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Semiconductor compounds of the A"B"' group have long been the subject
of research interest in the fabrication of nanomaterials. For application
purposes, semiconductor nanoparticles or quantum dots based on these
semiconductors are often fabricated as core/shell structures to increase
fluorescence efficiency. Adding a silica shell to these nanoparticles will
limit the flicker fluorescence and toxicity of the quantum dots, further
expanding the biocompatibility for marker applications. In this study,
colloidal CdS/ZnS nanoparticles were fabricated directly in an aqueous
medium for fluorescence emission in the blue region. The CdS/ZnS/SiO,
nanoparticles were then prepared by silica coating for the CdS/zZnS
nanoparticles via the Stober method. The fluorescence intensity of
CdS/znS/SiO, nanoparticles depends on the formation of a SiO, shell
surrounding the CdS/ZnS nanoparticles or on the catalyst present in the
reaction. The luminescence lifetime of CdS/ZnS/SiO, nanoparticles was
determined to be longer than that of CdS/ZnS nanoparticles, which is
suitable for marker applications.
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Thoi gian song

Cac hop chit ban din nhom A"BY' tir lau 1a ddi twong dugc quan tim
nghién ctru trong ché tao vt liéu nano. Dé phuc vu cho cac muyc dich ung
dung, cac hat nano ban dan hay cac chdm lugng tir dya trén cac loai ban dan
nay thuong dugc ché tao dudi dang ciu triic 16i/vo dé tang hiéu suat huynh
quang. Viéc boc thém mot 16p vo silica cho cac hat nano nay s€ han ché
huynh quang nhap nhay va d¢ doc hai ctia cac chim lugng tir, hon nita s&
tang tinh hop sinh cho cac ung dung danh déu. Trong nghién ctru nay, cac
hat nano CdS/ZnS dang keo dugc ché tao tryc tiép trong méi truong nudc
cho phat xa huynh quang trong vuing xanh. Céc hat nano CdS/ZnS/SiO, sau
d6 dugc ché tao bang cach boc vo silica cho cac hat nano CdS/ZnS qua
phuong phap Stober. Cuong d¢ huynh quang cua cac hat nano
CdS/ZnS/SiO, phu thudc vao su tao thanh vo SiO, bao quanh cac hat nano
CdS/ZnS hay phu thudc vao chat xiic tac co trong phan tmg. Thoi gian sdng
phat quang cua cac hat nano CdS/ZnS/SiO, dugc xac dinh dai hon so voi
thoi gian séng phat quang cua cac hat nano CdS/ZnS, thich hop cho cac ng
dung d4nh dau.
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1. Gi6i thiéu

Ngay nay, cac vat liéu ban dan kich thudc nano mét di dugc biét dén 1a hé vat liéu c6 nhiéu
tinh chat thi vi va doc ddo véi cac kha nang ung dung rong rai trong cac linh vuc nhu thiét bi
phat sang, pin mat troi, dién tu, quang hoc phi tuyén, xuc tac, va dan nhan huynh quang va sinh
hoc [1] — [5]. Cac hop chat ban dan nhom A"BY' da va dang 1a dbi tuong dugc quan tdm hang
dau trong ché tao vat liéu nano nhu ZnS, CdS, CdSe,... Day 1a cac vat liéu ban dan vung cam
thang, 6 rong vung cAm tuong ng voi phat xa ¢ cac buorc song tir ving tir ngoai gan dén ving
nhin thiy va hong ngoai gan thich hop voi nhiéu ngudn laser dung trong thyrc nghiém; hon nita
cac vét li¢u nay lai c6 do bén nhiét 46 cao. Dé nghién ctru cho cac myc dich g dung, cac chdm
lugng tir dya trén cac loai ban dan nay thuong duoc ché tao duédi dang cAu trac 16i/vo dé tang
hiéu sudt phat xa nhu CdSe/CdS, CdTe/CdS, CdS/ZnS véi d6 rong ving cdm cua ban dan vo 16n
hon d6 rong ving cAm cta ban dan 13i.

