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TONG HQP POLYMER NANO CARBON TU THY'C PHAM VA UNG DUNG
CUA NO TRONG PHAT HIEN ION Pb (I)

Ding Thi Thu Huyén', Nguyén Thi Quynh'?, L& Thi Hing,
Lé Quang Trung®, P6 Thi Thu Hoa', Pham Thi Hai Yén', Mai Xuan Diing’

TOM TAT

'Pai hoc Su pham Ha Noi 2,
2Pai hoc Khoa hoc Tu nhién - Pai hoc Quoc gia Ha Ngi

Polymer diém xuyét hat nanocarbon (CPDs: carbon polymer dots) 1a mot trong ba cdu triic cua
cham luong tir carbon (CQDs: carbon quantum dots), dang dugc nghién ciru & cac khia canh khac
nhau tir tbng hop dén trién khai tng dung do CQDs c6 kha ning phat xa huynh quang tot va than
thién voi méi truong. CPDs thudng duge téng hop bang cach dehydrate hoa cac polyamide tuy
nhién thuong doi hoi didu kién nhiét do va ap suat cao, thoi gian xir 1y l1au. Trong bai bao nay,
chung t6i tong hgp CPDs sir dung thuc pham gidu protein va acid 1a sira ddu tuong va nudc chanh
bang phuong phap nhiét vi song voi dung méi glycerol. Cau triic cia CPDs dugc nghién ctru bang
kinh hién vi dién tir truyén qua TEM. Tinh chit quang dwoc nghién ctru bang ph6 hap thy UV-vis
va phd phat xa huynh quang PL. Két cho thdy, CPDs c6 thé hinh thanh ¢ ap suat thuong sau 5-7
phiit phan tmg. CPDs c6 pho phat xa dang dam, v6i hai trung tim phat xa & 405 nm va 520 nm.
Hiéu suat phat xa huynh quang cua CPDs thu dugc tir nudc chanh, dau twong va hdn hop cua
chung 1an luot 13 17%; 31% va 36%. Tin hiéu huynh quang cua CPDs giam déng ké khi c6 mat ion
Pb(II) & ndng dd khoang 10® M cho thdy c6 thé (ng dung CPDs lam vat liéu phat hién ion Pb(II).

Tir kKhéa: cham luong tir carbon, hat nanocarbon, hupnh quang, thiee pham, protein.

GIOI THIEU

Ké tir 1an dau dwoc phat hién nim 2004 khi
Xiaoyou Xu va cac cong su lam sach ong
nanocarbon [1], chdm lugng tir carbon voi
kich thudc c¢& nanomet va c6 kha nang phat
xa huynh quang da thu huat sy cha y cta cac
nha khoa hoc. Nhitng nghién ctru vé tong hop
sau d6 cho thdy CQDs c6 thé duoc tong hop
bang nhiéu phuong phap khac nhau, sir dung
da dang cac ngudn nguyén lidu tir than chi,
phan tir hitu co don gian dén cac polymer tu
nhién c6 trong thyc pham [2,3]. Dya vao cu
trac CQDs gém ¢ ba loai chinh bao gdom
cham lugng tr don 16p graphene (GQDs:
graphene carbon quantum dots), hat nano
carbon (CNDs: carbon nanodots) va polymer
diém xuyét hat nanocarbon (CPDs: carbon
polymer dots) [2]. GQDs bao gdm mét vai
16p C sp? da vong lién hop c6 cac nhom chire
phan cuc ¢ ria canh cua hé lién hop. GQDs
cha yéu duoc téng hop bang cac phuong phap
dién hoa hodc laser phan huy than chi. CNDs
¢6 dang hinh cau gom hai phan 15i va vo;
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trong d6 13i gdm c6 cac 16p C sp? lién hop co
kich thudc khac nhau va chong xép 18én nhau;
phan vo c¢6 cac nhom chirc phan cuc giup
CNDs tan t6t trong nude. CPDs gom c6 cac
nhom C sp® lién hop két ndi voi nhau thong
qua cac mach hydrocarbon no [2].

CPDs va CNDs dugc tong hop chi yéu tir cac
tién chat 1a cac hop chét hitu co don gian
hodc tir cac polymer, oligomer. Tién chat
thuong duoc sir dung 1a hdn hop cua acid va
amine hiru co; acid duge st dung cha yéu la
citric acid (CA). Trong qua trinh thily nhiét,
acid va amine phan ung v6i nhau tao thanh
cac polyamide trudc khi xdy ra qua trinh
dehydrate hoa tao thanh cac cdu trac diu
carbon [4]. Dua vao co ché nay, thay vi str
dung cac hoa chit hiru co, nguoi ta ¢ thé su
dung tryc tiép cac polyamide c6 ngudn gbc tur
nhién nhur téc [5], sira [6] va nhiéu nguén sinh
hoc khac [7] dé tong hop CPDs.

