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MO PAU
1. LI DO CHON DPE TAI

Vit li¢u nano v6i1 nhitng ng dung rong rai ciia né trong khoa hoc cling nhu
trong doi song dang dugc quan tdm nghién ctru ché tao ciia nhidu nha khoa hoc
trong va ngodi nudc hang thap ky nay, trong d6 vat liéu nano ban dan gitr mot vi tri
quan trong. Cac vat liéu nano dya trén hop chit A, By, duogc nghién clru nhiéu hon
ca. Cac vat liéu ban dan nay c6 vung cAm thiang, phd hip thu ndm trong ving nhin
thiy va mot phan nam trong mién tir ngoai gan, c6 hiéu suét phat xa 16n, do d6 thich
hop véi nhiéu ung dung trong thuc té. Trong cac hop chit A, By, cac hop chit CdS,
ZnS thu hut duoc nhiéu quan tam. Hop chat CdS 1a chat ban din c6 ving cim
théng, ¢ dang don tinh thé khéi, do rong vung cAm cua né 1a 2,482 eV tuong rng
v6i cac dich chuyén tai hgp birc xa nam trong ving 4nh sang nhin thiy, hiéu suét
lugng tr cao, dang dugc nghién ctiu ché tao cho cac ung dung trong nhitng nganh
cong nghé cao nhu trong cac thiét bi quang tir hay cong nghé danh dau sinh hoc.
Trong khi d6, ban dan, hop chat ZnS (Eq = 3,68¢V & 300K) dugc biét dén nhu mot
loai vat liéu dién-huynh quang truyén thdng. Vi ZnS c6 do rong ving cam 16n nén
n6 c6 thé tao ra nhiing bay bat dién tir kha sau trong vung cam, tao diéu kién thuan
lgi cho viéc dua cac tam tap (chét kich hoat) vao dé tao nén trong vung cAm nhiing
mitc nang luong xac dinh. Vi thé trong phd phéat quang ciia chiing xuét hién nhiing
dam phat quang dic trung cho cic tdm tap nim & ving nhin thiy va ving hong
ngoai gan. Céc chat kich hoat thuong sir dung 13 cac nguyén t6 kim loai chuyén tiép
voi1 16p vo dién tor 3d chua lép dﬁy: Mn, Fe, Ni, Co, Cu. Chinh vi tAm quan trong va
kha nang tng dung rong rii cta chat phat quang ZnS, CdS ma chung toi da chon dé
tai “Tong hop va nghién civu tinh chdt phdt quang ciia sunfua kém va sunfua

cadimi kich hoat boi mangan”.

Trong luan vin nay chung toi da tong hop cac hat nano ZnS, CdS bing phuong
phap dong két tia, dong thoi khao sat tinh phat quang cta chung khi kich hoat boi

Mangan.



2. MUC PiCH NGHIEN CUU
> Nghién ctru ché tao vat liéu nano ZnS, ZnS:Mn, CdS, CdS:Mn c6 kich

thudce nano.
> Khao sat hinh théi va cdu tric vat liéu tong hop dugc.
> Nghién ctru anh huéng ctia nong do pha tap Mn 1én tinh cht quang
cia cac mau bot. Tir d6 xac dinh ham luong tdi uu cua Mn dé mau co tinh
chat quang t6t nhat.

3. PHUONG PHAP NGHIEN CUU
> Phuong phap nghién ciru i luan: Dya trén co sé cac két qua tinh toan
1i thuyét.
> Phuong phap thuc nghiém.
> Phuong phap trao doi va tong két kinh nghiém.

4. CAU TRUC CUA LUAN VAN

> Loindidau
> Noi dung
o Chuong 1: Téng quan vé vt liéu nano

o Chuong 2: Thuc nghiém

. Chuong 3: Két qua va thao luan
>  Kétluan
> Tai liéu tham khao



Chwong 1: TONG QUAN VE VAT LIEU NANO

1.1. Gi¢ithiéu chung vé vatliéu nano
1.1.1. Phan loai vat liéu

1.1.1.1. Phén loai theo hinh dang cia vét li¢u [1]

Vit liéu ban din duogc phan ra thanh vat liéu khéi (hé ba chiéu) va vat liéu
nano, trong do vat li€u nano lai dugc chia nho hon thanh : vat liéu nano hai chiéu
nhu mang nano, vat liéu nano mot chiéu nhu thanh nano, day nano, vat li¢éu nano

khong chiéu nhu dam nano, hat nano (hay 1a chim luong ti).

bé dic trung cho vat liéu ban dan ngudi ta dung dai lugng vat Iy mat do
trang thai luong tir, d6 1a s6 trang thai lugng tir c¢6 trong mot don vi ning luong cia
mot thé tich tinh thé. Dé xac dinh mat do trang thai lugng tu phé nang luong, céac
trang thai cta céc electron ¢ vung dan va 10 tréng & ving héa tri, ta phai giai

phuong trinh Srodingo:

2m*

o
(_ +-—=+ —3) Y(x,y,z) = E¥(x,y,2)
ay dz - i

fat

* Vi vt ligu bdn din khoi 3D

3
1 (2m")?
Dsd(E):Zﬂz(nz] E-E.

Trong do: e m’: khéi luong hiéu dung cua dién tir hodc 16 tréng,
e E: nang lugng,

e Ec: ning lugng day ving dan hodc dinh ving héa tri.



) EU"J ,y.z) d) Dy (E)
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Hinh 1.1: Electron trong vdt rdn khoi 3 chiéu
* Vi vt liéu nano hai chiéu 2D
Vat liéu nano hai chiéu Ia vat liéu cé kich thuéc nano theo mot chiéu va

hai chiéu tu do, vi du: mang mong.

