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Tong hop cham lwgng tir carbon ti nit bac nham thir nghiém
kh ning chi thi ion Fe* va nhudm huynh quang t€ bao biéu bi hanh tay
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Tom tit:

Trong nghién ctru nay, ching t6i tién hanh ché tao chim lwgng tir carbon (CDs) tir nut bic bing phwong phap thiy
nhi¢t. CDs ché tao dwge cé6 dwong kinh trung binh 6,2+2,7 nm. Phé hip thu cho théy, hai dinh & vi tri 217 va 280
nm twong &ng v6i chuyén doi 7-7* va n-m* ciia lién két C=C va C=0. Khi thay ddi buéc séng Kkich thich tir 340 dén
500 nm, dinh pho phat quang ciia CDs ciing dich chuyén df”)ng thoi tir 445 dén 605 nm. Két qua cho théy, pho phat
quang phu thudc buéc song kich thich ciia vét liéu. Dua vao cac tinh chit Iy héa dwoc nghién ciru, ching toi da sir
dung CDs dé thim do kha ning phat hién ion Fe** dya trén hién twong dap tit huynh quang. Két qua tinh toan cho
thiy, giéi han phat hién dat gia tri ~0,012 mg/ml. Bén canh d6, CDs ciing d dwoc sir dung dé nhuém huynh quang
té bao biéu bi hanh tay. Miu té bao hanh tiy lan lwot phat huynh quang mau xanh la cdy va mau dé duwéi sw kich
thich ciia 4nh sang tim (buéc song 405 nm) va xanh 1a cdy (bwéc séng 532 nm) chiéu tir laser diode. Két qua nghién
ciru bwée diu cho théy tiém ning wng dung cua CDs trong cac linh vuc lién quan dén cam bién va chup anh té bao.

Tir khéa: cham lwong tir carbon, huynh quang, mit béc, thity nhiét.
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Abstract:

In this study, we synthesised the carbon nanodots (CDs) from the waste wine cork using a hydrothermal method.
The analysis results indicated the average diameter of CDs was 6.2+2.7 nm. The UV-vis absorption spectrum shows
two peaks around 217 and 280 nm, which are attributed to n-7* transition and n-n* transition of the C=C and the
C=0 bonds, respectively. When changing the excitation wavelength from 340 to 500 nm, the luminescence peak of
CDs also shifts simultaneously from 445 to 605 nm. This result indicated excitation-dependent photoluminescence
of the obtained CDs. Based on the studied physicochemical properties, we used CDs to probe the ability of Fe** ions
detection using fluorescence quenching. The estimated results revealed that the detection limit reached ~0.012 mg/ml.
Besides, CDs have also been used to stain the onion epidermal cells. The onion cells exhibit fluorescence in green
and red under violet (405 nm) and green (532 nm) laser diode excitation, respectively. The initial result shows the
potential applications of CDs in the fields related to cell imaging and sensing.
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1. Dat van de

Trong nhimng thap ky qua, cac chdm luong tir ban dan
(SQDs) dugc xem nhu mot trong cac vat liéu nano phat
huynh quang uu viét, voi cac tinh chat quang hoc ndi
bat. SQDs da dugc st dung rong rai dé lam dau do nano
(nanoprobe) trong cac g dung lién quan dén cam bién va
chup anh sinh hoc, do tinh 6n dinh quang hoc cao, phd phat
xa hep, pho kich thich dai rong, cuong d6 phat quang manh
va budc song phat quang co thé diéu chinh dya vao kich
thudc hat [1-3]. Nhuge diém chinh dbi véi nhom vat lidu
nay chinh 1a sy xuét hién cua cac ion kim loai nang (Cd*,
Te*, Pb*, Hg?") trong thanh phan cdu trac [4-6]. Nhiing mbi
luu tim 16n vé d6 an toan khi str dung chim lugng tir trong
nghién ctru y sinh da dwoc dé cap trong mot sd cong trinh
trudce day [4-6].

