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Tén bai bao:

INHOMOGENEOUS BROADENING IN THE PHOTOLUMINESCENCE
SPECTRUM OF CdSNANOPARTICLES

( Sw md rong khong dong nhét trong phd phé quang ctia hat nano CdS)

Muc dich chinh cianghién ctu nay :

Nguyén nhan gy ra su dan rong khong dong nhat ctia hat nano CdS c6 phai lado anh
hwdng ctia sy phan bd kich thwéc hat hay khong.

Phuong phap tao mau : phuong phap phi héa hoc ( chemical capping )
- Céchtao nhv sau :
e Dung dich (a): 2.67 g cadmium acetate trong 80 ml methanol va 20 ml acetonitrile
e Dung dich (b): 0.8 g sodium sulphide trong 50 ml methanol va 50 ml nv ¢c.
e Dungdich (c): 1.1 ml thiophenol trong 100 ml acetonitrile
e Dung dich (a) vadung dich (c) duvgc thém vao cham roi dwgc khudy nhe trong 30
phut.



e Sau do dung dich (b) dwoc thém vao cham trong hon hop trén dé hoatron , van tiép
tuc khuay nhe.

- K&t qua & thu dwgc mot dung dich mau trang vang, chirng to co hat nano CdS.
- Loc tach hat nano :

e Hat nano dwgc phan tan trong chloroform va dugc tach roi bang may ly tam.

e Nhirng mau nano sau d6 duoc rira lai trong methanol dé loai bd phan thira khéng
phan (rng va sdy kho.

e Kich thwdc clia hat nano dwoc digu khién bang cach phi 1én bé mit clia hat
thiophenol vati s6 ctia sulphur va thiophenol trong dung dich quyét dinh kich thuéc
clia cac hat.

e Acetonitrile 1a lam tdng su tan xa clia cac hat nano trong mot méi trvdng phan cuc
dimethyl formaldehyde ( DMF).

BIEN LUAN KET QUA
Céackét qua:
1. PBuong vién vach pho clia mang da tinh thé CdS phan b6 theo ham Gauss.
2. Sy dan rong khong dong nhét clia pho c6 lién quan dén sy phan bo kich thwdc hat. Pho
PL cla hat nano dich chuyén vadich chuyén vé phiaxanh so véi dang bulk.
3. Tinh chat tong quét ctia phuong trinh (8) .
E(R) _ou3+ 2.446 i 0.3031

R RO

1. Bwong vién vach pho clia mang da tinh thé CdS phan bd theo ham Gauss.

Coso:
X ét s phét quang gay ra do sy téi hop clia céc hat tai tai ving bién trong khéi ban dan dich
chuyén truc tiép vdi do rong ving cdm E, thi dwong vién vach pho ¢é thé trinh bay theo

dang phan b6 Guass: B ,
A (E-EO)2
=—— exp|- 1
% (E)= 7= p{ 2| @

Thyc nghiém :
Do pho quang phét quang clia mang da tinh thé CdS thu dwoc nhu figure 3 ( dwong pho
duwoc xay dwng latap hop cac chdm cham).
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Figure 3. Photoluminescence spectrum of a polyerystalline CdS film. Full eurve is the fited spectrum using Eq. (1)
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clla mang da tinh thé thu duoc tir
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ham gauss (1) & trén. '
Pho quang phat quang c6 dinh tai . ; :
2,43 eV va c6 do rong vach phé 1o -5 8 5 12

(FWHM) 0,1eV.

D0 rong vach pho ( FWHM) dwoc hiéu nhw hinh vé.

2. Sk dan rong khong dong nhéat ctia phé cé lién quan dén s phan bé kich thwéc hat.
Pho PL clia hat nano dich chuyén vadich chuyén vé phiaxanh sovéi dang bulk

Thyc nghiém :
Do phd quang phét quang ctia cac hat nano CdS & cac kich thuédc khac nhau thu dugc nhu
figure 1
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Figure |, Caleulsted photoluminescence spectre of bulk CdS (a), CdS nanoparticles of radius 2.0 nm (b) and [.5 nm (c). Full
curves: 14% polvdisperse, dotted curves: monodisperse. The peaks exhibit blue shifts of 0.46 and 0,89 &V for nanoparticles of
radiit 2.0 and L3 nm respectively. Polydispersity leads o asymmetric broadening and 2 marginal shift of peak position.



