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TOM TAT

Trong nghién c:zu ndy, ching tdi theec hign khdo sat sy anh hweng ciia diéu kién ché tao (nhiét
@ thaiy nhiét, khoi lwong tién chdt, thoi gian thiy nhiés) dén tinh chdt quang cua hat cacbon nano
(CNPs) duroc ché tao tir qud bau bang phirong phdp thuy nhiét. CAc yéu té nhu nhiét dg, khoi heong
tien chat va thei gian thay nhiér da duroc chiing t6i khao sat mgt cach kha chi tiét. Phép do chup anh
kinh hién vi dién ti truyén qua, phé ndng lrong tan xa tia X, nhiéu xg tia X, va phé tan xg Raman da
droc sir dung dé nghién cizu hinh thai, thanh phan nguyén té va cau tric cia CNPs. Phép do phé
phat quang dwot sir dung dé so sanh cwong dé phat quang va nghién ciru Sy anh hweng ciia diéu
kién thiy nhiér d@én tinh chat quang cia CNPs. Két qua nghién cizu cho thdy CNPs ché tao diroc c6
kich thuréc hat phan bé trong ving réng tir 10 nm d@én 100 nm. Phé phét quang ciza CNPs phéat quang
manh nhdt khi dwoc kich thich & buéc séng 350 nm. Trong nghién ciru ndy, CNPs thu duoc khi thiy
nhiét 4 g bau ¢ nhiér dg 220°C trong thoi gian 12 gio cho cuong dé phat quang manh nhat.

Tir khéa: hat cacbon nano; qua bau; didu kién thuy nhiét; vat liéu phét quang

1.  Gioithiéu

Vao nam 2004, hat cacbon nano (CNPs) lan dau tién duoc tim thay bai Xu va cac cong
su (Xu et al., 2004). Tir d6, hang loat cdng bé lién quan dén tinh chat 1i hoa ciing nhu ng
dung cua CNPs dugc thuc hién (Ansi & Renuka, 2018; Cui et al., 2021; Li et al., 2019; Liu
et al., 2016; Liu et al., 2012; Xu et al., 2004; Xu et al., 2014; Zhang et al., 2018). Vi tinh
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chat huynh quang dic trung, vat liéu CNPs di duoc nghién cau tng dung trong cac linh vyc
nhu sinh hoc, ndng nghiép hay hda hoc (Cui et al., 2021; Zhang et al., 2018). Nhirng nghién
ctru gan déy ciing cho thay vat liéu CNPs di c6 budc tién vuot troi trong viéc cho thiy kha
nang ung dung trong tro gitp diéu tri bénh ung thu va van chuyén thudc (Cui et al., 2021).
Lién quan dén linh vic ndng nghiép, nhém nghién ciru cua Yadong Li va cong su dd cong
bd sy anh hudng ciia CNPs dén kha nang sinh truong va phét trién caa mot sb loai cay trong
biang cach thém CNPs vao phan bén (Li et al., 2019). Bén canh d6, viéc sit dung CNPs nhiam
phét hién ion kim loai nang trong nudc tai cac méi truong khac nhau da thu dwoc cac két
qua kha quan. Cu thé, cac ion nhu Fe?*, Hg?*, Pb?* va Cu?* da duogc phat hién dua trén su
thay doi cuong d6 phd phat quang cia CNPs (Ansi & Renuka, 2018; Liu et al., 2016; Liu et
al., 2012; Xu et al., 2014).

Cho dén nay, c6 rat nhiéu phuong phap da dugc ap dung dé tong hgp CNPs tir ngudn
nguyén lidu ty nhién hodc hoa chat. C6 thé ké ra mot s6 phuong phap thuong duoc sir dung
nhu birc xa laser cudng d6 cao, dién hoa, phong dién hd quang, thuy nhiét... (Li et al., 2012).
Trong s6 nay, phuong phéap thuy nhiét duoc cho la ¢ hiéu qua cao khi cé thé tong hop CNPs
duoc gan mot cach tu nhién cac nhém chire nhu carboxylic, hydroxyl va amino trén bé mat (S
et al., 2020). Ngoai ra, phwong phap nay rat phi hop véi ngudn tién chat c6 ngudn gbc tu nhién,
c6 san, dé tim va da dang. Dic biét, CNPs dugc téng hop tir tién chit tu nhién duoc danh giala
mét trong cac céch tiép can bén viing va than thién voi méi truong (Liu et al., 2011).