Trong cic nguon thyc phim ty nhién, dau
tuong c6 ham lugng protein cao, chiém tir 38
dén 41% khdi lugng kho [8]. Bén canh do,
nudc chanh 1a nudc hoa qua c6 ham luong
citric acid cao nhat, v6i ham lugng dao dong
trong khoang tir 39 dén 48 g/L [9]. Do do, co
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thé xem dau twong va nudc chanh 13 ngudn
polyamide va acid citric doi dao, than thién
v6i con nguoi, co thé duoc sir dung dé tong
hop CPDs. Qua trinh dehydrate hda tao thanh
hé C sp2 thuong doi héi nhiét dd cao (180 —
260°C), 4p suit cao dudi diéu kién thuy nhiét
va thoi gian phan Gng kéo dai tir 2 dén 12
tiéng. Mic du qua trinh thity nhiét co nhiéu
wu diém nhu than thién véi méi truong,
khong st dung dung méi nhung lai doi hoi
binh phan tng chiu ap sudt cao, thoi gian
phan tmg kéo dai va luong chéit tong hop
dugc nhé. Thay vi thuy nhiét, nguoi ta c6 thé
sir dung vi séng dé cung cip ning lugng cho
phan mg. Thoi gian phan mg ¢ thé giam tir
vai tiéng dén duéi 10 phat [10]. Trong truong
hop st dung dung méi nudc, hé thong phan
ung vi song doi hoi binh phan Gng chiu ap
sudt cao kém theo thiét bi kiém soat diéu kién
phan Ung va an toan khét khe. Mic du vay,
chua c6 nhiéu nghién ctru sir dung cac dung
moi ¢6 nhiét do soi cao, than thién vdi moi
truong nhu glycerol (nhiét do s6i bang 290°C)
dé tong hop CPDs & 4p suét thuong. Trong
nghién ctru ndy, chung toi nghién ciru tong
hop CPDs tu dau tuong va nudc chanh st
dung dung mai glycerol, cip nhiét bang 16 vi
song. Két qua cho thay, CPDs hinh thanh
dudi 10 phat phan tng, san phdm thu dugc
tan tot trong nudc va c6 kha ning phat xa
huynh quang cao vé&i hiéu suét lugng tir co
thé dat trén 30%.

THUC NGHIEM

Nudc chanh dwoc vit tir qua chanh (citrus
aurantifolia). Dich dau twong dugc chuan bi
bang cach ninh hat dau twong (glycine max)
véi nude trong 12 gio. Ly tam dich thu dugc
v6i toe d6 6000 vong/phut trong 5 phut dé
loai bo cin ran. Dich nuéc chanh, dich déu
twong hodc hon hop cia ching duoc tron véi
glycerol (99%, Aladdin Chemicals) theo ty 1¢
thé tich 1:1 trong lo vial 20 ml. Hon hop sau
d6 duogc dat vao 10 vi song Goldsun (model:
MWO-G20SA, hoat dong & tin sb 2450MHz,
cong suat 1200W) va tién hanh cép nhiét &
ché do 80% cong sudt t6i da. D¢ lam sach
PCDs, hdn hop san phr?im thu duoc duoc hoa
tan vao nudce va cho vao tai loc dialysis ¢6
kich thudc 16 2000 Da va dit trong binh nuéc
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cat hai 1an. Nudc bén ngoai duoc thay thuong
xuyén cho dén khi mau ciia nudc bén ngoai
tai loc hoan toan trong sudt.

Cau tric cia CPDs duoc phan tich bang kinh
hién vi dién tor truyén qua TEM trén may
JEM 2100 (JEOL, Nhat ban) v6i thé phat 200
kV str dung soi d6t LaB6. Tinh chat hap thu
cia CPDs dugc do trén may quang phd héap
thu Shimadzu UV-2450 & ché do do do hap
thu hai chum tia trong dung moéi nudc. Tinh
chdt phat xa quang hoc cua CPDs dugc
nghién ctru trén hé thdng quang phd huynh
quang Horiba; ngudn kich thich gdm dén Xe
két hop bo tan sic; hé théng cam bién gdom
CCD két hop bo tan sic.

