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Tap chi

LOI NOI PAU

T ap chi khoa hoc Truong Dai hoc Hoa Lu la co quan ngon ludn chinh
thirc cia Truong DPai hoc Hoa Lu, c6 ma $6 chudn quéc té ISSN 2615 - 9538,
hoat dong theo Gidy phép s6 07/GP-BTTTT ngay 07/01/2023 ciia Bé Théng tin
va Truyén thong.

Tap chi khoa hoc Truong Dai hoc Hoa Lu la tap chi da nganh, da linh
vuee voi muc dich phan anh hoat dong gido duc dao tao, cong bé cdc két qua
nghién ciru vé Khoa hoc tir nhién, Ky thudt va Céng nghé, Nong nghiép, Khoa
hoc xa hgi, nhdan van va gido duc cua cdac nha khoa hoc, can bg, giang vién,
nguoi hoc trong va ngodi truong, tuyén truyén phé bién cdc chi triwong dwong 164,
chinh sdch ciia Pang va Nha nwée vé cong tac gido duc va dao tao, gici thiéu,
trao doi cdc két qud nghién ciru vmg dung, thanh twu khoa hoc va cong nghé
trong nude va quoc té.

Hoi déng bién tap Tap chi khoa hoc Truong Pai hoc Hoa Lw da nhan
duoe sw quan tdm cia cdc tc gia trong va ngodi truong givi bai vé tap chi.
Chung toi xin chan thanh cam on cdc tdac gia, cac nha khoa hoc, nha nghién
cieu da tich cye tham gia dong gép cho sw phdt trién cua Tap chi va mong
muén tiép tuc nhdn dwoc sw hop tdc, ung hé va nhimng y kién dong gép quy
bau cua Quy vi aé T ap chi Khoa hoc Truong Pai hoc Hoa Lu co chat lwong
ngay cang cao hon.

Trdn trong gioi thiéu dén quy ban doc Tap chi khoa hoc s6 04!
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CHE TAO VA TiNH CHAT QUANG XUC TAC PHAN HUY DUNG DICH
XANH METHYLEN CUA CAC CHAM LUQNG TU GRAPHEN O XiT (GOQDS)

Hoang Thi Ngoc Ha', P4 Quang Pat?, Pinh Thi Kim Dung!,
Ha Thi Hwong!”, Phung Thi Thanh Hwong?, Nguyén Pinh Hung*

Ngay nhan bai: 17/10/2024 Ngay chip nhan dang: 13/12/2024

Tém tat: Trong nghién ciru nay, cham heong tir Graphen 6 xit (GOQDs) dwoc tong hop
thanh céng bang phwong phdp Hummers cdi bién két hop thiy nhiét nham iimg dung trong
quang xuc tac phan hiy dung dich Xanh Methylen (MB). Ddc trung, tinh chdt ciia cham lwong tir
Graphene ¢ xit (GOQODs) dwoc khao sat bang anh hién vi dién tir truyen qua (TEM), phé hong
ngoai bién doi Fourier (FTIR), phé tir ngoai — kha kién (UV- Vis) va phé tan xa Raman. Anh
TEM cho thdy cdc cham heong tir tao ra véi dwong kinh khoang 5 - 10 nm. Phé FTIR va phé
Raman xdc nhdn cac dao dong va dich chuyén ddc trung cua cdc lién két héa hoc trong Graphen
6 xit. Phé UV — Vis xdc dinh nang leong viing cam ciia vét liéu c6 gia tri khodng 3.3 eV. Khao
sdt khd ndng quang xiic tic phdan hiy chdt mau hiu co MB cia cic GOODs cho thdy cdc
GOQDs c6 kha néang phdn hity hoan toan MB 10 mg/l trong dung dich sau 210 phiit chiéu sdang
duwdi anh sing dén huynh quang, tai gid tri pH ban dau la 6,42. Cac két qud cho thdy cdc
GOQDs la chat xiic tac hira hen trong phan hity chdt mau hitu co dwdi dnh sang nhin thdy.

Tir khoa: Cham heong tir Graphen 6 xit, Xanh methylen, thiyy nhiét, quang xiic tdc.

SYNTHESIS AND PHOTOCATALYTIC DEGRADATION OF METHYLENE BLUE
DYE USING GRAPHENE OXIDE QUANTUM DOTS (GOQDs)

Abstract: Graphene oxide quantum dots (GOQDs) were synthesized using a modified
Hummers method combined with a hydrothermal process to evaluate their photocatalytic
efficiency in degrading Methylene Blue (MB) dye. Characterization of GOQDs was performed
using transmission electron microscopy (TEM), Fourier transform infrared spectroscopy (FTIR),
ultraviolet-visible (UV-Vis) spectroscopy, and Raman spectroscopy. TEM analysis revealed
uniformly distributed quantum dots with diameters ranging from 5 to 10 nm. FTIR and Raman
spectra confirmed the presence of characteristic functional groups and vibrational modes of
graphene oxide. UV-Vis spectroscopy determined the optical band gap of GOQDs to be
approximately 3.3 eV, indicating their suitability for visible light activation. Photocatalytic
experiments demonstrated that GOQDs effectively degraded a 10 mg/L MB solution, achieving
complete degradation after 210 minutes under fluorescent light at an initial pH of 6,42. These
results highlight the potential of GOQD:s as efficient photocatalysts for organic dye removal under
visible light, offering a promising solution for wastewater treatment applications.

