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Received: 08/9/2022 Water resistant, air-stable and luminescent composites have a great
i potential for outdoor light-conversion applications. Mixing luminescent
Revised:  07/10/2022 aterials and polymers is a convenient method for the preparation of
Published: 10/10/2022 composites but it is requited by luminescence quenching induced by the
aggregation of the luminescent component. Herein, we have demonstrated

KEYWORDS the preparation of luminescent composite by simple thermal annealing a
mixture of PMMA, citric acid, and ethylenediamine at temperatures below

PMMA 200°C. UV-Vis absorption and photoluminescent spectroscopies were
Luminescent employed to study the optical properties of the luminescent composites.
IPCA The resultant composite exhibits a characteristic absorption peak at 346
. nm, a broad emission spectrum maximizing at 460 nm and an excitation

Thermal annealing peak at about 370 nm. The similarity in the absorption and emission
Composite properties between the composite and a reference sample prepared by

hydrothermal treatment a mixture of citric acid and ethylene diamine
indicates that IPCA fluorophore formed homogeneously in PMMA
accounts for the optical properties of the composite.
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THONG TIN BAIBAO TOM TAT

Ngay nhén bai:  08/9/2022 Composite huynh quang khong wa nuéc, beén véi khong khi c6 tiém nang
ung dung trong linh vuc chuyén d6i quang hoc ngoai troi. Tron chat nén
polymer véi bot huynh quang 13 phuong phap phé bién duoc st dung dé ché
Ngay diang: 10/10/2022 tao composite huynh quang, tuy nhién composite thu dugc thuong cb cac

khdi két tu ctia chat huynh quang lam giam kha ning phéat xa cia no. Trong

Ngay hoan thi¢n: 07/10/2022

TU KHOA nghién ctru nay, ching t6i trinh bay phuong phap ché tao composite huynh

quang bang cach thiéu nhiét hon hgp PMMA, citric acid va ethylenediamine
PMMA & nhiét do dudi 200°C. Cac phwong phap phd hip thu UV-Vis va phd phat xa
Huynh quang huynh quang duoc sir dung dé nghién ciru tinh chat quang cua composite.
IPCA Compsite ¢ peak hap thu dac trung & ~346 nm, pho phat xa dang dam voi
Thiéy dhict cuc dai phat xa & ~460 nm va mét cuc dai kich thich phat xa & khoang 370

nm. Su tuong ddng trong tinh chit hip thu va phat xa gitra composite va mau
Composite d6i sanh tong hop bang phuong phap thuy nhiét hdn hop citric acid va
ethylenediamine cho thdy tinh chat quang cua composite do chat quang hoat
IPCA hinh thanh va phén tan dong nhét trong nén PMMA.
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1. Gigi thigu

Composite huynh quang trén co s¢ polymer 1a nhom vat liéu composite quan trong, két hop
cac wu diém vé d6 bén hoa hoc, tinh mém déo va dé tao hinh ciia polymer véi tinh chat huynh
quang cua bot huynh quang. Composite huynh quang c6 thé duoc (ng dung trong nhiéu linh vuc
quan trong nhu cam bién huynh quang va chuyen d6i 4nh sang trong LEDs [1]. Phuong phap pho
bién de ché tao composite huynh quang nén polymer (PLC) la phdi tron chat huynh quang c6 san
VGi nén polymer. Phuong phéap nay c6 uu diém la d& thuc hién véi chi phi thap, d& dang thay doi
ham lugng cia chat huynh quang hay thay ddi chat huynh quang dé thu dugc PLC c6 tinh chat
hap thu va phat xa khac nhau. Tuy nhién, rit kho dé tim duoc cip chéat huynh quang — polymer ¢
céc thong sd d6 tan Hansen twong tu nhau, yéu t quyét dinh dé tao thanh PLC ddng nhat [2], [3].
Can luu y rang ché tao PLC bang cach cho bay hoi dung méi dung dich hdn hop cua chat huynh
quang va chit nén polymer, phuong phap thuong dugc sir dung dé ché tao PLC dang mang, cling
khong dam bao dé thu dugc PLC ddng nhat néu chat huynh quang va chat nén polymer c6 thong
s6 d6 tan Hansen khac nhau qua 16n [3]. Dé tranh sy két tu cua chat huynh quang trong nén