Nhiéu nghién ctru chi ra cac cham luong tur c6 déc diém la huynh quang bi nhap nhay va c6 do
ddc hai nhét dinh. Do d6 viéc han ché cac nhuoc diém cua cham luong tir van 1a van dé tiép tuc
dugc quan tim. Nhitng van dé nay thuong duoc giai quyét bang cach tao ra cac 16p trung gian
hodc cdc 16p vo bao quanh chdm lugng tur. Dé thyc hién dugc didu nay, 16p vo can phai dam bao
dugc su on dinh, khong 1am thay di tinh chat quang ctia chim luong tir va c6 kha niang gin két
v6i cac phan tir sinh hoc; vi du, vo kim loai khong ning hay 16p vo silica trong sudt SiO, 14 cac
lua chon can thiét. Silica 1a mot trong nhitng lya chon tdt dé cai thién nhitng han ché cua chdm
luong tir boi dic tinh tro vé mat hoa hoc, khong bi anh hudng boi phan Gmg oxi hoa khir bé mat
cua 161. Nhimg déc tinh nay da lam cho silica tr¢ thanh mét trong nhimg nguyén t6 dugc st dung
rong rai nhat trong héa hoc nano, dac biét la dé stra d6i bé mit. Viéc su dung 16p phu silica cling
c6 thé giai quyét mot sé van dé chinh lién quan dén viée st dung thuc té chdm luong tur trong cac
g dung sinh hoc. Vi du, 16p phu silica c6 thé giai quyét cac van dé lién quan dén hién anh va sy
bat 6n dinh dang keo cua cac chdm luong tir trong moi truong khic nghiét va doc tinh ciia chdm
luong tir [6] — [8].

Cac phuong phap ché tao hat silica dugc biét dén 1a kha don gian voi kich thude co thé diéu khién
dugc, va c6 thé phan tan t6t trong cac modi truong sinh hoc va trong sudt déi voi ving anh sang nhin
thdy, do d6 phat xa ctia chAm lugng tir khong bi anh hudng béi 16p vo silica. Cac hat nano silica chira
chim luong tir hira hen c6 d6 chéi va khuéch dai tin hiéu quang cao so voi cac hat cham luong tir don
1é. Biéu nay ciing s& lam cai thién dang ké do nhay ctia cac phép phén tich [1], [6].

Mic du da c6 nhiéu nghién clru ve ché tao va céc tinh chat quang cua cac hat nano silica chira
cac cham luong tir, nhung mot vin dé phd bién con dang ton tai d6 13 hiéu suat huynh quang cua
chung bi giam dang ké sau khi boc vo silica, do d6 vin rat can cac nghién ctru tiép theo dé dua
chung vao cac timg dung thuc tidn. Bai bao nay thuc hién nghién ciru ché tao va tinh chét quang cua
cac hat nano CdS/ZnS va CdS/ZnS boc silica (CdS/ZnS /Si0,) trong moi truong nudc va ethanol
cho cac tng dung danh diu huynh quang. Két qua cho thdy, cudng d6 huynh quang cua cac hat
nano CdS/ZnS/SiO, phu thudc su tao thanh vé SiO, bao quanh cic hat nano CdS/ZnS hay phu
thudc vao chdt xuc tic co trong phan ung. Thoi gian séng phat quang cua cac hat nano
CdS/ZnS/SiO, duge xac dinh dai hon so véi thoi gian sdng phat quang cuia cac hat nano CdS/ZnsS.

