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Anh hwo’ng cua ham luvong SnO, Ién
cau trdc va dac tinh phat quang cua
mang gom thay tinh SiO,-SnO, pha tap
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TOM TAT

Trong cbéng trinh nay, mang mdng
nanocomposite (100-x)SiO,-xSnO, voi ( x =
10, 20 va 30% mol) pha tap voi 1% mol Er*
duoc ché tao bang phuong phap sol-gel.
Anh huéng ctia ham lwong SnO, lén céu
triic ctia mang va sw phan bé cua céac ion
trong céu triic mang duoc khdo sét bang phé
FT-IR, XRD va AFM. Hat nano tinh thé c6

kich thwée 50 nm da hinh thanh trong mang
sau khi nung & 1000°C. Phé quang phéat
quang va phé 3D cho thay cé sw truyén néng
luvong ttr cac tinh thé SnO, sang céac ion
erbium va céc ion tén tai trong cé hai méi
trirong: moi trirong vo dinh hinh va trong tinh
thé cda SnO,.

Tor khéa:Mang méng nanocomposite, phé 3D, truyén néng lwong, hat nano

GIOI THIEU

Viéc pha tap cac ion dit hiém nhu Er**, Yb**,
Eu*...trong vat liéu thuy tinh dd va dang thu hut
su quan tdm cua cac nha nghién cuu trong va
ngoai nudc vi nhirtng ung dung cuaa chdng trong
linh vuc photonic nhu laser cong suat cao, thiét bi
khuéch dai quang hoc, bo truyén dan thdng tin
[1,2],...Tuy nhién, khi pha tap cic ion ndy vao
trong thuy tinh, thuong xay ra hién tuong dap tit
huynh quang do su két dam cua cac ion du véi
ham lugng pha tap twong di thap. Vat liéu thuy
tinh - gém (glass-ceramic) c6 thé khac phuc dugc
han ché nay nho vao su phan tan cua cac ion
trong moi truong tinh thé. Trong nghién ciu nay,
vt lidu thuy tinh gém duoc chon la SiO,-Sn0O, vi
nhiing tinh thé ban dan cua SnO, dé dang duoc

kich thich vang-viing va truyén ning luong cho
cac ion dat hiém dong thoi han ché dugc hién
tuong két dam cua céc ion, tir d6 lam ting hiéu
suit phat quang cua céc ion [3,4]. O day, ching
t6i dd ché tao cdc mang dan song (100-x)SiO,-
XxSnO, (x = 10,20 va 30% mol) pha tap 1% mol
Er®" bang phuong phap sol-gel va cac ion nay s&
duoc kich hoat bai c4c hat nano tinh thé SnO,.
VAT LIEU VA PHUONG PHAP

Quy trinh ché tao

Mang xSn0,-(100-x)SiO, (vai x = 10, 20 va
30% mol) pha tap 1% mol Er®* dugc ché tao biang
phuong phap sol-gel va ky thuat pha nhang (dip-
coating). Dé tong hop dung dich sol, mot lugng
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mudi  Er(NOsg)s.5H,0 (99,9%, Sigma-Aldrich)
duoc cho vao dung dich chira mudi SnCl,.2H,0,
sau d6 dugc hoa tan véi dung dich cia TEOS va
ethanol.

Dé sir dung cho cac phwong phap phan tich
khéac nhau, mang dugc phu trén lam thay tinh va
dé silic voi tbec do nhang 1a 8 cm/phat. Méi 16p
dugc sdy ¢ 150°C truge khi phu I6p ké tiép. Sau
khi pha 3 I6p mang dwoc nung lan lugt & cac
nhiét ¢6 500°C (ddi voi mang pha trén lam thay
tinh), 600°C, 800°C, 1000°C va 1200°C.Mang
dugc  trong 1h & cac nhiét do nung nay. Két qua
thu duoc mang trong sudt, khong nut.

KET QUA VA THAO LUAN
Pic tinh cAu tric cia mang

Phé truyén qua hong ngoai FT-IR

Phé truyén qua hong ngoai (FT-IR) dugc
thuc hién trén phé ké FTIR-EQUINOX 55. Hinh
1 trinh bay phé FT-IR cua mang 30% SnO, pha
tap 1% Er®* dwoc nung 6 cac nhiét do khac nhau.
Két qua cho thdy phd cua mang sau khi nung &
600°C xuat hién cac dinh phd & vi tri sé séng
1630cm™ va 3404cm™ dic trung cho dao dong
bién dang va dao dong hoa tri ciia nhém O-H cua
nudc con sot lai trong mau.
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Hinh 1. Phd FT-IR cua mang 70%Si0,-30%Sn0, pha
tap 1% mol Er® nung & cac nhié¢t d¢ khac nhau.