La mot loai vat liéu thudc ho carbon nano, cac hat nano
carbon phat quang voi kich thude nhé hon 10 nm (thuong
duogc goi la cham lugng tir carbon hoac CDs) dang thu hut
su quan tam dac biét tu nhiéu nhom nghién ctru trén thé giobi,
nho vao nhirng tinh chét hoa 1y doc do va tha vi [7-9]. CDs
c6 day du cac tinh chat wu viét cia vat liéu SQDs truyén
thdng, nhu phat quang cudng d6 manh va tuong thich sinh
hoc t6t (biocompatible) [5]. Bén canh d6, vat lidu nay con
c6 nhitng dac tinh vuot trdi khac, chéng han nhu kha nang
chéng tdy mau huynh quang (photobleaching) khi tiép xuc
v6i anh sang cudng do cao, phd phat xa phu thude vao bude
song kich thich va tinh doc véi té bao (cytotoxicity) thap.
Do vay, trong hon mét thap ky qua, CDs da duogc nghién
ctru chuyén sau va rong rai cho cac ing dung trong linh vuc
cam bién va chup anh huynh quang, nho khai thac cac dic
tinh quang hoc dac biét nay [9].

Dén nay, di c6 nhiéu phuong phap duoc ap dung dé ché
tao CDs, sir dung ca hoa chat va nguyén lidu tw nhién. Trong
cac phuong phap d6, thuy nhiét dugc coi la mot Iya chon
wu tién nhd vao quy trinh ché tao don gian, thiét bi khong
phirc tap va chi phi thip [10]. Thém vao do, nham cai thién
phuong phap ché tao theo hudng than thién véi moi trudng,
giam thiéu viéc str dung héa chat trong qué trinh tong hop
vat liéu nano, cac ngudn nguyén lidu co ngudn gdc tir tyr
nhién dugc xem nhu ngudn tién chit 1y tuong dé san xuét
CDs véi cac dic tinh mong mudn. Nhiéu cong trinh nghién
ctru d Gmg dung phuong phép thity nhiét dé ché tao vat
liéu CDs c¢6 ngudn gdc ty nhién nhu nudc ép cam, nude
ép chudi, sita dau nanh, cu khoai tay, vé budi, nudc dua...
[11-14].
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Trong giai phdp duoc néu ra & day, chung tdi trinh bay
k¥ thuat ché tao c6 chi phi thip va than thién véi moi trudng
dugc ung dung dé tong hop CDs tir nut bic bang phuong
phap thuy nhiét [15]. Cac nghién ctru chi tiét lién quan dén
doc tinh d6i véi té bao cling dugc khao sat. Trong do, cac
té bao gdc trung md (MSCs) van phat trién kha tét khi ham
luong carbon trong moéi trudng nudi 1én dén 0,25 x (voi
1x=0,51 mg/ml). Trong nghién ctru nay, ching toi tap trung
trinh bay cac két qua nghién ctru lién quan dén kha ning ting
dung CDs lam dau do chi thi huynh quang, trong viéc phat
hién ion Fe** va nhuém huynh quang té bao biéu bi hanh tay.

2. B6i twong va phuong phap nghién ciiu
2.1. Quy trinh ché tao CDs

Quy trinh ché tao dung dich CDs tir nut bic bang phwong
phép thuy nhiét dugc mo ta trong hinh 1 [15]. Dau tién, nut
béc tir chai ruou Vang DPalat® (5,0 g) duoc lam sach, séy
kho va cét thanh ting miéng nho, sau d6 dugc cho vao 80
ml nude cat hai 1an. Hon hop nay duoc xir Iy bang phuong
phap thity nhiét & nhiét do 220°C trong 4 gio, sau d6 dé
ngudi dén nhiét d6 phong. San pham thu dugce 1a dung dich
¢6 mau nau den, duoc loc qua gidy loc va ly tim & toc do
14.000 vong/phut, trong 15 phit, nhim loai bo céc hat kich
thude 16n. Dung dich cudi cung c¢6 mau nau nhat, dugc bao
quéan & 4°C trong diéu kién tranh anh sang dé chuan bi cho
cac phép do tiép theo.