Nhan xét :

Hinh (a) dinh pho la 2,43 eV lapho clia CdS dang khéi ( dwgc chon lam chuén )
Hinh (b) dinh pho 1a2,9 eV lapho clia hat nano CdS c¢é ban kinh 2nm. Nang luong
clia CdS dang hat nano dich chuyén so voi dang bulk khoang 1a2,9 — 2,43 = 0,46 eV.
Hinh (¢) dinh phd 1a 3,3 eV laphd cliahat nano CdS cé ban kinh 1.5nm. Nang

lwvgng ctia CdS dang hat nano dich chuyén so véi dang bulk khodng 1a3,3 - 2,43 =
0,89 eV.

=Vay CdSkhi & dang hat nano cé phod PL dich chuyén vadich chuyén vé phiaxanh (vi

E:% khi E tdng thi A gidm) so véi & dang bulk.

Tuy nhién tir hinh 1 ta cling c6 nhan xét dinh tinh nhu sau :
e D06 rong phd clia hat nano CdS hinh (b) trng voéi ban kinh 2nm hep hon so voi &

hinh (c) (’ng v&i ban kinh 1.5nm = ban kinh cang nhé thi phd cang rong.
Sy mé rong khong dong déu, khdng déi xirng & hinh (b) va (c) = s mé rong nay
khong déu va phu thudc vao sy phan bd kich thuéc hat.

Ph& quang phéat quang ctia mau hat nano CdS
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Figure 2. Photoluminescence spectrum of the CdS nanoparticle sample. The 2.36 eV band arises due to recombination at defects
while 3.00 eV band corresponds to the band-edge PL. The full curve is the fitted spectrum using Eq. () for the 3.00 eV band
and using a Gaussian profile for the 2.36 eV band. The two components are also shown as dashed curves.

Pho tlr hinh 2 cho thdy hai ddy phé md rong cé dinh tai 2,56 eV va 3.00 eV.

Pho dang cong déu cé dinh 2,56 eV nét nho laphd do sy tai hop clia céc khuyét tat
c6 do rong vach phd 1a0, 56 eV.

Pho dang cong déu c6 dinh 3,00 eV nét nhé laphd PL cla hat nano CdS cé do rong
vach pho 1a0, 25 eV.

Ca hai day nay xuat hién véi nang lwvong cao hon nang lvgng cliaving cdm clia khoi
CdS (2,43eV).

Puong phé cong, day va dam nét 1aténg hop clia hai phd néu trén.

Pho ¢6 dinh nhon 2,34eV, tir vi tri dinh nay (‘hinh 3) so véi ('hinh 2) cliaphé PL ta
thdy phd bi dich chuyén 3,00 - 2,34 = 0,57 eV vé phia xanh va do rong phd PL cla



hat nano CdS ( 0,25eV ) dan réng ra so v&i dod rong nguyén thiy cua CdS ¢ dang
khéi (0,1 eV).

= Nhu vay ta thay cé si gidn rong ctia vach phd va si gian réng nay la khéng déu va
phu thudc vao s phan bé kich thwéc hat.Ngoai ra phd con bi dich chuyén vé phia
xanh so v&i dang bulk.

DBiéu nay la hoan toan phu hop vi theo hinh 4 hat nano CdS hap thu quang hoc khoang 0.53
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Figure 4. Optical absorption spectrum of the CdS nanoparticle sample dispersed in DMF.

3. Tinh chét tong quét clia phwong trinh (8) .
Co s¢ tinh toan :

- Wu da tinh phé hép thu clia hé théng ban dan luvgng tir dang chdm voi st phan bd kich
thudc hiru han., xdp xi moi chdm lwrong tlr [Amdt giéng thé vai rao chan khdng xac dinh tai
bién gidi, vabo qua do rong vach nguyén thiy (ko co s mé rong) clia chuyén doi gilra céc
mikc trong ddy phd bat ngudn tir lién két dao dong.

- Diéu ndy dan dén phé hip thu ham delta cho nhitng chdm lwrong tir tan sic don. Ciing c6
mot vai thtr nghiém lam cho pho hap thu duoc tinh toan vira khdp véi dir liéu thuc
nghiém.Dé lam duoc diéu do can nhiéu tham sb ( khoang 12 trong treong hop CdS), 14y tir
s tinh toan cdu tric bang tan hodc tir hé thirc kinh nghiém, chi laxap xi, lam cho sy phan
b6 da danh gia ko dang tin cay.

- Dwa vao 1ap luan, tinh toan ban dau bé qua st phan b kich thuwéc hat thi két qua chua
duwoc kha quan |am. Sau do xét dén s phan bé kich thwéc hat.

- Néu kich thwéc hat khong dong déu nhing ¢é si phan bo nhat dinh, pho ctia hé thdng
cham lwgng ti quan sat duoc cd thé dwge xem nhu su xép chong 1én nhau clia tirng hat mot
vi moi hat s& biéu thi diém cao nhét tai vi tri chi ra trong dudng kinh ctia no.