KET QUA VA THAO LUAN

Hinh la mo ta vét tit quy trinh tong hop
CPDs tir dau tuong hodc nudc chanh, hai
ngudn nguyén liéu gidu protein va citric acid.
Hinh 1b, ¢, va d, 1a 4nh chup hén hgp thu
duogc sau cac khoang thoi gian phan ung khac
nhau. Hinh 1le la anh chyp dung dich CPDs
(bén phai) so v&i nude cit (bén trai) dudi anh
sang tring; cac hinh 1b', ¢', d' 1a anh chup
dung dich CPDs thu dugc tur b, ¢, d dudi dén
UV (365 nm).

dung
hon hop phan iing tir ddu twong (b), mede chanh
(¢) va hon hop ddu tuwong - chanh (d) sau cdc thoi
gian vi séng khdc nhau; p la viét tdt cia phiit. €)
danh chup dung dich CPDs (bén phdi) va nuée cat
(bén trdi) dwdi dnh sang tring. ', ¢' va d' la danh
chup dung dich CPDs (bén phdi) thu duwoc tir b
(5p), ¢ (7p) vad (5,5p) duci den UV (365 nm) so
V6i nude cdt (trdi).
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C6 thé thdy trén hinh 1 1a khi ting thoi gian
xtr Iy nhiét vi song, mau cua hdn hop phan
g chuyén tir khong mau dén vang nhat, nau
dam r6i cubi cung chuyén sang den. Su
chuyén mau nay c6 nghia la giai hip thy anh
sang ciia hon hop phan ung md rong tir viing
song ngan dén toan bd ving nhin thay. Pay 1a
dau hiéu cho thay sy hinh thanh va phat trién
ctia hé C sp? lién hop. Bang cach do phd hip
thu cua hon hop theo thoi gian phan ung khac
nhau, chiing t6i xac dinh thoi gian phan Ung
t6i wu - 1a thoi gian phan ung t6i thiéu can
thiét dé do hip thu dat cuc dai 6n dinh - lan
luot 1a 5 phut, 7 phat va 5,5 phut cho dau
twong, nudc chanh va hdén hop dau twong -
chanh (ty 1& 1:1 vé& khdi luong kho). San
pham CPDs thu dugc tan tét trong nudc (hinh
e) va chi cin ¢ ndng do thap (dung dich gan
nhu khong mau) c6 thé phat xa huynh quang
t6t dudi dén UV (365 nm) nhu nhin thiy trén
hinh1b', c', d".

: Y & :‘* A ¥,
> o # ? vl >
Hinh 2. Anh TEM ciia mau CPDs téng hop tir hon
hop ddu twong - chanh sau 5,5 phut phan trng

Hinh 2 1a anh TEM ctia mau CPDs thu duoc
tr hdon hop nguyén liéu dich dau tuong va
nuéc chanh voi ty 18 khdi lwong rén 1:1.
CPDs thu duoc gdm phan C sp? c6 mau den
trén anh TEM véi kich thudc dao dong tu 4
dén 12 nm. Bén ria canh cdc chdm mau den
c6 phdn mau xam c6 thé 1a cac mach
hydrocarbon no. Trén anh TEM chung to6i

nhan thiy san pham thu duoc bao gdm hdn
hop hai dang cdu tric: 1) cac hat C sp? mau
den riéng biét nam doc lap véi nhau va 2) cac
hat C sp® két ndi véi nhau qua phan
hydrocarbon no mau xam. Do d0, san phdm
thu dwoc co cdu triic polymer diém xuyét hat
nano carbon CPDs.

Tinh chat hdp thy va phat xa huynh quang PL
ctia CPDs dugc tong hop trén hinh 3. Phd hap
thu ctia CPDs c6 ving hap thu & khoang 225
nm véi mot vai hip thu & khoang 275 nm
tuong tmg v6i su chuyén dich dién tir n—n
ctia hé lién hop C sp” va n—x’ tir cac orbital
khong lién két cia nhém phan cyc nhu -C=0,
-COOH, -OH, hay -NH- 1én orbital ©" ctia hé
C sp? [11]. Ngoai ra, cac CPDs déu co giai
hép thu voi d6 hép thy giam dan kéo dai dén
ving nhin thdy; day 1a dic trung hip thy cua
cu triic C sp® lién hop [11].