2. Thyc nghiém va phwong phap

Pé ché tao céc hat nano silica chira cac chim lugng tor CdS/ZnS, nghién ctru thuc hién tao 16p
v6 boc silica cho cac chdm luong tir CdS/ZnS da duogc ché tao trong moi truong nude trudc do.
Céc nghién ciru cho thiy, tinh chit quang cta cic chim lugng tir bi danh huong khi phan tan
chung vao cic mdi truong véi cac gia tri pH khac nhau. Do d6, cac phuong phap ché tao ciing
nhu hi€u qua ctia phuong phap boc ciing phu thudc vao kha nang bi anh hudng bdi cac dung moi
ctia chiing. Viée boc cac chdm lugng tir CdS/ZnS bang 16p vo SiO, lam ting wu thé sir dung cac
hat nay trong céc ing dung y-sinh nhu lam chat danh ddu huynh quang va hién anh sinh hoc. Tuy
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nhién, trong thyc nghiém nghién ctru cia bai bao, cac hat nano chdm lugng tt CdS/ZnS dugc ché
tao sir dung citrate lam chat biy nén chiing c6 nhém chirc carboxyl COO’ trén bé mit; do d6 cac
cham luong tir nay tich dién am trong dung dich. Cac nghién ctru cho thay, mang silica duoc hinh
thanh qua cac qua trinh thuy phan va ngung tu ciing mang dién tich am [9], do do6 viéc dua cac
cham luong tr vao trong nén silica s& vap phai khé khan vi cac cham luong tir co thé co thé bi
déy ra khoi nén silica trong cac qué trinh ché tao vi tich dién cung du voi mang nén silica.

Do cac chim lugng tr CdS/ZnS va mang nén silica cung tich di€n am nén dé dua duogc cac
cham lugng tr ndy vao trong mot hat nano silica thi can phai c6 thém mot chit mang dién tich
dwong 1am chat trung hoa dién tich cta phan tmg dé giit chdm lugng tir trong nén silica. Chiing
toi su dung mot hoa chit 1am trung hoa dién tich bé mit cua cac chim lugng tr trude khi dua vao
mang nén silica 1a chat aminopropyl triethoxvsilane (APTES). Xtc tac cho cac phan tng thuy
phan va ngung ty trong qua trinh tao hat silica 1a NH,OH. Quy trinh ché tao cac hat nano silica
chira chAm lugng tir CdS/ZnS duoc thuc hién theo cac budce sau:

2.1. Ché tao cdc chim lwong tiv CdS/ZnS

Hoa chét str dung bao gdbm: Céac hoa chét st dung bao gém: bot luu huynh, bohidruanatri
(NaBH,, 99%), ethanol (C,HsOH, con nguyén chét), mudi CdCl,.2,5H,0 (99%), ZnCl, (98%),
trihydroy methyl aminomethane (Tris — chat dugc sir dung trong cac mdi truong sinh hoc), nudc
cit (H,0), Na,S.9H,0 (98%), axit sunfuric (H2S0,), axit clohidric (HCI), citrate(Trirodium
citrate dehydrate - CgHsNaz07.H,0) dong vai tro chét diéu khién kich thudc hat.

Budce 1: Quda trinh tao hat CdS

- Tht nhét, trisodium citrate dihydrate dugc cho vao dung dich dém tris — HCl dyng trong
binh ba cb. Sau d6 nhé giot dung dich cadmium cloride c¢6 chira cac ion Cd** vao dung dich trén
trong diéu kién khudy tron manh dé thu dugc dung dich chira cac ion Cd** duge bao quanh boi
cac phan tr trisodium citrate.

- Khi H,S bdc 1én khi nhé chdm dung dich H,SO, 0,05M vao dung dich Na,S trong diéu kién
suc tir tir N, dé tong hop cac hat nano CdS & nhiét d6 6n dinh:

Na,S + H,S0, = H,ST + NaSO, (1)

- Khi H,S dugc dua theo dong chay cua khi N2 dan vao binh ba ¢6 phan tmg véi cac ion Cd*".
Trong diéu kién khqu tron manh lién tuc, cac mam tinh thé cua cac nano tinh thé CdS sé& dugc
hinh thanh va phat trién thanh céc nano tinh thé CdS. Luong khi H,S ban dau du tao thém lién
két treo S* trén bé miat chAm CdS dé ché tao 16p vo ZnS sau nay.

Budc 2: Qua trinh tao 16p vo boc ZnS cho cdc hat CdS

- Dung dich ZnCl, c6 chira Zn** dugc nho tir tir vao trong binh 3 ¢b trong diéu kién khudy
trén manh. Tiép tuc tao khi H,S nhu trén, dugc dan sang binh 3 ¢ phan ung voi Zn** tao thanh
16p vo boc. Cac bude ché tao hat nano CdS/ZnS dugc tom tit trén so dd khdi hinh 1.

