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TOM TAT

Chfim lugng tir carbon (CQDs) 1a ho vat liéu nano carbon mai, cd tiém nang ung dung 16n trong
nhiéu linh vuc quan trong do ching khéng ddc hai, tan trong nudc, tuong thich sinh hoc, co the
phat xa anh sang trong vung nhin thiy va dé tong hop. Pha tap CQDs véi ion kim loai dugc ky
vong c6 thé dua thém céc tinh nang nhu xtc tac hay turtinh cho CQDS dinh hudng ung dung trong
cac linh vyc nhu quang xtc tac, danh dau va phan tich sinh hoc. Trong nghién clru nay, chung t6i
nghién ctu tong hop CQDs pha tap kim loai sir dung phiic chat ethylenedlammetetraacetlc acid
(EDTA) v6i kim loai (Cu, Fe, Mn, Pb) bang phuong phép thuy nhiét. Phén tich kim loai bang pho
hép thu nguyen tir cho thdy M-CQDs chira tir 3% dén 13% khdi luong kim loai. So sanh pho hép
thu va pho phat xa cua cac M-CQDs vo6i nhau va véi CQDs cho thdy ban chét ion kim loai anh
huong dén tinh chat hap thu trong ving tir ngoai va hiéu suét phat xa huynh quang cta CQDs.
Phuong phap tong hop trinh bay trong bai bao nay mang tinh tong quéat va cho phép tong hop
nhiéu M- CQDs dé so sanh tryc tiép anh huong ciia ion kim loai dén tinh chét ciia CQDs.

Tir khéa: cham luong tir carbon, pha tap kim logi, thity nhiét, hupnh quang, twong tdc dién ti.
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ABSTRACT
Carbon quantum dots (CQDs) have been drawn much attention for diverse application due to their

low toxicity, excellent biocompatibility, visible photoluminescence and easy synthesis. Doping
CQDs with metal ions has been demonstrated to add functionalities such as catalytic and magnetic
properties for photocatalysis, bio-imaging and bioanalytic appllcatlons Hereln we repot a
universal method for preparation of metal doped CQDs (M-CQDs, M= cu?®t, Fe* Mn2+ and Pb2+)
The universary is enabled by using complexes of the metal ions with ethylenedlammetetraacetlc
acid (EDTA) as single precursor. The mass fraction of metal varied from 3 to 13% as determined
by atomic absoption spectroscopy. Optical properties of CQDs and M-CQDs were studled by UV-
Vis absorption and photoluminescence spectroscopy. Metal ions such as Fe**, Pb®" and Cu™
change the absorption profile in the UV region and while the emission quantum yield of QDs
varied from 6 to 27%. The method is of importance for preparation of a series of M-CQDs from
which the eflects of metal ions on the properties of CQDs can be revealed.
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interactions.
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1. Gié6i thiéu

Cham luong tir carbon (CQDs) 1a nhom vat
liéu carbon c¢6 kich thudc ¢cd nanomet (nm),
¢6 cau tric kha phirc tap gdm ba hop phan
chinh: hé da vong lién hop PAHs
(polyaromatic hydrocarbons), nhém chuc
quang hoat F (fluorophore) va cac nhém chuc
hitu co don gian nhu mach hydrocarbon no, -
OH, -COOH, -CONH- hay -NH- [1]. Trong
khi cac nhom chirc phan cuc don gian quyét
dinh dn tinh tan cta CQDs, kich thuéce cta
P AHs, ciu tric cua F va tuongtac giita PAHs
vaF quyét dinh dén tinh chat hap thu va phat
xa quang hoc cta CQDs [2—4]. Mic du cdu
tric cia CQDs chua dugc lam sang téd nhu
d6i voi CdSe, PhS, InP hay Si QDs [5], CQDs
dang thuhut dugc sy quan tam nghién ciru vi
cac tinh chat noi bat nhu khong doc hai, tan
trong nudc, tuong thich sinh hoc, phat xa
huynh quang trong giai anh sang nhin thay va
tuong dbi dé tong hop [4,6]. Cho dén nay,
CQDs da duoc nghién clru ing dung trong
nhiéu linh vue khac nhaunhu vat liéu chuyén
d6i quang hoc trong dén chiéu sang diode
(LEDs), ddu do huynh quang trong phan tinh
té bao va danh diu sinh hoc, xuc tic quang
héa, vat liéu hp thu va chuyén hoa quang -
dién trongpin mat troi, vat li€u huynh huynh
quang phan tich ion kim loainang [7], [8] va
nhiéu tng dung khac [9].

