi trudng nudc va khong khi, dan dén
nguy cd cao ddivdisuc khde con ngudido ching tich
ty trong co thé con ngudi théng qua khdng khi [3], do
uéng [4], khi thai xe co [5], pin[6], chudi thitc &n [7], va
cac hoat dong cong nghiép [8]. Tiép xic vai cac ion
kim loai ndng nhu chi (Pb), thdy ngan (Hg), uranium
(U), cadmium (Cd), v.v, & ndng dé thdp va tham chi
mot s ion kim loai dinh dudng thiét yéu nhu sat (Fe),

tim mach, ung thu va réi loan than kinh [9,10]. Do dé,
viéc phat hién cac ion kim loai nay & ndng doé thap va
loai bo ching 1a diéu can thiét dé bao vé sitickhde con
ngudi va méi trudng. Nhitng nd luc dé phat trién cac
cong nghé cdm bién va phat hién ¢ chon loc cacion
kim loai nang déc hai nhu ki thudt do phé hap thu
nguyén ti (AAS) [11] va ki thuat khéi phd plasma két
hgp cdm Ung (ICP-MS) [12] d& dugc béo cdo dé phan
tich kim loai nang. Cac ky thuat dua trén cong nghé
dién hda khéc nhu ki thuat do dién thé cling dugcbéo
cao dé phat hién kim loai nang [13, 14]. Tuy nhién, dé
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8n dinh, d6 chon loc, gidi han phat hién va kha nang
tuang thich vd&i moi trudng van 1a nhitng thach thirc
dang ké ddi vai cac ky thuat nay, ching cb thé duac
gidi quyét dung cach bang cac phuang phap ky thuat
tién tién mdi nhu codng nghé dién tir [15], dién hda hoc
[16] va quang hoc [17]. Trong s& do, cac ky thuat
quang hoc, tUc la cdm bién huynh quang, d& tr& nén
quan trong trong nhitng ndm gén day dé phat hién
cac ion kim loai ndng do tinh dan gian, dé dac hiéu
cao va gidi han phat hién thdp. Mot s6 cdm bién
quang hoc bang cach st dung céc vét liéu nhu aptame
huynh quang [18], porphyrin [19], DNAzyme [20], thu6c
nhuém hiu co [21], khung kim loai-hCtu cg [22] va
chdm lugng to [23] d& dudgc béo cdo lam cdm bién
huynh quang dé€ phat hién cac ion kim loai nang.

Trong nhiftng nam gan day, vat liéu chém lugng t&
(QDs) la finh virc cdng nghé nano mdi ndi da cé dugc
tdm quan trong I&n nhd cac Ung dung da dang vdi
tinh dac hiéu clia nd. QDs la cac hat nano ban dan co
kich thudc dudi 10 nm. Nhiéu loai QDs khéac nhau dé
dugc béo cdo tUr cac nhdm khéac nhau cla bang tudn
hoan chdng han nhu t nhém II-Zn, Cd; nhom VI-S,
Se, v.v. NGi bat én ca la cac QDs cd ngudn gée carbon
dugc goi la chdm lugng tir graphene (GQDs).
Graphene la mdt vat liéu nano cacbon hai chiéu vdi
dac tinh khdng phét quang. Tuy nhién, khi graphene
bién déi thanh cac chdm lugng t&r graphene khong
chiéu, chiing thé hién dac tinh phat quang vdi cac dac
diém quang hoc va diéntir tuyét vai.

GQDs va dan xudt nod da thu hit dugc sy chd y déc
biét vi khd nang Ung dung cla nd trong hinh anh sinh
hoc [24], di6t phat quang [25], thiét bi quang dién [26],
va phat hién ion kim loai nang [27]. GQDs thé hién cac
Ung dung khac nhau do cac tinh ndng vugt tréi trong
ndi tai clia ching nhu kha nang tuong thich sinh hoc
tuyét vai, tinh phét quang cao (PL), doc tinh thap, kha
nang hoa tan tét trong cac dung mdi khac nhau va kha
nang chéng tay trang tét [28-31]. GQDs cho thay cac
dac tinh quang hoc va dién tr dac biét do hiéu Ung
giGi han lugng tu, chdc nang hda bé mat, hiéu Uing
canh va pha tap chét dj nguyén [32-35]. Viéc pha tap
GQDs véicac dinguyén ti nhu, N, S, P va Mg lam thay
déi hiéu nang ndi tai cla nd mét cach hiéu qua théng
qua do réng vung cdm cé thé diéu chinh dugc [36-
40]. M6t s6 phuang phép da dugc dé xudt dé téng
hop GQDs pha tap nitc (N-GQDs) [41-43] nhung hiéu
sudt lugng t& huynh quang (FL) (QY) cla ching
thuong nhd hon 25%. Do do, ngudi ta mong mudn
téng hap nhitng N-GQDs nhu vay véi FL QYs cao va
v@icac dac tinh PL tuyét vai. Trong baibao nay, ching
t6i d& bao cao qué trinh téng hop thiy nhiét mot budc

dé dang clia N-GQDs phét ra huynh quang sang xanh
bang cach si dung acid citric va uré lam nguyén liéu
ngudn dé phéat hién cac ion kim loai nang. Phuang
phap nay khong yéu cau bat ky loai thudc thir dat tién
nao, do dé than thién v&i moéi trudng va tiét kiém chi
phi. N-GQDs t8ng hgp nay thé hién kha nadng hoa tan
tuyét vai trong nudc, phat xa mau xanh lam cudng dé
cao va cac dac diém PL vdi kich thudc déng nhat cla
GQDs.

