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Tém tit

Trong nghién ctru nay, chung t6i khao sat &nh hudng ctia dung moi ché tao 1én c4u tric va tinh chét phat quang cua
cac chAm lugng tir graphene pha tap nito (N-GQDs) duoc tong hop béng phuong phap thiy nhiét tir axit citric va urea.
Céac mau N-GQDs dugc ché tao trong hai dung mdi khac nhau: nudce va ethanol, nhiam lam rd vai trd ciia dung méi trong
viéc diéu chinh mau phat xa huynh quang. Céu trac ctia vat liéu dugc dic trung thong qua ph6 Raman va pho héng ngoai
bién ddi Fourier, trong khi cac tinh chat quang dugc phén tich qua phd hap thy UV- Vis va phd huynh quang. Két qua cho
thdy sy hién dién ciia ethanol trong qué trinh tong hop lam tang mat d¢ khuyét tat cau trac (ti s6 Ip/l tang tir 1,06 1én
1,20) va hinh thanh cac nhém chirc méi trén bé mit GQDs, dic biét 1a cac lién két C=0 va C—N tai cac vi tri bién va
khuyét tat. Sy xuat hién thém dinh phat quang & ~590 nm va lam dich chuyén mau phat xa tir xanh lam sang d6 c6 lién
quan dén céc trang thai dién tir cia mang sp? va cac trang thai bé mit nay. Nhiing két qua thu dugc cho thiy ethanol dong
vai tro quan trong trong viéc diéu chinh tinh chit quang ctia N-GQDs, mo ra kha ning kiém soat mau phat xa thong qua
lwa chon dung mdi trong qua trinh tong hop.

Tir khéa: chim lugng tir graphene, N-GQDs, ethanol, phé hép thu, phé huynh quang, Raman

Abstract

In this study, we investigate the effect of the synthesis environment on the structure and photoluminescence properties
of nitrogen-doped graphene quantum dots (N-GQDs) prepared by a hydrothermal method using citric acid and urea as
precursors. The N-GQDs were synthesized in two different solvents, water and ethanol, to clarify the role of the solvent
in tuning the fluorescence emission color. The structural properties of the materials were characterized by Raman
spectroscopy and Fourier transform infrared spectroscopy, while the optical properties were analyzed through UV-Vis
absorption and photoluminescence spectra. The results demonstrate that the presence of ethanol during synthesis increases
the structural defect density (with the Ip/lg ratio rising from 1.06 to 1.20) and promotes the formation of new functional
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groups on the GQDs surface, particularly C=0 and C-N bonds at edge and defect sites. The emergence of an additional
emission peak at ~590 nm and the shift in emission color from blue to red are attributed to the electronic states of the sp?
network and these surface states. These findings demonstrate that ethanol plays a critical role in tailoring the optical
properties of N-GQDs, offering a straightforward approach to controlling emission color through solvent selection during

synthesis.

Keywords: graphene quantum dots, N-GQDs, ethanol, absorption, photoluminescence, Raman

1. Giéi thi¢u

Ch4m luong tir graphene (graphene quantum
dots - GQDs) véi cac tinh chit quang hoc dic
biét, da thu hit sy cha y dang ké trong nhiéu linh
vuc bao gém hinh anh sinh hoc, cam bién va dién
ttr quang hoc [1, 2]. Viéc pha tap GQDs béng céac
di nguyén tir nhu nito (N) da dugc coi 1a mot
chién lugc hiéu qua dé diéu chinh cac tinh chat
huynh quang (PL) cua chung [3]. Pang chu vy,
mau phat xa cua GQDs ¢6 thé duoc diéu khién
tir mau xanh lam dén mau d6 théng qua qua trinh
pha tap, diéu ndy c6 tam quan trong dic biét
trong cac tmg dung thiét bi phat sang va nhan
sinh hoc [4, 5].