Dé khai thac cac tinh chat quang va vu diém
tuongthich sinh hoc ctia CQDs, ngudi ta két
hgp CQDs v6i cac ion kim loai c6 tu tinh
(Gd, Fe), c6 hoat tinh xtic tac (Fe, Cu, Ni, ...),
hay c6 tinh chat huynh quang (Eu) dé tao
thanh vat liéu lai da chuc nang [10-13].
CQDs pha tap kim loai (M-CQDs) ngoai
nhingtinh chit véncé ciia CQDs va ion kim
loai con xuat hién thém nhiéutinh chathoéaly
quan trong khac nhu do hap thu ving kha
kién ting hay chuyén dich phd phat xa sang
ving budce séong 16n hon. Cac tinh chat nay
Xuit phat tir tuong tac dién tir gitra hé lién
hop trong CQDs va ion kim loai. Dé tonghop
M-CQDs, mot sb phuong phap di duogc

nghién cuu nhu thuy nhiét, nhi€t vi song,
nhiét phan, hay phuong phap dinh ion kim
loai [10]. Trong cac phuong phéap nay,
phuong phap thily nhiéthdnhop ctia mudi ion
kim loai v6i tién chat carbon nhu citric acid,
ascorbic acid, hay cac polymer dugc st dung
phd bién vi than thién voi moi truong va dé
thyc hién. Mic du vay, voi mdi ion kim loai
khéc nhaucan lua chon tién chét carbon phu
hop vi tuong tac gitra ion kim loai véi céc
tién chét hitu co (vi du carboxylic acid) thay
doi theo ban chat ctia kim loai. Do d6, hauhét
cac quy trinh tong hop di cong bd chi cho
phép thu dugc cac M-CQDs riéng 1é. Dé so
sanh tryc tiép anh hudng ctia ion kim loai dén
tinh chéat hoa Iy cua M-CQDs can xay dung
phuong phap tonghop tong quat cho phép thu
duoc M-CQDs véi cac ion kim loai khac nhau
makhongcan thay dbi tién chat carbon, quy
trinh va diéu kién phan tng.

Trong bai bao nay ching t6i gidi thidu
phuong phap tong quat tong hop M-CQDs
(M= Mn?*, Cu**, Fe**, Pb*") sit dung phirc
chat M-EDTA lam tién chat. Kha ning tao
phirc cia EDT A v6i hdu hét cac ion kim loai
lam cho phuong phép tong hop trinh bay
trong bai bao ndy mang tinh tong quat.

2. Thuc nghiém

2.1 Héa chit va dung cu

Céc hoa chat bao gom EDTA, MnS0,.H,0,
CuSO,.5H,0, FeCl;.6H,0, PbNO;, HCI 35%
va NaOH dugc mua tu héng Aladdin
Chemicalsvaido sach AR. Mang loc wa nudc
véi kich thuéc 16 500 dalton dugc mua tur
hadng Viskase. Hé théng phan ng thiy nhiét
gdm c6 autoclave véi vo thép chiu &p sut
biang thép khongriva dngphan tng kin bang
polyphenylene (PPL) c6 thé tich 50 nm; mot
tu didu nhiét bang dién.

