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TOM TAT

Thoi gian gan day, viéc tong hop, xdc dinh déic diém va 1ing dung cua hat cacbon nano (CNPs)
dang nhdn dwoc sy quan tam cia nhiéu nhém nghién cizu trén thé gisi. C kha nhiéu cong bé lién
quan dén viéc sir dung CNPs dé phét hién céc ion kim logi da dwoc xudt ban. Trong bai béo nay,
ching t6i trinh bay két qua ché tao thanh cong vat ligu CNPs tir qud bau bang phwong phdp thiy
nhiét. Két qua phan tich cho thay CNPs ¢6 dwong kinh trung binh khodng 39 nm. Chiing t6i da sir
dung vat liéu ché tao dwoc dé tham do kha nang phat hién chon loc ion Fe®* trén co so hiéu g dap
tit hupnh quang. Dwa vao sé liéu thyc nghiém gidi han phéat hién thap nhdt cé gia tri 1a 18,34 /M.
Két qua nghién cizu sé cung cap thém céc thdng tin quan trong cho qué trinh cdi tién vt ligu nham
tiang cwong do nhay trong cac ing dung lién quan dén linh viec cam bién.

Tir khéa: vat liéu phat quang; hat cacbon nano; thay nhiét; ion kim loai

1. Giéi thigu

Cung véi qua trinh cong nghiép hoa, sy phét trién cua cac nha may da dan dén nhiing
tac dong xau ddi voi moi trudng séng cla con ngudi. Trong d6, hoat ddng xa nude thai cong
nghiép chua qua xtr Ii hoac xir li chua triét dé vao méi truong da lam ngudn nudc bi 6 nhiém
khé tram trong. Dac biét, sy xuat hién cua cac ion kim loai ning véi ham luong 16n di tre
thanh mot van dé dang bao dong vi nhirng tac dong cd hai ciia nd ddi véi moi trudng va sic
khoe con ngudi (Boobalan et al., 2020). C6 thé ké d¢én nhu ion kim loai Hg?*, Cu?* va Fe®*,
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Nhu ching ta da biét, Hg?* 1a ion c6 kha niang gay doc tinh manh va anh huéng xau dén sirc
khoe con ngudi (Rice et al., 2014). lon Cu?* ton tai & cac mo trong co thé con nguoi va dong
mot vai trd trong viéc tao ra cac té bao hdng cau va duy tri cac té bao than kinh va hé thdng
mién dich nhung & néng d6 cao co thé gay ra cac bénh nhur Alzhimer, Wilson va Parkinson
(Lee etal., 2016). lon Fe®* ciing 1a mét trong céc yéu tb thiét yéu cho rat nhiéu qua trinh sinh
hoc din ra & bén trong co thé ngudi (Zhang et al., 2023). Sat chinh 1a thanh phan chinh céu
trdc nén hemoglobin, chiu trach nhiém van chuyén oxy tir phdi dén cac bo phan con lai cua
co thé (Abbaspour et al., 2014). Bén canh d6 sit ciing dong vai tro rt quan trong trong qué
trinh san xuat hormone va chuyén hda mot s axit amin bén trong (Abbaspour et al., 2014).
Tuy nhién, hién nay du luong 16n Fe®* trong méi trudng dang gay ra nhitng mbi de doa déng
ngai ddi véi sirc khoe cia con nguoi. Bac biét, khi bi nhidm Fe** ¢ nong d6 cao c6 thé gay
ra ton thuong than, gan va mot s6 co quan khéc trong co thé (Tang et al., 2018). Vi vay, viéc
kiém soat va danh gia nong do Fe®* dang trd thanh mot van dé dugc nhidu ngudi quan tam
gan day (Fajal et al., 2020; Farahani & Safarifard, 2019; Gupta et al., 2020; Zulfajri et al.,
2019). C6 khé nhiéu cac cong bb da thir nghiém thanh cdng viéc (ng dung hat cacbon nano
(CNPs) dé phét hién Fe®* c6 trong nuéc (Du et al., 2023; Duffy et al., 2019; Gupta et al.,
2020; Hoan et al., 2019; Ye et al., 2022; Zulfajri et al., 2019). Pac biét, viéc lua chon cac
ngudn nguyén lidu ty nhién dé ché tao cacbon nano dang dwoc kha nhiéu nhém nghién ciu
trén thé giéi quan tam (Duffy et al., 2019; Gupta et al., 2020; Hoan et al., 2019; Zulfajri et
al., 2019). C6 thé ké ra nhu nhoém nghién cru cia Gupta cung dong nghiép da ung dung
thanh cong CNPs dugc ché tao tir qua dira (Ananas comosus fruit) dé phat hién ion Fe®* voi
gidi han phat hién 1a 9,55 uM (Gupta et al., 2020). Qua dau viét quat (Cranberry Beans) da
dugc Zulfajri va cong su sir dung lam tién chit dé tong hop CNPs va str dung dé phét hién
Fe3* véi gisi han phét hién 1a 0,03 pM (Zulfajri et al., 2019). Ngoai ra, nhan hat cha la (date
kernel) ciing dugc nhdm Amin st dung 1am ngudn tién chat tong hop CNPs dé phat hién ion
Fe®* vai gidi han phét hién 1a 0,04 uM (Amin et al., 2018). Nhiing két qua d6 da cho thiy
tiém nang ung dung caa vat liéu cacbon c6 ngudn géc tir tu nhién trong viéc phat hién chon
loc Fe** ¢6 trong nudc.