GQDs c6 doc tinh t& bao thip, do hoa tan
trong nudc cao, kha ning ghép tét, huynh quang
on dinh va chi phi san Xuét thép, la mot loai QDs
moéi day hira hen dé thay thé QDs vo co trong
mot sd tmg dung [6, 7]. Khac véi cac phan tir
thuéc nhudm, GQDs sé hiru do 6n dinh hoa -
nhiét va kha nang chong tiy quang vuot troi. Bén
canh do, bé mit GQDs co thé dugc bién tinh
nham kiém soat qua trinh tu lap rap, tir 46 diéu
chinh c4u trac cta vat liéu. Tuy nhién, trong tu
nhu thudc nhudm, hién tuong két tu cua GQDs
van chiu tac dong tir cac yéu t6 ngoai canh nhu
d6 pH [3]. Khac véi phat xa mau xanh lam duogc
bao céo boi Qu et al. [8], nhiéu nghién ctru gan
day cho thay GQDs c6 thé phat xa da mau va c6
thé diéu chinh. Sy thay d6i mau trong cac GQDs
pha tap, dac bi¢t 1a N-GQDs, bi anh hudng boi
nhiéu yéu td, bao gém loai vat liéu tién chét, su
hién dién ctia cic nhom chie cu thé va hiéu ung
giam giit lwong tir. Cac nghién ctru dé chi ra rang
viéc pha tap bang nguyén tir nito tao ra cac trang
thai dién tir méi trong cAu trac ving nang luong

ciia GQDs, dan dén sy thay ddi cac mirc ning
luong trong ving cdm. Su thay doi cac mirc nang
luong nay co6 thé dan dén su dich chuyén do
trong phd phat xa [9].

Hon nita, viéc lua chon vt liéu tién chét dong
vai trd quan trong trong viéc xac dinh cac tinh
chat quang hoc ctia N-GQDs. Céc tién chat khac
nhau gép phan vao viéc hinh thanh cac nhém
chue khac biét trén bé mit cia GQDs, tir d6 didu
chinh thém mau phat xa PL. Vi dy, vi¢c st dung
melamine va p-phenylenediamine 1am tién chét
da duge bao céo 1a dich chuyén phat xa tir mau
xanh sang mau d6 do su xuét hién cta cac khuyét
tat lién quan dén nito va su hinh thanh cac muc
nang luong bd sung [10]. Bén canh viéc lya chon
tién chét, ban chit ciia dung méi téng hop ciing
dong vai tro quyét dinh dén qua trinh hinh thanh
cac nhom chue trén bé mat. Do do, nghién clru
nay nham muc dich khao sat anh huéng cua dung
mdi (H20 va ethanol) 1én sy thay d6i mau phat
xa trong N-GQDs. Thong qua viéc phan tich cu
trac, chung t6i gia thuyét rang su dich chuyén
mau sic c6 lién quan dén cac nhom chirc lién két
tai cac vi tri bién hodc khuyét tat, tir 46 tao ra cac
trang thai nang luong méi chi phdi qué trinh phat
quang.

Nghién ctru ndy nham muc dich khéao sat su
thay d6i mau cia N-GQDs duoc tong hop trong
moi trudng c6 dung méi 1a H20 va ethanol. Bing
cach phén tich ciu triic phén tir ctia céc tién chat
nay va cac phd FTIR twong tng, ching toi gia
thuyét rang sy dich chuyén mau c6 lién quan dén
cac nhom chue lién két voi cac canh hodc khuyét
tat cia GQDs. Cac nhom nay tao ra cac trang thai
nang lugng méi trong ving cim, tir d6 gy ra su
dich chuyén dé duoc quan sat trong phat xa.
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2. Thwe nghiém
2.1. Ché tao N-GQDs