Ak,

Hinh 1.2: Electron trong vt rcn 2 chiéu



* Vit ligu nano mét chiéu 1D

La vat liéu trong d6 hai chiéu c6 kich thudc nano, dién tir duoc tu do trén

mot chiéu thudng thiy & day nano, ng nano.

(0,10) nanotube

a/Day nano k&m oxit 16n trén dé silic b/ Ong nano cacbon

Hinh 1.3: M6 #d vdt liéu nano mét chiéu

Mat d6 trang théi Dq(E):

-1

Dld (E) = %Z(E - EN )?

C) d)

e kx ] - k},_; : — ! i Ll
Ak —0 Ak

Hinh 1.4: Electron trong vt rcn 1 chiéu



* Vi vt liéu nano khong chiéu 0D

La vt liéu trog d6 ca ba chiéu déu la cd kich thuéc nano, khong con chiéu

tu do nao cho dién twr, vi du: dam nano, hat nano.

a/ BDam nano b/ Hat nano

Hinh 1.5: Miéu ta hat nano va dam nano
Ta xét truong hop véi cham luong tir : cac hat tai dién va cac trang thai kich
thich bi giam giit trong ca ba chiéu. Khi d6 chuyén dong cia céac electron bi gidi
han trong ca ba chiéu, vi thé trong khong gian k chi ton tai cac trang thai gian doan
(kx, Ky, k7). Mat do trang thai luong tir ciia vat liéu nano khong chiéu 0D duoc biéu

dién: D, (E)=26(E-E,)

a) b) k!

z N (k,=0, k:'=[|_ k,=0)
A A7
X Y "

c)

C ‘xyz
Akyy

Hinh 1.6: Electron trong vt rcn 0 chiéu



Burc tranh téng quat vé vt liéu ban din khoi (hé ba chiéu) va vat liéu nano
(h¢ hai chiéu, mot chiéu, khong chiéu hodc cham luong tir) va phd mat do trang thai

lugng tir ctia chung dwgc dan ra & hinh 1.7.

y 7 .

IIIIIIIII 0D
(Quamum Well) (Quanrtum Wire) (Quaamm Dot)
(Bulk)
- m @ | h N @
= 2 = ll‘l L | z
z \ '\, \\
} \J '\\' \_
V= S SR | 3 88 3
E E E E
(@)

©) (d)

Hinh 1.7: (a) Hé vdt ran khéi ba chiéu 3D, (b) Hé hai chiéu 2D (mang nano),
(c) Hé mét chiéu 1D(ddy nano), (d) Hé khéng chiéu 0D (hat nano)

1.1.1.2. Phan loai theo tinh chét vat liéu thé hién sw khac biét & kich
thwdc nano

Nguoi ta cin ctr vao cac linh vuc tng dung va tinh chat dé phan chia cac
loai hat nano dé thuan tién cho cong viéc nghién ciru. O day ching toi dua ra mot
s6 loai hat duoc phan chia: Vat liéu nano kim loai, vat liéu nano ban dan, vat liéu

nano ttr tinh, vat liéu nano sinh hoc.

Nhiéu khi ngudi ta phdi hop hai cach phan loai véi nhau, hodc phdi hop
hai khai niém nho dé tao ra cac khai niém moi. Vi dy, di twong chinh cta ching
ta sau day la "hat nano kim loai" trong d6 "hat" dugc phan loai theo hinh dang,
"kim loai" duoc phan loai theo tinh chat hodc "vat liéu nano tir tinh sinh hoc"

trong d6 ca "tir tinh" va "sinh hoc" déu I1a khéi niém c6 duoc khi phan loai theo tinh

chat [5].



1.1.2. Cac hiéu &ng xay ra khi vat liéu & Kich thwéc nano

1.1.2.1. Hi¢u #ng bé mit

Khi vat liéu c6 kich thuéc nho thi ti sb gitra sé nguyén tir trén bé mit va
tong sd nguyén tir cia vat liéu gia ting. Vi dy, xét vat lidu tao thanh tir cac hat
nano hinh cau. Néu goi ns 1a s6 nguyén tr nam trén bé mat, n 1a tong sd nguyén
tir thi méi lién hé giira hai con sb trén s& 13 ns = 4n® /3. Ti sb giita s nguyén tir
trén bé mit va téng s6 nguyén tir s& 1a f = ng/n = 4ry /r, trong do r,, 1a ban kinh cua
nguyén tir va r 1 ban kinh cta hat nano [2]. Nhu vay, néu kich thuéc cua vt
liéu giam (r giam) thi ti s6 f ting I&n. Do nguyén tir trén bé mat c6 nhiéu tinh chat
khac biét so véi tinh chit cua cac nguyén tir ¢ bén trong 10ng vt liéu nén khi kich
thude vat lidu giam di thi hiéu tng c6 lién quan dén cac nguyén tir bé mat, hay con
goi 12 hiéu Gmg bé mat ting 1én do ti sb f ting. Khi kich thudc cua vat liéu giam
dén nm thi gia tri f ndy ting Ién dang ké. Hiéu tng bé mit ludn co tac dung vai
tat ca C4c gia tri cua kich thudc, hat cang bé thi hiéu Gmg cang 16n va nguoc lai. O
day khong c6 gidi han nao ca, ngay ca vat lidu khéi truyén thong cling ¢6 hiéu
mg bé mat, chi ¢ diéu hiéu Gmg ndy nho thudng bi bo qua. Bang 1.1 cho biét mot

s6 gia tri dién hinh cta hat nano hinh cau [5].