Flavonoids 12 mot hop chat ty nhién thuong duoc tim thiy trong tréi cdy, rau va cac
loai thuc pham ¢6 ngudn gdc thuc vat khac. Chung duoc biét dén véi dic tinh chdng oxy
hoa va c6 nhiéu loi ich cho suc khoe ciing nhu kha nang chdng ung thu, khang khuan va
khéng vi-rat (Ullah et al., 2020). Nghién ctru cua tac gia K. H. Miean cho thiy ham luong
flavonoids c6 trong qua bau co gia tri 42,4 mg/kg (Miean & Mohamed, 2001). Du Ia loai
thuc vat kha pho bién tai Viét Nam nhung ham lugng flavonoids cé trong qué bau 1a kha cao
khi so sanh vai mot s6 loai thuc vat khac nhu ca rt (37,4 mg/kg), cu cai trang (9,0 mg/kg)
(Miean & Mohamed, 2001). Gan day, nghién citu cia Jing Xu ciing chi ra rang, chiét xuat
flavonoids tir 14 bach qua (ginkgo biloba) c6 thé dugc dung dé ché tao CNPs va duoc tng
dung trong phét hién ion Pb?* véi gigi han dén 55 pM (Xu et al., 2018). P4y ciing chinh 1a
co s& dé nhém nghién ciu lua chon qua bau 1am vat liéu ché tao CNPs.

Viéc tim ra diéu kién thay nhiét phi hop nhim muc dich kiém soéat tinh chat quang
hoc va cudng d6 phét quang caa CNPs 1a rat can thiét. Trong nghién ciru nay, nhom tac gia
da thuc hién khao sat sy anh huong cua diéu kién thuy nhiét (nhiét do, khdi lwong tién chat
va thoi gian) dén tinh chat quang hoc ciia CNPs. Nghién ctru duoc thuc hién bang cach thay
dbi diéu kién nhiét do (180°C, 200°C va 220°C), khéi lwong tién chat (29,3 9,4 g, 5gva
6g), va thoi gian thuy nhiét khac nhau (4 gio, 8 gio, 12 gio, 16 gio va 20 gid). Két qua cho
thay, tinh chat quang cia CNPs phu thudc manh vao céac yéu té trén va s& 1a co s& cho nhiing
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nghién ctu tiép theo nham chirc ning hoa vat liéu cho nhiing tng dung lién quan dén sinh
hoc va hoa hoc.
2. Vatli¢u va phuwong phap
2.1. Vit ligu, thiét bi va phuwong phdp do dac

Qua bau duoc rira sach, thai nho va say kho trudc khi cho vao binh thuy nhiét cé thé
tich 1a 100 ml. Nudc cat hai lan dwoc sir dung 1am dung mdi. Tu siy MEMMERT UNB 500
- Pirc duogc st dung dé sdy mau va tong hop CNPs. Ciu tric cia vat liéu dugce nghién ciru
bang phuong phap nhidu xa tia X trén may nhidu xa D8-Advance Eco cua hing Bruker —
Prc sir dung ngudn phat Cu-Ka (A = 1,54056 A) va phd tan xa Raman dugc thuc hién trén
may XploRA Plus cua hing Horiba — Nhat Ban. Kich thuéc cia CNPs duogc xac dinh bang
phuong phap chup anh trén kinh hién vi dién tir truyén qua JEOL Jem-1010 ctia hing JEOL
— Nhat Ban voi dién 4p gia toc 1a 80 kV. Phd ning luong tan xa tia X dugc thyc hién trén
thiét bi kinh hién vi dién tir quét JSM-IT200 cua hang JEOL nhim xac dinh thanh phan
nguyén to ctia mau ché tao dwoc. Cac tinh chit quang cia vat liéu dugc nghién ciru thong
qua phd phat quang thu dugc tir may FL3-22 cua hing Horiba — Nhat Ban.
2.2.  Quy trinh ché tao méu bang phwong phdp thiiy nhiét

395 nm

e - - @

Thay nhiét

365 nm |

Hinh 1. Quy trinh téng hop CNPs tir qud bau bang phwong phdp thity nhiét
Bing 1. Diéu kién tong hop CNPs tir qud bau bang phirong phdp thiy nhiét