Céac mau N-GQDs duoc ché tao bang phuong
phap thuy nhiét dya trén cac nghién ctu trudce
day [8, 11]. Nghién ctru nay tién hanh khao sat
qua trinh thuy nhiét trong hai dung méi khac
nhau 12 H20 va ethanol nham dénh gia vai trd
cia dung mdi 1én qua trinh hinh thanh nhém
chirc bé mat va tinh chit quang cua vat liéu. Cu
thé, N-GQDs dugc tong hop théng qua phuong
phap két hop nhiét phan va thuy nhiét voi axit
citric (CA) va ure lam tién chat. Hon hop gdm
2,0 g CA va 0,6 g urea dugc dua vao cde chiu
nhiét rdi xir Iy bang vi song & 720W trong 5 phut,
tao thanh tién chit rin. Chit rin nay sau d6 duoc
phan tan trong 80 ml nudc cit hai 1an hodc con
tuyét dbi (ethanol), sau dé chuyén vao cc
Teflon va xu 1y thuy nhiét & 200°C trong 6 gio
dé tao ra N-GQDs. Sau phan tng, dung dich
duoc loc dé loai bo cac vat lidu chua phan ung,
tiép theo 1a tham tach dé tinh ché.

2.2. Dac trung N-GQDs

Dé xac dinh cac tinh chat cia N-GQDs duogc
ché tao, ching t61 da sir dung cac thiét bi sau:
Phép do phé Raman duoc thuc hién béng hé
micro-Raman HORIBA XploRA, dugc trang bi
cach tir 1200 vach/mm cho do phan giai phd 2
cm™. Cac mau dugce kich thich bang laser budc
song A = 532 nm qua vat kinh 50x. Kich thudc
vét laser wdc tinh khoang 1 pm ¢ mirc cong suét
0,2 mW. Pé nhan dang va danh gia chét luong
cac miu N-GQDs, phd hong ngoai bién doi
Fourier (FTIR) dugc ghi lai bang may quang phd
FTIR Nicolet iS10 cua Thermo Scientific, My,
trong dai s6 song tir 500 dén 4000 cm™. May
quang phd Cary 60 UV-Vis (Agilent) duogc sir
dung dé do phd hip thu cua N-GQDs trong
nudce; hé do Fluorolog-322 (Horiba Jobin-Yvon)
st dung dén Xenon 450W dé ghi lai pho PL.

3. Két qua va thao ludn
3.1. Céu tric ciia N-GQDs

Dé nghién ctru vé cac tinh chat ciu tric cia

N-GQDs thu duogc, phé Raman dugc ghi lai

trong ving 1000-1850 cm™ va két qua duoc
trinh bay trong Hinh 1. Phd xuét hién hai dai D
va G dac trung cho céac vat li¢u co cAu trac tir
carbon. So véi graphene nguyén chat, noi dai G
thudng xuat hién & ~1580 cm™ va twong g véi
dao dong kéo gidn trong mit phing cia cac
nguyén tir carbon lién két sp? [12], dai G cua cac
mau duogc ché tao xuit hién & ~1566 cm™. Su
dich chuyén d6 nay cho thiy anh huong cta viéc
pha tap nito va sy thay ddi méi trudong dién tir
cuc bd do su xuat hién ethanol trong qué trinh
tong hop. Ngoai ra, mot dai D rd rét 6 ~1362 cm’
! duoc quan sat thiy trong tat ca cac mau, lién
quan dén cac khuyét tat cAu triic va sy mat trat
tu tai cac canh trong khung graphene. Trong vat
liéu GQDs, dai D xuét hién chil yéu do mat do
canh cao va sy dua vao cua céac di nguyén tir nhu
nito, lam gian doan mang luéi sp? [12]. Viéc dua
ethanol trong qua trinh ché tao c6 vé gy ra su
gidn né mang tinh thé, lam giam ning luong
phonon va gop phan thém vao sy dich chuyén do
trong cac dinh Raman.