Bdng 1.1: So nguyén tiz va ndng lwong bé mat cia hat nano hinh cau

Puong kinh | S6 nguyén || Ti s6 nguyén tir | Nang luong bé | Ning luong bé mat/

hat (nm) tir trén bé mit (%) | mit (erg/mol) | Ning lrong tong(%)
10 30.000 20 4,08x10" 7,6
5 4.000 40 8,16x10" 14,3
2 250 80 2,04x10% 35,3

1 30 90 9,23x10%? 82,2



1.1.2.2. Hiéu ing lwgng tir lién quan téi kich thudc hat

Dbi véi vat lidu vi mdé gdm rat nhidu nguyén tr, hiéu Gng luong tir duoc
trung binh hoa cho tat ca cic nguyén tir. Vi thé ¢ thé bé qua nhitng khac biét ngiu
nhién cua ting nguyén tr ma chi xét cic gia tri trung binh cua ching. Nhung d6i
v6i cAu trac nano, do kich thudc vat lidu rat bé, hé co rat it nguyén tr nén céc tinh
chat luong tir dugc thé hién rd hon va khong thé bé qua. Piéu nay 1am xuat hién &
vat liéu nano cac hiéu Gmg luong tir nhw nhitng thay doi trong tinh chat dién va tinh
chét quang [6].

Hat nano Vat liéu khdi

% : buéc séng % : bwéc song

J

O
QO
(©)

|

Mikrc nang hwong

ug.oa.oa
)
006
$80 o

0

Mirc nang hwong

i AE nanoe = AEnéi l%
———————— ‘ AEnane AFEpnéi %

Hinh 1.8: M td sw md réng ving cam, lién quan chat ché
toi dac tinh quang va dién cua vt liéu.
Biéu hién rd nét cua hiéu ung luong tir 1a sy mo rong vung cAm cua chat ban
dan ting dan khi kich thudc hat giam di va quan sat thdy sy dich chuyén vé phia
cac budce song xanh ciia by hip thu. Su phan chia thanh cac ché do giam giir lwong

ttr theo kich thude duoc biéu hién nhu sau:

e  Khi ban kinh hat r < 2rg, ta c6 ché do giam gitt manh. Cac dién tir va 15
tréng bi giam giit mot cach doc lap, tuy nhién twong tac giita dién tur - 16 tréng van
quan trong.

e Khir = 4rgtaco ché do giam giit yéu.

e Khi2rg < r < 4rgtacé ché do giam gitr trung gian.
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1.2 . Vatliéu nhom AyBwv

1.2.1. Cau trl’lc’cﬁa vat liéu ‘

Ban dan hop chat II-VI dugc img dung rOng rai trong nhiéu linh vyc dic biét
13 linh vuc ché tao té bao ning lwong mit troi, vat liéu quang dan, dau do quang, té
bao quang hda. Ban dan II-VI gdm thanh phan dugc tao thanh tir nguyén té nhoém 11
va nguyén tb nhom VI trong bang hé thdng tudn hoan. Ban din hop chét II-VI, cu
thé 1a ZnS, CdS, CdTe, CdSe ..., tir 1au dd dugc quan tAm nghién ctru dé ché tao cac
vat liéu quang dan trong ving anh sang nhin thay[3].

ZnS 13 hop chit ban din c6 d6 rong vang cAm twong ddi rong tao didu kién
thuan loi cho viéc dua chét kich hoat vao dé tao ra bot phat quang v&i birc xa tao ra
trong ving nhin thiy va viing hong ngoai gan. Trong ZnS cac nguyén tir Zn va S c6
thé lién két dang hdn hop ion (77%) va cong hoa tri (23%). Trong lién két ion thi
ion Zn?* ¢6 cdu hinh dién tir 16p ngoai cing 1a 3s*p%d™ va S* ¢6 ciu hinh dién tur 16p
ngodi cuing 1a 3s%p®. Cac nguyén tir Zn va S lién két voi nhau theo mot ciu truc tudn
hoan, tao thanh tinh thé. Tinh thé ZnS c6 hai c4u hinh chinh 1a mang tinh thé lap
phuong (hay sphalerit) va mang tinh thé luc gidc (hay wurtzit). Tuy thudc vao
phuong phap va diéu kién ché tao, trong d6 nhiét d6 nung 14 thong sb quan trong ma
ta thu dugc ZnS ¢ ciu hinh sphalerit hay wurtzit. Du & dang cau tric sphalerit hay
wurtzit thi nguyén tr Zn (hoic S) déu ndm & tdm t&r dién tao boi 4 nguyén tir S
(hoac Zn) [8].

béi vai hop chit ban dan CdS, chét lugng bé mit cua mang phu thudc vao
phuong phap ché tao mang, quan trong 1a mang khong bi han ché vé kich thudc,
khong bi gidi han vé bé rong ctia mang va c6 kha ning dat duoc bé diy nho nhat dé
cho su ton that nang lwong quang 1a thap nhat [12].

Nhiéu nghién ctru khac nhau di chi ra ring CdS ton tai & ca hai dang céu trac
luc phwong xép chit va lap phuong. Sy hinh thanh pha cu tric luc phuong xép chit
hay lap phuong hodc 1 ¢ ca hai cau trac 1dn vao nhau phu thudc vao nhiéu yéu to

clia cong nghé ling dong[13].
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1.2.1.1. Ciu tric mang tinh thé lap phwong hay sphalerit

CAu tric dang 1ap phuong duoc xac dinh trén co s¢ quy lut xép cau cta hinh
lap phuong véi cac dinh 1a nguyén tir B (S). Cac nguyén tir Zn (Cd) duoc ky hiéu la
A dinh hudng song song véi nhau. Nhom ddi xtmg khong gian cua sphalerit 13
T - F43m. O céu tric sphalerit, mdi 6 mang nguyén t6 c6 4 phan tir A;By,. Mbi
nguyén tir A dugc bao quanh boi 4 nguyén tr B dugc dat trén cac dinh cua tir dién ¢

a s ‘ . ‘

cung khoang cach N 7 trong d6 a 1a hing so mang (a = 5.400 A). Ngoai ra bat ky
mot nguyén td ndo thudc cing mot loai ciing duoc bao quanh bai 12 nguyén tir cing

C 2 , , a , Ao sl 2 3 Ao n
loai d6 ¢ khoang cach J2 > trong d6 6 nguyén tir dat ¢ luc giac nam trén cung mot

mat phang, con 6 nguyén tir con lai tao thanh mot phan ling kinh tam giac[15].