(A) (B) ©)
' 415 nm
Thiy nhiét
- )
. 220°C/4 gidr

Hinh 1. Quy trinh ché tao vat liéu cham lwong tir carbon tir nat
bac. Nut bac tr chai rwgu vang Palat® dwgc cat nhd (A) va cho vao
binh thdy nhiét (B). San phdm CDs dwdi anh sang mét tréi va dudi anh
séng dén LED c¢6 bwéc song dinh 1an lwot 1a 415 va 450 nm (C). Quan
sat anh chup bing mét thwong cé thé thdy cwdng do anh sang phat
quang kha manh.

2.2. Phat hién ion Fe&**

Cac mudi kim loai MgSO , (299,0%), KCI (=99,5%),
BaCl,.2H,0(=99,5%), CaCl,.2H,0 (=98,0%), MnSO,.2H,0
(299,0%), HgCl,(=99,5%), Pb(NO,), (=99,0%), CrCl,.6H,O
(299,0%), CuCl,.2H,0 (=99,0%), Na,CO, (=99,8%) va
FeCl,.6H,0 (=99,0%) dugc mua tir Cong ty hoa chat Xilong
Scientific, Trung Quéc. Nudc sir dung trong cac thi nghiém



12 nudc cit hai lan. Dung dich cia (A
cac mudi kim loai khac nhau duogc
pha & néng do 0,5 mg/ml. Néng do
dung dich chira CDs dugc gitr khong
d6i & mirc 0,51 mg/ml trong tit ca
cac budce. D1 voi phép thir chi thi
huynh quang ion Fe**, hé¢ mau duoc
pha ¢ cac néng dd 1an luot 12 0,005,
0,01, 0,02, 0,04, 0,08, 0,16 va 0,5
mg/ml. Sau d6, 1 ml dung dich mudi
duogc cho vao cuvette dyng 1 ml
dung dich CDs va hén hop dugc dé
& nhiét do phong trong 3 phit. Cubi
cung, phép do phd quang phat quang
clia mau trude va sau khi bd sung ion
kim loai dugc ghi lai.
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Dudng kinh

2.3. Nhugm mau té bao biéu bi hanh tiy

Quy trinh nhudém té bao biéu bi hanh tay dugc chung toi
thuc hién dya trén cong bd trude day [16]. Cu thé, dao md
s6 11 duoce st dung dé rach mot 6 vuong c6 canh khoang
1 cm & mat trong vay cu hanh tay con tuoi. Sau d6, ching
t6i ding panh 16t nhe 16p biéu bi va cho vao cde dung con
trong khoang 30 gidy dé lam mat nudc. Tiép theo, 16p biéu
bi duoc cho vao cbe dung dung dich CDs ¢ néng do 0,51
mg/ml trong khoang 60 gidy va dugc rira lai trong nudc cat.
Cudi cung, mau duoc trai can than trén lam kinh va day lai
bang lamen dé quan sat dudi kinh hién vi.

2.4. Thiét bi vrng dung dé phan tich

bé phan tich cAu trac cua CDs ché tao dugc, chung to1
tién hanh do nhiéu xa tia X (XRD) trén hé do D8 Advance
(Bruker, Dirc) voi goc 20 duoc quét tir 10 dén 60°. Hinh
dang va kich thudc ctia CDs trong dung dich dugc khao sat
bang kinh hién vi dién tir truyén qua (TEM) JEOL JEM-
1010 (Nhat Ban), hoat dong ¢ dién ap gia toc 80 kV. Chung
t6i tién hanh do ph6 huynh quang (PL) va phd kich thich
huynh quang (PLE) trén may do FS5 spectrofluorometer
ctia Edinburgh Instruments (Anh), ddng thoi phép do phd
hép thu tir ngoai - kha kién (UV-Vis) duoc thuc hién bang
thiét bi GENESYS 10S UV-Vis ctia Thermo Scientific
(M¥). Anh huynh quang tir t& bao dugc chup trén kinh hién
vi huynh quang do nhém nghién ctru phat trién va mau dugc
kich thich st dung laser diode budc song 405 va 532 nm.