2.2 Tong hep chdm lweng tie carbon

Hoa tan EDTA cac mudi kim loai vao nuéc
cit hai lan dé thu duwoc cac dung dich géc
nongdd 0.3 M. Tron 15 ml dung dich EDTA
va 15 ml dung dich ion kim loai va khudy

)

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Nguyén Thi Quynh va Ptg

Tap chi KHOA HQC & CONG NGHE PHTN

200(07): 3- 9

trong binh PPL, suc khi nitrogen trong 10
phit dé loai bo oxygen hoa tan, day kin binh
va ldp vao vo thép. Binh autoclave sau d6
dugc dat trong tu didu nhiét va gitr & 275°C
trong 6 gid. Sau phan tng, dé ngudi binh
phan ung tu nhién, loc dung dich thu dugc
qua gidy loc rditiép tuc loc qua mang loc loai
xylanh véikich thuéc 16 0.21 micromet. Dich
loc thu duoc tiép tuc duoc 1am sach bang
phuong phap loc ban tham thau (dialysis)
trong 12 gio vainude cat 2 1an, sir dung mang
loc véi gidi han kich thudc 16 1a 500 dalton.
Sau khi 1am sach, tién hanh cit quay ap sut
thap dé thu dugc CQDs & dang ran. Mau so
sanh duoc téng hop theo quy trinh tuong ty
sir dung dung dich EDT A 1am tién chit.

2.3 Cdac phwong phdp nghién ciru

Phé hap thu cua dung dich CQDs trong nwdc
duoc do trén may quang phd hap thy UV-
2450 (Shimadzu). Phé phat xa huynh quang
duoc do trén may Horiba Nanolog v&i nguon
kich 1a dén Xe két hop voi bo don sic, cam
bién CCD. Ham luong kim loai trong M-
CQDs dugc x4c dinh dwa vao phé hap thu
nguyén tir AAS nhu sau. M6t lugng xac dinh
M-CQD rin duoc hoa tan vao dung dich
HNO, rdi dun néng dé oxi héa CQDs, trung
hoa dén pH=4 bang NaOH réi dinh muc dén
100 ml. Twr néng do kim loai xac bang AAS
vakhéi lugng mau nghién ciru xac dinh duoc
ham luwong kim loai trong mau nghién cuu.
Cau tric cua CQDs dugc phan tich dwa vao
anh TEM, chup trén kinh hién vi dién tu
truyén qua JEM 2100, JEOL.

3. Két qua va thao luin

So d6 phuong phap téng quat tong hop M-
CQDs dugc trinh bay trén hinh 1. Sau qua
trinh thuy nhiét, sy hinh thanh CQDs c6 thé
danh gia so bd bang mit thuong khi mau
dung dich chuyén tir trong sut sang mau
vangva khi dat dudi dén UV (365 nm), dung
dich phat xa mau xanh. Anh chyp dung dich
thudugc sau phan tmg dudi anh sang tring va
dudi dén UV duoc trinh bay bén mé hinh ciu
trac M-CQD trén hinh 1. Sy hinh thanh

CQDs tir cac hop chat hitu co don gian thong
thudng gdm céc giai doan 1) qua trinh tring
ngung cac phan tt nho tao thanh oligomer
hay polymer, 2) dé hydrat hoa polymer tao
mach C-C lién hop, dongvongva 3) ngung tu
sdu tao thanh cutric diu carbon PAHSs [14].
San pham tan trong nudc sau qua trinh thiy
nhiét thuongla cautriic carbon kich thude c&
nanomet, gdm P AHs c6 kich thudc khac nhau
va cac nhom chirc phan don gian. Phé hap thy
ciia PAHs c6 hai giai hap thu 1) tir 245 nm
dén 354 nm c6 do hap thu cao va 2) ving co
budc song trén 354 nm c6 do hap thu giam
din [2,15]. Do do, ban dau ching t6i sir dung
phé hap thu UV-Vis d& danh gia sy hinh
thanh CQDs.