polymer ngudi ta c6 thé su dung phuong phdp hoa hoc dé gian chit huynh quang 1én mach
polymer thong qua cac lién két hoa hoc [3], [4]. Viéc str dung ky thuat hoa hoc b sung khong
nhitng 1am ting chi phi ché tao PLC ma trong mét s6 truong hop con lam giam hiéu suat phat xa
cuia chat huynh quang [4].

Gan day, ching toi dd dé xuit mot phuong phap ché tao PLC méi trong d6 chéat huynh quang
hinh thanh in-situ trong chét nén polymer qua qué trinh thiéu nhiét. Cu thé, bang cach thiéu nhiét
dung dich hdn hop cua citric acid (CA) va ethylenediamine (EDA) trong polyvinyl alcohol
(PVA) tao thanh PLC d6ng nhit, c6 kha ning phat xa huynh quang tir 425 nm dén 550 nm [5].
Phan tich céu trac cho thiy chat quang hoat 5-0x0-1,2,3,5-tetrahy- droimidazo-[1,2-a]-pyridine-
7-carboxylic acid (IPCA) hinh thanh trong nén PVA tir qué trinh amide hoa va ngung tu noi phan
tar hdn hop CA va EDA [5]. Tuy nhién, PLC thu dugc c6 tinh wa nudc va mot phan IPCA tach
khoi PLC khi tiép xtic voi nudce 1am cho composite khong hi€u qua cho cac ung dung ngoai troi.
Trong nghién ctru nay, ching toi thay thé PVA bang Poly(methyl methacrylate) (PMMA), mot
loai nhya nhiét déo dién hinh, c6 do trong subt cao va da duoc st dung rong rii trong thuc té.
Thiéu nhiét hon hgp PVA, CA va EDA tao thinh PMMA composite c6 kha ning phat xa huynh
quang trong ving tir 425 nm dén 525 nm, cuc dai phat xa & 460 nm va cuc dai kich thich phat xa
& khoang 375 nm.

2. Thuc nghiém
2.1. Héa chdt, dung cu

Hoa chat bao gom citric acid monohydrate (CA, 99,5%, Aladdin), ethylenediamine (EDA,
99,5%, Aladdin), PMMA (Optical grade, Chimei) va ethyl acetate (HPLC grade, Deajung
Chemicals). Dung cu bao gom tu siy (Binder), may khudy tir va khuén tu ché trén dé kinh co
kich thudc 5 cm x 5 ¢cm x 0,3 cm (dai x rong x cao).

2.2. Ché tgo composite huynh quang PMMA

Hoa tan 2 g PMMA trong 20 ml ethyl acetate sau d6 tiép tuc thém 0,048 g CA (0,228 mmol)
va 10 ul EDA (0,149 mmol) va khudy tron déu trong thoi gian 10 phit & nhiét d6 phong. Hon
hop dung dich duoc db 1én khudn va dé bay hoi dung méi ethyle acetate trong tu lanh ¢ nhiét do
5°C. Mang ran sau d6 dugc thiéu nhiét trong ti say & 160°C véi cac khoang thoi gian khac nhau.