2.2. Boc cdc hat nano CdS/ZnS béi I6p vé silica bang phwong phdp Stiber

Céc hat nano chim lugng t¢ CdS/ZnS sau khi ché tao duoc boc thém 16p vo silica bé“mg
phuong phép Stober tao thanh cac hat nano silica chira cdc tdm phat quang 1a cac chim lugng tir
CdS/ZnS - goi 1a cac hat nano CdS/ZnS/SiO,. Nong d6 dung dich cham lwong tir CdS/ZnS dugc
st dung c& 10" mL™. Céc hoa chit sir dung dé ché tao cac hat nano CdS/ZnS/SiO, bao gém: Tién
chat cua silic: tetracthyl orthosilicate (TEOS) -Si(OC,Hs)s, chdt 1am trung hoa dién tich:
aminopropyl triethoxysilane (APTES) - (C,HsO)s- Si- CsHg-NH,, > 98%, ethanol - C,HsOH
(Merck), xtic tic cho phan ting sol-gel: Dung dich ammoni hydroxyde - NH,OH 28%. Cac chdm
lwong tir (QDs) CdS/ZnS duge ché tao trong nude va nudce cat hai 1an va nude khir ion.

Céc budc ché tao cac hat nano silica chira cac cham lugng tir CdS/ZnS duoc thyc hién theo so
d6 trén hinh 2 véi quy trinh nhu sau: Lay mot luong dung dich QDs CdS/ZnS va APTES phan
tan vao dung dich ethanol, hdn hop dugc rung siéu 4m trong trong vong 5 phut & diéu kién nhiét
do phong. Nho tir tir hdn hop nay vao mét luong dung dich ethanol da cho mot lugng TEOS dang
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khudy tir. Sau dé, cho vao hdn hop dung dich nudc cét va xtc tic NH,OH véi lugng cac chét tiy
theo cac thi nghiém khao sat. Phan tmg s& cho san pham cudi cing 1a cac hat nano silica chira cac
chim lugng tor CdS/ZnS (CdS/ZnS/Si0,). Céc hat nano CdS/ZnS/SiO, dugc ché tao voi cac ty 1€
mol TEOS:Cd:NH,OH lan luot 14 1,5:4:1; 1,5:4:3, va 1,5:4:4,5. Quy trinh ché tao cc hat nano

CdS/zZnS/SiO, dugc minh hoat trén hinh 2.

Dung dich dém
+ Citrate

CdCl>+H0O

Khudy tir
750v/p
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Khudy tir
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Hinh 1. So do quy trinh ché tao hat nano cham lrong tir CAdS/ZnS
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CdS/ZnS/Si02
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Hinh 2. So d6 quy trinh ché tao hat nano CdS/ZnS/SiO,
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Kich thudc va hinh dang ciia cac hat nano dugc xac dinh qua kinh hién vi dién tir truyén qua
(TEM) va kinh hién vi dién tu quét (SEM) trén cac h¢ do cia Vién Khoa hoc Vit liéu, Vién Han
lam khoa hoc va Cong nghé Viét Nam. Céu trac vat lidu duge xac dinh qua gian dd nhiéu xa tia
X trén thiét bi cua hang Siemen, model D5000 (Puc) tai truong Pai hoc KHTN, DPai hoc Quéc
gia Ha Noi. Pho hép thu quang hoc dugc do biang may quang phd JASCO; phd huynh quang
dugc ghi lai trén may quang pho ké Cary Eclipse (Varian) va phép do thoi gian séng phat quang
duoc thuc hién trén h¢ do tai vién Vat ly, st dung nguén kich thich 1a diode phat quang (LED).