Trinhtw  Yéutdkhao Thoigianthiy  Khéilweng  Nhiétdd thiy  Ki hiéu

khao sat st nhiét (gio) tién chit (g) nhiét (°C) mau
180 M1

1 Nhiét do 4 2 200 M2
220 M3

3 M4

Khéi lrgng 4 M5

2 tién chat 4 5 220 M6
6 M7

8 M8

Thai gian 12 M9

3 thity nhigt 16 4 220 M10
20 M1l
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Qua bau sau khi duoc rira sach br?mg nudce cét hai 1an sé duogc got vo, bo phﬁn ruot va
thai mong. Tiép theo, qua bau duoc sdy kho & nhiét d6 50°C trong thoi gian 48 gioy va nghién
nho thanh dang bot. Nham tbi thiéu hoa ning luong tiéu hao trong qué trinh ché tao mau,
dua trén viéc tham khao nhitng cong bd trude day, chung t6i lya chon nhiét do thuy nhiét 1a
180°C, khéi lwong bau 1a 2 g va thoi gian thuy nhiét & 4 gio cho mé dau tién (Bui et al.,
2019; Zhu et al., 2012; Zulfajri et al., 2019). Sau d6, binh thuy nhiét dugc dé ngudi ty nhién
dén nhiét do phong va tién hanh xir 1i mau. Dung dich thu dugc, cho qua gidy loc tho dé loai
bo hat kich thudc 16n va tiép tuc loc tinh bang dau loc (syringe) 0,22 um. Sau cing, san
pham duoc li tim voi toe do 14.000 vong/phut trong 30 phut. Bé nghién ciru sw anh huong
cua nhi¢t dg, nhém nghién ctru tién hanh thi nghiém thém vaéi hai mé vat liéu ché tao khac &
cac nhiét d6 200°C, 220°C. Dva trén Kkét qua do phé phat quang, nhiét do tdi uu duoc lua
chon 14 220°C. Chung t61 tiép tuc thuc hi¢n thay ddi khéi luong tién cht cho vao binh Teflon
lan luot1a3 g, 4 g, 5 g va 6 g. O khéi luong 4 g bau, danh gia so bd cho thay phd phat quang
manh nhit. Cudi ciing, 4 g nguyén liéu duoc chung toi thity nhiét ¢ nhiét do 220°C véi cac
thoi gian thay doi tir 8 gid dén 20 gid (bude thay ddi 1a 4 gio). Hinh 1 va Bang 1 1an lugt mo
ta cic budc cua tién trinh thi nghiém va cac tham sé duoc khao sat trong nghién ctru nay.

3. Két qua va thao luan
3.1. Gidn dé nhiéu xa tia X va phé tin xa Raman

Gian d6 nhiéu xa tia X (XRD) cua CNPs duoc tong hop & cac diéu kién khac nhau
dugc trinh bay & Hinh 2. Cu thé, cac yéu td nhiét d, khdi lwong va thoi gian thuy nhiét duoc
trinh bay 1an lugt & Hinh 2a, 2b va 2c. Khi thay doi diéu kién thuy nhiét, gian d6 XRD déu
cho mot dinh rong ¢ 26 =~ 22°. Pay la dinh nhiéu xa dic trung Gng voi ho mat (002) cua vat
lidu gdc cacbon (Hara et al., 2004; Prasannan & Imae, 2013). Nhim nhan dinh rd hon vé pha
vat liéu CNPs téng hop dugc, nhém tac gia tién hanh do phé tan xa Raman. Tin hiéu Raman
ctia miu CNPs dugc tong hop ¢ nhiét dd 220°C, khéi luong tién chat 4 g va trong 12 gid
dugc thé hién & Hinh 2d. Két qua, cho thiy sy xuét hién cua cac dai D va dai G ung véi cac
sd song twong tmg 13 1343 cm™ va 1582 cm™ (Zhi et al., 2018). Theo cac cong bd trude day,
dai D c6 ngudn gbc tir trang thai cacbon lai hoa sp° va dai G tng v6i qua trinh graphit hoa
ctia CNPs (Zhi et al., 2018). Két qua nay gop phan cung cd nhan dinh vé pha cua vt liéu
CNPs ché tao dugc co tinh chit vo dinh hinh (da Silva et al., 2021).
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Hinh 2. (a) Gidn @6 XRD cia CNPs khi thiy nhiét 2 g bau ¢ 180°C, 200°C va 220°C trong
thoi gian 4 gio. (b) Gidn do XRD ciia CNPs thu duroc khi thiy nhiét véi cac khai lirong tién chat khac
nhau: 2g,3g,449,50, 6g¢220°C trong thoi gian 4 gio. (c) Gidn dé XRD ciia CNPs thu duwoc khi
thuty nhiét 4 g bau ¢ 220°C ng véi cac thoi gian khac nhau: 4 gis, 8 gio, 12 gio, 16 gio, 20 gio. (d)
Phé tan xa Raman cia CNPs khi thaiy nhiét 4 g bau trong thei gian 12 gio' & nhiét dé 220°C
3.2. Anh chup kinh hién vi di¢n tiv truyén qua va phé néing liwong tin xa tia X

