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CdSgsSegs (CdSSe) ternary nanocrystals (NCs) doped with the rare
earth Eu®* ions have been successfully fabricated by wet chemical
method in ODE solvent. The shape and structure of the NCs were
investigated by using transmission electron microscopy (TEM) and X-
ray diffraction (XRD) measurements. The optical properties of the NCs
were investigated through excitation spectroscopy, fluorescence and
fluorescence lifetime. The emission spectra of the Eu®*" ion doped
CdSSe NCs show five emission peaks at 507 nm, 588 nm, 620 nm, 652
nm and 699 nm, corresponding to the excitonic emission of the CdSSe
host, and the °Dy -'F; Dy -'F,, °Dy - 'F5 and °Dy, - 'F, transitions of Eu*
ion. The energy transfer processes from CdSSe host to Eu®** ions and
between the Eu®* ions have been studied and explained in detail. CdSSe
NCs doped with Eu®* ions have a much longer lifetime than undoped
CdSSe NCs, they have many potential applications in the fields of
photovoltaics, photocatalysis and biomarkers.
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Truyén ning lugng

Céc nano tinh thé (NC) ba thanh phan CdSp5Seq5 (CdSSe) pha tap ion
Eu** da dugc ché tao thanh cong bing phuong phap hod udt trong dung
mdi khong lién két ODE. Hinh dang va cau triic cua cac NC da duoc
khao sat théng qua cac phép do hién vi dién tir truyén qua (TEM) va
nhidu xa tia X (XRD). Tinh chit quang cua cac NC da dugc nghién ctiru
thong qua phd kich thich huynh quang, quang huynh quang va thol glan
sang huynh quang. Phé phat xa ciia cac NC CdSSe pha tap ion Eu®* cho
thay 5 dinh phat xa tai cac budc song 507 nm, 588 nm, 620 nm, 652 nm
va 699 nm twong Gng Voi phat xa exciton cia nén CdSSe, va cac
chuyén murc °D, -'F; °Dy -'F, °Dy - 'F5 va °Dy - 'F4 cuia ion Eu®*. Qua
trinh truyén ning lugng tir nén CdSSe dén cac ion Eu®* va giita cac ion
Eu®" da duoc nghién ctru va gidi thich chi tiét. Cac NC CdSSe pha tap
cac ion Eu®" ¢6 thoi gian séng dai hon rat nhiéu cac NC CdSSe khong
pha tap, ching c6 nhiéu tiém ning ¢ng dung trong cac linh vuc quang
dién, quang xtic tac va danh dau sinh hoc.
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1. Mé dau

Céc vt liéu phat quang thudng duoc pha tap thém cac ion dat hiém dé ting cuong kha ning
phat xa nhu cac mang nén thay tinh silicate, silicate alumino va CAS (Ca,Al,SiO;) [1] - [3]. Véi
mong mubn tao ra loai vat liéu ung dung dé lam laser di6t, Larry va cac cong sy da cing nhau
nghién ctru va sau d6 da tao ra loai vat lisu CAS pha tap kim loai chuyén tiép Cr** [4]. Céc
nghién ciru khac vé cac tinh chét phat quang cua vat liéu pha tap hodc ddng pha tap cac ion Eu®
Er®, Ce¥, Tb* ... ciing da dwoc tién hanh [5] — [7]. Trong khoang hai thap nién gan day, cac nha
khoa hoc da tép trung nghién ctru pha tap cac ion dét hiém vao trong cac nano tinh thé (NC) ban
dan. Mot trong cac cong bd s6m nhét vé NC ban din pha tap cac ion dét hiém 1a nghién ctu vé
CdSe:Eu cua Orlando E. Raola va cong su [8]. Cac nha khoa hoc da pha tap thanh cong cac ion
Eu®* vao vi tri cac ion Cd** trong cac NC CdSe véi kich thude khoang 5 nm bang cach diéu chinh
nhiét d6 phan tng. Gijo Jose va cac cong su [9], [10] dd nghién ctu thiy hiéu Gng ting cudong
huynh quang tir cac ion Eu®* trong cac NC tinh thé CdSe trong nén silica. Cac NC ban dan
CdSe:Eu dugc chuyén vao nén silica bang phuong phap Sol-Gel. Bang viéc str dung phép do tir
phé huynh quang, két qua thu duoc di cho thdy cuong do phat xa dic trung cua Eu tang 1én dang
ké trong cac NC CdSe. Nguyén nhén cua hi¢n tugng nay 1a do su truyen nang lugng tao ra tur sy
tai két hop gitra dién tir va 18 tréng trong CdSe sang céc ion dat hlem va su truyén nang lugng
duoc tao ra boi qua trinh hoi phuc chéo gifra cac mirc ndng luong glong nhau caa ion Eu