Mau so sanh duoc tong hop bang phwong phap thuy nhiét nhu sau: Hon hop dung dich chira
0,48 g CA va 100 ul EDA trong 30 ml nuéc cit 2 lan dwgc cho vao binh thay nhiét vo sat, 16t
trong bang teflon dung tich 50 ml va dit trong ta siy & 160°C trong thoi gian 4 gio. Mau so sanh
duoc ky hiéu la Hyd.
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2.3. Pdc trung céu tric va tinh chdt quang criia composite

Phé hdng ngoai cia PMMA composite huynh quang (Com) dugc do trén may Jasco FT/IR6300
& ché do do do truyén qua, két qua trung binh sau 8 1an quét tir 400 cm™ dén 4000 cm™. Phé hap thu
ctia Com va Hyd duoc do trén may quang phd UV-Vis UV-2450 (Shimadzu) & ché d6 do d6 hap
thy, duong nén l1a nude cat hai lan (véi Hyd) hoac khong khi (d6i vai Com). Phé huynh quang (PL)
va kich thich huynh quang (PLE) ctia Com dugc do trén may Nanolog (Horiba).

3. Két qua va thao luan
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Hinh 1. a) Anh chup mang Com dudi dnh sdng tring (phia trén) hodac dén UV (365 nm, phia duwdi) thu duwoc
sau cdc thoi gian thiéu nhiét khdac nhau tir 0,5 gio (0,5h) den 2 gior (2,0h). b) Phé hong ngogi cia Com

Mang PMMA thu duge khi 1am kho hdn hop dung dich véi CA va EDA 1a trong sudt va dong
nhét. Khi thiéu nhiét & 160°C, mau sic clia mang chuyén dan tir trong sudt sang vang cam nhur
trinh bay trong hinh la. Khi thiéu nhiét ¢ nhiét do cao hon, ching han 200°C, qu4 trinh chuyén
mau cua composite tir trong sudt sang vang cam xay ra twong ty nhu & 160°C nhung véi toc
nhanh hon do sy ngung tu cia amide gitra CA va EDA 1a qua trinh thu nhiét [6]. Ngoai ra, Com
thu duoc & 200°C s& xuat hién dang ké cac bot khi do su thoat hoi nudc theo co ché trinh bay &
hinh 2 [7]. Tir khao sat anh huéng caa didu kién thiéu nhiét dén cu trac va cudng do phat quang
ctia composite (hinh 3¢) chung t6i Iya chon diéu kién thiéu nhiét 1a 160°C, 1,5 gio.
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Hinh 2. Co ché hinh thanh chat quang hogt IPCA tir CA va EDA
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Pho IR ciia Com xuét hién cac peak ¢ 1724 cm™ va 1142 ecm™ twong ng voi cac dao dong
kéo dai cua lién két C=0 va C-O-C dic trung ciia nén PMMA [8]. Peak véi cudng d6 nho hon &
1636 cm™ 1a do dao dong cua lién két C=0 trong ciu triic amide cua IPCA [7].

So sanh phd hap thu gitra Com va miu so sanh Hyd tong hop bang phwong phép thiy nhiét
cho thiy Com c6 mét peak hap thu rong ¢ khoang 346 nm tuong tu nhu Hyd. Cac nghién ciru
trudc day cua cac tac gia trén the gidi va cua ching t6i da ly giai peak hip thu & 346 nm 1a do qua
trinh chuyen dich dién tir n— 7 trong IPCA [5], [8] — [11]. Giai hap thu ¢ viing trén 400 nm voi
d6 hap thu giam dan khi budc song ting c6 thé do tan xa 4nh sang trén bé mit khong dong nhat
ctia mang Com hodc do IPCA twong tac véi chat nén lam tiang khong gian cua hé lién hop IPCA
[5]. Mit khac, Com phat xa v&i cudong do cao nhat khi thém dong thoi ca CA va EDA vao
PMMA (hinh 3b) cho thay IPCA hinh thanh theo co ché trong hinh 2 ¢6 vai trd quan trong quyét
dinh cudng d6 phat xa ciia composite. Khi thay ddi thoi gian thiéu nhiét tir 1 dén 4 gio, cuong do
huynh quang thay doi khong dang ké nhu so sanh trong hinh 3c. Diéu nay c6 thé giai thich 1a sau
1 h thiéu nhiét, sy hinh thanh IPCA da bao hoa trong nén PMMA.
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Hinh 3. a) Pho hdp thu cia Com so Vi mdu so sanh Hyd; b) phé phdt xa huynh quang ciia PMMA khi
thém CA, EDA hay hon hop CA va EDA khi kich thich ¢ budc song 350 nm; ¢) phé huynh quang cza Com
thu dwoC 0 cac thoi gian thiéu nhiét khac nhau
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Hinh 4. a) Phé phdt xa ciia Com khi kich thich ¢ cdc bude song khdac nhau; b) phé: kich thich phat xq cua
Com khi quan sat o budc séng 436 nm va 454 nm; €) anh huong cua thoi gian chieu UV den tinh chat hap
thu va cuong do phat xa ciia Com. Anh cheén trong a) la anh chup Com duwédi dén UV ¢ 365 nm.