Két qua chup anh kinh hién vi dién tir truyén qua (TEM) dugc mé ta trén Hinh 3 cho
thiy CNPs thu duoc c6 do phan tan ddng déu, khdng xuat hién qua trinh két tu (thanh dinh
c& trén hinh cé gia tri 500 nm). Cu thé, biéu db phan b kich thudce hat chi ra rang cac CNPs
dugc phan b trong ving khé rong tir 10 nm dén 100 nm véi gié tri trung binh ~50 nm. Nhan
dinh ban dau cho thiy CNPs da duoc ché tao thanh cong véi kich thudc nano, tuy nhién c&
hat van con kha Ién khi so sanh véi cac nghién ctu trude day (Bui et al., 2019; Zhu et al.,
2012; Zulfajri et al., 2019).

5 4|7
0 v + - -
10 20 30 40 50 &0 70 80 90 100 110
Kich thwére hat (nm)

Hinh 3. () Anh TEM ciia CNPs khi thiy nhiét 4 g bau ¢ nhi¢r dg 220°C
trong thoi gian 12 gio va (b) Biéu do mo ta phan bo kich thudéc hat
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Hinh 4a mo6 ta phé nang lugng tan xa tia X (EDS) cua vat li¢u ché tao dugc. Két qua
théng ké cho théy, mau vat liéu ché tao duge cd thanh phén chinh 1a ciac nguyén tb C
(48,83%), O (30,31%), Si (5,42%), K (6,78%). Bén canh d6 ciing c6 sy xudt clia cac nguyén
t6 Na, Mg, P, Cl, Ca, Zr nhu dugc md ta trong Hinh 4b.

(a) (b) Nguyén t6 | Phan trim nguyén tb (%)

C 48,83 + 0,67
_ - Spc 002 0 30,31 0,72
00 3 dq P Si 542 +0,15
oy 300 S |7k K 6,78 + 0,17
) fa [2r Na 0,62 £ 0,07
€L 200 —||Na | cl (x Mg 1,20 + 0,08
S M Ca P 1,45 + 0,10
100 — JJ} | Cl 2,57 40,10
LWL oo Ca 2,04 10,11
0 L LA AL AL B Zr 0,77 + 0,07

0 5 10 15 20 Tong 100,00

Niang lugng (keV)
Hinh 4. (a) Phé EDS ciia CNPs khi thiy nhiét 4 g bau ¢ nhiér dg 220°C
trong thoi gian 12 gio va (b) T7 1é phan tram cdc nguyén té trong vt liéu
3.3. Phé phdt quang

Trudc khi thyc hién cac phép do XRD, phd Raman, TEM va phd EDS, phd quang phat
quang duoc nhom nghién ctru sir dung nhim danh gia so b tinh chét cac mau ché tao duoc.
Dua vao két qua khao sat phd quang phat quang nhoém nghién ctru da tim ra diéu kién thay
nhiét 4 g bau ¢ nhiét d6 220°C trong thoi gian 12 gid cho cudng do phat quang manh nhit.
Cu thé, anh hudng cia nhi¢t d§ thuy nhiét dén tinh chat quang cua vat li¢u dugc mo ta nhu
Hinh 5a (khéi luong tién chat 2 g va thoi gian thay nhiét 4 gid). Khi duoc kich thich & bude
s6ng 350 nm, cuong do phat quang cac mau thay déi theo nhiét do, hinh dang phd 1a phd
dam va dinh hau nhu khong thay d6i. Nguyén nhan dan dén két qua trén c6 thé 1a do hiéu
suit cacbon héa cac hop chit hiru co tu nhién c6 trong qua bau ting ti 1 voi nhiét do thuy
nhiét (Deme et al., 2023). Ngoai ra, mot cong bd ciia nhom nghién ciru Zheng va cong su
khing dinh rang, cudng d6 phat quang dat gia tri 16n khi téc dd cacbon hoa cia CNPs ting
va noé ti 1& thuan véi nhiét d6 dung dé tong hop CNPs (Zheng et al., 2018).