Thyc nghiém va phuang phap nghién cliu
Hda chdtva phuang phdp nghién clru

Ngudn hoa chat ban dau dé diéu ché N-GQDs gom
Axit Citric (CA), Uré, nudc cat hai 1an, FeCls-6H20. Tt
& cac hoa chat dugc st dung co dé tinh khiét cao.

Téng hgp N-GQDs bdng phuong phdp thly nhiét

DE€ t6ng hap thay nhiét N-GQDs, 1,2 g axit xitric va 1,4
g uré (Sigma-Aldrich) dugc khudy trong nudc khir ion
50 ml trong 2 phut trong nhiét d6 phong. Dung dich
dugc thay nhiét trong binh teflon dung tich 100ml &
160°C trong 4 gid. Sau qua trinh t6ng hgp dung dich
tlr khdng mau chuyén sang mau xanh dam.

Xdc dinh khd ndng phdt hién ion Fe3* ciia N-GQDs

Viéc xéc dinh khd nang phat hién ion Fe3* bang N-
GQDs da dudc thuc hién trong mot thi nghiém cu thé,
1 ml Fe3* vai cac ndng dé khac nhau dudgc thém riéng
vao hén hop 1 ml N-GQDs dudc diéu ché & trén. Cac
dung dich thu dugc dugc ldc déu va U trong 1 phdt
trudc khi do UV-Vis trong déi budc séng tir 200 nm-
800 nm.

K&t qua va thao luan
Phé hdp thu

Phé hdp thu UV-vis cla N-GQDs c6 dinh & 234 nm
lién quan dén cau tric lai hda sp? clia C-C va C=C tao
ra va dinh & 342 nm lién quan dén c4u tric lai hda sp3
tao ra badi lién két C=0 do su chuyén tiép n-1t*[44,45].
Cac tinh chat hdp thu dugc nghién ctu bang quang
phé UV-vis. Trong bai bao nay, muc tiéu clia chdng toi
la dat dugc su hép thu cao han & budc séng dai han
trong cdu tric chdm lugng t& graphene, ma ching toi
da thr nghiém bang pha tap nito. Theo hinh 1,vditién
chat la ure dong vaitro cung cdp Nita tao ra mdt ving
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hap thy tuong déi & budc song dai (600 nm-700nm)
diéu nay dugc giai thich do sy pha v thanh phan cla
chat va dan dén su hinh thanh cac hat khong phai la
chdm lugng tl. Diéu nay quan trong déi vdéi ching toi
la cb thé o su hdp thu cao hon trong ving nhin thdy
déi v&i cdm bién quang hoc, ching toi co thé thuc
hién kich thich v&inang lugng it hon dac biét trong céc
Ung dung xdc tdc quang, anh sang kha kién co thé
dudc st dung nhiéu nhat. Su hdp thu ving NIR cling
tucong Ung vdi su hinh thanh cac electron m lién hgp
mot phan trong N-GQDs vdi su pha tap nitd cao. Kich
thudc trung binh clia cac N-GQDs khodng 5 nm la du
dé tao ra mét hé théng dién ti Tt lién hop tiing phan
rong rai dé hép thu dai NIR [46]. MG&i quan hé gilta
dién tI 1t va cac mién dai phan tI I&n vdi cg ché hap
thu NIR giéng nhu dudc quan sat thdy trong graphene
oxide (GO) [47,48]. Cac vung nay c6 thé dan dén téc
dd hoat dong quang xUc tac clia N-GQDs cao han.
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Hinh 1: (a) Phé hap thu UV-Vis cla vat liéu N-GQDs,

(b) Néng lugng vling cdm clia vét liéu N-GQDs tinh
toan tit phd hép thu.

Anh HR-TEM

Anh hién vi dién tif truyén qua phan giai cao (HR-TEM)
clia vat liéu N-GQDs dugc thé hién trén hinh 2. Co thé
thdy rat r8, cac chdm lugng t& da dugc hinh thanh, va
cb su phan bé dong deéu veé kich thudc (hinh 2a). Hinh
2b cho théy, kich thudc trung binh clia cac chém lugng
torcd 5 nm.

354

Hinh 2: Anh HR-TEM clia vét liéu N-GQDs, (a) thang
do 20 nm, (b) thang do 5 nm.