Pho phat xa cia Com thu duoc sau 1,5 h thiéu nhiét kich thich ¢ cac budc song khac nhau
duoc tom tat trong hinh 4a. Com phat xa cuc dai khi kich thich & budc séng ~380 nm. Khi kich
thich & cac bude song 340 nm hay 360 nm Com phat xa cuc dai & budc song 436 nm; & cac budc
song kich thich khac Com phat xa cuc dai & ~454 nm. Tuy nhién, khi so sanh phd kich thich phat
Xa Clia hai tim phat xa nay, hinh 4b, cho thdy chung xuét phat tir cac tdm kich thich twong tu
nhau & cac ving khoang 260 nm va khoang 375 nm. Sy thay doi ciia cuc dai phat xa theo budc
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song kich thich cua Com, hay IPCA trong nén PMMA, tuong ty nhu composite sir dung nén
PVA d3 cong bd trude day [4], [5]. Can luu ¥ ring cuc dai phat xa cta dung dich IPCA trong
nude khong phu thude vao bude song kich thich. Sy khac biét gitta hai dung dich, dung dich
nudc va Com dugc giai thich 1a do sy khong dong nhat vé mdi truong xung quang cac tiéu phan
IPCA trong composite ran [12] hoic do lién két hoa hoc giita IPCA va mang nén lam ting khong
gian cua h¢ lién hop IPCA.

Mot trong nhimng tinh chat quan trong cua composite huynh quang 1a do bén cua tin hiéu
huynh quang theo thoi gian chiéu UV. Dé danh gia ¢6 bén UV cua Com, mang Com duoc dat
dudi dén UV (365 nm, 10w) & khoang cach 20 cm va khdo sat phd hap thu, cuong do phat xa
theo thoi gian chiéu UV; két quéa duge trinh bay trong hinh 4c. Co thé thiy sau 2 ngay chiéu UV
lién tuc, phd hap thu caa Com gan nhu khong thay doi. Cudng do huynh quang & budc song phat
xa cuc dai giam khoang 1 dén 2% so véi Com ban dau.

4. Két luan

Composite huynh quang PMMA da duoc tong hop thanh cong bang phuong phap thiéu nhiét
dung dich hdn hgp CA va EDA trong chit nén PMMA & nhiét ¢ 160°C. Composite thu duoc co
cuc dai hip thy trong ving UV & bude song 346 nm; phat xa dang dam tir 425 nm dén 525 nm,
cuc dai phat xa & 460 nm. Dic trung cdu tric va tinh chat quang cia composite cho thiy chat
quang hoat IPCA hinh thanh trong nén PMMA do qua trinh ngung tu n6i phan ttr quyét dinh tinh
chat hap thy, phat xa va kich thich phat xa cua composite. Két qua trinh bay trong bai bao nay co
¥ nghia tng dung quan trong, cho phép ché tao nhya huynh quang sir dung cac cong nghé ché
bién nhya nhiét déo hién tai.

Loi cam on

Nghién ctru ndy duoc tai trg boi Bo Giao duc va Pao tao, Truong Pai hoc Su pham Ha Noi 2
qua deé tai ma so B.2022-SP2- 04.
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