Hinh 1.10 : Cdu triic sphalerit ciia tinh thé CdS
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Néu dit cac nguyén tir cia mot nguyén td B & cac nit mang 1ap phuong, tim
mang co toa do cau la (0,0,0) thi cac nguyén tir cua nguyén t kia tai cac nit mang

cta tinh thé sphalerit ndy nhung v6i nat mang dau c6 toa do (% : %%) . Khi do:

. Co6 4 nguyén tu B & cac vi tri :
000); (12,2 )i [20.1]: (250
2 2 2 2 22

. Co6 4 nguyén tr A ¢ cac vi tri:
111).(133).(313).(331
4'4°4)'\4'4’4)'\4'4’4)" 4’4" 4)

Bdng 1.2 : Cac théng sé mang tinh thé ciia mét sé hop chat thugc nhém A, By,

, Nhém doi Hing s6 mang
Hop | Loai cau truc
, X xurng khong
chat tinh thé _ a=b (A% | c (A% | u(A° cla
gian

Lap phuong Fa3m(Ty) 5.4000

ZnS 5 6.2340 1.6360
Luc giac P63mc(CZ,) 3.8200
Lap phuong F43m(Ty) 4.2700

ZnO 5.2059 | 0.3450 | 1.6020
Luc giac P63mc(C.,) 3.2495
Lap phuong F43m(Ty) 5.8350

CdS 6.7134 1.6230
Luc giac P63mc(C.,) 4.1360
Lap phuong Fa3m(Ty) 6.4780

CdTe 7.4370 1.6270
Luc giac P63mc(CZ) 4.5700
Lap phuong Fa3m(Ty) 5.6670

ZnSe 6.5400 1.6310
Luc giac P63mc(CZ) 4.0100
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1.2.1.2. Cau triic mang tinh thé luc giac hay wurtzit

Khi 2 tr dién canh nhau dugc dinh hudéng sao cho cic ddy tam giac song

song v6i nhau thi s& tao thanh tinh thé c¢6 cdu trac luc giac hay wurtzit.

\

‘

7
g

- .

8.
N\

Hinh 1.12: Cdu triic wurtzit cia tinh thé CdS
Nhom d6i xtng khong gian ciia cau triic luc giac 1a €2,- p63me. O ciu tric
wurtzit, mdi mang nguyén to chtra 4 phan tir A"BY'. Toa d¢ ciia mdi nguyén tir A
dugc bao quanh boi 4 nguyén tor B dat trén cac dinh tir dién & cung khodng cach
[a%/3+c%(u-1/2)°]*2, trong d6 a 1 hing s6 mang, u 13 hing s6 mang doc truc z. Ngoai
ra mdi loai cling duge bao boc bdi 12 nguyén tir ciing loai d6, trong d6 c6 6 nguyén
tr & dinh ctia mot luc gidc ndm trong cung mot mit phang voi nguyén tir ban dau va

cach n6 mot khoang 1a a, 6 nguyén tir kia ¢ dinh mat lang tru c6 day la mot tam dién
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& khoang cach bang [a%/3+c%/4]"%. Cac toa d6 cua nguyén tir A (Zn) 1a (0, 0, 0);
(1/3, 2/3, 1/2) va cac toa do ciia nguyén té B (S) 12 (0,0,4); (1/3,2/3, 1/2+u) [17].

1.2.2. 'ng dung ctia vat liéu nano

1.2.2.1. Ung dung ciia vt liéu nano ZnS

ZnS c6 rat nhiéu tng dung rong rai trong khoa hoc ki thuat: Bot phat quang
ZnS dugc st dung trong cac tu di¢n huynh quang, cdic man Ronghen, man cta céc
dng phong dién tir. Ngoai ra hop chit ZnS pha véi cac kim loai chuyén tiép duoc
st dung rat nhiéu trong cac linh vuc dién phat quang, chang han nhu trong cac
dung cu buc xa electron lam viéc ¢ dai tan rong. Voi viéc pha thém tap chat va
thay doi néng do tap chét, c6 thé diéu khién duogc do rong vung cAm lam cho

cac trng dung cua ZnS cang trd nén phong phu [12].

1.2.2.2. Ung dung ciia vit liéu nano CdS

Nho ¢6 nhitng tinh chat dic biét khi ¢ kich c¢& nano, CdS ngay cang duoc
quan tam, chiém wu thé va trd thanh mot trong nhiing vat liéu c6 tdm quan trong
dugc ung dung rong réi trong mot sé linh vuc nhu quang dién hoa. Cac nha khoa
hoc An D¢ di tao ra dwge mang CdS c6 tinh chat quang dién hoa bang phuong phap
bbc hoi bot CdS bang ki thuat bay hoi cuc nhanh. CdS dugc ding nhu 13 mot

nguyén liéu dé san sinh ra dong dién nhu trong té bao quang dién mat troi [11].