Phé phat xa PL ciia CPDs véi cac budc song
kich thich khac nhau déu c6 dang phd dam,
trai rong tir khoang 375 dén 650 nm. Tich
phan cudng do phat xa trén toan mién phat xa
dat cuc dai & budc song kich thich 360 nm.
Pé tinh hiéu suit phat quang, chung toi do
phd phat xa ciia dung dich nudc ciia CPDs va
dung dich quinine sulfate trong H,SO, 0,5 M
& cung diéu kién do. Cac dung dich nay dugc
chuan bi sao cho do hip thu quang ¢ budc
song 360 nm x4p xi bang 0,1 don vi. Hiéu
sut phat xa sau d6 dugc tinh theo cong thirc:

s A ()
i

s n

r

Trong do6, a, A, n 1a do hap thu quang & budc
song 360 nm, tich phan cuong d6 phat xa PL
va chiét suit cia dung méi ciia mau nghién
clru (S) va mau so sanh (r). 55 1 hiéu suit
phdt xa huynh quang cua quinine sulfate;
chiét suét ng = n,. Hiéu suit phat xa lugng ti
tinh dugc v6i CPDs thu dugce tir nuéce chanh,
dau tuong va hdn hop dau tuong - chanh lan
luot 12 17, 31 va 36%.

47



Mai Xuén Diing va Dtg Tap chi KHOA HQC & CONG NGHE 189(13): 45 - 51

—=— 260 nm

_ a) —=— Chanh _ C)

= —— Dau tuong =

) —— Hoén hgp S

=- —

= =9

5= <

= oo

©-

3 £

Q
200 250 300 350 400 450 500 350 400 450 500 550 600 650 700
Budc song (nm) Budc séng (nm)
— =
= o
< =
— -9
=9 -
- =
= £
oo
. =
£ 3
Q
Budc song (nm) Budc séng (nm)

Hinh 3. Tinh chdt quang hoc ciia CPDs. 8) phé hap thu UV-Vis ciia dung dich CPDs trong miede; phé phat
xa huynh quang PL tuong vmg voi cac budc séng kich thich khac nhau cua dung dich CPDs thu duoc tr b)
nuwdc chanh, ) ddu twong va d) hon hop ddu twong - chanh ty 1é khoi luong 1:1.
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Hinh 4. Phé kich thich hupnh quang PLE ciia cdc mau CPDs véi hai tam phdt xa a) 405 nm va b) 525 nm.
Ph6 PL c6 thé phan tich thanh hai ving phat xa Gaussian dinh xir tai 405 va 520 nm; cuong do
tuong d6i ctia hai ving nay thay doi theo budc song kich thich nhu trinh bay trén phd PLE trén
hinh 4. Budc song kich thich t6i wu cho tim phat xa 405 nm 14 340 nm trong khi budc séng kich
thich t6i da cho tdm phat xa 520 nm 1a 380 nm. Ttr tinh chat huynh quang cua CPDs thu duoc
trén hinh 3 va 4, ching toi dé xuét co ché quang hoc trén CPDs nhu hinh 5. Dya trén tinh toan
lwong tir DFT (density funtional theory), chung t6i nhan thiy khi cdu trac cia CPDs gdm hai
thanh phan 14 hé C sp® lién hop (PAH: polycyclic aromatic hydrocarbon) va nhém chirc quang
hoc F (fluorophore) thi tinh chét quang ctia CPDs phu thudc vao kich thudc ctia hé lién hop PAH,
ciu tao ciia nhom F va dic biét 1a lién két gitra PAH va F. Khi F lién két truc tiép véi PAH orbital
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phan tir s& tré nén khong dinh xt, 1am giam dang ké hiéu ning lugng LUMO-HOMO dong thoi
lam ting d6 hap thu ciia CPDs ¢ ving séng dai [12]. Chung toi dé xuét rang sy ton tai cua hai
tam phét xa ¢ 405 va 520 nm 1a do sy c6 mat dong thoi nhidu dang lién két gitra PAH va F. Tuy
nhién, cdu tric cu thé ciia CPDs can duoc tiép tuc nhién ctru thém dé 1am sang t6 lién két giita

PAH vaF.
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Hinh 5. Co ché quang hoc trong CPDs.
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Hinh 6. Anh hudng ciia ion Pb(Il) dén cuong do hupnh quang. a) PhéphaCt xa PL cia CPDs trong dung
dich Pb(Il) c6 nong dé (M) khdc nhau; b) Anh huong cia nong do Pb(I) dén tich phan cuong do PL so voi
madu trang