3. Két qua va thio luin

Hinh 3 trinh bay anh TEM ctia cic chdm luong tir CdS/ZnS phan tan trong nudc; anh cho thiy
céc hat nano nay 1a cac dam hat nano, ciing kha don phan tan va c6 dang la cac cham nho. Quan
sat qua anh TEM, kich thudc cac hat ndy dugce danh gia ~ 3 — 5 nm. Két qua do nhiéu xa tia X
ctia mau hat nano CdS/ZnS duoc trinh bay trén hinh 4. bdi voi cac chdm lugng tor CdS/ZnS ché
tao trong dung moi nudc/citrate, Kkét qua nhiéu xa tia X cho théy, hiéu suét két tinh ctia miu con
kém hiéu qua, khong dugc tot nhu cac chim lugng tir ché tao trong dung méi ¢ nhiét do cao.
biéu nay co thé giai thich la vat liéu nano CdS/ZnS chua dat dugc do két tinh trong moi truong
nuée nhu didu kién thyc nghiém, can tim ra didu kién t6i wu hon. Gian d6 nhimg tia X cta miu
clng cho thay CdS c6 céu triic greenockite con ZnS két tinh & dang luc gidc wurtzite. Cac vach
nhidu xa ciing quan sat thdy duoc do rong pho kha 16n chung to cac hat co6 kich thudc nano mét

20 nm

Hinh 3. Anh TEM ciia céc hat nano CdS/ZnS

Hinh 5 trinh bay phd hép thy cia cic hat nano CdS va CdS/ZnS ché tao trong mdi trudng
nudc/citrate. Khong quan sat thdy dinh hap thu; bo hap thu quan sat thiy khong duoc sic nét nhu
trong trudng hop cac hat nano ché tao trong cac dung méi hitu co & nhiét do cao. Diéu nay ciing
pht hop v6i két qua do nhidu xa tia X. C6 thé thiy bo hip thu cua cc hat nano CdS/ZnS khong
léch nhiéu so véi b hép thu ctia cac hat nano CdS.

Do khéng quan sat thiy dinh hip thu nén khé c6 thé xac dinh dugc nang luong ving cam ctia cac
hat nano CdS va CdS/ZnS bang phuong phap ngoai suy tir dd thi ciia phd hap thu. Do T0ng vung cAm
cua cac hat nano dugc wdc tinh gan ding tir bo hap thy ~ 452 nm. St dung biéu thirc Brus —
Kayanuma trong phuorng phép gin ding khdi luong hiéu dung dugc phat trién boi L. Brus trong
trudng hop giam giit manh sé tinh dwoc d6 rong ving cAm hiéu dung cua cac chdm luong tir [11]:

2,2
-E A,.+h—“(é—i*)— LIS )
me

E
gh@t nano gkhol 2er2 mh 47[80 er

trong do, dbi voi ban din CdS c6 khéi lugng hiéu dung cua electron va 16 trong 1a m, = 0,21m,; my,”
= 0,68 m,, hang sb dién & = 9,4. Tir cong thirc nay, kich thuéc hat nano CdS dugc wdc tinh ~ 3 nm.
Hinh 6 trinh bay phd huynh quang cia cac hat nano CdS va CdS/ZnS dudi budc song kich
thich 310 nm cta dén Xenon. Mau CdS/ZnS duoc ché tao v6i bude co ZnS cudi cung trong quy
trinh ché tao dugc khudy & 75°C trong mot khoang thoi gian nhat dinh. Phd huynh quang cua hat
nano CdS quan sat théy hai dai hﬁp thy, mét dai co cuc dai & budc song 480 nm — la phat xa ndi
tai cua CdS, mot dai & phia song dai dugce quy cho phat xa bé mit. Phd huynh quang ciia miu
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CdS/ZnS khéng quan sat thiy phat xa bé mit nita, chi c6 phat xa noi tai ciia CdS ciing tai 480 nm
va cuong do phat xa 16n hon nhiéu so v6i cuong d6 phat xa cua hat CdS khong c6 ZnS. Di€u nay
cho thay vai tro cua 16p vo boc ZnS lam tang hi€u suat phat xa cta hat nano CdS.

4 m ZnS

¢ CdS

Cudng dé (d.v.t.y.)