Vit liéu nano ban dan chua ion dat hiém (RE-NCs) c6 thoi gian séng huynh quang rat dal (1én
dén hang chuc ms), d6 dich chuyén Stock 16n, d6 rong phd hep, than thién véi co thé ngudi va
mdi truong (khi dugc boc boi cac 16p vo phu hop) rat thich hop cho cac tng dung trong sinh y
hoc [10] — [12]. N&i bat 1a phuong phap ddnh dau huynh quang va cac phuong phap diéu tri
quang nhiét, quang dong hoc dya vao vat liéu RE-NCs. Véi nhiing tién bo vuot bac vé tong hop
vat liéu bang phuong phap hoa da phat hién mot s6 vat liéu nano RE-NCs c6 hiéu suat phat
quang rat cao, 1én dén trén 80% [11]. Mit khac cac nguyén té dat hiém phat quang manh, vach
hep trong ving mau do rat thuan tién trong cac ng dung quang dién tir va sinh y hoc [13]. Hon
nira bang cach thay ddi kich thuéc hat, thanh phan nén va thay ddi cac loai tap dat hiém phu hop,
cac nano RE-NCs c6 thé phét xa & cdc mau sac déc trung rat phu hop voéi linh vuc chiéu sang va
cac ung dung trong nong nghiép dé tang ndng suét cdy trong [14].

Trong bai bao nay, chung t6i ché tao va nghién ciru tinh chat g uang cua cac NC ba thanh phan
CdSSe pha tap cac ion Eu®*. Co ché truyén ning luong tir mang nén CdSSe dén céac ion Eu®* va
giita cac ion Eu®" di dugc nghién ctru va giai thich chi tiét. Cac NC CdSSe pha tap cac ion Eu®*
c6 thoi gian sdng dai hon rat nhiéu cac NC CdSSe khong pha tap, chiing c6 nhiéu tiém ning ang
dung trong cac linh vuc quang dién, quang xtic tac va danh dau sinh hoc.

2. Thuc nghiém
2.1. Héa chit

Bot CdO (99,98%), mudi europium acetate hydrate (Eu(CH;CO,)3H,0, 99,99%), dung méi 1-
octadecene (ODE, 98%), axit oleic (OA, 98%), bot luu huynh (S, 99,9%), bot Selen (S, 99,9%),
toluene (99,9%), isopropanol (99,9%) va tri-n-octylphosphine (TOP, 99%) dugc mua tir hang
Sigma-Aldrich. T4t ca cac phan tng ché tao cac NC duoc thuc hién trong méi truong khi Ar siéu
sach (99,9995%).

2.2. Ché tao cdc nano tinh thé CdSSe:Eu

Dung dich 1 chira cac ion Cd** dugc tao thanh bang cach hoa CdO véi OA va ODE tai nhiét
d6 200°C khuay tron trong 60 phut. Dung dich 2 chira cac ion Eu®" dugc tao bang cach tron mudi
Eu(CH;CO0,),.3H,0 trong TOP va ODE & nhiét d6 khoang 100°C khuy tron trong 60 phit. Dung
dich 3 chtra cac ion Se?, S% duoc tao thanh bang cach tron Se va S (theo ti 16 1/1) trong TOP va
ODE tai nhiét do 100°C khuay tron trong 30 phut. Tron dung dich 1 véi dung dich 2 va dun néng
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hon h(-’P dén nhiét do 280°C. Tai nhiét do nay, dung dich 3 dugc porn phanh vao binh ph;”m ung
chira hon hop hai ion Cd*" va Eu®" tao ra cac NC CdSSe:Eu®". MAu ché tao xong duoc dé nguoi
tu nhién xuong nhiét do phong va ly tdm lam sach dé thyuc hién cac phép do tiep theo.