Trong may chup anh, thudng gdm c6 mot tim vat liéu nhay cam véi anh
sang, thuong 1am bang cadimi sunfua, miéng ndy dugc ndi véi bd phan cua pin.
Khi ¢6 anh sang vao thi cadimi sunfua rat nhay véi anh sang dong thoi tao ra ning
lugng tir 4nh sang d6 du dé dicéu khién dong mé mang chap du rang cac hé thong

ctia may déu lam bang kim loai.

Ung dung quan trong nhat cta hat nano CdS la dung dé danh dau hang
hoa, chimg tir va tién gidy nham chdng 1am gia, duoc ding dé tiém vao co thé dong
vat dé quan sat chup anh cac co quan té bao... Ngoai ra con dwoc tng dung

trong viéc do ung thu, dua thude dén té bao ung thu[16].
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Hinh 1.13. C4c /o CdS phat quang duwéi anh sang tur ngoai

Hinh 1.14: XAac dinh ving ung thu & chudt bang viéc gan cham lrong tir

vé6i nhitng kKhang thé nhdn dang té bao.
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1.3. Mot s6 phwong phap ché tao vatliéu
Hién tai cO rat nhiéu phuong phdp ché tao miu ZnS, CdS duéi dang
khéi va mang. Cac phuong phéap nay dugc chia 1am hai nhém chinh: nhém cac

phuong phap vat li va nhom cac phuong phap hda hoc.

Nhom cac phuong phép vat Ii bao gém: bdc bay nhiét trong chan khong,
phlin xa cao ap cao tan, bay hoi chum dién tir, lang dong bang xung Laser,....
Uu diém caa nhém phuong phap nay 1a ché tao dugc mau véi do tinh khiét
cao, dong nhat vé quang hoc va mat do hat cao. Tuy nhién cac phuong phap
nay doi hoi cao vé cdng nghé ché tao nhu phai thuc hién trong cac méi trudng

chan khéng ciing véi cac thiét bi phic tap.

Nhom cac phuong phap hoéa hoc bao gom: Phuwong phap Sol-gel, nhing
keo, phuong phap phun tinh dién, ling dong dién héa, phuong phap dong két tua,
phuong phap ciy ion, phuong phap hoa uét.... Uu diém ctia phuong phap héa hoc
1a dé 4p dung, gia thanh thap, c6 thé thay d6i dé dang nong d6 pha tap va c6 kha
ning dua vao ché tao hang loat. Nhuoc diém cta phuong phap nay 1 do tinh khiét

cua mau khong cao, phu thudc vao moi truong nén khong 6n dinh.

1.3.1. Phwong phap bdc bay nhiét trong chan Khong
Béc bay nhiét trong chan khong 13 k¥ thuat tao mang mong bang cach bay

hoi céc vat liéu can tao trong méi truong chan khong cao va ngung tu trén dé (duoc
d6t nong hodc khong d6t nong). Ky thuat nay doi khi con duoc goi 1a bay hoi trong
chan khong nhung it dung hon.
Nguyén 1y cua hé bdc bay nhiét: Bo phan chinh cua céac thiét bi bay bdc nhiét

12 mot budng chan khong duoc hit chan khong cao nhd cac bom chan khong (bom
khuéch tan hodc bom phan tir...). Ngudi ta dung mot thuyén dién tro thuong 1am
béng cac vat liéu chiu nhiét va it twong tac voi vat li€u, vi du nhu vonfram, bach
kim... d6t néng chay céc vat licu nguén, va sau do tiép tuc dot sao cho vat liéu bay

hoi dét.



17

- Chudng chan khdng

Gi& gan mau va
| ddt nang de

Cam hién do chidu day

o,
..
e

Thiét hi hit chan khing cao

Bé

Wat ligu bay hoi

__Thuyen dién tré
(0 dit)

Hinh 1.15: So d6 nguyén Iy hé boc bay nhiét

Vit liéu bay hoi s& ngung dong 1én cac dé duoc gin vao gia phia trén. Do6i khi
dé con duoc ddt nong (tiy theo muc dich tao mang tinh thé hay vo dinh hinh...) dé
diéu khién cac qué trinh ling dong cta vat lidu trén mang. Chidu day ciia mang
thuong duoc xac dinh truc tiép trong qué trinh ché tao bang bién tir thach anh. Khi

mang bay hoi s€ bam 1én bién tir dat canh de¢, bién thién tan s6 dao dong cua bién tu

s€ ti 1€ v&i chiéu day cua mang bam vao bién tir [3].

1.3.2. Phwong phap gom

Co so cua phuong phap goém : Trong moi trudng chi c6 khi nito hodc khi
agon dudi tac dung ctia nhiét 4o cao ciia cic nguyén tir tap chit c6 thé thay thé vao
chd ciia cac nguyén tir chinh hodc nam lo lirmg giita cic nut mang tinh thé, vi thé ma

xung quanh cac nguyén tir tap chit ndy mang tinh thé bi bién dang [8].

Quy trinh ché tao:
+ Say kh6 mau trude khi nghién miu

+ Nghién nho mau bang c61 ma nao

+ Pua thém tap chat (chat kich hoat) vao chit co ban dudi dang bot hoidc

dué6i dang dung dich véi ndng d6 xac dinh

+ S4y kh6 hdn hop (gém chit co ban va chét kich hoat )
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+ Nung so bd hdn hop ¢ 16 c6 khéng ché nhiét d6 trong mdi trudng chi co

khi nito hoac khi agon tir vai tram do dén vai nghin do
+ Nghién nhé hdn hop thu duoc bing cdi mi ndo trong axeton
+ Nung thiéu két hdn hop & nhiét do cao

+ U nhiét miu khoang vai trdm do dé tao nén cAu trac hoan hao cua mang
tinh thé.
Quy trinh ché tao cic bot phat quang bang phuong phap gém duoc dan ra &

hinh 1.16 sau day :
(1) ) 3) (4) (5)

Chuén bi Nghién, tron San
phoi ligu pham

Hinh 1.16: Quy trinh ché tao bt phdt quang bang phirong phdp goém
1.3.3. Phwong phap phin xa catot

Co sO cua phuong phap nay 13 dua vao hién twong ban pha cua cac hat co
nang luong cao vao bé mit clia vat ran lam bia (dugc gan voi catot) lam bat ra cac
nguyén tir cta vat liéu lam bia. Cac nguyén tir ndy dugc gia tdc trong mot dién
truong gitra bia va dé (duoc gan véi anot) bay dén bam vao dé roi lang dong tao
thanh mang mong [11].