Bén canh vi tri dinh, ti sd cuong do cua dai D
va dai G (Ip/lg) thudng dugc ding dé danh gia
mure dd mat trat tu hodc khuyét tat bién trong cac
vat liéu trén nén graphene. Cuong do dai D cao
hon dai G, cho ti s6 Ip/lg > 1, cho thdy mirc d6
khuyét tat cdu tric cao va do két tinh graphit
thdp. Diéu nay 1a dién hinh dbi véi GQDs pha
tap nito c6 kich thudc nano, noi cac trang thai
canh da dang va cac khuyét tat do nito gy ra chi
phéi tin hiéu Raman [13, 14]. Dua vao phd
Raman (Hinh 1), cac gia tri Ip/lg dugc udce tinh
13 1,06 va 1,20 twong tng v6i mau ché tao trong
moi truong H20 va mau trong moi trudng
ethanol. Ti s6 Ip/ls thdp hon & mAu ché tao trong
mdi truong H20 cho thay ciu trac sp? c6 trat tu
cao voi it khuyét tat hon, tang cuong do 6n dinh
clia trang thai bé mat nén chi phat xa trong ving
xanh lam, trong khi ti s6 Ip/lg cao hon & miu c6
chira ethanol (1,20) cho thiy sy gia ting tai hop
khong birc xa, gop phan vao hién tuong dich do
clia mau. Nhiing khuyét tat cu tric nay, dac biét
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1a nhiing khuyét tat duoc tao ra bdi pha tap nito
va churc nang hoéa canh, co thé tao ra céac trang
thai dién tir cuc bd hoa, hay con goi la trang thai
bay, trong ving cAm cta vat liéu. Cac trang thai

bay nay duogc biét 1a ¢6 anh huong déng ké dén
trang thai phat quang ciia GQDs bang cach tao
ra cac duong tai hop birc xa méi [15].

|—— N-GQDs- H,O
L.—— N-GQDs- Ethanol
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Hinh 1. Phé Raman ciia mau N-GQDs tong hop trong diéu kién méi truong H,O va ethanol

Hinh 2 trinh bay phd FTIR ciia cac mau dugc
téng hop voi cac moi truong khac nhau. Két qua
cho thdy, véi mau ché tao trong méi trudng H20,
nhiéu dai hip thu & cac sb song khac nhau twong
ung véi cac dao dong khac nhau dugc quan sat.
Dai & ~3345 cm™ twong tng véi dao dong kéo
dai ciia O-H trong khi dai & 3290 cm™ tuong tng
v6i dao dong N-H, cho théy su hién dién cua
nhém chitc N gin vao GQDs [16]. Dai & ~1646
cm? ¢ thé duge quy cho C=0 trong cac nhom
axit carboxylic, 14 bang chimg vé phan tmg cta
cac nhom -COOH thong qua viéc hinh thanh lién
két amide gitta -NH, va -COOH khi c6 mit
amine trong phan Gng nhiét phan. Céac dinh ¢
1646 cm™ va 1534 cm™? c6 thé dugc quy cho
C=0 trong dai hap thy dao dong amide (CONH)

va dao dong khung cua vong thom C=C tuong
ung.

Khi N-GQDs duoc ché tao trong méi trudng
ethanol, phd FTIR c¢6 sy thay doi 1 rét. GQDs
so hitu cac lién két nito va oxy nhu O-H (3340
cm™), N-H (1607 cm™ va 3212 cm™), C-O (1280
cm™?) va C-N (1417 cm™) [17]. Bén canh do,
C=C (1507 cm™) ciing hién dién, thé hién ciu
trac graphit cia GQDs. Dong thoi c6 thé thay
dinh ¢ 1434 cm™ (lién quan dén dao dong bién
dang cua C-H trong nhdm -CH: hodc -CHs) va
771 cm™ (dao dong ngoai mit phing cua lién két
C-H trong cac hop chit thom) xut hién rd nét.
Ngoai ra xuét hién thém mét dinh hép thu tai
1721 cm™ dic trung cho lién két C=O trong
nhom chure carboxyl.
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Hinh 2. Ph6 FTIR cua cac mau N-GQDs tong hop trong diéu kién méi truong H,0 va ethanol