Tuy nhién, viéc tim kiém thém cac ngudn nguyén liéu méi ¢6 ngudn gdc tir ty nhién
van dang 1a chu dé& duoc khéa nhiéu nhém nghién ciru quan tam do bai tinh chat Ii hoa cua
CNPs phu thudc manh vao ngudn nguyén liéu ciing nhu diéu kién ché tao (Duffy et al., 2019;
Gupta et al., 2020; Hoan et al., 2019; Ngo, 2021; Ngo & Le, 2022, 2022; Zulfajri et al.,
2019). Theo tim hiéu ciia nhém nghién ctu, hién nay viéc ung dung CNPs dugc ché tao tir
qua bau nham phat hién ion kim loai c6 trong nudc van con dé ngo. Vi vay, trong bai bao
nay chidng tdi tap trung trinh bay cac két qua chinh lién quan quy trinh ché tao CNPs tir qua
bau. Trén co s¢ d6, nhoém nghién ciru ciing di danh gia tinh kha thi cua vat liéu CNPs ché
tao duoc trong viéc phat hién chon loc ion kim loai dua trén hiéu ting dap tit cuong do phat
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quang. Két qua nghién ciu vi vay s& cung cap thém nhiing théng tin quan trong cho viéc
phaét trién vat liéu nano quang hoc ung dung trong linh vuc cam bién.

2. Thuc nghiém

2.1. Vit ligu va héa chit

Qua bau duoc rira sach, thai nho va siy khé truéc khi cho vao binh thay nhiét. Nugc
cat hai lan duoc sir dung 1am dung méi va dé pha lodng cac mudi kim loai. Cac mudi
FeCl3.6H.0, FeS04.7H.0, ZnCl;, CuS04.5H.0, AgNOs;, HgCl,, Pb(NO3)2,
Aly(S04)3.18H20, CrCls.6H20, MgS04.7H:0, CoCl,.6H,0, KCI, BaClz.2H20, NaCl, CaCls
duoc mua tir Cong ty hoa chat Xilong Scientific Co., Ltd. Trung Qudc va cé do tinh khiét
trén 95%.

2.2.  Quy trinh ché tao méu bing phwong phdp thiiy nhiét

Vit liéu phat quang CNPs dugc tong hop tir qua bau bang phuong phap thity nhiét.
Quy trinh téng hop dugc thuc hién theo cac budc sau:

Budc 1. Rira sach qua bau bang nudéc cat hai lan, got vo, bo phan ruét va thai mong.

Buéc 2. Say kho bau ¢ nhiét d6 50°C trong 48 gid.

Budéc 3. Nghién mau bau da say khé thanh bot.

Budéc 4. Cho 4 g bau da xu Ii ciing véi 80 ml dung méi nuéc cat hai lan vao dng Teflon.
Pit 5ng Teflon vao bén trong binh thuy nhiét.

Budc 5. Bat binh thuy nhiét vao ta siy va tién hanh thay nhiét ¢ 220°C trong thoi gian
12 gio.