Céc hat thuong ding dé ban pha bia 1a khi tro nhu agon hodc hdn hop khi
agon v6i khi kich hoat 13 oxi hay nito. Mang mong duoc ché tao biang phuong phap
nay co chét luong rat tét nhu: d6 sach, do déng nhét, d6 dinh huéng cao va co thé

diéu khién dugc do day cua mang.
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Hinh 1.17: Hé tao mang méng bang phwong phdp phiin xa catot
1.3.4. Phwong phap Sol-gel

Co so cua phuong phap nay 13 dwa vao sy ling dong cua cac vt lidu trong
phan g hoa hoc, thuong 13 sy ling dong ciia cac halogenua hodc cac mudi hiru co
ctia cac hop chat ban dan [16].

Sol 1a trang thai t6n tai ctia cic hat thé keo rin bén trong chét long va dé cho
cac hat ran ton tai & trang thai 6n dinh thi kich thuéc hat phai dia nhoé dé luc can cho
phan tan phai 16n hon trong luc. HE keo 1a céc hat théy dugc ma khong thé di qua
mang ban tham, trén thyc té c6 kich thude tir 2 mm dén 0,2 zm va trong mdi hat co
khoang tir 10% dén 10° phan tu.

Gel 1a chat ran 18 x6p c6 cau tao mang lién két 3 chiéu bén trong méi trudng
phan tan chat long va gel dugc hinh thanh tir cac hat keo goi 1a colloide gel, con
trong truong hop duoc tao thanh tir nhitng don vi héa hoc nho hon céc hat colloide
thi goi 1a gel cao phéan tir. Hon nita, vi c6 ton tai chat 1ong bén trong cu tao mang

ran nén hai tudng & trong trang thai can bang nhiét dong va luc nay bén trong chat
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long khong c6 duogc tinh luu dong ctia minh. Pai by phan bén trong gel 1a nudc nén
trong truong hop tudéng dung dich nudc chiém nhiéu phan nhat thi goi 1a hydgel hay
aquagel va trong truong hop tudng long 1a alcohol thi goi 1a alcohol gel. Khi da loai
phan 16n chit 16ng thi goi 1a gel kho va tiy theo phuwong phap siy kho ngudi ta chia
thanh xerogel va aerogel.

So do tong quat cho qué trinh ché tao vét liéu v co duoc trinh bay trong
hinh 1.18. O day, cac hat keo (sol) on dinh tr chat dang hat da chon va thong qua

viéc gel hoa sol nay bién tuéng 16ng thanh t6 chirc mang ba chiéu (gel).

o O (@) @)
QOO0 O0O .:: o O Neung tu o O
ooo0o@®@ N '
......<:';:;: 7 dung moi
o000 Q® © o
Céc hat dong nhat Sol Gel Aerogel
Gel hoa Soi
Bay hoti >
Mang Zerogel Zerogel
Nhiét
Mang mat d¢ cao GoOm mat do cao

Hinh 1.18: So d@6 céng doan Sol-Gel
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1.3.5. Phwong phap thuy nhiét

[15] Phuong phap thuy nhiét 1a phuong phap trong nganh hoa vat liéu dung
dé thu cac vat liéu vo co c6 ciu tric nano tinh thé. Tong hop thity nhiét 1a qua trinh
tong hop c6 nude tham gia véi vai trd cua chat xdc tac, xay ra & nhiét do cao (16n
hon 100°C) va ap sudt 16n (16n hon vai atm). Trong phuong phap nay ngudi ta sir
dung kha ning hoa tan trong nude cua hau hét cac chat vo co & nhiét d6 cao, ap suat
16n va sy tinh thé hoa cta chat long vat liéu hoa tan.

Dua vao cac két qua thuc nghiém, ta thdy khoang nhiét do dugc dung trong
qua trinh thuy nhiét tr 100°C dén 1800°C, &p suét khoang 15 atm dén 10* atm. Céc
thi nghiém dung phuong phap thay nhiét dugc giir 6n dinh, tranh rung dong & nhiét
d6 va ap suat khong doi.

Nhiét do, 4p sudt nudc va thoi gian phan Gng 13 ba théng sb chinh trong
phuong phap thuy nhiét. Nhi¢t d0 dong vai trd quan trong cho sy hinh thanh san
pham ciing nhu 6n dinh nhiét dong hoc ctia cac pha san pham. Ap suit can thiét cho
su hoa tan, khodang qua bdo hoa tao ra sy tinh thé hoa ciing gop phan tao ra su 6n
dinh nhiét dong hoc cua pha san pham. Thoi gian ciing 1a mot thong s6 quan trong
bai vi cac pha on dinh dién ra trong thoi gian ngan, con cc pha can bang nhiét dong
hoc lai ¢6 xu hudng hinh thanh sau mot khoang thoi gian dai.