Tom lai, khi ¢6 ethanol, phé FTIR cho théy
su giam 10 rét cua cac dinh dac trung cho nhom
hydroxyl (-OH), diéu nay c6 thé phan anh su suy
giam ham luong nudc hodc muc do tuong tac
cua dung moi véi bé mat vt liéu. Vung dao dong
cua C=0 va C-O-C ciing c6 su thay ddi nhe, cho
thiy kha niang tuong tac cua dung moi véi cac
nhom chire trén bé mat vat liéu GQDs. Cac dinh
dic trung cho lién két C-H trong vong thom
cling giam nhe. Nhiing két qua ndy goi y ring
ethanol anh hudng dén thanh phan héa hoc va bé
mat caa vat liéu GQDs.

3.2. Tinh chit quang ciia cdc médu N-GQDs

Hinh 3 1a phd hip thy UV-Vis cua cac miu
N-GQDs véi cac moi trrong tién chit khac nhau.
Nhu thé hién trong hinh, phd hép thu cua mau
ché tao trong méi trudng H20 xuét hién hai dinh

hap thu: mot dinh & 344 nm do chuyén doi n—»>n*
cua nhom C=0/C-N va mot vai & 230 nm do
dong goép cua chuyén doi m—n* cia mang
graphite sp?. V&i mau ché tao chira ethanol, c6 4
dinh hép thu tai cac budc song 247 nm, 283 nm,
338 nm va mot dai hip thu rat rong tir 380 dén
550 nm. Trong do, dinh hép thu tai 247 nm dac
trung cho chuyén doi m—n* cia mang graphite
sp? [18, 19]. Cac dinh hép thu tai 283 nm, 338
nm va 460 nm twong Ung véi cac chuyén doi
n—m* trong cac orbital phan tir chira cdc nhém
chic nhu C=C, -COOH, C-OH hoac do viéc pha
tap nitrogen nhu C-N/C=N. Nhu viy, bang viéc
ché tao N-GQDs trong dung méi ethanol, cdu
trac c6 kha nang xuit hién vong nito ddn dén su
xuat hién cac dinh hip thu méi trén phd UV-Vis
[20].
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Hinh 3. Ph6 hap thu UV-Vis cua cac mau N-GQDs dugc ché tao trong cac dung mdi khéac nhau

Phd phat quang (PL) dugc thyc hién dé
nghién ctru cac dac tinh quang hoc cua vat li¢u
nhu cau trac dién tir va cac trang thai lién quan
cling nhu cho thiy kich thudc cua hat va cac
nhém chirc héa hoc anh huong dén qua trinh
phat quang. Hinh 4 13 ph6 phat quang cua cac
mau duoc ché tao véi cac dung mdi khac nhau.
Vé vi tri dinh phéat quang, mau ché tao trong moi
truong H20 chi c¢6 dinh phat quang ¢ vung budc
song ngin (~ 440 nm), phan anh cac GQDs c6 it
nhoém chirc héa hoc phat quang. Mau ché tao
trong moi trudng ethanol hién thi hai dinh chinh:
mot & 440 nm va mot dinh & khoang 590 nm va
cudong d6 cua dinh nay cao hon nhiéu So Vi
cuong d6 dinh tai 440 nm, nhd d6 mau sic cua
mau ciing thay doi tir mau xanh lam sang mau
d6 nhat. Tir két qua trén cho thay bang céch thay
ddi dung méi tong hop, mau phét quang cua vat
liéu co thé duogc didu chinh tir xanh lam dén d6
nhat. Sy thay ddi mau sic cua cac mau N-GQDs
dén tir viéc thay d6i cuong do ctia hai dinh huynh

quang & 440 nm va 590 nm ma c6 thé do su suy
giam trong ciu triic hodic nhom chirc phat quang.
Két qua ndy di duoc minh chimg trong phd
FTIR ma cho thiy su giam rd rét cia cac dinh
dac trung cho nhém hydroxyl (-OH), phan anh
su thay doi cac mirc nang luong trong ving cAm
dé tao ra sy dich dinh phat quang.