Budéc 6. Bé nguoi dung dich dén nhiét do phong. Sau d6, dung gidy loc dé thuc hién
loc thd (loc can) rdi tiép tuc ding mang loc (syringe) 0,22 pum dé loai bo céc hat c6 kich
thudc 16n con lai trong dung dich.

Buwéc 7. Mang dung dich d duoc loc di li tim ¢ téc do 14000 vong/phdt trong 30 phit.
Cudi cung, thu duoc thanh pham CNPs ¢ mau nau va bao quan & nhiét do phong dé
su dung.

) ciic Budc THYG HIEN

2N\

Hinh 1. Quy trinh téng hop CNPs tir qud bau bang phirong phdp thiy nhiét
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2.3.  Quy trinh ché tao méiu bang phwong phdp thiiy nhi¢t

Chung tdi sir dung ta siy MEMMERT UNB 500 dé say bau va téng hop CNPs bang
phuong phap thuy nhiét. Kich thudc cua CNPs dugc xac dinh dya trén anh chup trén kinh
hién vi dién tr truyén qua JEOL Jem-1010 cua hing JEOL — Nhat Ban véi dién 4p gia toc la
80 kV. Cau trlc cua vat liéu duoc nghién ciru biang phuwong phap nhiéu xa tia X trén may
nhiu xa D8-Advance Eco cua hang Bruker — Buc sir dung nguén phéat Cu-Ka (A = 1,54056
A). Pho phat quang thu duoc tir may FL3-22 caa hing Horiba.
3. Kétqua vathao luan
3.1. Hinh thdi va cdu tricc ciia hat cacbon nano

Kich thudc va hinh thai cia CNPs dugc phan tich dua trén két qua anh chup trén kinh
hién vi dién tir truyén qua (TEM). Két qua anh TEM cho thiy CNPs thu duoc c6 do phan
tan dong déu, khdng c6 su két tu va kich thudc hat nam trong khoang tir vai chuc dén duéi
100 nm dura trén thanh dinh ¢& c6 gia tri 500 nm dugc thé hién ¢ Hinh 2a. Két qua cho thiy
da ché tao thanh cong vat liéu co kich thuéc nano. Gian dd nhiéu xa tia X (XRD) ciia CNPs
duoc trinh bay ¢ Hinh 2b. Trén gian 46 XRD c6 mét dinh rong ¢ 26 =~ 22°. Piéu nay cho
thay vat liéu tong hop duoc 1a vat liéu cachon c6 cau triic vo dinh hinh (Hara et al., 2004).
Két qua nay twong (ng vai gian d6 XRD cia CNPs dugc tong hop tir ba dau nanh, vo chudi
chin (Hara et al., 2004; Vikneswaran et al., 2014).

(b)

Cuwong do (d.v.t.d)

26 ()
Hinh 2. (a) Anh TEM cua CNPs Vi thanh dinh ¢é 500 nm
(b) Gidn do nhiéu xa tia X ciia CNPs

3.2. Phé phdt quang ciia hat cacbon nano

Pho phét quang cua CNPs khi dugc kich thich ¢ cac bude song khac nhau tir 300 nm
dén 400 nm voi budc nhay 1a 10 nm dugc thé hién & Hinh 3. Dya trén két qua thé hién ¢
Hinh 3 cho thdy, phd phat quang c6 dang dai rong va khi chiing ta thay d6i budc séng kich
thich tir 300 nm dén 400 nm kéo theo dinh phd phat quang ctia CNPs ciing thay doi tir 410
nm (4nh sang xanh dwong) dén 470 nm (4nh sang xanh 14). Khi dugc kich thich & budc song
350 nm CNPs cho cudng d6 phat quang manh nhat va cuc dai phat quang & budc song
khoang 426 nm. Hién nay, co ché vat li giai thich cho hién twong ndy van dang con cé nhiéu
quan diém khac nhau: nhu sy lai hoa trang thai bé mat giita 16i cacbon va cic nhom chirc
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hay do kich thudc hat CNPs phan b rong (Ding et al., 2020; Sahu et al., 2012). Dya vao
anh TEM nhu mo ta trong Hinh 1la, ching t61 budc dau nhan dinh, voi nguén tién chat 1a
qua bau, su phu thude vao budc song kich thich cia CNPs ¢6 thé duogc gy ra do bdi sy phan
bd kich thudce hat ndm trong vung kha rong, tir vai chuc dén 100 nm.