Diéu nay dan dén sy mé rong phd PL khdng dbng nhat.

Puong vach pho cd thé dwoc tinh dyatrén ham phan bd kich thudc PL



jP )-8, (ER)dR (5)

Dé tinh toan don gian, PL dwoc xac dinh theo phan bd Gauss véi giatri trung binh R, va do
léch tiéu chuan oy

V6i P(R) \/2_16 exp[-(RZ';O)] (6)
VA E(R) =243+ 2;‘?6 : 0'4:47 @

Khi phan tich dinh lvgng duong pho PL theo phrong trinh (5) thi pht hop (fit) voi day co
dinh phdo 3,00 eV & hinh 2 (khi khao sat cac tham sd ban kinh trung binh R, va do 1éch

chuén °r cliaphan b), két qua thu duoc rdt chinh xéc khi ban kinh Ro = 1,8 nm
va ®r =0,1nm véi sy tan xa tvong ng 146 %= K&t qua tinh todn phd hop thwe nghiém.

= Diéu nay chirng td sir dan rong khong dong déu clia pho PL ctia hat nano CdSlado
s phan b6 kich thwéc hat.

Mt khéc, co thé so sanh véi két qua dat duoc tlr phrong phéap xéac dinh do réng clia dinh
phd XRD la4,2 nm so v6i thirc nghiém vatinh toan la 3,6nm.

O day co s sai léchlado khi tinh todn diing gan dang khdi lwong hiéu dung.( D6i véi hat
c6 dudng kinh rat nhé khi dung gan dung khoi lwvgng hiéu dung thi két qua kém chinh xéac
(less accurate).

- Nang luvong dich chuyén tric ti€p gilra cac bang tan thap nhat ctia mdt cham lvong tir dang
hinh cau ban kinh 1a RO dwoc xac dinh béi Brusla

e — = =% @

h2 2
E(Ry)=E,+ > [

me lakhoi lvgng e

my, lakhdi luvgng 16 tréng

e ladiéntiche

&, lahdng s8 dién moi clia moi treong

o, laham clia hdng s6 dién méi

Slakhoang céch gittae valo tréng

S6 hang thir hai vé bén phai PT(2) biéu thi nang lvgng dinh vi lvgng ti.
S6 hang thi* ba irng v6i thé ndang Coulumb

S6 hang thit tv (ing v6i nang luong phan cuc

- Nhv d& chi ra trivdc dé cac mikc nang lwvgng e clia cham lwgng ti bi dich chuyén so véi céc
mirc nang lrong e ciiadang khdi vadich chuyén vé phiaxanh



AE(RO):E(RO)'EO ©)

- Pho PL clia chdm luong tir ban kinh R, cd thé dwoc duwa ra boi

(E- E(Ro))2] @

A
qu(E,R0)=\/2_—exp [‘ K

DE tinh anh hwdng ctia phan bo kich thudc hat [én phd PL clacéc hat nano CdS, E(R) dau
tién duoc xac dinh véi E, = 2,43 eV, me=0,19 vam,=0,8vac2=5,7

Tinh toén clia sd hang phan cuc cudi cling trong PT thi khdng duoc tinh thdng. Bé qua gia
tri clasd hang cudi cuing ching ta cé thé viét PT (2) nhu sau

E(R) =243+ 2.;1216 ] 0.4:47 @

Trong thyc té tinh toan s6 hang phan cyc dugc xac dinh bang phép xap xi.
T két qua cla cac bai bao trvéc dé nhan thdy rang cac hat nano CdS c6 ban kinh tir 1 dén 4
nm s& hang phan cuc c& khodng 1/3 s6 hang couloumb véi dau nguoc lai.

Vi vay chinh xac hda khi xét dén sd hang phan cuc ta phai thay déi hé so cliasd hang
couluomb. Sau khi thay d6i PT E(R) la:

2446 0.3031

Ph6 PL chdm lvong ti dwoc tinh todn tir PT (4) bang céch thay E(R,) tir PT (8).

Tinh toan nay dugc tién hanh d6i vai kich c& hat trung binh khac nhau Ry va chiéu rong
khéc nhau o . B0 rong ndi tai o dwgc 1y tr phd PL clia mdt mang CdS dang khoi
(FWHM =0,1¢V )

TU co so ly thuyét trén hoan toan phu hop véi thwe nghiém thu dugc nén phuwong trinh (8)
duoc thira nhan va xem nhu tong quét.

Két qua chinh nhém tac gia dat dwoc :
- Khang dinh s m& rong khdng dong nhat ctia phé quang phét quang ma nguyén nhan
chinh la do &nh huéng ctia su phan bd kich thwéc hat.