Uu diém:
e (o0 kha nang diéu chinh kich thude hat bé“mg nhiét do thuy nhiét.
e (6 kha niang diéu chinh hinh dang cac hat bang céac vat liéu ban dau.
e Thu dugc san pham chét lugng cao tir cac vat liéu khong tinh khiét ban dau.

e (o6 thé dung cac nguyén li€u ré tién de€ tao cac san pham co gia tri.

e (o6 thé sir dung nhiéu nguyén liéu vao khac nhau. La phuong phap don

gian ché tao tinh thé dudi nhiét do va ap suét cao.
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1.3.6. Phwrorng phap déong két taa
Co s& ciia phuong phap nay 1a su két tia dong thoi cia chat nén va chat kich
hoat. Quy trinh ché tao ZnS va CdS pha tap Mangan bang phuong phap dong két

tia dugc dan ra ¢ hinh 1.19;

Tron Say Bot
dung Tao két n hién phat
dich - &

tia két tia quang

Hinh 1.19. So d6 khéi ciia quy trinh tao bét phdt quang bang phiong phdp dong két tia
Pha hdn hop dung dich chira hai mubi ctia chat nén va chét kich hoat sao cho
san phém két taa thu duoc, ung voi ti 1€ chit nén chat kich hoat nhu trong san phém

mong mudn [4].

Trong phuong phap dong két tia co hai vin dé can luu y:

e Pam bao dung quy trinh dong két tua ca hai kim loai.

e Phai dam béo trong hdn hop pha ran chira hai ion kim loai theo dung
ti 1¢ nhu trong san pham mong mudén. Ching ta da biét tich sd tan cia
cac chat khac nhau 13 rat khac nhau. Do d6 trong hdn hop hai chat két
tha c6 thé chira hai kim loai khong dung nhu hai kim loai d6 trong
dung dich chuan ban dau. Vi vy viéc chon diéu kién dé thu duoc két
tua co ti 1€ cac cation kim loai theo y mudn doi hoi phai tién hanh thuc

nghiém hodc tinh toan trudc.

- Phuong phap tinh: Tu cac phuong trinh phan irng khi hé dat trang thai can
béng ta tinh néng do cua cac san phém tao ra dya vao gia tri tich sb tan K cua mdi
phuong trinh phan tng trong cac tai liéu tham khao. Tt d6 ta xac dinh ti 1€ dung

dich ban dau.
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- Phirong phdp thire nghiém: Tién hanh phan tich thanh phan két tua cua tat
ca cac mau ché tao, tir d6 dua ra cong thirc thyc nghiém gitra pha két tua phu thudc
vao ti 1€ cua cac cation kim loai trong dung dich ban dau.

Su khuéch tan cling nhu do hoa tan cua cac chét kich hoat phu thude nhiéu

vao nhiét do ché tao cling nhu ban chat va cac dang mudi cua chat kich hoat do.

log C(mol%) = +B

TIT

Trong do :
e A, B 13 hing sb xac dinh, phu thudc hop chat dua vao va bot huynh quang.

e T, T 14 nhiét d6 ché tao mau va nhiét néng chay cua hop chat chta chat

kich hoat.

Uu diém:

e Duing phuong phap hoa hoc dé tang mirc d6 tiép xuc giita cac chat tham gia
phan Gng va ha nhiét d6 phan ung;

e Phuong phép nay cho san pham duéi dang bt min hon san pham thu duoc
theo phuong phap gdm truyén thong;

e O phuong phap dong két tiia, hién tugng khuéch tan ciia cac chat tham gia

phén g & muc do phan tur.
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Chwong 2: THUC NGHIEM

2.1. Hé ché tao mau

2.1.1. Can chinh xac
Pé can chinh xac t6i 0,1 mg, chung t6i sitr dung hé can chinh x4c BP - 1218
e Can chinh xac ( BP —1218) : max 120g
e Do chinh x4c 10™g (0,1 mg ), ché d6 ngudn 12 — 30V (DC).

2.1.2. May rung siéu am

May rung siéu 4m duogc sit dung dé lam sach cac dung cu thi nghiém. May c6
cac thang diéu chinh nhiét d6 cua dung dich bén trong va diéu chinh thoi gian lam
sach t6i da 1a 15 phut, sir dung ngudn dién 220V.

May rung siéu am hoat dong theo nguyén li sau: Chi can nhang nhitng dung
cu can phai lam sach vao bé chira dung dich rira (nhu nudc xa phong, xing...) sau
d6 dua song siéu 4m vao dung dich rira, diéu chinh nut thoi gian tay rira can thiét,
dung cu s€ dugc lam sach.

Duéi tac dung cua song siéu dm, dung dich rura lac thi bi €p lai ddc hon, lac thi
bi dan ra loang hon. Do dung dich khdong chiu ndi luc kéo nén khi bi kéo ra loang
hon di tao thanh nhitng chd trong, sinh ra rat nhiéu bot khong khi nho. Nhiing bot
nay trong chép mit s& v tan ra. Qua trinh v bot sinh ra nhiing ludng song xung
kich nho rat manh, dugc goi 1a “hién twong tao chan khong”. Do tan sb cua song
siéu Am rét cao, nhitng bot khong khi nho ludn phién xuat hién, mat di vo cing
nhanh chong. Séng xung kich ma chiing san ra gidng nhu muén nghin chiéc “choi

nhd” vo hinh rat nhanh va rat manh lan té1, chai quét moi noi cia cac dung cu.

2.1.3. May khuay twr gia nhiét
Dé hoa tan céc chit vao trong dung méi va tron déu cac chat véi nhau ching
t6i da tién hanh pha tron chdng trong cbc thuy tinh ¢6 dinh mirc dat trén may khuay

tir c6 gia nhiét caa hang VELP — Y, model ARE. May c6 cong suat 630W véi toc
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d6 khudy tir 50 + 1200 vong/phdt chia 1am 9 nac, kha ning gia nhiét tir nhiét do
phong t&i 370°C véi 7 nac chia, st dung ngudn dién 220V + 230V.