2.3. Khdo sdt cdc tinh chét ciia NC

Dé nghién ctru cac tinh chat quang hoc, pho kich thich, quang huynh quang va thoi gian séng
dugc do trén thiét bi FLS (hang Edingburgh, Anh) véi ngudn kich 1a dén Xe 450W. Hinh dang va
hinh thai bé mat ciia NC duoc kiém tra bang kinh hién vi dién tur truyén qua (TEM, JOEL-JEM
1010). CAu tric tinh thé cua cac NC duge xac dinh bang may do nhidu xa tia X (Siemens, D5005)
dugc trang bi ngudn buc xa Cu-Ka.

3. Két qua va thao luan
3.1. Cdu triic va hinh dang ciia cdc nano tinh thé CdSSe va CdSSe:Eu

dSSe:Eus%

CdSSe:Eu3%

Cudng do (dvty)

CdSSe:Eul%

CdSSe:Eu0.5%

20 30 40 50 60

S

Hinh 2. Anh TEM ciia cdc: (a) NC CdSSe, (b) CdSSe:Eu 1% va (c) CdSSe:Eu 5%

Hinh 1 biéu dién gian db nhiéu xa tia X cua cac nano tinh thé (NC) CdSSe va CdSSe:Eu vdi cac
nong d6 Eu thay ddi tir 0,5-5%. K&t qua quan sét tir hinh 1 cho thdy cac NC CdSSe va CdSSe:Eu
déu c6 ciu trac Zin Blende (ZB). Gian db nhiéu xa tia X cta cac NC cho thay cac dinh nhiéu xa bi
mé rong hon do kich thuéc ¢& nm cua ching. Ba dinh nhiéu xa dic trung tai cac vi tri goc 26 1an
luwot tai 24,89°, 40,73° va 47,83° dugc gan cho cac mit phing mang (111), (220) va (311) [15]. So
v6i cac NC CdSSe thi cac dinh nhiu xa ctia cac NC CdSSe:Eu dich nhe vé phia goc 26 16n hon khi
ting ndng do Eu cho thay xuit hién tng suat trong mang tinh thé va giam hang sé mang tinh thé.
Sy giam hang s6 mang cua cac NC CdSSe:Eu vai sy ting ndng do Eu 1a do su thay thé nhiéu hon
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cua ion Eu** véi ban kinh nho (0 95A°) [16] cho cac ion Cd* ¢o ban kinh 16n hon (0,98A°) [16].
Két qua nay chiing to cac ion Eu® di di vao dugc mang nén cia cac NC CdSSe.

Dé x4c dinh kich thude va hinh dang cua cac NC, chung t6i tién hanh chup anh TEM cua 3
mau CdSSe, CdSSe:Eu 1% va CdSSe:Eu 5%, két qua dugc quan sat trén Hinh 2. Tt &nh TEM c6
thé thdy cac NC c6 hinh dang twa cau, kich thudc khoang 5 nm va phan bé kha déng déu. Két qua
nay chiing to toluene phan tan rat tot cac NC. Tir anh TEM c6 thé thiy sy pha tap ion Eu®* vao
cic NC CdSSe khong l1am thay d6i déng ké kich thudc va hinh dang cua cac NC.

3.2. Tinh chit phdt xq

Hinh 3 biéu dién phd phat xa cia cac NC CdSSe va CdSSe:Eu®* v&i ndng do Eu thay doi tur
0,5 - 5% dudi budc song kich thich 394 nm. Pho phat xa ciia cac NC CdSSe cho thay 1 dai phat xa
rong tir 450-550 nm, c6 dinh tai vi tri 507 nm. Dai phat xa nay do cac dién tir chuyén tir vang dan
tai hop véi cac 13 trong trong ving hoa tri, con dugc goi 1a phat xa exciton. Dinh phat xa rong c6
cudng do thap trong ving tir 600-900 nm ciia cac NC CdSSe 1a phat xa cuia cac trang thai bé mat,
phat xa tap chat hoac sai hong mang tinh thé. Véi cac NC CdSSe:Eu bén canh phat xa exciton
con quan sat thiy bdn dinh phat xa & cac budc song 588, 620, 652 va 699 nm. Nhfmg dinh phat
xa nay do chuyén dién tir trong cac mirc 4f° caa ion EU®* tir marc °Dy toi cac muc 'Fy'Fy, 'Fa, 'Fy
twong ung [17] — [19]. Co thé nhan thy cac chuyén muec trén c6 dinh pho kha nhon so véi dinh
phat xa eXCIton ctia nén. Piéu nay 1a do cac dién tir & muc 4f° cua ion Eu®* dugc che chin bai cac
I6p 5s% va 5p®, vi vy anh huéng cua truong tinh thé 18n cac chuyén muc f-f 1a rat nho.
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Hinh 3. Phé phdt xa ciia cdec NC CdSSe va CdSSe:Eu véi nong dé Eu khdc nhau