Pho EDX

D€ xéc dinh thanh phan nguyén té trong N-GQDs, phd
tan sac nang luong tia X (EDX) dugc thuc hién. Hinh 3
trinh bay phd tan séc nang lugng tia X cla vat liéu N-
GQDs da ché tao dudc.

Phan trdm khéi lugng (%)

Néng lugng(KeV)

Hinh 3: PhG tan séc nang lugng tia X (a), phan tram
khéi lugng cac nguyén té trong N-GQDs (b)

Thanh phan nguyén té cla N-GQDs d& téng hop ducc
phan tich bdi EDX nhu thé hién trong hinh 3.a. N6 chi
ra rang nito d& dugc pha tap thanh cong vao GQDs.
Hinh 3b hién thi phan tram khdi lugng clia cac nguyén
t6 trong vat liéu N-GQDs va cho thdy co nitc dudcpha
tap thanh cdng vao trong mau. Diéu nay xac nhan su
téng hop cac chdm lugng t& Graphene pha tap nitg
cao nhu du kién. Lugng Nita pha tap du cao dé c6 anh
hudng rd rang dén cac dac tinh quang hoc ma khong
lam anh hudng dén cau tric.

Phé FTIR
Cac lién két trong chdm lugng ti graphen pha tap nito

dugc xac dinh bang phd FTIR. Hinh 4 trinh bay phd
FTIR cla vatliéu chdm luong t& graphen pha tap nito.
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Hinh 4: Ph& FTIR cla vat liéu N-GQDs
TU hinh 4, ta thdy mot dai rong tu 3020-3662 cm!
duagc cho 1a cla lién két C-H va N-H. Cac dinh & 1664
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cm™! dugc cho la lién két C=0O trong nhém amit va &
2215 cm™"tuong Ung vdilién két C=N. Biéu nay chiing
minh sy tdn tai clia nito trong chdm lugng ti graphen.

Tinh chét tdc dung véi Fe3+

——N-GQDs
— N-GQDs + 2.5*107 M FeS*
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Hinh 5: Phé uv-vis clia vat liéu N-GQDs hép thu Fe3*
vdindng do khac nhau. Hinh chén nho la phéng to
phé uv-vis trong khoang budc song tir 520-800 nm.

Ph& hdp thu UV-vis clia N-GQDs vdi cac ndng doé khac
nhau cla Fe3* dugc hién thi trong hinh 5. Dinh hédp thy
clia N-GQDs dich chuyén dén budcséng ngan hon (tur
350nm dén 290 nm) sau khi thém Fe3*. Sy chuyén dich
gay ra bdiviéc bé sung Fe?* c6 nguyén nhan la do sy
hinh thanh mét sé phlc chat gitta cac nhédm chic nita
G bé mat cla N-GQDs nhu cacboxy! hay hydroxyl clia
N-GQDs vdi Fe3* thong qua tuong tac tinh dién manh
[49,50]. Axit xitric chfa mét s6 lugng Ién cac nhdm
chic cacboxyl va hydroxyl. Trong méi trudng nhiét dé
va &p suit cao dé xay ra cac phan Ung ngung tu khir
nudc gilta cac nhdm amino va cacboxyl va gilta cac
nhém hydro vdi hydroxyl. Qua trinh trung hdp va
cacbon hda co Igi cho viéc hinh thanh N-GQDs. Théng
qua moét loat cac phén Ung trung hgp va cacbon hoa,
bé mat clla N-CDs sé dugc chiic nang hda bdi mét sé
lugng I6n cac nhdém amino, hydroxyl va cacboxyl, tao
thanh mét cdu trdc dac biét. Cac nhdom chic nay trén
bé mat N-CD s& phdi hop véi Fe3* dé tao thanh mot
tdm chelate, dan dén qué trinh déap tat huynh quang
hodc thay déi mau sac dé dat dugc dinh lugng phat
hién Fe3* [51]. Ngoai ra tif phé hdp thu trén ching ta
thdy rang vung hdp thu & budc song dai (600nm-
700nm) da bién méat nguyén nhan c6 thé do su hép
phu clla N-GQDs déi véi Fe3* tai vung anh sang kha
kién.

KE&t luan

V4t liéu N-GQDs da dugc téng hap thanh cdng bang
phucong phap thdy nhiét tU tién chat ban dau la axit
ctric va ure. PhG hdp thu uv-vis cho thdy cac dinh hap
thu dac trung clia vat liéu & 234 va 342 nm. Kich thudc
trung binh cla vat liéu N-GQD ¢& 5 nm va cé su phan
b6 dong déu. Dac biét, vat liéu N-GQD b thé dugcs
dung dé phéat hién Fe3* trong nudc tu nhién. Cac két
qua cho thdy N-GQDs dugc téng hgp & day co tiém
nang I8n trong viéc thiét ké cac dau do huynh quang
hiéu qua va phat hién va xf ly cac ion kim loai trong
Ung dung moi truang.
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