Hinh 2 trinh bay pho hép thu cia dung dich
thudugc sau phan Gmg (pha lodng 200 1in) &
cac diéu kién phan tmg khac nhau. Hinh 2.a
cho thay, khi thoi gian phan tmg dudi 2h va
nhiét d6 thay nhiét dudi 225°C, d6 hip thu ¢
350 nm tang khong dang ké so véi tién chat
EDTA, chungté PAHs hay CQDs hinh thanh
khong nhiéu & diéu kién phan tng nay. Do
do, chung to6i su dung nhiét do thuy nhiét la
275°C, nhiét d6 t6i da c6 thé thyc hién duge
vo1 binh thuy nhiét PPL, cho cac thi nghiép
tiép theo. Khi tang thoi gian thuy nhiét tir 2h
1én 14 gio, hinh 2bcho thay do hap thuo 350
nm ting dan chimg té nong do CQDs ting
theo thoi gian phan ung. Tuy nhién, ¢ thoi
gian phan Ung dai, vi du 14h, ching t6i thu
duoc luong dang ké cin carbon khong tan
trong nudc. Do vay, chung to6i lya chon diéu
kién phan tng tbi uu la 275°C va 6h.

Dé khdo st anh huong ciia ion kim loai dén
su hinh thanh CQDstu EDT A, chting t6i thiy
nhiét hon hop Mn* - EDTA (275°C, 6h) véi
ty 16 mole Mn**/EDTA khac nhau. Phé hép thy
trén hinh 2c cho thay, do hip thu ¢ 350 nm
giam dan khity 16 Mn**/EDTA ting dan. Dicu
nay chimgté su tao phirc gitta Mn* vVAEDTA
lam cho qué trinh chuyén h6a EDTA thanh
CQDs kh6 hon va nhém lién két bén Mn-
EDTA c6 thé dugc duy tri & CQDs cudi cing.
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M = Mn?*, Cu?*, Fe3*, Pb+, Eud*

2750C, 6 gitr Y

M-CQD

Hinh 1. So d6 téng hop chiam luong tir carbon pha tap kim loai bang phirong phdp thity nhiét
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Hinh 2. Phé hap thu UV-Vis ciia hon hop sauphan ung thu duwoc khi thay d6i diéu kién phan vmg bao gom

a) nhiét do thiy nhiét, b) thoi gian phan ng va ¢) ty Ié mol gitta Mn®

va EDTA. EDTA trong a) va b) la

phé hdp thu cia dung dich tién chat
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Hinh 3. a) Phé FTIR ciia CODs thu duoc véi cac diéu kién phan iimg khdc nhau,; b) anh TEM ciia CQODs
thu dwoc khi thity nhiét EDTA ¢ 275°C

Dé nghién ciru sy thay doi vé céu tric hoa
hoc trongqua trinh hinh thanh CQDs, ching
t6i so sanh phd hdong ngoai (FTIR) cua cac
mau CQDs thuduoc ¢225°Cva275°C (6 gid
phan tmg) str dung tién chit 1A EDT A hay M-
EDTA. Hinh 3a so sanh phd FTIR v6i truong
hop dién hinh Mn-EDTA. C6 thé thay, véi
CQDs thuduoc ¢ 225°C, phd dao dongco cic
dinh hip thurd rang va tuongty vai tién chét

EDT A bao gom dao dongcua cac nhom chire
—COOH (-OH: 3527 cm™, 3395 cm”; C=0:
1700-1550 cm™), -CH,- (3100-2750 cm™), -
NH- (1500-1250 cm™). Phd FTIR ciia CQDs
thu dugc & 275°C c6 cudng do hip thu cua
nhém -CH,- giam va cac dinh hip thy trong
khoang 1500-1250 cm™ chi con lai mot dinh
hap thu tai 1406 cm™ va hai vai hap thu ¢
1454 cm™ va 1313 cm™ twong ung véi cac

6
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hip thu dao dong ctia nhom alkyl ndi véi
vongthom. Nhu vay, khi tdng nhiét do thuy
nhiét, cic nhém —N-H, C-H, -C=0, -OH tham
gia vao qua trinh dé hydrat hoa dé tao thanh
ciu trac PAHs. Anh TEM chup mau CQDs
thuduoc khi thiy nhiét ¢ 275°C, hinh 3b, cho
thdy CQDs thu dugc c6 kich thudc thay doi
trong khoang 2-8 nm.