Trong cac NC CdSSe pha tap lon Eu®*, phd phat xa xuat hién dinh huynh quang tai budc song
652 nm tuwong (g Voi chuyén muc °Dy - 'Fs. Theo 1y thuyét cac dich Chuyen nay bi cam bai quy
tac loc Iua chan — 1¢é cua Laporte. Tuy nhién trong nghién ctru nay, sy Xuit hién cua cac chuyén
muc 5D0 "F5 (652 nm) trong phé phat xa cua cac NC CdSSe pha tap Eu 1 do su tron ham song
clia cac trang thai 'Fos va trang thai 'F, gdy ra nhidu loan bac 3 cua truong tinh thé [21]. Trong
phd phat xa ciia cac NC CdSSe:Eu®, chuyén muc °Dy - ‘F, (620 nm) c6 cudng do 16n nhat, nd
duoc goi 1a chuyén mire siéu nhay cam [16] do cudng do cua né chiu anh huéng boi tinh chit cua
mdi trudng xung quanh nhidu hon so VO’i cuong do cua nhiing chuyén muc ludng cuc dién khac,
trong khi d6 cudong do cua chuyén mic Do - Fl (la chuyen muc ludng cuc tir dugc phép) it phu
thuoc mdi trudong xung quanh. Vi vay ti s6 R=I(°Dg - "F2)/1(°Dg - 'F1) ¢6 thé duoc sir dung de xdac
dinh hiéu suat huynh quang trong vt li¢u. Cac gia tri R thu dugc véi cac NC CdSSe: Eu nong
d6 0,5%; 1% 3%; 5% lan luot 1a 2,52; 2,97; 2,33; 2,28. Trong phd phat xa cua ion Eu* Chuyen
muc °Dy - 'F, thuong duoc sir dung dé chuan hoa phd phét xa cia ion Eu® trong cic mang nén
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khac nhau [20], [21]. Sy tach vach phat xa cua chuyén mirc nay cling cung cip cac thong tin vé
cac nhorn dol xtng cua vt liéu trong 14n can cua cac ion Eu®* V01 cac NC CdSSe:Eu®, chuyén
muc °Dy - 'F; khong bi tach ra vi vay c6 thé két luan cac ion Eu* c6 thé da dinh xu tai cac vi tri
dbi xtmg lap phuong cua cau trac ZB [21].

Cuong do (dvty)

350 400 450 500 S50 600
Bude song (nm)

Hinh 4. Phé phdt xa ciia cac NC CdSSe va pho kich thich hupnh quang cia cac NC CdSS:Eu 1%

Nhu quan sat trong Hinh 4 dinh kich thich tai 530 nm (‘F¢-"D;) cua ion Eu®* bi bao pha hoan
toan bai ving phat xa (450-550 nm) cua cac NC CdSSe. Diéu nay cho thiy hiéu qua cta qua trinh
truyén ning luong tir nén CdSSe téi cac ion Eu®* 14 16n. Qua trinh truyén nang luong tir nén CdSSe
161 cac ion Eu®" ¢ thé giai thich boi so dd trong Hinh 5. Khi dwgc kich thich béi bude song 394 nm,
dién tir tir viing hod trj ciia cac NC CdSSe nhay 1én vung din tao nén céac 15 tréng & ving hoa tri
va hinh thanh exciton lién két. Exciton nay di chuyén trong mang tinh thé CdSSe va c6 thé bj by
boi cac ion Eu®. Trong trudng hop nay ning luong cua exciton dugc truyén toi mic ning lugng
cua ion Eu®*. Hon nita photon phat ra do tai hop dién tir 16 tréng ciing c6 thé bj tai hip thu béi cac
ion Eu** tai mirc "Fo do su che phu gitra ving kich thich ‘Fo-"D; cuia ion Eu®* va phat xa exciton
ciia NC CdSSe. Sau d6 ion Eu® hdi phuc nhanh vé mic °Dy bdi qué trinh da phonon va cudi
cung hdi phuc vé trang thai co ban 'F; (j=0-6) boi cac phat xa dic trung. Vi vy trong cac NC
CdSSe:Eu** mang nén CdSSe dong mot vai trd nhu mot tim nhay cam véi huynh quang caa ion
Eu®* véi bude song kich thich 394 nm. Qua trinh truyén nang lwong hiéu qua tir nén CdSSe dén
cac ion Eu®* 1a mot bang chimg ré rang, mot 1an nita khing dinh ring cac ion Eu** di di dugc vao
mang nén CdSSe [21].