Keywords: Graphene oxide quantum dots, methylene blue dye, hydrothermal, photocatalysis.
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Gioi thi¢u

Cac chim lugng tor (QD) 1a cac hat nano ban dan c6 kich thudc nhoé hon 10 nm, dugc
gidi han trong cac chidu khong gian véi cac trang thai ning luong bi luong tir héa. QD c6 céac
dic diém quang - dién dac biét bao gém phé phat xa hep, phé hép thu rong va lién tuc, ¢ on
dinh anh sang tdt... [1]. Trude day, cac QD ban dan di duoc nghién ctru rong rii vé hiéu ung
gidi han lugng tir va cac dic tinh phat xa huynh quang cé thé diéu chinh, cho phép chiing duoc
st dung trong cam bién va hinh anh sinh hoc trong nhiéu nam. Tuy nhién, do str dung kim loai
ning (nhu cadimium (Cd), chi (Pb) va thuy ngan (Hg)) trong qué trinh san xuat nén QD ban
dan c6 doc tinh cao. Do d6, cac chAm lugng tu carbon (CD) da dugc phat trién nhu mot giai
phap thay thé cho QD ban dan [2]. CD la céac céu triic dua trén carbon nén viéc lua chon tién
chét ban dau dé ché tao phong pht bao gém céc hop chit hitu co c6 ngudn gde tu nhién, cac
ngudn tai tao nhu chét thai sinh khéi, san pham phu nong nghiép, 14m nghiép... V& mat cau
tric, CD ¢6 thé dugc phan loai thanh ba loai riéng biét: chim lugng tir graphen (GQD), chim
luong tir carbon (CQD) va chidm polyme carbon héa (CPD). GQD c6 ban chat di huéng va
chtra rét it 16p manh sp?-graphen. CQD thuong 1a cau tric sp?-cac bon hinh céu c6 do tinh thé
cao. Cac CPD bao gdm céc cau triic carbon lai hoa sp? bén trong cac khung lai hoa sp® va bé
mit gbe nito/d xy doi dao cung cac phan tir phan tir khac c6 ngudn gdc truc tiép tir cac chat
nén dugc st dung do qué trinh tring hop/carbon hoéa [6]. Gitta chiing, cac GQD cho thay cac
tinh chat vat 1y, hoa hoc ndi troi nhu: dién tich bé mat 16n, d6 hoa tan trong nudc va dung moi
hitu co tét, kha nang tuong thich sinh hoc va ddc tinh thép so vO1 cac vat liéu géc cacbon khac
nhu chiam carbon, éng nano carbon, fulleren... do d6 n6 dugc sir dung rong rai trong cac Gng
dung khoa hoc su séng, quang dién ti, quang dién hitu co, thiét bi dién tt, chat xuc tac, ung
dung dién hoa, cam bién ion va hinh anh sinh hoc [8, 15, 26]. Cac GQD khi dugc kich thich
bang anh sang 1a chit nhan va chit cho electron rat tot va cac GQD c6 do rong ving cAm twong
g tot v6i quang phd cua anh sang kha kién, do d6, né hoat ddng nhu mot cht xic tac quang
hiéu qua duéi anh sang kha kién [12]. Sima Umrao [21] va cac cong su di tong hop cac cham
luong tir Graphen 6 xit da 16p bang phuong phap thity nhiét nham phan hay dung dich MB.
Két qua cho thay sau 60 phut chiéu sang bang dén LED, vat liéu c6 kha ning phan hay 93,3%
(MB") va 89,44% (MB*),. Peetam Mandal va cac cong sy [22] bao cao vé viéc diéu ché GQD
0 cac do pH khac nhau (pH 5, 8, 10 va 14) tu pyrocatechol, tai pH = 10, GQD c6 hinh cau
ddng nhat véi kich thude ~ 8 nm. Cac GQD nay c6 kha ning phan huy 52% Methyl da cam va
79,4% Xanh Methylen trong 120 phut chiéu sang duéi dén huynh quang. Khi GQD duoc bién
ddi trén bé mat chat ban dan, no khong chi cé thé hoat dong nhu mot chit nhan electron ma
con 1a mot chit nhay sang, dan dén hiéu qua phan tach dién tich duoc ting cuong, dan dén gia
tang hiéu suit ciia qua trinh quang xtc tac. Thong thuong, GOQDs téng hop duoc, sau dé két
hop véi chit ban dan dé tao ra chat xuc tac quang t6 hop ban dan/GOQDs [10]. Céac cong trinh
nghién ctru vé GOQDs cho quang xtc tic hién nay chu yéu tip trung vao viéc t6 hop, bién tinh
GOQDs véi kim loai ban dan hodc pha tap véi cac phi kim, kim loai khac [3, 13, 18, 21, 22].
Tuy nhién, cho d¢én nay, nhitng cong trinh nghién ctru vé kha ning quang xtic tc cta cac cham
lwong tir Graphen 6 xit don 1¢ con twong ddi hiém.