Trén co so tin hiéu huynh quang cho gia tri manh nhét & 220°C, dé danh gia vai tro
ctia khéi luong tién chat, chung t6i ¢6 dinh nhiét do thuy nhiét cac mau & 220°C véi thoi
gian 4 gid va thay d6i khdi luong nguyén liéu 1an luot 14 3 g, 4 g, 5 ¢, 6 g. Két qua khao sat
phd phat quang duoc mé ta trong Hinh 5b cho thiy cuong do phat quang caa CNPs bi anh
huong manh va dat cuc dai tai 4 g. Cu thé, ti sb cudng do dinh giita cac mau lan luot 1a
Ims: Ima:Ims: Ivs: Im7 = 0,63:0,87:1:0,83:0,70 (M 1a cac mau dugc Ki hiéu trong Bang 1). biéu
nay c6 thé dugc giai thich do boi ham luong CNPs tao ra trong qua trinh thay nhiét ti 16
thuan voi khdi luong tién chit dua vao, din dén cudng do phat quang ting theo. Tuy nhién,
néu tiép tuc gia tang khdi lugng tién chat thi mat d6 CNPs sé ting 1én va hiéu ung két tu xay
ra (Saafie et al., 2023). Qua trinh nay lam tang kich thudc hat va do d6 lam giam cuong d6
phat quang (Jiang et al., 2014; Sahu et al., 2012).
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Hinh 5. (a) Pho phat quang ciza CNPs khi thay nhiét 4 g bau trong thei gian 4 gio ¢ cac nhiér do
khac nhau véi buée song kich thich 350 nm. (b) Phé phat quang ciia CNPs khi thaiy nhiét bau véi céc
khoi lwong tién chdt khac nhau ¢ nhiér dg 220°C trong thoi gian 4 gio khi duroc kich thich ¢ budc séng
350 nm. (c) Phé phét quang czia CNPs khi thazy nhiét 4 g bau ¢ nhiét dé 220°C ¢ céc thoi gian thaiy nhiét
khac nhau véi buéc song kich thich 350 nm. (d) Phé phét quang cia CNPs (thaiy nhiét 4 g bau ¢ nhiét
dé 220°C trong thoi gian 12 gio) khi duoc Kich thich ¢ cdc budc sdng khac nhau.

Thong s6 cudi ciing trong nghién ctru ndy chinh 14 vai trd ctia thoi gian thay nhiét. Pho
phat quang ctia CNPs tong hop tir 4 g bau ¢ 220°C v&i thoi gian thuy nhiét khac nhau (4 gio,
8 gioy, 12 gid, 16 gid va 20 gid) duoc thé hién trong Hinh 5c. Cuy thé, khi thoi gian thuy nhiét
tang tir 4 dén 12 gid thi cudng d6 phat quang cling thay doi ti 16 thuan va dat gia trj cuc dai,
sau d6 giam lan luot tai cac mc thoi gian 16 gio va 20 gio. Mot s6 nghién ctru trude day
nhan dinh réng, viéc kéo dai thoi gian thuy nhiét sé hd tro qua trinh hinh thanh CNPs va dat
duoc su 6n dinh vé mat cu tric, dan dén cuong do phat quang manh (Bui et al., 2019; Ngo,
2022). Bén canh d6, qué trinh nay ciing lam gia ting mat d6 hat va qué trinh dap tat phat
quang ciing xdy ra dong thoi nhu da dé cap o trén (Zulfajri et al., 2019). Két qua nghién ctru
ctia chung t6i ciing phu hop véi cong bd trude day cua Bui va cac cong su khi nghién ctru
vai tro cua thoi gian thiy nhiét dén tinh chat quang cua vat licu CNPs duoc ché tao tir qua
chanh (Bui et al., 2019).