\ X
Viung dan
< Tap Eu
3 ap SDO
o E Dy - F, (588 10m)
g. h 5D, -7 620
= %0 i n-;F_\ ( 2 nm)
o0 = Dy -"F; (652nm)
)g — D, - 'F, (69_9 nm)
Z Fs
,
TF,
. . 'F,
Viung hoa tri

Nano tinh thé CdSSe
Hinh 5. Cdu triic viing ndng lirong ciia cdc NC CdSSe va CdSSe:Eu
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Quan sat trong Hinh 4 nhan thdy cuong do dinh phat xa cua CdSSe giam nhanh khi tang cua
nong do Eu®. Hiéu suét cua qua trinh truyén ning luong tir nén CdSSe tdi cac ion Eu®* c6 thé
duogc xac dmh thong qua phuong trinh [19], [22]

Ner = 1— = )

Trong d6, I va Iy 1a cuong do phat xa tich phan cua dinh phat xa 507 nm cua cac NC CdSSe
khi c6 mit va vang mit cua ion Eu®*. Tir phd phat xa cua cac NC CdSSe:Eu®* cac gia tri Ngr dugc
tinh toan va cho boi Bang 1. Két qua thu duoc Cho thay hiéu suat cua qua trinh truyén ning lugng
tang tir 18,75% dén 62,5% khi ndng do ion Eu®* tang tir 0,5 - 5%. Gia tri cia ngy ting ching to
téc do truyén ning luong ting tir CdSSe dén ion Eu®* va khong xay ra hién tugng dap tit huynh
quang do ndng d6 khi nong d6 Eu 1én ti 5%.

3.3. Huynh quang phdn gidi thoi gian
1

Cudng do (dvty)

Cuemg do (dvy)

e

) 50 100 150 2
Thisi gian (us)

T T T T
0 200 400 600 800 1000 1200
Thoi gian (us)

Hinh 6. Purong cong hupnh quang phén gidi thoi gian cia mirc °Dy Ciia cde NC CdSSe:Eu thu tai budc
séng 620 nm (chuyén mirc °Do-'F,) duedi burde song kich thich 560 nm. Hinh bén trong la dwong cong
huynh quang phadn gidi thoi gian cia dinh 507 nm cua cac NC CdSSe.

Hinh 6 biéu dién duong cong phan giai thoi gian cua mic °Dg cho mot sé mau. Nhitng duong
cong nay duoc thu tai budc song phat xa 620 nm (chuyén mic °Do-'F,) dudi budc song kich
thich 560 nm. Bé xac dinh thoi gian séng d6i véi cac NC, dudng cong suy giam huynh quang
dugc 1am khép voi ba ham e mil, biéu dién boi phwong trinh [19], [22]:

I (t) = Zae-t’fi 2

Thoi gian sdng PL c6 thé duoc tinh tir biéu thic:
3

ZAiTiz

i=1
A 3)
z AT,
i i=1
Két qua lam khop duong cong suy giam huynh quang cua cac NC véi phuong trinh (2) thu