MB 1a mét trong nhiing loai thudc nhudém téng hop duoc sir dung véi s6 luong 16n dé lam
chat tao mau cho gidy, vai, bong... va sir dung trong cac nganh cong nghiép thuc pham, my pham
va duoc pham. Nudc thai cong nghiép chua qua xir Iy hodc ¢6 chira MB tir bat ky nganh cong
nghiép nao déu c6 thé anh huong xau dén moi trudng va gay ra rat nhiéu rui ro cho stc khoe con
ngudi [24]. Bé giam thiéu cac tic dong cua MB ddi voi méi trudng va con ngudi, cic phuong
phap xir 1y chu yéu dugc st dung nhu phuong phap sinh hoc, phuong phép héa hoc, phuong
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phap 1y — héa. Bén canh d6, mot sb phuong phap khac thuéc nhoém phuong phap phu la: phan
hiy quang xuc tac, phan hiy sinh xuc tac, dong dac dién hoa... dd va dang dugc ap dung rong
rii dé loai bo thuc nhudém khoi méi truong [17, 24]. Trong sé do, quang xtc tac 13 mot trong
nhimng phuong phap duoc ap dung rong rii boi né co nhiéu vu diém nhu: khong gy 6 nhidm; co
thé xir Iy va phan huy chat 6 nhiém hitu co khé phan hiy do qué trinh quang xtic tac 1a qua trinh
oxy hoa khéng chon lgc ddi voi hau hét cac chét 6 nhiém hitu co; n6 c6 thé bién d6i chat 6 nhiém
hiru co thanh cac san pham v6 hai bang cac phan ung oxy hoa khir; quang xuc tac 1a phuong
phap don gian, khong ton kém. [11].

Trong nghién ctru nay, ching t6i ché tao thanh cong GOQDs thong qua phuong phéap thuy
nhiét don gian. Tién chat Graphen 6 xit (GO) dugc ché tao bang quy trinh Hummers cai bién.
Ngoai ra, kha nang phéan hily quang xuc tac dung dich mau MB cua cac GODQs don 1€ ciing duoc
nghién ciru. Cac két qua nghién ctru nay nay s& khong chi dong gop vao kién thirc co ban vé tong
hop GOQDs ma con dua ra tiém ning Gng dung cua chat xtc tac quang dya trén GOQDs hiéu qua
dé giai quyét cac thach thirc vé 6 nhiém ngudn nudc giy nén boi cac chat mau cong nghiép.

Thuwe nghiém

Héa chét: Bot Graphit, mubi NaNO3, axit H2SOs, KMnO4, H20:, axit HCI, mudi NaCl,
NaBHa4, ethanol (C2H50OH), nudc khit ion. Cac hoa chét sir dung c6 d6 sach > 99,9%.

Ché tao GO:

Vit liéu GO duoc ché tao bang phwong phap Hummer c6 thay d6i dé phu hop véi diéu kién
phong thi nghiém, quy trinh cu thé da duogc chiing t6i trinh bay trong cac béo céo trude day [5].

Ché tao GOQDs:

GOQDs dugc ché tao bang phuong phéap thiy nhiét don gian, quy trinh cu thé nhu sau: Lay
100 mg GO + 80 ml nudc khir ion vao coc 1. Khudy tir cdc 1 ndy trong 30 phat ¢ nhiét 6 phong.
Cho 50 mg chit khir NaHB4 + 3ml nude khir ion vao cdc 2 va khudy cho NaHB4 tan hét sau d6 db
tir tir cdc 2 vao coe 1, tiép tuc khudy tir trong khoang 30 phit ¢ nhiét do phong. Hon hop thu dugce
duoc cho vao binh Teflon thiy nhiét ¢ nhiét 3§ 160°C trong 24h. Séan phém két tia duogc sau do
dugc loc rira nhidu 1an bang nude khir ion va ethanol bang may quay li tim & toc do 5800 rpm.
Cubi cing, san pham thu dugc s& duoc sy kho trong khong khi & 60 °C trong 24 gio.

Ph6 Raman duogc ghi trén hé thong Raman LabRAM HR cua hiang HORIBA Jobin Yvon
(hexe = 632.8 nm). Phd FTIR do trén may do Nexus 670-Nicole. Anh SEM dugc chup bang may
FESEM, JEOL JSM7600F. Anh HR-TEM duoc do trén may HR-TEM JEM 2100, JEOL Ltd. Ph
hap thu quang hoc duge khao sat boi may quang pho tir ngoai — kha kién UV — Vis PG-T90, UK.

Khdao sdt khd nang quang xuc tac phan hiiy dung dich MB ciia GOQDs

Pic tinh quang xuc tic ciia to hop vat liéu GOQDs duoc khao sat véi MB nong do 10 mg/l
va bure xa phat ra bdi dén huynh quang Compact (220 V, 120 W). Trong modi thi nghiém 30 mg
vét liéu GOQDs cung v6i 100 ml dung dich MB 10 mg/L dung trong cdc dung tich 250 ml duoc
khudy déu bang may khuay tir trong tdi (dark) trong thoi gian 60 phut dé dat duoc sy hap phu
can bang giita MB va GOQDs. Sau khi khudy trong t5i, tién hanh do gi4 tri pH cua dung dich.
Chiéu sang dung dich bang dén huynh quang, sau dé theo chu ky 10 phut khoang 7 ml dung dich
trong cdc duge rat ra va quay ly tim nhiam loai bo hoan toan vat liéu GOQDs. Dung dich MB
thu dugc duoc phan tich boi may quang phd UV — Vis, ndng do cia MB duoc do tai budc song
Amax = 664 nm.

Hiéu suét phan hiy cta dung dich MB duoc xac dinh theo cong thire (5):

H(%) = [1 - g—w X 1009 (1)

n
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Két qua va thao luin

Két qua anh SEM ciia GO

Hinh 1 (A, B) 1a anh SEM cua vt liéu GO sau qua trinh 6 xy hoa bang phuong phap
Hummers cai bién, trén hinh ching ta c6 thé thdy cac tam GO c6 dang “tim” (sheets) 16n xép
chdng 1én nhau thanh nhing 16p rat day, trén anh phan giai thip (hinh A) va phéan giai cao (hinh
B) déu khong quan sat thay sy hién dién ciia bat ky cac tim GO riéng 1é nio.