Cubi cing, dé danh gia tiém ning ng dung
cua CPDs trong viéc phat hién ion kim loai
ning, ching t6i di tién hanh do phd PL cua
dung dich CPDs trong sy c6 mat ctia ion
Pb(Il) v&i ndng d6 khac nhau. Cac ché do do
PL bao gdm budc song kich thich, khe sang
kich thich va khe sang phat hién dén detector,
thoi gian tich phan cuong d6 duoc giit ¢b
dinh ¢ 340 nm, 5 nm va 3 ms. Két qua duoc
trinh bay trong hinh 6. C6 thé thay trén hinh
6a la cau trac phd PL khong thay doi ngoai
trir cuong d6 phat xa giam dan khi ting ndng

d6 ion Pb(II). So véi miu tring (khong cé ion
Pb(Il)), cuong d0 PL giam cham tx 95%
xudng 83% khi ting nong do Pb(II) tir 10° M
(twong tmg 2,07x10™ ppm) 1én 10° M (0,21
ppm). Khi ting ndng d6 Pb(II) 1én trén 10°M,
cuong d6 PL giam nhanh 1o rét. Theo quy
chuin k§ thuat Quéc gia vé chét luong nude
in udng (QCVN 01:2009/BYT), ndng do Pb
trong nude t6i da cho phép 1a 0,01 ppm, hay
4,8x10®M. O ngudng ndng do nay, tin hiéu
phat xa huynh quang cua CPDs s€ giam con
khoang 85% so v&i nudc tinh khiét. Tuy mirc
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d6 giam tin hiéu (15%) 1a c6 thé cam nhan
bang mét thuong, nhung ngudng nong do cho
phép ndm & ving 10° - 10° M; ¢ vang nay
khi tin hiéu huynh quang thay doi chdm so
v6i nong d6 Pb (II). Do d6, CPDs co thé sir
dung dé phat hién nudc nhiém Pb(Il) ning
(>0,2 ppm) bang mét thuong, nhung can dén
mAay phan tich quang phd dé phat hién Pb(II)
& ndng d6 thap hon (khoang 10 ppm).

KET LUAN

Chuting t6i da sir dung dung mdi phan cuc co
nhiét do soi cao 1a glycerol dé 1am moi truong
chuyén héa ngudn nguyén liéu tir dau twong
va nudc chanh thanh vat liéu huynh quang
nanocarbon (CPDs). Két qua cho thdy, sir
dung séng siéu am dé cung cip nhiét cho quéa
trinh, CPDs c6 thé hinh thanh sau 5-7 phut
phan tng, nhanh hon nhiéu so v&i phuong
phap thily nhiét (thuong tir 2 dén 12 gio) va
c6 thé thuc hién & ngay ap suit thuong. CPDs
thu duoc tan tot trong nudc, co cac cAu trac C
sp® lién hop véi kich thuée dao dong khoang
4-12 nm. CPDs c6 phd phat xa dang dam rong
véi hai tam phat xa ¢ 405 va 520 nm. Hiéu
sudt phat xa huynh quang, khi kich thich ¢
360 nm, phu thudc vao ngudn nguyén liéu
ban dau va dat 17-39%. Tin hi¢u huynh quang
giam khi c6 mit ion Pb(II) cho thdy CPDs c6
thé dugc sir dung lam dau do huynh quang
phat hién cac kim loai nang trong nudc. Gidi
han phat hién bang mit thuong khoang 0,2
ppm va biang may quang phd huynh quang la
10 ppm.
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ABSTRACT
THE SYNTHESIS OF CARBON POLYMER DOT
AND ITS APPLICATION IN Pb(I1) DETECTION

Dang Thi Thu Huyen®, Nguyen Thi Quynh*? Le Thi Hang",

Le Quang Trung®, Do Thi Thu Hoa', Pham Thi Hai Yen®, Mai Xuan Dung™
'Hanoi Pedagogical University 2,

2University of Science - VNU

Carbon polymer dots (CPDs), graphene quantum dot and carbon nanodot are three structures of
carbon quantum dots (CQDs). CPDs have been investigated increasingly from the synthesis to the
applications due to their non-toxicity and strong luminescence in the visible region. CPDs can be
synthesized straightforwardly by dehydration of polyamide, however, high pressures and long
reaction time are ussually required. Herein, we synthesized CPDs from soybean and leamon juice
which are protein and acid rich foods using microwave-assisted thermal treament in glycerol
solvent. The structure of CPDs was investigated by transimission electron microscope (TEM)
while their optical properties were characterized by UV-Vis and photoluminescent (PL)
spectroscopy. It has been demonstrated that CPDs can be formed within 5-7 minutes of microwave
treatment. PL spectra of CPDs were broad with two emitting centers at 405 and 520 nm. The
emission quantum yield ranged from 17 to 36% depending on the food precusor. The PL intensity
decreased with the presence of Pb(ll) showing the potential application of CPDs as
photoluminescence probe for Pb(ll) detection.

Keywords: carbon quantum dot, carbon nanodot, photoluminescence, fruit juice, protein
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