- Ph6 PL cla hat nano dich chuyén vadich chuyén vé phiaxanh so véi dang bulk.

- B0 tin cay cliasd liéu tinh toan |a pht hgp ma chua c6 nghién clru nao trivéc day lam
duoc.



PHAN I

Vat liéu TiO, c6 hiéu (rng quang xuc té&c rat cao trong ving tir ngoai (UV) nham tng dung
trong s¥ ly méi trwdng. Tuy nhién dé c6 hiéu (rng quang xuc tdc manh trong ving anh sang
kha kién thi hién nay c6 rat nhiéu nghién ctru phatap SnO, véi TiO,. Tl phd hdp thu cua
dung dich, mangSnO, :TiO, (5%, 10%, 20 % ) vaphd PL do tai B6 mén VLUD.Bién luan.

1. Bién luan pho hap thu ciia mang TiO,/SnO,

—— Sol TiO2
—— Sol Sn02
. —— Sol 5%
—— Sol 10%
——— Sol 20%
—— Sol 30%

Abs

0.0 T T

Pho UV-VIS cliamang trng véi cac nong do
Chua phatap :
- Mang TiO2 (vién den )cd dinh phd nhon trong ving c6 burdc sdng nho hon

380nm nén TiO2 hap thu manh trong vung t& ngoai.



- Mang SnO2 co dang dudng thang ndm ngang ( ko cé dinh phd ) nén né khéng
hdp thu trong mién tlr ngoai gan va kha kién hay c6 thé hiéu la moi trvong trong suét.
Khi phatap :

- Binh thwdng TiO2 hoat déng manh chi trong vung t& ngoai nhung khi phatap SnO2 vao

thi tathdy c6 su dich chuyén céc vi tri dinh phd vé phia bwdc song trong ving kha kién.

- Theo do thi pho, ta thdy nong do phatap cang tang ( 5%, 10%, 20%, 30% ) thi dinh pho
cang dich chuyén vé phia bwéc song trong ving kha kién. Tuy nhién nd van co hiéu rng
quang xUc téc trong ving tlr ngoai vi ngoai dinh phod cang dich chuyén vé phia bwéc song

trong viing kha kién con cé dinh pho trong viing tl ngoai.

- M6t céch gan dung ta thdy vi tri cac dinh phé nhu sau

Nong do Budc séng A
(%) (hm)
0 370
5 380
10 390
20 400
30 410

Nhu vay: khi ndng do tap chét pha vao tang thi dinh pho UV-VIS dich cang nhiéu vé phia
anh sang kha kién .

Ngoai ratathdy cwong do hap thu thay déi khi co sw phatap, va sy thay doi la khong
déu va khi noéng do phatap tang thi cwong do hap thu tang.
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Ph6 hap thu clia cac mang TiO,-ShO, pha tap v6i cac ndng do khac nhau tai 500°C

- O nhiét d6 cao 500°C cwong do phét quang giam manh trong viing kha kién cuwong
d6 nhé hon 0,3 Abs.

- Cac dwong ph6 khong déu vait co si sai khéc vé dinh phé nén sy phatap SnO, vao
TiO, khong con téc dung thay ddi hiéu ring quang xUc téc cta TiO,.



2. Bién luan pho quang phat quang cta TiO, phatap SnO, 10%

sol 10%
- —f10%
3000 _ — Ttinh
2500 —
3-2\ -
= 2000 -
5
O =
S
~ 1500 -
X
o 4
—
S 1000 -
[7p]
500
(=
) ' ) ' ) ' ) ' ) ' ) ' )
200 400 600 800 1000 1200 1400

X (nm)

So sénh pho quang phét quang ctia TiO2 phatap SnO2 10% & dang mang va dang dung
dich:
e Dudng mau xanh : biéu dién phd PL cla dé thly tinh.
e Duong mau do : biéu dién phd PL clia TiO2 /SnO2 & dang mang phét quang & budc
song khoang 520 nm va 710 nm.
e Dudng mau den : biéu dién phd PL clia TiO2 /SnO2 & dang dung dich phét quang &
bwéc song khodng 520 nm va 710 nm.

- C4 hai déu phat quang manh & buéc séng khodng 710nm trong ving kha kién, va phét
quang yéu hon & budc song 510nm, khdng cé si thay doi & dang mang hay dang dung dich.

- Cuong do phat quang & dang mang I&n hon & dang dung dich do bi &nh hwdng béi dé thay
tinh.



Khi tién hanh do & cac nong do khac nhu 5%, 20% ta cling thu dwoc mot két qua twong tw
nhu trén

—— slo 20%
7000 —f 2_0%
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