Hinh 1 Anh SEM do phan giai thap (A) va phan giai cao (B) cua GO che tao bang quy trinh
Hummers cai bién; Anh TEM d6 phan giai thap (C) va d6 phan giai cao (D) cta vat liéu GOQDs

Anh TEM ciia GOQODs

Anh TEM cua cac GOQDs dugc dua ra trong hinh 1 (C, D). Trén anh d6 phan giai thip
(C) c6 thé quan sat thdy cac chdm luong tir GO véi kich thudc khoang 5 - 10 nm, trong dé céac
cham luong tir ¢6 dudng kinh khoang 10 nm chiém s6 lugng nhiéu hon. Trén anh phan giai cao
cia GOQDs (D), c6 thé quan sat thiy khoang cach gifra cic mit phang 1a khoang 0.21 nm tuong
g v6i khoang cach mang luc giac (100) theo hudng [001] trong ciu tric graphen [16,28].

Phé6 hip thu UV-VIS cia GOQDs dugc tao ra trong cong trinh nay dugc thé hién trong
Hinh 2. Trén pho (hinh 2A) c6 thé quan sat thdy mot dinh hap thu ¢ budc song 276 nm, lién quan
dén chuyén d6i 1 — n* cho thay hién dién ciia cdc nguyén tir cac bon lai hoa sp?. Mot dinh hip
thu & budc song 226 nm ciing duoc quan sat thiy, hen quan dén chuyen d6i n — m*, xay ra do su
hién dién cua cac nguyén tir 6 xy di hop tir trong ciu tric ciia cac cham luong tir [4]. Gia tri nang
lwong vung cdm duogc tinh toan dwa trén phuong phap Tauc theo cong thirc [4, 9]:

Trong do6 'E' 1a nang lugng ving cam, 'hv' 1a nang lugng photon, 'a’1a hé sb hép thuy, 'C'1a
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hang s6 ty 16. Tir d6 tinh toan dugc gia tri ndng lugng ving cam Eg ~ 3.3 ¢V (hinh 2B). Cac dic
trung dugc quan sat thdy trén phd UV-Vis va gia tri ning lugng ving cdm cé sy phit hop véi
cong trinh da duoc cong bd vé cham luong tir GO [4, 9].

226 nm
= e (A)

(B)

D6 hép thy (BVTD)
(ahv)?

200 300 400 500 600 700 800 :
Bwdc song (nm) hv (eV)
Hinh 2. Phd UV — Vis (A) va ning luong ving cdm (B) cia GODQs

Phé FTIR ciia GOQDs

Phé FTIR d3 dugce thuc hién dé nghién ctru sy hién dién cia cac nhom chirc c6 mat trén vat
liéu ché tao duoc. Pic trung dich chuyén cua cac nhoém chirc cia vat liéu GOQDs dugc minh
hoa & hinh 3. Trén phd c6 thé quan sat thdy sy hip thu nhém carboxyl va nhém hydroxyl, cho
thiy vat liéu chira nhom —C=0. Ngoai ra, trén phd con quan sat thiy dao dong kéo gidn cua lién
két C—H & 2.945 cm™! cing véi dao dong kéo gian ddi xing va khong ddi xtmg cua lién két C—
O-C ¢ s6 song dudi 1.250 cm ™. Dao dong xwong cua cac vong thom & khoang sé song tir 1.450
dén 1.650 cm™! ciing duoc quan sat thdy [25]. Pinh xuit hién ¢ s song 3.426 cm™' twong ting
v6i nhém hydroxyl (-OH) ciia GO [7, 27]. Nhin chung, phd FTIR cho thiy thanh phan hoa hoc
cua GOQDs thu duoc, mang cac dic trung ctua vat liéu tién chat GO. Su xuét hién cta cac dinh
lién quan dén sy hién dién cua cac bon thom trong GOQDs 1a bang ching cho thdy qua trinh xtr
Iy thity nhiét da khtr 6 xit graphen trong tién chat [7, 27].

— GOQDs

Do truyén qua (%)

-OH |

1000 1500 2000 2500 3000 3500
S6 séng (cm™)
Hinh 3. Phd FTIR cuia vat liéu GOQDs
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Pho Raman ciia GOQDs

Hinh 4 minh hoa phd Raman ctia GOQDs. Trén phd Raman xuit hién hai dinh ddc trung 1a
dinh D tuwong g v6i s6 song khoang 1358 cmi™! va dinh G & sb séng 1594 cm ™. Vi tri dinh coa
dinh D trong phd Raman cia GOQDs khong phu thudc nhiéu vao duong kinh ciia cac chdm luong
tir, trong khi vi tri dinh G c6 thé thay d6i theo kich thude cia GOQDs [14]. Binh D xé4c nhan sy xdo
tron trong cau tric trén canh cic nguyén tir cacbon sp® va trang thai bé mat hodc nhom chire trén bé
mit cia GOQDs, dinh D phét sinh do cac quy dao lién két va phan lién két do dao dong phonon Aig
tai diém K. Pinh G xuat hién do cac dao dong trong mit phang cta cac bon sp? (ché d Ezg). [20]. Ty
1€ cuong d¢ cua dinh D so véi dinh G (In/lg) cua cac GOQDs c6 gia tri nhd hon 1 (0.98) chiing to
réng GOQDs ché tao duge co it cac khuyét tat trong cAu tric, do két tinh cao va mat do cac nhom
chirc giam. Gia tri cua ty 1¢ I/l d6i véi GOQDs 1a twong ddng véi cac nghién ctu trude day [14,
20, 23]. Cac két qua nay c6 sy phi hop véi két quéa ciia phd FTIR vira phan tich & trén.