duogc cac gia tri cua thoi gian phan ra 7y, T», T3. Thoi gian séng huynh quang 7 duoc xéac
dinh theo phuong trinh (3), cac gia tri lam khdp va tinh toan dugc cho trong bang 1. Véi cac NC
CdSSe thoi gian sdng huynh quang c6 gia tri 1a 59 ns. Vi cac NC CdSSe pha tap Eu, cac gid tri
Texp duoc cho béi Bang 1, giam tir 698 - 263,7 ps khi ndng do Eu®" tang tir 0,5-5%. Ching ta da
biét rang thoi gian séng cia mic kich thich bat ki co thé dugc tinh toan boi 1i thuyét J-O [16],
[20]. V6i NC CdS:Eu®, sir dung 1y thuyét J-O [16], [21], thoi gian tinh todn T, cua muc °Dy Véi
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cac mau dugc cho bai Bang 1. Cac dit liéu cho thay rang thoi gian song thuc nghiém nhé hon
thoi gian séng tinh toan cho moi truong hop. Ti so giira Texp VA Tear lién quan dén qua trinh
truyén nang luong [19].

Li thuyét J-O xem xét tat ca Chuyén muc tur 5D0—>7Fi la birc Xa, tuy nhién trong thuc té 1udn co
qua trinh truyén nang luong khong phat xa giira cac ion Eu®*. Téc do truyén ning lwong (Wer) va
hiéu sut luong tir () cua qua trinh truyén nang lugng khong phat xa gitta cac ion Eu®" dwoc tinh
toan boi phuong trinh [14], [16]:

WET - Texp B Tcal (4)
N =22 x 100 ©)
Tcal

Két qua tinh toan cho Wy va 1 duoc Cho bOI Bang 1. C6 thé thdy rang toc do truyén ndng
luong tang dan dén tuong tac gitra cac ion Eu® tang khi ndng d6 tap tang. Két qua nay cting dan
dén giam thoi gian séng ciing nhu hiéu suét truyén ning luong gitra cac ion Eu®*. Diéu nay c6 thé
giai thich 1a do khi ting ndng d6 Eu thi khoang cach giita cac ion gan hon, dn dén ting cuong co
ché tai hap thu giita cac ion Eu®".

Bang 1. Cdc gid tri thoi gian song thuc nghiém (), thoi gian séng tinh todn (t.4)
va cde tham sé truyén nang lwong trong cic NC CdSSe:Eu.

Mau T cal Texp n (%) Wer (57) Ner (%)
CdSSe - 59 ns - - -
CdSSe:Eu0,5% 799,5 698us 87,3 181,9 18,75
CdSSe:Eul% 759,8 491,3 us 64,7 719,3 34,67
CdSSe:Eu3% 739,4 372,6 us 50,4 1331,9 475
CdSSe:Eu5% 710,5 263,7 us 37,1 2384,7 62,5

4. Két luan

Céc nano NC CdS,sSeys pha tap Eu®* véi nong do thay doi tir 0,5 - 5% da dugc ché tao thanh
cong bang phuong phap hoa udt. Cac NC ché tao duoc déu ¢6 cAu trac ZB, ¢6 hinh dang twa cau
va kich thugc khoang 5 nm. Sy pha tap cac ion Eu®* voi ndng do6 1én dén 5% khong lam thay doi
hinh dang, kich thuéc va ciu tric ciia cac NC CdSSe Bén canh pho phat xa cua nén CdSSe tai
507 nm, phd phat xa ciia cic NC CdSSe pha tap Eu®* con quan sat thiy 4 dinh phat xa tai cac
budce song 566 nm, 620 nm, 652 nm va 699 nm tuong ng Vai Chuyén murc °Dy -7F1, Dy -7F2, Dy -
'F3 va °Dy - 'F4 caa ion Eu**. Cuong d6 huynh quang cua cac ion Eu®* duoc ting cudng dang ké
nho qua trinh truyén ning lwong tir nén CdSSe. Hiéu suat cia qua trinh truyén ning luong nay
téng tir 18,75 dén 62,5% khi nﬁ)ng do ion Eu®" ¢ tang tir 0,5 - 5%. Cac NC CdSSe pha tap cdc ion
Eu** c6 thoi gian Song dai hon rét nhiéu (Ién dén vai tram ps) so voi cac NC CdSSe khong pha
tap (chi 59 ns), diéu nay giup ching co nhiéu tiém ning (g dung trong cac linh vuc quang dién,
quang xuc tac va danh diu sinh hoc.

Loi cdm on
Nghién ctru nay dugc tai trg boi Bo Gido duc va Pao tao trong dé tai ma s6 B2021-TNA-06
va B2022-TNA- 36.
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