Viéc lwa chon duogc didu kién t6i wu khi ché tao vat liéu CNPs tir qua bau biang phuong
phap thay nhiét tao co s¢ dé nhom nghién ctru khao sét chi tiét hon phd phat quang cua vat
liéu ché tao duoc. bay cling dugc xem la mot trong cac tinh chét vat li thu hat su quan tam
cta cac nhom nghién ciru (Bui et al., 2019; Saafie et al., 2023; Zulfajri et al., 2019). Hinh 1
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mo ta anh chup dung dich CNPs khi dugc quan sat & didu kién anh sang phong thi nghiém
va khi chiéu bang anh sang c6 budc song 365 nm va 395 nm. Bang mét thuong, chiing ta co
thé quan sat sy thay d6i mau sic cua dung dich khi duoc chiéu bang anh sang c6 budc song
khac nhau. Cu thé, phd phat quang ctia CNPs phu thudc budc song kich thich da duge ching
t61 khao sat chi tiét nhu thé hién & Hinh 5d. Dya trén két qua thé hién, chiing ta c6 thé nhan thiy
viéc thay ddi bude song kich thich tir 300 nm dén 400 nm (budc nhay 1a 10 nm) kéo theo dinh
phd phat quang cua dung dich ciing thay ddi tir 410 nm (anh sang xanh dwong) dén 470 nm
(sénh sang xanh 12). Phd phat quang c6 dang dai rong, khi dugc kich thich & budc song 350 nm
vat lidu ché tao dugc cho cudng d6 phat quang manh nhat va cuc dai phat quang & budc séng
khoang 426 nm. Hién nay, co ché vat li giai thich cho hién twong nay van dang con c6 nhiéu
quan diém khac nhau: nhu sy lai hoa trang thai bé mat giita 16i cacbon va cac nhém chirc hay
do kich thudc hat CNPs phan bd rong (Ding et al., 2020; Sahu et al., 2012). Dya vao két qua
do anh TEM nhu mo ta trong Hinh 3, chung t6i budc dau nhan dinh, voi ngué)n tién chat la qua
bau, su phu thudc vao budc song kich thich cia dung dich co thé duoc gay ra do boi su phan
bd kich thude hat nam trong ving kha rong, trai dai tir 10 nm dén 100 nm.
4. Kétluan

Trong bai bao nay, chung toi da trinh bay két qua nghién ctiru mot céch kha chi tiét vé
su anh huong caa céc tham sb nhiét do, thoi gian va khéi lwong tién chat dua vao khi ché
tao vat liéu CNPs bang phuong phap thaty nhiét. Sir dung qua bau 1am nguyén liéu ban dau,
chung t6i d quan sat thay su thay d6i cudong do phd quang phét quang khi cac mau duoc xir
Ii nhiét & cac diéu kién khac nhau. Diéu kién thuy nhiét téi wu dé vat liéu CNPs phat quang
manh nhét d6 14 4 g nguyén lidu, thuy nhiét & 220°C trong 12 gid. Do diéu kién thiét bi, toc
do gia nhiét 1a tham sb hién tai nhom nghién ciru van chua khao sat duoc. Tuy nhién, két
qua caa nghién cau nay sé 1a co so dé danh gia cac thong sd quang hoc va dinh huéng cho
cac ung dung trong tuong lai cia CNPs.

KD

% Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

% Loi cam on: Nghién ctru nay duoc tai tro béi Quy Phat trién Khoa hoc Trudng Pai hoc
Sw pham — Pai hoc Pa N&ng trong dé tai c6 ma sé T2023-TN-10.
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ABSTRACT

In this study, we investigated the influence of hydrothermal conditions (hydrothermal
temperature, precursor mass, and hydrothermal time) on the optical properties of gourd-based
carbon nanoparticles (CNPs) synthesized by hydrothermal methods. Factors such as temperature,
precursor mass, and hydrothermal time were investigated. Transmission electron microscopy
imaging, Energy dispersive X-ray spectroscopy, X-ray diffraction, and Raman scattering
spectroscopy were utilized to analyze the morphology, elemental composition, and structure of
CNPs. Photoluminescence spectroscopy was used to compare the photoluminescence intensity and
study the influence of hydrothermal conditions on the optical properties of CNPs. Research results
show that the produced CNPs have particle sizes distributed widely from 10 nm to 100 nm. The
photoluminescence spectrum of CNPs is strongest when excited at a wavelength of 350 nm. In this
study, CNPs synthesized by hydrothermally heating 4 g of gourd at 220°C for 12 hours offered the
strongest photoluminescence intensity.

Keywords: carbon nanoparticles; gourd; Hydrothermal conditions; photoluminescent
materials
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