I/l = 0.98 ——coaps

Cwong do (BVTD)

600 900 1200 1500 1800 2100 2400
$b song (cm™)

Hinh 4. Ph Raman cua vat liéu GOQDs

Két qua khdo sdt kha ning quang xiic tac phan hiiy dung dich MB ciia GOQDs

Hinh 5A 1a phé hap thy quang hoc cua dung dich MB dugc do sau mdi 30 phiit chiéu dén
huynh quang vé6i su xuc tac ciia vat lieu GOQDs. C6 thé quan sat thiy cuong do hap thu tai budc
song 664 nm ciia MB giam dan khi tang thoi gian chiéu sang va gan nhu bién mat hoan toan sau
khoang thoi 210 phit voi gia tri pH ban dau ciia dung dich MB do dugc 1a 6,42. Sy giam dan
néng d6 ciia MB duoc thé hién chi tiét trén Hinh 5B, hiéu suét phan huy MB dat khoang 65%
sau 60 phut dau tién, sau d6 nong d6 MB giam dan va cham t6i ~ 99% sau 210 phut chiéu sang.

(B)

(A) 1.0 o—__éh
— Ban diu : ; Qﬁ_o_okoqo_o“‘o
—— Ophit ! 08 ) i )
Toi i Chiéu sang
e .

g —— 30 phit |
a —— 60 phiit |
= 90 phit | 064 '
3 120 phit o 5 —@-10 mg GOQDs
% ——— 150 phit i 5] ' -@- 0 mg GOQDs
5 —— 180 phit ! i 5 0\
8' e 210 phit § 2 ! o\

0.2 1 i <Y

. A
0.0 -
400 800 -100 -50 0 50 100 150 200 250
Buéc song (nm.) Thoi gian (phut)

Hinh 5. Sy thay d6i ph6 hap thu ciia dung dich MB theo thoi gian chiéu birc xa tir ngoai (A) va
duong phu thugc C/Co ctia dung dich MB theo thoi gian chiéu burc xa (B) cua vat liéu GOQDs
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Hinh 6. D6 thi -Ln(C/Co) theo thoi gian chiéu burc xa cua vat liéu GOQDs
Hiéu suét quang xuc tac cua cac mau vt liéu GOQDs chu yéu phu thudc vao su phan tach
dién tich va hinh thai bé mat. Tl cic nghién ctru dong hoc, qua trinh phan hiy tuan theo dong
hoc cua phan Gng bac 1:

C,. .
Ln(=5) = —Kt (3)
Cq
Trong d6 Co, C:lan luot 12 ndng d6 ban dau va tai thoi diém t ciia dung dich MB; K 1a hing
sb toc do (phut™). Bong hoc cua hiéu suét quang xtc tac cla mau GOQDs duoc thé hién trong
hinh 6. Kus cta chét xtic tac thu dugc tir d6 doc ctia d6 thi 13 0.01727.phit .

Co ché ctia qua trinh quang xtc tic phan hiuy MB khi ¢6 mit GOQDs dudi su chiéu xa ciia
anh sang kha kién c6 thé duoc mé ta bang cac phan tmg sau:

GOQDs + hv — GOQDs (e + &™) 4
H20 + h* — H" + OH" (5)

H,0 + hv — H* + OH (6)

OH" + 1" — OH" 7
GOQDs + MB* — MLGOQDs ...LMB* (khong méu) )
MB* (xanh) + H* — LMB"* (khong mau) )
MB* (xanh) + H* — LMB™ (khong mau) (10)
LMB* (khéng mau) + OH* — COs, H20 + (NOs, SO ...) (11)

MB*+ OH" — CO2, H20 + (NO3", SO4* ..)) (12)
(MB")2 + OH" — CO2, H20 + (NO37, SO4* ..) (13)

Khi duogc chiéu sang, cac electron (e”) cia GOQDs tir cac orbital 7 (lién két) c6 trong dai
hoa tri dén cac orbital w* (phan lién két) trong dai dan dé lai mot 16 trong tich dién dwong (47)
trong dai hoa tri, cac cédp electron va 15 tréng nay s€ duoc tao ra trén bé mit cua GOQDs
(phuong trinh 4) [19]. Cac 15 trong s& phan tung vi OH- trén bé mit chét xtic tac dé tao thanh
cac gdc OH" (phuong trinh 5, 6, 7). O day, cac phan tir MB* hoat ddng nhu mot chat nhan proton
va dé& dang nhin mot proton tir nhom chirc cia GOQDs tao ra lién két N-H trong phan tir MB*
va do d6 1am thay d6i mau ciia MB tir xanh lam (MB™) thanh khong mau (LMB™) dudi dang san
pham trung gian (phwong trinh 8, 9, 10). Cudi cung, gdc OH* dugc biét dén 1a cac chit oxy hoa
manh nhét va dong vai trd quan trong trong hiéu qua phan ng quang xuc tac, cic gdc OH' nay
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phan huy cac dang ton tai cia MB thanh CO2, H20 va céc anion v co khac (NO3, SO4* ..)
(phwong trinh 11, 12, 13). Mit khac, cac vi tri khuyét tat trong GOQDs c6 thé hoat dong nhu mot
trung tim bay cac hat mang dién bi kich thich va do d6 can trd qua trinh tai hop dién tir - 15 trong
tu do tang cuong hi¢u qua quang xuc tac [21, 22]

Ngoai ra, hiéu suat phan huy MB ciia GOQDs chung t6i ché tao duoc ciing dugc so sanh
v6i cac GOQDs (don 1é hodc to hop) trong cac cong bd trude day (Bang 1). RS rang la vat liéu
nano GOQDs ching t6i ché tao duoc ¢ hiéu suit cao hon; do do, chung 1a ing cur vién trién
vong cho viéc xir 1y cac ngudn nude 6 nhidm gay boi cac chat mau cong nghiép.