20 do

Hinh 4. Gidn dé nhiéu xa tia X ciia céc hat nano CdS/ZnS

_
%] > 600000 480 nm = = =CdS
: m— CAS/ZNS
e T nods S 500000+
‘? — CdS/ZNnS 0
>
5 041 g 4000001
:.
: S 300000
E- Engs Khoi 25eV E
2] - 200000
8 > . 452nm (~490 nm) <
-
»
* %" 100000
0.0+ Semaa " s mmmmom 5 0+
400 450 500 550 600

400 450 500 550 600 650 700

Budc séng (nm) Buéc séng (nm)

Hinh 5. Phé hdp thu ciia cdc cham lwong tir CdSva  Hinh 6. Phé hdp thu ciia cdc cham lwong tir CdS
Cds/zns va CdS/ZnS

is.Lm Rlstiiarl -w.mm;nmﬁ a
Hinh 7. Minh hoa cdu Hinh 8. Anh TEM cdg cac hat nano CdS/ZnS/SiO, duwoc ché tao voi luong gcdc
triic [6i/vo cua cac hat tac NH4OH thay doi theo ty I¢ mol TEOS: Cd:NH,OH tu trdi sang phdi lan
nnao CdS/ZnS da che tao lwotla 1,5:4:1; 1,5:4:3, va 1,5:4:4,5
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(1) CdS/ZnS
(2) CdS/ZnS/Si0; Nypog Ny My, = 1,5:4:1
(3) CAS/ZnS/Si0s Typogi Ney Mypy,on= 1,5:4:3
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Hinh 9. Phé hdp thy cua cac hat nano CdS/ZnS/SiO; cdc lwong xuc tac khac nhau (md~u 2,3, 4)
so sanh voi cac cham luong tir CdS/ZnS khong boc (mau 1)
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Hinh 10. Phé hupnh quang ciia cdc hat nano Hinh 11. Puong cong suy giam huynh quang
CdS/ZnS/SiO, ché tao véi cdc lugng xuc tdc khdc nhau cua cdac hat nano CdS/ZnS/SiO; so sanh voi
(mau 2, 3, 4) so sanh véi cdc cham lwong tir CdS/ZnS cdc hat nano CdSe/CdS véi cing heong tién

khéng boc (mdu 1) chdt ban dau va ciing nong dg cham leong tir
CdS/ZnS

So sanh pho huynh quang cia cac hat nano CdS/ZnS voi pho huynh quang ctia cac hat nano
161 CdS trong cung diéu kién s& cho thong tin vé cau trac cia cac hat nano CdS/ZnS. Trudc hét,
phai khing dinh riang phat xa & 480 nm cua cac hat nano CdS/ZnS chinh 13 phat xa cta ban dan
CdS 161, khong thé 14 phat xa ctia ban dan ZnS vi ban dan khéi ZnS c¢6 do rong vung cam 1a 3,6
eV (tuong ing voi phat xa ¢ bude song ~344 nm). Két qua nay clng phu hop v6i két qua do phd
hap thy: bo hép thu cia cic hat nano CdS/ZnS khong dich nhiéu so voi by hap thy cia CdS.
Cuong d6 phat xa ciia cac hat nano CdS/ZnS ting 1én dang ké so voi cuong do phat xa clia cac
hat nano CdS 15i ching to 16p ban dan CdS di tao thanh 16p vo boc xung quanh cac hat nano
CdS dé han ché cac trang thai bé mit, lam giam cac tai hop khong birc xa lam cuong d6 huynh
quang ting 1én. Nhu vy, c6 thé khing dinh cu tao cua cac hat nano CdS/ZnS bao gém 151 CdS
va vo ZnS (hinh 7).

bé tang kha nang cho cac trng dung danh dAu, cac chAm lugng tir CdS/ZnS duogc boc thém 16p
v6 silica nhu trinh bay ¢ myc 2. Hinh 8 trinh bay anh TEM ciia cic mau hat nano CdS/ZnS/SiO,
dugc ché tao voi lugng xiic tic thay ddi, trong d6 c6 anh HR-TEM chup tir mot viing trong mot
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hat nano SiO, (anh nho bén phai) trong d6 quan sat thiy mién két tinh trong hat SiO,. Mién két
tinh nay dugc quy cho cac cham lugng tir CdS/ZnS c6 trong hat nano silica.