3. Két qua va ban luan

Hinh 2A 1a anh kich thudc hat cua dung dich chira CDs
dugc chup bang kinh hién vi dién tir truyén qua (TEM). Anh
TEM chi ra cic hat phan b 10i rac va khong két dam. Dé
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Hinh 2. (A) Anh kinh hién vi dién tir truyén qua cta dung dich chdm lwong tir carbon véi
thanh dinh c& la 100 nm; (B) Gian dé nhiéu xa tia X cha vat liéu.

xac dinh dugc sy phan bd duong kinh hat CDs, cac vi tri
khéc nhau trén anh TEM dugc chon ngiu nhién va do kich
thudc bang phin mém ImageJ. Biéu dd phan bd dudng kinh
kich thudc hat CDs duoc thé hién trong hinh v& phia goc
trén bén trai hinh 2A. Két qua cho théy, cc hat carbon co
kich thudc nim trong khoang tur 2,8 dén 19,6 nm, véi gia
tri duong kinh trung binh 6,2+2,7 nm. Gian dd nhilu xa tia
X mé ta trén hinh 2B, tng voi thé chuan PDF 00-050-0926
duoc trich xut tir thu vién Trung tam Dit liéu nhiéu xa quéc
té - ICDD. Két qua cho thiy, mot dinh rong & vi tri goc
20~21°, day la dinh nhiéu xa dic trung ctia ho mit (002) ctia
vat liéu carbon ¢6 cAu trac vo dinh hinh [8].

Pé 1am rd tinh chat quang hoc cua vat liéu CDs, phd hp
thy va phd phat quang phu thudc vao budc song kich thich
da dugc ghi lai. Nhu duge mo ta trén hinh 3 (bén trai), phd
hép thu cua vat liéu sau khi thiy nhiét & 220°C c6 hai vi tri:
217 va 280 nm. Pay la dinh dic trung cta chuyén doi n-n*
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Hinh 3. Phé hap thu va phd phat quang ctia dung dich chdm lwong
ttr carbon khi dworc kich thich & cac bwéc séng tir 340 dén 500 nm
(bwée dich chuyén 1a 20 nm).
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Hinh 4. Phé kich thich phat quang cta dung dich chdm Iwong ti
carbon véi bwéc séng phat quang la 440 nm.
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liéu CDs, co ché vat Iy dan dén hiéu Gmg phat quang noi
trén van dang 1a chu dé nghién ciru con nhiéu tranh luan
[17]. Mic di nguyén nhan van chua duge giai quyét mot
cach triét dé, phan 16n cac két qua nghién ctru trude day déu
cho rang su phan bé kich thude hat trong mot ving rong va
cac chuyén doi quang hoc xay ra do sy lai hoa trang thai bé
mat (hybridization of surface state) gitta 151 carbon va cac
nhoém chire di din dén hién tuong huynh quang dac trung
trén cia CDs [12, 14, 17]. Chi tiét két qua phan tich cac
nhom chirc trén bé mit CDs da dugc trinh bay trong cong
b trude day [15].