Bang 1. So sanh hiéu suat phan hity dung dich MB cua cac vt liéu dva trén GOQDs

- KOl 1 tich | NO"8 90 | o vian| Ngudn | Hiu sudt| TLT
Vatlieu — flugngxtc| oy MBban | hiy|  sén hin hiy | K
the ghy |PhAnhiy| sing | phin hiy
N-GOQDs/TiO2 | 100mg | 100ml | 10ppm | 70 phut Ezfor(‘)[@] 85% | [18]
Anh sang
6 ;
GQD ; g0ml |FP2AX 0% 100 ohie | nhin thdy | 79.4% | [22]
mol/L
40 W
Multi-layered , beén LED o
GOQDs 1.75mg [19.25ml| 1 mg/l ml | 60 phut | W/mm? 93.3% [21]
. 400
Fes04/TiO2 Pén UVA
SOUTIOVGO | 100 | 100mi | 10mgL | 60phat | PP YVA | s6.08% | [13]
QDS 9W
mL
Co304 /SN- Anh séng
- q ; 0
GOQDs ' 10 mg 10 ppm 70 phut nhin théy 64% [3]
nanocompOSItes
DPén
.| huynh Bai
D 1 100 ml | 10 mg/L | 210 phat 0
GOQDs 0 mg 00 m 0 mg/ 0 phu quang 120 99% béo
w

Két luan

Bang phuong phép thuy nhiét don gian chung toi d ché tao thanh cong cic chdm lugng tir

GOQDs. Két qua phan tich hinh thai va cAu trac cua vat liéu cho théy vat liéu tao cac chidm luong
tir voi kich thude khoang 5 - 10 nm véi cac lién két hoa hoc, dao dong dic trung cua GO trong
cau trac. Khao sat tinh chat quang xtic tic phan hity MB ciia vat liéu cho thiy sau 210 phit chiéu
sang dudi dén huynh quang, vat li¢u c6 kha nang phan huy téi 99% MB trong dung dich goi mo
tiém nang tmg dung trong viéc xir Iy nude 6 nhidm chira cac chat mau cong nghiép.

TAI LIEU THAM KHAO
[1] Ajaypal Kaur, Komal Pandey, Ramandeep Kaur, Nisha Vashishat and Manpreet Kaur
(2022), “Nanocomposites of Carbon Quantum Dots and Graphene Quantum Dots:
Environmental Applications as Sensors”, Chemosensor, 10, 103390.

Tap chi

8 Y
H\_ £ TRU'GONG PAI HQC HOA LU %



[2] Akash S. Rasal; Sudesh Yadav; Anchal Yadav; Anil A. Kashale; Subrahmanya Thagare
Manjunatha; Ali Altaee; Jia-Yaw Chang* (2021), “Carbon Quantum Dots for FEnergy
Applications: A Review”, ACS Applied Nano Materials, 4, 6515-6541.

[3] Ammar J. Mohammed; Aseel M. Aljeboree; Firas H. Abdulrazzak; Ayad F. Alkaim;
Kabanov Oleg Vladimirovich; Lakshmi Thangavelu; Rafina Rafkatovna Zakieva (2021), “Effect
of Sulfur and Nitrogen co-Doped Graphene Quantum Dots on Co304 Nanoparticles as Solar
Induced Photocatalyst”, Journal of Nanostructures; 11, 213-220.

[4] Ana Paula de Mello Rocha, Marco Isaias Alayo, Davinson Mariano da Silva (2022),
“Synthesis of Nitrogen-Doped Graphene Quantum Dots from Sucrose Carbonization”, MDPI
AG; Applied Sciences, 2022, 17, 8686.

[5] P4 Quang Pat, Lam Vian Nang, Nguyén Dirc Hoa, Ha Thi Huong (2017), “Téng hop to
hop nano rGO/WOs cho vmg dung quang xiic tdc phan hity Xanh Methylen, Hoi nghi Vat Iy Chat
ran va Khoa hoc Vat liéu Toan quéc —SPMS 2017, ISBN: 978 -604 — 95 -0326 — 9, pp.656-659

[6] Dr. Daniele Rocco, Vyali Georgian Moldoveanu, Prof. Marta Feroci, Dr. Martina
Bortolami, Dr. Fabrizio Vetica (2023), “Electrochemical Synthesis of Carbon Quantum Dots”,
Chemistry Europe, 10, 202201104.

[7] Fei-Peng Du, Nan-Nan Cao, Yun-Fei Zhang, Ping Fu, Yan-Guang Wu, Zhi-Dong
Lin, Run Shi, Abbas Amini, Chun Cheng (2018) “ PEDOT:PSS/graphene quantum dots films
with enhanced thermoelectric properties via strong interfacial interaction and phase separation”
Scientific Reports, 8, 6441.