Tir phan tich trén, c6 thé két luan ring bang
viéc ché tao N-GQDs trong ethanol, cuong d6 va
vi tri dinh phat quang c6 thé thay doi, do d6 c6
thé diéu chinh su phat quang sang vung do. Su
thay d6i cuong d6 va vi tri dinh phan dnh sy anh
huéng manh mé cia ethanol dén ciu tric va
nhom chirc cia N-GQDs [9]. Co ché phat quang
cia N-GQDs phu thudc truc tiép vao cac nhéom
chtrc bé mit (nito va oxy). Trong khi do, phat xa
6n dinh & budc séng ngan lién quan dén cac
trang thai phat xa tur 10i graphitic va nhom
carbonyl. Phat xa huynh quang & budc song dai
thay doi do céc trang thai bay tir nhém chira nito
va oxy [21].
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Hinh 4. Phé PL cua cac mau N-GQDs dugc ché tao vai cac tién chét khac nhau

Tir cac két qua trén, co ché hap thy, huynh
quang cia N-GQDs v6i méi truong tién chat
thay doi duoc dé& xuat nhu sau: Khi anh sang
chiéu vao, cac electron trong trang thai co ban
(HOMO) duoc kich thich 1én trang thai kich
thich (LUMO) thong qua cac chuyén doi dién tir,
chang han nhu Cn—Crn* hodic Nn—Nx*. Sau khi
duoc kich thich, cac electron gidm nang luong
qua cac qua trinh khong phat xa, nhu dao dong
hodc tuong tac gilta cdc muc nang lugng, trude
khi tré vé trang thai co ban va phat ra anh sang
huynh quang [9].

Phat xa huynh quang nay bao gdm hai co ché
chinh: phat xa xanh lam tir cic chuyén doi n—*,
dic trung cho cdu truc graphitic sp?, va phat xa
d6 tir cac trang thai bé mat lién quan dén nhom
chirc nhu C=0, C—-N, N-H [22]. Hiéu ung kich
thudc luong ti khién kich thudc hat khac nhau
tao ra cac muc nang luong khac nhau, anh hudng
dén bude song anh sang phat ra. Trong khi do,

cdac nhom chic bé mit nhu hydroxyl hoic
carbonyl tao ra cac trang thai by ning lugng,
dan dén phat xa on dinh & budc séng dai.

4. Két ludn

Nghién ctru ndy cho thdy ring dung méi
ethanol dong vai trd quan trong trong viéc diéu
chinh ciu trac va tinh chat quang cua N-GQDs
téng hop bang phuong phap thiy nhiét tir axit
citric va urea. Sy hién dién cta ethanol lam tang
mat d6 khuyét tat cu trac (Ip/lc tang tir 1,06 1én
1,20) va thac day hinh thanh cac nhém chirc
C=0, C-N tai c4c vi tri bién. Su thay d6i vé cac
trang thai dién tir cia mang sp? va céc trang thai
bé mit nay duoc cho 12 nguyén nhan din dén su
xuét hién dinh phat quang méi & ~590 nm, lam
dich chuyén mau phat xa tir xanh lam sang do.
Két qua cho théy viée lya chon dung moi 1a mot
thong s don gian nhung hiéu qua dé diéu chinh
mau phat xa cia N-GQDs ma khong can thay dbi
thanh phan tién chit, mo ra tiém ning tmg dung
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trong hién thi mau sac, cam bién quang hoc va
hinh anh sinh hoc.
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