Dé xac dinh ham luong kim loai c6 trong M-
CQDs, chung t6i st dung phuong phap phan
tich khéi luong két hop voi phd hap thu
nguyén tir, két qua duoc tom tat trongbang 1.
Phan trim khéi luong kim loai trong M-
CQDs thay doi trongkhoang tir3 dén 12,8%.
Pho hap thuva phd phéat xa huynh quang cua
CQDs va M-CQDs dugc trinh bay trong hinh
4. So sanh pho hap thu UV-Vis cua céc loai
CQDs khéc nhau trén hinh 4a cho thiy Mn-
CQDs va CQDs c6 phd hép thutwong ty nhau
trongkhi cacion Fe**, Cu?* va Pb** lam thay
doi dang ké dai hap thuy trong khoang 250 —
400 nm. Bac biét, trén phé hép thu cua Cu-
CQDs xut hién mot vung hép thu déac trung
khé rong & khoang 350 nm. Chung toi luuy
rang, trong bai bao nay M-CQDs thu duoc
bang cach thay nhiét phtuc chat M-EDTA
tuong ung; khong trung 1ap véi cac phuong
phép tong M-CQDs di cong bd. Do do, cau
trac chi tiét va phd hap thu cua M-CQDs thu
duoc tir M-EDT A khac so véi M-CQDs cng
bd boi cac nhom téc gia khac [11-13]. Vi dy,
Cu-CQDs tdnghop tirhdn hop cua Cu®* va 1-
(2-pyridylazo)-2-naphthol c¢6 mot dinh hap
thy rong & 550 nm va hai vai hép thu & 330
nmva 270 nm [13]. Mn-CQDs thu dugc khi
thity nhiét hdn hop cua citric acid va Mn®* ¢6
mot dinh hap thurong ¢ khoang350 nm [12].
Su thay dbi trong phd hip cua M-CQDs
(M=Cu, Fe, Pb) so v&i CQDs va chting t6 c6

su tuong tac dién tu gilia ion kim loai trung
tam va cautriic PAHs bén trong CQDs. C6 1&
tinh toan Iy thuyét trén phirc chat cua PAHs
voi cac ion kim loai khac nhau s€ giai thich
tot hon phd hap thu cia M-CQDs trén hinh
4a. Ching t6i hy vong c6 thé trinh bay két
qua nay trong mot bai bao riéng biét sip toi.
CQDs va M-CQDs déu c6 phd phat da dang
dam v&iving phat xa tir 365 nm dén 625 nm
va cuc dai phat xa 6 khoang450+50 nm, hinh
4d. Ciu truc cua phd phat xa phu thudc vao
budc song anh sang kich thich. Trén hinh 4b
va 4c 1a phd phat xa cia CQDs va Cu-CQDs
thu dugc ¢ céc budc song kich thich khac
nhau. Cac CQDs c6 hai tdm phat xa chuyéud
budc song420 nm va 482 nm tuong ng voi
su phat xa tir16i PAHs va sy phat xa c6 tham
gia clia cac nhoém chirc bé mit trén CQDs.
Trong [13], Tan va cong sy cho rang, tam
phat xa & khoang 482 nm xudt phat tir ciu
trac phuc cua ion Cu®* trong khi phéat xa ¢
khoang 420 nm xuat phat tir cac PAHs. Dé
thdy rd hon anh hudng cia ion kim loai dén
phé phat xa ctia CQDs, ching tdi chuan hoa
phé phat xa theo cudng do phat xa ciia PAHs
& 420 nm nhu hinh 4d. C6 thé thiy, so véi
CQDs, M-CQDs c6 cuong do phat xa bé mat
giam va giam dan theo thu ty Pb**, Cu*”,
Mn**, Fe*".