[8] Giordano Perini; Valentina Palmieri; Gabriele Ciasca; Marco De Spirito; Massimiliano
Papi; Massimiliano Papi (2020), “Unravelling the Potential of Graphene Quantum Dots in
Biomedicine and Neuroscience”, the Special Issue Graphene-Based Materials: Biological and
Biomedical Applications, 21, 3712.

[9] Haifa S. Al Ghamdi, Ahmed A. Al-Ghamdi (2023), “Opening band gap of multi-color
graphene quantum dots using D-fructose as a green precursor”, Alexandria Engineering Journal,
79, 155-163.

[10] Hossein Safardoust-Hojaghan, Masoud Salavati-Niasari (2017), “Degradation of
methylene blue as a pollutant with N-doped graphene quantum dot/titanium dioxide
nanocomposite”, Journal of Cleaner Production, 148, 31-36.

[11] Liu, SQ (2012), “Magnetic semiconductor nano-photocatalysts for the degradation of
organic pollutants”, Environmental Chemistry Letters, 10, 209 — 216

[12] Mahmoud Roushani, Maryamosadat Mavaei, Hamid Reza Rajabi (2015), “Graphene
quantum dots as novel and green nano-materials for the visible-light-driven photocatalytic
degradation of cationic dye”, Journal of Molecular Catalysis A: Chemical, 409, 102-109.

[13] Raheleh Hatefi, Habibollah Younesi , Ali MashinchianMoradi, Saeed Nojavan (2021),
“A facile decoration of anatase Fe304/TiO> nanocomposite with graphene quantum dots:
Synthesis, characterization, and photocatalytic activity”, Advanced Powder Technology, 32,
2410-2422.

[14] Reza Ghayoor, Alireza Keshavarz, Mohammad Navid Soltani Rad and Ali Mashreghi
(2018), “Enhancement of photovoltaic performance of dye-sensitized solar cells based on TiO:-
graphene quantum dots photoanode”, Materials Research Express, 6, 025505.

[15] S.Akash Prabhu, V. Kavithayeni, R. Suganthy & K. Geetha (2021), “Graphene
quantum dots synthesis and energy application: a review”, Carbon Letters. 31, 1-12.

=(HOA )
H C TRUGNG DAI HOC HOA LU

&3



[16] Satyaprakash Ahirwar, Sudhanshu Mallick, Dhirendra Bahadu (2017), *
Electrochemical Method To Prepare Graphene Quantum Dots and Graphene Oxide Quantum
Dots”, ACS Omega, 2, 8343-8353.

[17] S.Mondal (2008), “Methods of Dye Removal from Dye House Effluent—An
Overview”, Environmental engineering science, 25 (3), 2008, 383 — 396.

[18] Shixiong Min, Jianhua Hou, Yonggang Lei, Xiaohua Ma, Gongxuan Lu (“ Facile one-
step hydrothermal synthesis toward strongly coupled TiOz/graphene quantum dots photocatalysts
for efficient hydrogen evolution” Applied Surface Science, 396, 1375-1382.

[19] Sandhu, Inderjeet Singh; Chitkara, Mansi; Rana, Sakshi; Dhillon, Gulshan; Taneja,
Ankita; Kumar, Sanjeev (2020), “Photocatalytic performances of stand-alone graphene oxide (GO)
and reduced graphene oxide (rGO) nanostructures.”, Optical & Quantum Electronics, 52, 359.

[20].  Satyaprakash  Ahirwar, Sudhanshu  Mallick, Dhirendra  Bahadur  (2017),
“Electrochemical Method To Prepare Graphene Quantum Dots and Graphene Oxide Quantum
Dots” ACS Omega, 2, 8343-8353.

[21] Sima Umrao, Poornima Sharma, Anushka Bansal, Ranjna Sinha, Ranjan K.
Singh and Anchal Srivastava (2015), “ Multi-layered graphene quantum dots derived
photodegradation mechanism of methylene blue”, RSC Advances., 5, 51790-51798;

[22] Peetam Mandal , Kandarpa Kumar Nath , Mitali Saha (2021) “Efficient Blue
Luminescent Graphene Quantum Dots and their Photocatalytic Ability Under Visible Light”,
Biointerface Research in Applied Chemistry,11, 8171 - 8178

[23] Peng, Juan; Gao, Wei; Gupta, Bipin Kumar; Liu, Zheng; Romero-Aburto, Rebeca;
Ge, Liehui; et al. (2016). “Graphene Quantum Dots Derived from Carbon Fibers”, Graphene
Quantum Dots Carbon Fibers, 12, 844 — 849.

[24]. Peter Olusakin Oladoye, Timothy Oladiran Ajiboye, Elizabeth Oyinkansola Omotola,
Olusola Joel Oyewola (2022), “Methylene blue dye: Toxicity and potential elimination
technology from wastewater”, Results in Engineering, 16, 100678

[25] Tianju Fan, Wenjin Zeng , Wei Tang, Chunqgiu Yuan, Songzhao Tong, Kaiyu Cai, Yidong
Liu, Wei Huang, Yong Min, Arthur J Epstein (2015), “Controllable size-selective method to prepare
graphene quantum dots from graphene oxide ”, Nanoscale Research Letters, 10, 55.

[26] Yanxia Ren, Xiuzhi Yu, Zhanhua Li, Dayong Liu, Xiaohong Xue (2020), Fabrication
of pH-responsive TA-keratin bio-composited hydrogels encapsulated with photoluminescent GO
quantum dots for improved bacterial inhibition and healing efficacy in wound care management:
In vivo wound evaluations”, Journal of Photochemistry and Photobiology B: Biology, 202,
111676.