Dbi véi lugng xuc tac it (anh thtr nhat, bén trai trén hinh 8), cac hat nano SiO, chua hinh thanh
rd nét. Tuy nhién cling co thé thay cac dam Si0O, co cum lai thanh cac vi tri hat nhu trén hinh voi
kich thuéc trung binh khoang 60-80 nm. Trong phuong phap Stober, lugng xuc tac NH,OH cé
vai trd quan trong trong qua trinh tao hat, né vira cung cip nuéc cho phan tmg thity phan, vira tao
mdi trudng pH cao thuc diy phan tung ngung tu. Khi luong xtic tac chua di, cac hat silica chua
hinh thanh duogc tron dﬁy. Khi lugng xtic tac tang 1&én 300 pL, cac hat nano SiO, da hinh thanh r6
bién hat. Khi lugng xtic tac tang gép 4.5 1an, cac hat nano silica hinh thanh kha tron véi bé mat
tuong d6i nhén, kich thudc tir 100-120 nm. Tuy nhién cac nghién ctru chi ra ring, véi cac luong
xuc tac cao hon s& anh hudng dén phat xa cta cac chim luong tu.

Tinh chat hp thu cta cac hat nano CdS/ZnS/SiO, duoc khao sat trong ving UV-VIS trong
diéu kién nhiét d6 phong theo anh hudng cia lugng xlc tac c6 mit trong qua trinh phan tng.
Hinh 9 trinh bay phd hap thu cua cac hat nano CdS/ZnS/SiO, theo lugng xtic tic NH,OH so sanh
v6i phd hép thu cua cac hat nano CdS/ZnS véi ciing ndng d6 chim lugng tir. C6 thé thdy pho hap
thu cua cac hat nano CdS/ZnS/SiO, 1a mot duong doc va khong thé quan sat thiy duoc bd hip thu
nhu trong phd hép thu ciia cac chdm luong tir CdS/ZnS khéng boc silica, diéu nay co thé giai
thich 1a do 6 sy twong tac giita cdc cham luogng tir voi nén silica va do hap thu cta nén silica nén
khong quan sat thdy bo hip thy. Do hap thu cua cac hat nano CdS/ZnS/SiO; cao hon hén cac
cham luong tir CdS/ZnS 1a do déng gop hép thu cua nén silica.

Hinh 10 trinh bay phd huynh quang cuia cac hat nano CdS/ZnS/SiO; duoc ché tao véi cac lugng
xuc tac thay d6i so sanh vai cac hat nano CdS/ZnS khong boc silica dudi budc song kich thich 310
nm ctia dén Xenon. C6 thé thiy dinh phat xa huynh quang cta cac hat nano CdS/ZnS/SiO, khong bi
léch nhidu so véi cuc dai phat xa cua cac hat nano CdS/ZnS. Piéu nay chimg t6 phat xa cla cac
mau hat nano CdS/ZnS/SiO, 1a phat xa clia cac cham luong tir CdS/ZnS.

Két qua do huynh quang cho thiy, cuong do phat xa ciia mau CdS/ZnS/SiO, véi lugng xic tac
nho nhat (méu 2) bi giam dang ké so vdi cac hat nano CdS/ZnS khong boc silica. Piéu nay duoc
giai thich 1a do lugng xtic tic nho, khong du dé tao hat SiO,, cic chdm lugng tir CdS/ZnS sé& bi
mat mat trong qua trinh rira mau, lam huynh quang giam. Piéu nay ciing thé hién khi quan sat
trén anh TEM hinh 8. Cudng d6 huynh quang cua cac hat nano CdS/ZnS/SiO, (mau sb 3,
Nteos:Neg:Nnnaon 12 1,5:4:3) tang cao so voi cac hat nano CdS/ZnS khong boc. biéu nay cé thé
giai thich cac hat SiO, da tao dugc hoan chinh va boc duogc cac chdm luong tdr CdS/ZnS, 1am
cudng do huynh quang ting. Vi mau co luong xuc tac 16n nhét (mﬁu 4), cuong do huynh quang
lai giam du hat nano silica tao thanh kha dong déu va c6 dang cau. Su giam huynh quang nay c6
thé duoc giai thich do luong xtc tac 16n, giy nén d6 pH cua dung dich tang, dan dén lam giam
phat xa ctia cac chdm lugng tir CdS/ZnS trong nén silica. Nhu vay, néu chi quan tim dén cuong
d6 phat xa, can chon ty 18 chét xuc tac hop 1y.