=300 nm
310 nm
320 nm
330 nm
340 nm
350 nm
360 nm
—— 370 nm
380 nm
390 nm
400 nm

Cuwong do (d.v.t.d)

3%0 460 4I50 5(IJO 5;0 600
Buwéc song (nm)
Hinh 3. Phé phéat quang ciia CNPs khi duwroc kich thich ¢ cdc buéc song khac nhau
3.3. Anh hwéng ciia ion kim logi dén phé phdt quang
Phé phat quang cia CNPs véi sy ton tai cua cac ion kim loai khac nhau: Fe®*, Fe?*,
Zn%*, Cu®*, Ag', Hg?, Pb?, APP**, Cr¥*, Mg?", Co?*, K*, Ba?*, Na*, Ca®" di duoc thuc hién
dé danh gia sy anh huong cua ion kim loai dén phd phéat quang cia CNPs. Quy trinh dugc
thuc hién nhu sau, nhém nghién ciru tién hanh cho 1 ml dung dich CNPs va 2 ml dung dich
cac ion kim loai khac nhau c6 nong do 2700 pM vao cuvet va tién hanh u trong 3 phut trude
khi do phd phét quang (Hinh 4) (Zulfajri et al., 2019).

- — °
— Do phé 3
+ ‘ ‘ 2 » = phat 2
o B quang o
— o =)}
c
- - — $
Cuvet 1mlCNPs 2mlion  Ldcnhe ©
kim loai vatu
trong 3
phut

400 450 500 550 600
Bwdrec song (nm)
Hinh 4. Quy trinh do phé phét quang cia dung dich CNPs chiza ion kim logi
Phé phat quang cta cac mau duge do véi bude song kich thich 350 nm (hex = 350 nm)
va trong cling mét diéu kién duoc thé hién trén Hinh 5a. Két qua cho thay cac ion kim loai
khong anh hudng dén hinh dang phd phéat quang ma chi anh hudng dén cuong do phat quang
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ciia CNPs. Sy thay d6i cuong d6 phat quang tai dinh phat quang & 426 nm khi c6 mat cac
ion kim loai khac nhau dwgc thé hién trén Hinh 5b.

p—rry 250000

@) ——CNPs + Fe™* (b)

——CNPs + Fe™*

——CNPs + Zn®
CNPs + Cu’™ 200000

——CNPs + Ag'

() ——CNPs + Hg'' g
o] ——CNPs + Pb™ b 150000
: ——CNPs + AP ]
=)
s ——CNPs+Cr =
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£ —CNPs+ K £ 100000
5 ——CNPs + Ba®* -]
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——CNPs + Ca?
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0
o ¥ ¥ £ F£ 2 ¥ & ; ¥ & ' 3
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Hinh 5. (a) Phé phéat quang cua dung dich CNPs khi c6 va khéng c6 mat cac ion kim logi
(Zex = 350 nm). (b) Cuong do phéat quang tai vi tri budc séng 426 nm cua CNPs khi ¢6 va
khdng c6 mat cac ion kim logi

T Hinh 5b cho thy chi c6 ion Fe®* la gay ra sy dap tit cuong do phat quang cua
CNPs manh va dang ké. Trong khi cac ion kim loai khac 1am thay d6i khong déng ké, hoic
khong thay d6i cuong do phat quang. Cu thé, mot sé ion Zn?*, Ag*, Cr¥*, K* 1am ting nhe
cudng d6 phat quang cua CNPs va mot sb ion Fe?*, Cu®*, Hg?*, AI**, Co?*, Ba®*, Na* lam
giam nhe cudng d6 phat quang caa CNPs. Mic du nhiéu gia thuyét khac nhau di duoc dua
ra nhung co ché chinh xac cua hién tuong dap tit cuong do phat quang cia CNPs khi c6 mit
ion kim loai vin dang 1a mét trong nhitng van dé con nhiéu tranh luan trong cac céng b gan
day. Phan 16n cac nghién cau chi ra rang, twong tac giira ion va cac nhdm chic xung quanh
CNPs di dan dén qua trinh dap tit dong (dynamic quenching) (Feng & Qian, 2018; Tang et
al., 2018; Venkateswarlu et al., 2018; Zulfajri et al., 2019).