Pé tinh hiéu sudt phat xa ciia CQDs va M-
CQDs, chiing t6i so sanh ph phat xa clia mau
nghién cuu vo6i dung dich quinine sulfate,
chat chuin co hiéu suit phat xa la 55%; két
qua duoc tom tittrongbang 1. Hiéusut phat
xa ctia M-CQDs thay dbitrong khoang 6 dén
27 % tuy thudc vao ion kim loai. Khi so voi
CQDs, Mn?* va Cu?* loai tang hiéu sudt phat
xa cia CQDs trongkhi Fe** vaPb** lam giam
kha nang phat xa.

Bang 1. Ham leong kim loai (% ) va hiéu sudt phat xa lwong tir (QY) ciia CQDs

CQDs Mn- Pb- Cu- Fe-

% - 3,0 12,8 4,4 4,0

E (V) - -1,04 -0,13 0,35 0,77
QY (%) 18 25 9 27 6

Jphan tram khoi luong xdc dinh bang AAS

xde dinh bang cach so sanh voi quinine sulfate & buée séng kich thich 350 nm
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2) b)
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Hinh 4. a) pho hap thu UV-Vis; b) phé huynh quang cua COD va ¢) Cu-CQOD voi cac budc song kich thich
khdc nhau; d) phé hupnh quang thu duwoc ¢ bueGe séng kich thich 325 nm sau khi @ chudn héa theo cuong

do phat xa ¢ 420 nm

Trong nhiéu truong hop, sy suy giam kha
nang phat xa cua CQDs boi cac ion kim loai
duoc tan dung dé phat hién va phan tichndng
do kim loai do [7,8]. Tin hi¢u huynh quang
giam 1a do sy trao doi dién tur kich thich giita
CQDs va ion kim loai ¢6 thé khir phu hop.
Theo @6, ion kim loai ¢é thé khur cang 16n
cang c6 kha nang nhan electron tir CQDs va
lam tin hi€uhuynh quang giam manh hon. Co
ché nay phan nao giai thich Fe-CQDs c6 hiéu
sudt phat thap, 6%, va cudng do phat xa bé
mat thap nhat viion Fe** c6 thé khir1a 0,77 V
(bang 1). Tuy nhién, co ché nay chua giai
thich dugc vi sao Cu-CQDs c6 hiéu suat phat
xa cao hon so véoi Pb-CQDs va tham chi cao
hon ca CQDs khong chtra kim loai. Chung toi
cho ring, tuong tac dién tir manh giita ion
Cu** va PAHSs trong Cu-CQDs tao thanh hé
phéan tir mé&i véi cdu tric dién tir hoan toan
moi. Cac tinh todn luong tir va nghién clru
céu tric chuyén su can duge tién hanh trong
twong lai dé 1am r6 mbi twong tac nay.

4. Két luan

Trongnghién ctru nay ching toi da trinh bay
mdt phuwong phap tong quat dé tonghop chdm
lugng tu carbon pha tap ion kim loai (M-
CQDs). Theo d6, rat nhiéu M-CQDs véi ion
kim loai khac nhau c¢é thé dugc tong hop
bang phuwong phap thiy nhiét st dung tién
chat 1a phirc chat ciia ion kim loai do véi
EDTA. Tinh tong quat cta phuong phap téng
hop cho phép so sanh tryc tiép anhhudng ciia
ion kim loai dén sy hinh thanh va tinh chat
quang ctiia CQDs. Tirbdn loai ion nghién ctru

Mn?*, Cu**, Pb** vaFe®" chiing t6i nhan thiy
anh huong cua ion kim loai dén tinh chat hap
thu va hiéu suét phat xa quang hoc cia M-
CQDs 1a khac nhau va khong thay doi tuyén
tinh theo thé khir cua ion kim loai. Phuong
phép tong quat trinh bay trong bai bio nay
cho phép tdnghop vatlicuhdn hgp M-CQDs
véi cac tinh chéat dic biét nhu quang xuc tac
hay huynh quang — tur tinh.

5. Loi cam on

Nghién ciru nay duoc tai trg tir ngudn kinh
phi d& tai cdp Bo, kinh phi KHCN cua
Truong DPHSP Ha Noi 2 cho dé tai ma sb
B.2018-SP2-13.
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