Su thay ddi cuong do anh sang phat quang khi co6 mat
cac ion kim loai Mg*', K*, Ba?*, Ca*", Mn*', Hg*", Pb**, Cr*",
Cu*, Na* va Fe** dugc mo ta nhu trong hinh 5. Ching ta

(B)

Cudng do6 (d.v.t.d)

——|
T T T T T T

T T T
Ba® Ca® Mn® Hg®' Pb> Cr* Cu™ Na~ Fe*

T T
B ching Mg* K*

Hinh 5. Tinh chon loc ctia dung dich chira chdm lwong tir carbon trong kha ning chi thi huynh quang ion Fe®. Dung dich clia cac muéi
kim loai khac nhau dwgc pha & ndng do 0,5 mg/ml. Néng dd dung dich chira chdm lwong ti carbon dwoc gitr khong ddi & mirc 0,51 mg/ml. Phd
huynh quang trén hinh A (twong trng hinh B mé ta dwéi dang biéu dd hinh cot) cho thdy, sw xuét hién clia ion Fe®* gay ra su dap tat cwong do
huynh quang cla dung dich chdm Iwong t&r carbon manh hon so véi mét sé ion kim loai khac.

va n-m* tuong ung véi lién két C=C va C=0 [13]. Phd kich
thich cling dugc mo ta trong hinh 4 véi vung budc song
kich thich dat hiéu suat cao nam trong ving tir 330 dén
350 nm. Nham 1am rd hon tinh chét quang hoc cuia vét li¢u
CDs, chung t6i tién hanh dénh gid ph6 huynh quang phu
thudc bude song kich thich (hinh 3, bén phai). Quan sat
két qua chiing ta co thé thay, khi thay d6i budc song kich
thich tir 340 dén 500 nm, dinh phd phat quang cia dung
dich ciing dong thoi thay ddi theo. Phd phat quang c6 dang
dai rong, trong d6, vi tri dinh phd phat quang phu thudc
vao budc séng kich thich va c6 khuynh huéng dich vé phia
bude song dai khi ting budc song kich thich. Déi véi vat

&%H%%E 66(11) 11.2024

thdy rang, cuong do phat quang cua dung dich CDs dat gia
tri rat nho khi co su xuét hién cta ion Fe*. Nguoc lai, khong
¢6 su thay d6i 16n vé cuong do anh sang huynh quang dugc
quan sat sau khi cho cac ion kim loai khac vao dung dich
chtra CDs. Céc nghién ctru truée day nhan dinh rang, ion
Fe** ¢6 thé da tao ai luc 16n v6i CDs, didu nay da dan dén
su dap tat manh hién tuong huynh quang [18]. Két qua budc
dau cho théy, CDs c6 thé dugc st dung lam chét chi thi
huynh quang trong viéc phat hién chon loc ion Fe¥*. Day
cling 14 co s¢ dé chung t6i tién hanh phép do huynh quang

v6i cac nong do khac nhau ctia ion Fe*',
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Hinh 6. (A) Phé huynh quang cua dung dich chira chdm Iwong tir carbon trng v&i cac gia tri ndng dé khac nhau cta ion Fe®; (B) Cac
gia tri néng do cha ion Fe* trong khoang 0,005-0,5 mg/ml (dwoc biéu dién theo phwong trinh Stern-Volmer dwa vao ty sé F,/F. FvaF,la
gia tri tin hiéu cwdng d6 huynh quang thu dwoc tai budc séng 435 nm (ng vé&i trudng hop cd va khong coé su xuét hién ctia ion Fe’* (bwéc séng

kich thich la 340 nm)).
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deviation) cua mau ddi chung va
m,, . 1a hé sd goc cua du(‘mg chun.
So sanh véi cac cong bd trude day
lién quan dén viéc phat hién ion Fe**,
két qua co gia tri kha 16n [18-20].
Nhan dinh nguyén nhan ban dau c6
thé do vat liéu CDs duoc ché tao c6
ngudn gbe khac nhau ciing nhu hé
thong cac mau ion Fe** dugc chiing
t6i pha van con & nong do kha 16n.
Vi vdy, can c6 nghién ciru chi tiét
hon dé danh gia cu thé ving tuyén
tinh cling nhu gidi han phat hién ion
Fe** dbi v6i vat licu CDs duge ché

532 nm

Hinh 7. Anh chup té bao biéu bi hanh tay dwi kinh hién vi huynh quang. Té bao biéu bi hanh  tao tir nat béc.
tay dwoc nhudm trong méi tréng cé chira cham Iwong tir carbon (A) va mau déi chivng - khéng Lz i e 2 .
dwoc nhudm (D) khi dwoc chiéu bang dén halogen va laser diode c6 budc séng 405 nm (B, E) va Tiép theo, chung 61 da tién hanh

532 nm (C, F). Thanh dinh c& c6 gia tri la 200 pm.