3.4. Anh hwéng ciia ham lwong ion Fe** dén phé phdt quang

Dé nghién cau chi tiét hon vé sy anh huong caa ion kim loai dén phd phat quang cua
vat liéu CNPs, nhdm nghién ctu tién hanh do phé phat quang caa dung dich CNPs chta ion
Fe®* & cac ndng do khac nhau. Nong do ion Fe®* c6 céc gia tri 1an luot 1a 20 pM — 90 pM
(voi budc nhay 10 pM), 150 uM, 200 uM, 250 uM, 300 uM. Két qua thuc nghiém duoc thé
hién trén Hinh 6a. Quan sat hinh v& ta thay, hinh dang phé va vi tri dinh phét quang cua vat
liéu CNPs khong thay d6i khi twong tac voi ion Fe®* ¢ cac nong do khac nhau. Cu thé, nong
do ion Fe®* ¢o trong dung dich CNPs ting thi cuong do phéat quang cuia dung dich CNPs
giam. Thém vao d6, nham 1am rd méi quan hé tuyén tinh giira ndng do Fe** thém vao (tir 20
uM dén 300 uM) va su dép tit cudng do phat quang cua CNPs ching toi da 1am khop gia tri
thyc nghiém theo phuong trinh Stern-Volmer (Du et al., 2023).

FolF = 1 + KaCq
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Trong d6, Ksy 1a hé s6 dap tat, Cq 1a ndng d6 cua ion kim loai dua vao dung dich, Fo la
cuong d6 phat quang cuc dai cua dung dich khong chira ion kim loai, F 1a cuong do phéat
quang cuc dai cua dung dich chira ion kim loai. Trong nghién ciru nay, F va Fo la gié tri tin
hiéu cuong do phat quang thu dugc tai vi tri c6 budc song 426 nm (khi dugc kich thich ¢
budc song 350 nm) tng véi trudng hop cd va khong cd sy xuat hién cuaa ion Fe®*. Két qua
tinh toan thu dugc phuong trinh Y = 0,99154 + 0,00366X (Y = a + bX) véi hé sé hdi quy
tuyén tinh R? = 0,99907 (Hinh 6b), trong d6 d6 doc cua phwong trinh cho ching ta gia tri
Ksv (Du et al., 2023).

Duya trén két qua phuong trinh tuyén tinh thu dugc, chung toi ciing budc dau dinh
lwogng chi sé gisi han phat hién — LOD. LOD duoc dinh nghia 14 “ndng d6 ion kim loai thap
nhat ma cam bién phat hién duoc” (Isaac et al., 2018). N6i cach khac gié tri LOD cang nho
thi kha ning phat hién ion kim loai cua vat liéu cang tét. Gigi han phat hién xac dinh dya
trén cong thurc sau (Junaid et al., 2022):

LOD =32
b

Trong d6, o 1a do léch chudn va b 1a d6 déc cua dudng chuan (Junaid et al., 2022).
Giéi han phat hién cua ion Fe3* dugc tinh todn co gia tri 1a LOD = 18,34 uM. So sanh véi
cac cdng bé trude diy vé viéc st dung CNPs c6 ngudn goc tir thuc vat dé phat hién ion kim
loai két qua thu duoc c6 gia tri kha 16n (Amin et al., 2018; Aslandas et al., 2015; Gupta et
al., 2020; Zulfajri et al., 2019). Trén thuc té, mau CNPs duoc téng hop bang phuong phap
thay nhiét thuong phu thuéc manh vao ngudn tién chit ban dau ciing nhu diéu kién thuc
nghiém. Vi vay, thuong co su sai khac 16n vé giéi han phat hién ion giita cac cong bd. Tuy
nhién, két qua budc dau cho thay CNPs ¢ thé dugc st dung 1am cam bién phat hién ion kim
loai Fe3* dya trén sy thay doi cuong do phat quang.