Cac dinh & vi tri s6 séng 453 va 811cm™ dic
trung cho dao dong bién dang & (Si-O-Si) va dao
dong hoa tri d6i xing v(Si-O-Si) cua silica.
Ngoai ra, viing phé manh nhit ¢ 1100cm™ 4 cua
dao dong hoa tri bat d6i xang cua cac lién két
=Si —O—Si= trong t& dién SiO, cua SiO,.
Ving nay gom hai thanh phan: dinh manh nhat ¢
1062cm™ 1a cia mode quang ngang (TO) va bo ¢
vi tri 1231cm™ dic trung cho mode quang doc
(LO) [5-7]. Khi mang duogc nung & cac nhiét do
cao hon (tir 800°C), sy bién mét cua cac ving
phd dic trung cho dao dong cua nhom O-H
chirng t6 qua trinh xir ly nhiét & nhiét d6 cao sé
gilp loai bo duge nude [8,9]. Piéu quan trong la
phd cua mang sau khi nung & 1000°C xuat hién
cac dinh ¢ 550 va 667cm™ dic trung cho dao
dong thang O-Sn-O cua tinh thé SnO,. Khi ham
luong cua SnO; tang tir 10% 1én 30% cuong do
cta cac dinh nay ting chiing t6 do tinh thé hoa
cua mang tang (Hinh 2).

Pd truyén qua (a.n)

1000 2000 3000
S& song (em™)
Hinh 2. Phd FT-IR ciia mang (100-X)Si02-xSnO2 vi

x =10, 20 va 30% mol pha tap 1% mol Er3+ dugc
nung & 1000°C.

Nhiéu xa tia X (XRD)

Két qua do nhiéu xa tia X (XRD) dugc ghi
nhan tir nhidu xa ké D8 Advance X-ray
diffraction. Gian d6 nhidu xa ciia mang 70%
Si0,-30%Sn0, pha tap 1% mol Er** trong Hinh 3
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cho thdy mang nung ¢ 800°C c6 ciu triic vo dinh
hinh. Khi mang dugc nung ¢ 1000°C thi trén gian
dd XRD xuét hién cac dinh nhiéu xa & vi tri 20 =
26,9°; 34,1°; 38,2° va 52,0° tuwong ng véi cac
mat mang (110), (101), (200), (211) va (112) cua
pha tinh thé rutile cua SnO, (JCPDS 41-1445).
Diéu nay chimg to cac tinh thé SnO, di hinh
thanh trong mang khi nung ¢ 1000°C. Ngoai cac
dinh dic trung cho pha tinh thé cua SnO, khong
c6 sy xuat hién cia cac dinh la cho thay, khi pha
tap 1% mol Er** vao mang khéng dan dén hinh
thanh pha mai. Két qua nay phu hop véi dit lidu
quan sat dwoc tir phé FT-IR. Khi ting ndng do
ciia SnO, tir 10% dén 30% mol (Hinh 4), cuong
do cua cac dinh nhidu xa tang chung to do két
tinh cua mang tang va kich thudc trung binh cia
tinh thé tang tir 51nm dén 55nm (gia tri dwoc tinh
tor phuong trinh Scherrer).
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Hinh 3. Gidn dd XRD cua mang 70%Si102-30%Sn02

pha tap 1% mol Er3+ nung & cac nhiét d¢ khac nhau.
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Hinh 4. Gian d6 XRD cua mang (100-x)Si02-xSn02
véi vai x = 10, 20 va 30% mol pha tap 1% mol
Er3+nung ¢ 1200°C.

Kinh hién vi lyc nguyén tir (AFM)

Anh AFM cua hai mang véi ti 1& SnO, 20%
mol va 30% mol nung & 1200°C dugc trinh bay &
Hinh 5. O nhiét d6 nay céc tinh thé hinh thanh
day dic va phan b dong nhat ¢ bé mat mang.
Tuy nhién, mang c¢6 ham legng SnO, la 20% mol
thi tinh thé c6 kich thudc nhé hon va gia tri do go
ghé bé mat trung binh 1a: Ryms = 11,3 nm so véi
mang cé ti I1é SnO, 30% mol la R;s = 18,1 nm.
Két qua nay hoan toan phi hop véi dir ligu tur
XRD.