Quan sat trén phd huynh ‘quang hinh 10 cho thay, phia trai cta phd huynh quang cta cic miu
CdS/ZnS/SiO;, (phia song ngin) c6 xuat hién mot sO vai nho gan vi tri budc song 400 - 420 nm. Céc
dinh phat xa nay c6 thé quy cho phat xa cuia nén SiO, vi phat xa cia mang Si0, ché tao bang phuong
phép sol-gel c6 thé quan sat thdy bang thuc nghiém trong khoang tir ~ 400 dén 600 nm [10].

Hinh 11 trinh bay dudng cong suy giam huynh quang ctia cac hat nano CdS/ZnS/SiO, mau
ché tao v&i ty 1€ mol ntegos:Ncg:Nnmaon 12 1,5:4:3 so sanh voi cac hat nano CdS/ZnS voi cung
lwong tién chat ban dau va cing ndng d6 chdm luong tir CdS/ZnS véi bude song kich thich cua
laser 480 nm, budc song phan tich 1a 480 nm. Nhu da biét, duong cong dap tit dan huynh quang
clia cdc hat nano ban dan hay cham lugng tir 1a mot tip hop cua nhiéu ham mi (multi —
expomential). M&i mot thanh phan ciia mot tp hop hat nano c6 thoi gian séng theo ham mii don
riéng cua nd, va phan bd cac tdc do tit din bén trong tp hop ndy sinh ra su tit dan theo nhiéu
ham mii. Thém nira, sy tit din huynh quang cia m&i mot thanh phan 1a ham don mil tai thoi diém
da cho, nhung n6 thing giang theo thoi gian, do vy su tit dan huynh quang cua cac hat nano
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chim luong tir (thdm chi 1a don hat) va ciia tap hop cac hat nano thuong tuan theo nhiéu ham mii.
Str dung két qua phan tich theo tap hop nhiéu ham mi, thoi gian sdng trung binh ciia cac hat nano
CdS/ZnS/SiO, duoc xac dinh 1a ~ 38,6 ns, va 16n hon thoi gian sdng trung binh ciia cac hat nano
CdS/ZnS khong co 16p vo silica (dwoc xac dinh ~ 33,5 ns). Diéu nay c6 thé giai thich do c6 16p vo
silica, phat xa ctia cac hat nano CdSe/CdS duoc 6n dinh hon, nén thoi gian séng dai hon. Piéu nay
¢6 ¥ nghia trong viéc dura cac hat nano CdS/ZnS/SiO, cho céac (mg dung danh diu huynh quang.

4. Két ludn

Trong bai bao nay, chung t6i di lan dau tién ché tao thanh cong cac chim lugng tir CdS/ZnS
va CdS/ZnS/Si0, tryc tiép trong mdi truong nude va ethanol. Cuong do huynh quang ciia cac hat
nano CdS/ZnS/SiO; phu thudc sy tao thanh vo SiO, bao quanh cac hat nano CdS/ZnS hay phu
thudc vao chéat xtic tic co trong phan ung. Thoi gian séng phat quang cta cac hat nano
CdS/ZnS/SiO, dwoc xac dinh dai hon so voi thoi gian sdng phat quang cta cic hat nano
CdS/ZnS. Chung t6i s€ tiép tuc thyc hién nghién ctru ché tao cac chidm lugng tr ban dan A"B"
pha tap ion dat hiém boc vo silica cho cac ing dung phat sang.

Lo1i cam on

~ Nghién ctru nay duoc tai trg boi dé tai Khoa hoc Cong nghé cap Bo Gido duc va Pao tao ma
s0 B2022-TNA-37.
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