20 —20uM 22T
@ N\ M ®y =0,99154 + 0,00366X

R?=0,99907

2,0

Cuéng do (d.v.t.d)

T T T T T T
50 100 150 200 250 300
Néng dé ion Fe* (uM)

400 450 500 550 600
Bwdrc sang (nm)

Hinh 6. (a) Phé phéat quang cua dung dich CNPs chira ion Fe3* iing véi c&c gid tri nong dé
khac nhau (Zex = 350 nm). (b) Cac gia tri nong dg cua ion Fe3* trong khodng 20 uM dén 300
1M duoc biéu dién theo phuwong trinh Stern-Volmer dia vao ty s6 Fo/F (Jex = 350 nm)
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3.5. Anh hwéng ciia dp pH
Bdang 1. Bang gia tri doé pH cua dung dich CNPs va dung dich CNPs khi thém cac ion kim
logi khéac nhau (néng dg 2700 uM)

Gia tri Gia tri Gia tri Gia tri
do pH do pH do pH do pH
CNPs - CNPs - CNPs -
CNPs 7,24 5,41 4,82 5,73
! cu? ’ Al ! K* ’
CNPs — CNPs - CNPs — CNPs -
2,96 5,67 3,64 5,17
Fed* Ag* Cr3* Ba**
CNPs — CNPs — CNPs — CNPs -
3,23 4,93 5,17 4,83
Fe?* Hg* Mg?* Na*
CNPs — CNPs — CNPs — CNPs —
Soon 5,17 o2 4,38 ot 5,39 ot 5,26
—2
2 —25
; —3
.f/ \ _3:5
.‘f \_ 4
5|/ 7.5 45
3 \ 5
=) \ _5!5
< |/ \ —6
: | | —
§ 7,5
460 4;')0 560 5%0 600

Bwdc song (nm)
Hinh 7. Phé phéat quang cia dung dich CNPs & cac gia tr; pH khéac nhau
dwoc kich thich ¢ buréc song 350 nm

Khi cho céc ion kim loai vao dung dich CNPs di lam thay dbi gia tri d6 pH cta dung
dich CNPs va dit liéu do dac dugc trinh bay ¢ Bang 1. Dé cd dit liéu danh gia vé sy anh
hudng cua d6 pH dén phd phat quang cia dung dich CNPs, nhém nghién ciru tién hanh thay
doi gia tri do pH cua dung dich CNPs bang céch thém maot luong rat nho dung dich HCI
(<0,1% thé tich dung dich CNPSs) c6 nong d6 0,1 M vao dung dich CNPs. Phé phét quang
ctia dung dich CNPs & c4c gié tri pH khac nhau duoc thé hién trén Hinh 7 véi budc song
kich thich 350 nm. Cuong d6 phat quang cua dung dich CNPs ¢ cac gia tri pH khac nhau
thay d6i khdng nhiéu. Tir két qua trén cho thay su thay déi cuong d6 phat quang cua dung
dich CNPs khi thém cac ion kim loai vao khong phai do sy thay d6i do pH.
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4.  Kétluan

Trong nghién ciru nay chiing t6i da ché tao thanh cong vat liéu CNPs tir qua bau. Nhom
nghién ciru ciing da tién hanh khao sat kha chi tiét cac tinh chat hoa I cua vat liéu. Budc dau
tham do kha ning (ng dung san pham ché tao trong viéc phét hién chon loc ion cho thiy,
cudng do huynh quang cua CNPs ¢6 su suy giam dang ké khi c6 mat ion Fe®* so véi céc ion
kim loai khac. Ham lugng ion Fe®* tdi thiéu c6 thé phat hién duoc dwa trén két qua tinh toan
1a 18,34 uM. Két qua nghién ciru s& cung cap thém céc thdng tin quan trong cho qué trinh
cai tién vat liéu nham ting cudng do nhay trong cac ung dung lién quan dén linh vyc
cam bién.

7

% Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

7

% Loi cam on: Nghién ctu nay duoc tai tro béi Quy Phat trién Khoa hoc Truong Bai hoc
Sw pham — Bai hoc Pa Néng trong dé tai c6 ma sé T2023-TN-10.
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ABSTRACT

Recently, the synthesis, characterization, and application of carbon nanoparticles (CNPs)
have received attention from researchers globally in terms —of a number of publications related to
the application of CNPs to detect metal ions. In this study, we report the results of successfully
synthesizing CNPs from gourds using the hydrothermal method. The results show that CNPs have
an average diameter of about 39 nm. We use the fabricated material to explore the ability to
selectively detect Fe** ions depending on the fluorescence quenching effect. Based on experimental
data, the lowest detection limit is 18.34 /M. Thus, the results will provide additional important
information for the process of improving materials to increase sensitivity in applications regarding
the sensor field.

Keywords: carbon nanoparticles; heavy metal ions; hydrothermal; luminescence materials
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