Hinh 5. Anh AFM cta mang véi x khac nhau pha tap
1% Er* nung & 1200°C a) x = 20; b) x = 30
Pac tinh quang hgc ctia mang

Phé quang phdt quang (PL)

Phé quang phat quang cia mang trong viing
hdng ngoai dugc sir dung dé nghién ciru kha ning
truyén ning luong giira cac ion erbium va tinh
thé SnO,. O day, chung toi kich thich mang bang
anh sang c6 budc sOng Ae = 300nm twong tng
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Vi qué trinh kich thich céc tinh thé SnO,. Hinh 6
thé hién pho phat quang cua cdc mang pha tap
1% mol Er®** véi cac ham lugng SnO, khéc nhau
(10% mol, 20%mol va 30%mol) va cac mang déu
duoc nung ¢ 1200°C. Sy xuét hién cua cac ving
phd hep & 1456, 1471, 1478, 1505, 1522, 1534,
1552, 1573 va 1591 nm la do dich chuyén Stark
gitra hai mic nang lwong *l13, and *lys, cua cac
ion erbium. Pay 1a dang pho dic trung cua ion
Er®* trong méi trudng c6 tinh déi xung tinh thé.
Khi céc ion chiém c4c site Sn** trong céu tric cua
tinh thé SnO, thi truong tinh dién ciia moi truong
xung quanh céc ion s& lam mét tinh suy bién cua
cac muc J cua ion ty do va lam cac muc nang
lwong nay tach ra thanh cac muc Stark[10-12].
Hon nifa, khi ting néng do cta SnO, tir 10% dén
30% thi cuong d6 phéat quang ctia vung 1550 nm
tang 10 1an. Két qua nay c6 thé duoc giai thich la
do khi néng d6 SnO, ting sé ting cuong kha
nang hap thu anh sang kich thich cua mang. Mat
khac, khi ting ndng do ciia SnO, thi thé tich tinh
thé (sé luong hodc kich thudce tinh thé) s tang,
diéu nay gilp cho quéa trinh phan tan cua cac ion
vao tinh thé SnO, ting do d6 s& ¢ nhiéu ion
nhan dugc ning luong tir tinh thé SnO,. Quan sat
nay cho phép két luan rang di co su truyén nang
luong tir c&c tinh thé SnO, sang ion dat hiém khi
khoang cach giira chung 1a vai nm theo co ché
Forster [13,14].
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Hinh 6. Phé quang phat quang ctia mang (100-X)SiO,-
XSn0O, véi x = 10, 20 va 30% mol pha tap 1% mol Er®*
dugc nung ¢ 1200°C.

Phé 3D

Két qua phdé 3D ¢ Hinh 7 lan nita ching
minh rang c6 sy truyén nang luong giita cac ion
Er3+ va tinh thé SnO, va cac ion dat hiém ton
taitrong moi truong tinh thé va vo dinh hinh. Khi
budc sdng kich thich nhé hon 350nm, twong tng
Vv6i qué trinh kich thich gian tiép céc ion thi phd
phat quang thu dugc c6 cac dinh hep trong vung
1500nm dac trung cho moi trudong co trat ty xung
quang cac ion. Tuy nhién, khi buéc séng kich
thich & 520nm, twong wng cho qua trinh kich
thich truc tiép cac ion erbium, thi phd phat quang
c6 dang dinh rong ¢ vang 1500nm va cé cudng
d6 yéu hon chirng to rang phan 1on cac ion ton tai
trong nén vé dinh hinh.
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Hinh 7. Phd 3D ciia mang 70%Si0,-30%Sn0, pha
tap 1% mol Er** nung & 1200°C.

KET LUAN

Bang phwong phép solgel chung t6i di ché
tao thanh cdng mang SiO,-SnO, pha tap Er®* vi
ham luong SnO, 1én dén 30% mol. Mang ché tao
dugc c6 do trong sudt cao, khong nit giy, co do
bam dinh t6t. Két qua phan tich FTIR, va XRD
cho thiy cac hat tinh thé SnO, di hinh thanh
trong mang sau khi nung & 1000°C vai kich
thudce trung binh khoang 50nm va Kich thudc hat
tang theo nong do cua SnO,. Tir phd quang phat
quang va phd 3D cho thdy céc ion ton tai trong
mdi trudng vo dinh hinh va thay thé cac ion Sn**
cua tinh thé SnO,. Mat khac nhan thiy c6 su
truyén ning luong tir cAc hat tinh thé SnO, sang
céc ion Er**™
LOT CAM ON: Nhom tac gia xin chan thanh cam
on sw tai tro cia Quy Phat trien Khoa hoc va
Cong nghé qudc gia cho dé tai mé so 103.06-
2012.16.
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ABSTRACT

In this work, (100-X)SiO,-xSnO, (with X =
10, 20 and 30% mol) doped with 1mol% Er**
nanocomposite thin films were prepared by
sol-gel method. The effect of SnO,
concentration in the structure and the
distribution of erbium ions in ceramic-glass
structure were investigated by FT-IR
spectroscopy, X-ray diffraction (XRD) and

properties of
ceramic

Atomic Force Microscopy (AFM). SnO,
nanoparticles with size about 50nm were
formed in films heat-treated at 1000 <.
Photoluminescence and 3D spectroscopies
show that there is the energy transfer from
SnO, nanocrystal to erbium ions and the
ions exist in amorphous environment and in
the nanoparticles.

Key words: nanocomposite thinfilms, 3D spectroscopy, energy transfer, nanoparticles
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