[27] Yin Zhang, Hui Gao, Jingjing Niu and Bitao Liu (2014), “Facile synthesis and
photoluminescence of graphene oxide quantum dots and their reduction products”, New Journal of
Chemistry, 38, 4970 - 4974.

[28] Yonggiang Dong, Hongchang Pang, Hong Bin Yang, Chunxian Guo, Jingwei
Shao, Yuwu Chi, Chang Ming Li, Ting Yu (2013), “Carbon-based dots co-doped with nitrogen

and sulfur for high quantum yield and excitation-independent emission”, Angewandte Chemie
International Edition in English, 52, 7800-4.

Tap chi

=(HOA

8 Y
H\_ £ TRU'GONG PAI HQC HOA LU ”



Tap chi

HOA LU UNIVERSITY JOURNAL OF SCIENCE

INDEX

Vu Thi Hong, Nguyen Thi Nguyet - Current state of classroom management skills during the
first phase of teaching practicum for primary education students at Hoa Lu University

Nguyen Ngoc Thien Kim - Survey of errors in using modal particles in Chinese by 2nd-year
students of Chinese language faculty of Thu Dau Mot University

Nguyen Ngoc Thien Kim - Discussion on the steps of teaching the Chinese word “ 7" at
the elementary level

Nguyen Anh Tuan - Process for designing course exams to meet learning outcomes at Hoa Lu
University

Tran Thi Nhu Y, Huynh Minh Tri - Research to build the information system for evaluation
and classification of officers at university

Dao Sy Nhien, Nguyen Thi Thu Ha, Bui Thi Tuyet, Pham Xuan Nguyen, Hoang Cao Minh -
Building a database system for mobile-based voting problem using MYSQL database
management system

Phan Tan Duoc, Ngo Thanh Phuong, Nguyen Thi Thanh Nhi - Solutions for training and
developing high quality human resources for Vinh Long tourism industry in the context of
digital transformation

Le Thi Bich Thuc, Luong Thi Tu, Pham Thi Loan - Artistic value of stone sculpture above Pair
of dragons at the Temple of King Dinh Tien Hoang (Truong Yen commune, Hoa Lu district,
Ninh Binh province)

Hoang Thi Ngoc Ha, Do Quang Dat, Dinh Thi Kim Dung, Ha Thi Huong, Phung Thi Thanh
Huong, Nguyen Dinh Hung - Synthesis and photocatalytic degradation of Methylene Blue dye
using graphene oxide quantum dots (GOQDs)

=(HOA

8 Y
H\_ (, TRU'GONG PAI HQC HOA LU

16

24

32

38

46

56

69

75

&5



THE LE VIET VA GUI BAI
TAP CHi KHOA HQC TRUONG PAI HQC HOA LU

1. Bai nhan dang la cong trinh nghién ctru khoa hoc, cac y kién trao d6i vé hoc thuét, quan
Iy gido duc, cac bai tong quan gidi thiéu thanh tyu khoa hoc méi cua cic nha khoa hoc trong va
ngoai truong. Tap chi khong nhan dang bai da cong b trén an pham khac.

2. Bai bo khoa hoc dugc viét béng tiéng Viét hoac tiéng Anh, soan thao trén Word, hodc
trén Latex, font Times New Roman (Unicode); c& chir 12; khd giéy A4; 1& trén: 2,0 cm, 1& dudi:
2,0 cm, 18 trai: 2,0 cm, 1& phai: 2,0 cm; gian dong; single. Mét d chit binh thuong, khong nén
hodc kéo dan khoang cach gitra cac chir.

3. B4 cuc ban thao bai bao khoa hoc giri ding phai duoc trinh bay theo bb cuc sau: Tén bai
bao (phan dnh néi dung chinh ciia bai viét); Tom tat bai viét (khéng vieot qud 250 tir thé hién y
twong va ndi dung tém tdt cia bai bdo); T khéa (nhitng tir dwege cho la quan trong doi véi ngi
dung nghién ciru dic trung cho chii dé cia bai viét dé); Gidi thiéu (Tém tdt tinh hinh nghién ciru
trong nwéc va thé gidi, tinh thoi sw ciia van dé nghién ciru); Noi dung va phuong phap nghién
ctu (trinh bay ndi dung nghién ciru, cdc phwong phdp tiép cin, két qua dat dwoc, gidi phdp va
kién nghi dé xudt, moi lién hé gitra két qua nghién ciru cia tac gid véi cac két qua trude do); Két
luan (khang dinh nhitng két qua nghién civu dat dege); Tai lidu tham khao (Liét ké tdt ca tai liéu
dd dwoc tac gid trich dan trong bai bdo).

4. Tht ca cac bai guri dang tap chi déu duogc Ban bién tap gui phan bién nhan xét, danh gia.
Ban bién tép tra 101 tic gia vé két qua nhan xét, danh gia ciia phan bién va thdm dinh déi v6i bai
bao. Bai dat yéu cau s& dugc dang trong s gan nhat ctia tap chi.

5. Ban bién tap nhan 01 ban in giri kém dia hodc tap tin dinh kém trong Email.

Dia chi lién hé va giri bai: Phong Pao tao - Quan 1y khoa hoc, Truong Pai hoc Hoa Lu,
Truong Dai Hoa Lu, duong Xuan Thanh, thanh phé Ninh Binh, tinh Ninh Binh.
bién thoai: 02293 892 240; 0984 148 845.

Email: tapchikhoahoc@hluv.edu.vn
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