Hinh 6 cho thy, cudng d6 anh sang phat quang giam
dan ¢ budc song 435 nm khi nong do ion Fe** ting dan.
Diéu nay chi ra rang, dung dich chtra CDs kha nhay véi su
xudt hién cua ion Fe'. Céc gia tri ndng do ciia ion Fe** trong
khoang 0,005-0,5 mg/l duoc biéu dién theo phwong trinh
Stern-Volmer dua vao ty sb F,/F [19]. Mot diém dang luu
¥ 1a dinh phd huynh quang (hinh 6A) hau nhu khong dich
chuyén giita mau c¢6 va khong c6 sy xuét hién cia ion Fe.
Hé sb twong quan (R?) c6 gia tri 0,9847 trong khoang nong
d6 0,005-0,04 mg/ml cho thiy mdi quan hé tuyén tinh tét.
Gi61 han phat hién dugc tinh theo tiéu chi 3,3 5/7mé_,upe co gia
tri 0,012 mg/ml [20]. Trong do, ¢ 1a do 1éch chuan (standard
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tham do kha nang st dung dung dich

CDs lam thudc nhuém huynh quang

da sdc d6i voi té bao biéu bi hanh tay.
Anh chup cac té& bao biéu bi hanh tay sau khi nhuom duoc
mo ta nhu trong hinh 7. Quan sat hinh 7B va 7C ta nhan
thdy rang, mau té bao 1an lugt phat huynh quang mau xanh
14 cay va mau do dudi sy kich thich ctia anh sang tim (budc
song 405 nm) va xanh 14 cay (budc séng 532 nm) chiéu tir
laser diode. Cu thé, ching ta c¢6 thé quan sat rd thanh va
nhan cia té bao biéu bi hanh tay, diéu nay cho thiy dung
dich chira CDs da di vao bén trong. Trong khi d6, mau dbi
chung (khong dugc nhudm trong dung dich c6 CDs) khong
cho thiy sy xuit hién cta 4nh sang huynh quang trong ciing
diéu kién chiéu sang (hinh 7E va 7F).
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4. Két luan

Trong nghién ciru nay, chung toi di tong hop thanh cong
vat liéu CDs phat huynh quang da sic tir nguon nguyén liéu
tai ché c6 nguon gdc ty nhién. Sau khi thuy nhiét nut bac,
dung dich CDs ché tao dugc cho thdy hién tugng pho phat
quang phu thudc vao budc song kich thich va c¢6 khuynh
huéng dich vé phia budc song dai khi ting bude song kich
thich. Dung dich CDs ché tao duoc cho théy kha nang chi thi
huynh quang ion Fe** khi c6 su sut giam dang ké vé& cuong
d0 so vdi cac ion kim loai khac. Hon ntra, vat liéu CDs
cling da dugc thur nghiém thanh céng trong chup anh huynh
quang té bao biéu bi hanh tay. Két qua budc dau cho thiy,
can ¢6 thém cac nghién cuu chi tiét trén vat liu CDs ché
tao dugc dé xem xét nhimng tmg dung cu thé trong timg linh
vuc, nhu chyp anh huynh quang hay vat licu phat quang.

LO1 CAM ON

Nghién ctru ndy dugc tai trg boi dé tai khoa hoc va cong
nghé cép B6 Gido duc va Pao tao, ma sé6 B2021-DHH-05.
Céc tac gia xin chan thanh cam on.
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