2.1.4. May quay ly tam
Qua trinh loc két tia duoc thuc hién nhd may quay ly tim. Ching t6i st dung
may Hettich EBA 8S voi cac thong s ki thuat sau:
e Tbc dd quay t6i da 12 4000 vong/phit
e Dit thoi gian tdi da 60 phut
e Ché d6 ngudn: U =220(V), =50 + 60 (Hz), | = 0.35 (A)

2.1.5. Hé 10 sdy mau
- Nguén nudi: Lo hoat dong duéi dién ap 220V, dong cuc dai trén 9A, cong
suat cuc dai 2000W. Nhiét d6 tdi da cho phép 1a 350°C.

- V6 lo: Vat li¢u dung lam vo 10 1a thép day 2 mm. V¢ 10 dugc gia cong cod
dang hinh tru duong kinh trong 36 cm, duong kinh ngoai 53 cm, dai 50 cm, dugc
dat trén mot gia do cao 10 cm. O mot dau 10 co thiét ké mot nép day cé thé dong md
dé dang. Trong qua trinh sdy, nip 10 duoc cb dinh boi 4 chiée vit xody dit & 4 goc
cua nép. Tac dung cua vo 10 1a tao khung gitr ¢d dinh va bao vé cac bd phan bén
trong than 10.

- Bong cdach nhiét: Vat 1iéu dugce str dung dé 1am bo phan cach nhiét 1a bong
thay tinh, c¢6 kha niang cach nhiét va chiu nhiét vao loai tot nhat. Hé sé dan nhiét
bong thuy tinh 0.035 + 0.081 (W/mK).

- Dy dién tré: Day dién trd duoc str dung chiu dugc nhiét toi da 1a 1200 +
1300°C. Nhiét do tot nhét c6 thé chiu duoc 1a 800°C.

- Bom chan khéng: Bom chan khong ¢ cdu tao gom 1 mo to dién 3 pha
duoc nbi véi mot may quay li tim 1éch truc thong qua hé théng day curoa. Dé han
ché ma sat va lam cho hé bom dugc kin nguoi ta d6 dau vao than bom. Khi hoat
dong, bom s€ cd hai ctra, mQt ctra lam nhiém vu hut khi trong than 10 va mdt cua xa
khi ra bén ngoai. Bd phan hut khi ctia bom chan khong duoc ndi véi bd phan loc 1a

mot binh thily tinh dé tranh hién tugng dau tran vao 10 siy. Ong hiit khi sau d6 duoc
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nodi vao mat sau cua 10. Trén ong c6 gan mdt dong ho do ap suat va mét van chan

khong ngdn khong cho khi tran vao 10.

2.2. Hé xac dinh c4u tric, hinh thai hoc cia mau

2.2.1. Hé do phé nhiéu xa tia X (phd X-ray)

Nguyén tic chung ctua phuong phap phan tich cau trdc tinh thé va thanh phan
pha bang nhiéu xa tia X (XRD) dwa trén hién twong nhiéu xa tia X ciia mang tinh
thé khi thoa mén diéu kién Bragg :

2dsinéd=nA
Trong d6 d la khoang cach gitta cac mat nguyén tir phan xa, € la goc phan xa, A la
budc séng cua tia X va n 12 sé bac phan xa.

Tap hop céc cuc dai nhiu xa Bragg dudi cac goc 26 khac nhau co thé ghi
nhan bang sir dung phim hay Detecto. Trén co s& d6 phan tich cac dic trung vé cau
trdc tinh thé, do don pha va nhiéu théng sé lién quan khéac caa mau khao sat. Céc
mau trong khoa luan nay duoc phan tich cdu trdc bang nhidu xa ké tia XD8
Advance cua hang Bruker (Puc) tai Phong thi nghiém Hoa Vat Liéu, Khoa Hoa
hoc, Truong Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Nbi véi budc song
tia X t6i tir buc xa K, ctia Cu la : A, = 1.54056 A.

Hinh 2.1 Si tan xa cua m¢t cap tia X phan xa

trén hai mdt phang nguyén tir lién tiép
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Déi véi cac bot huynh quang hiéu eng quang hoc rat rd khi pha tap, nhung dé
nhan biét dugc d6 pha tap qua thay d6i hiang s mang véi cac nong do pha tap bé 1a
rat kho, doi hoi phép do va phan tich phai rat chuan xac va phu thudc vao cac

truong hop cu thé.

2.2.2.Phwong phap phé tan sic ning lwong tia X (EDS)

Ki thuat nay dga vao sy thu nhan va phéan biét tia X phat ra tu mau duoc bin
pha bdi cac dién tor c6 nang luong cao. Blrc xa tia X phat ra do su kich thich cta
dién tir c6 thé chia lam hai thanh phan:

e Tia X lién tyc hay birc xa him sinh ra boi cac dién tir giam tc trong mau

e Tia X dic trung phat ra tir mdt nguyén to riéng biét co thé xac dinh dugc tir

budc song A hoac nang lugng dac trung E (cua photon):
E=hc/A.

Trong d6 h 13 hing s6 Plang, ¢ 13 van toc anh sang, A 1a budc song.
Néu dién tir toi mau c6 ning luong 16n hon thé kich thich Ec (ning lugng lién
két dién tir hat nhan) thi dién tr 161 co6 thé bi bat ra khoi nguyén tir va tao nén mot 16
trong trong quy dao. Khi d6 nguyén tir & trang thai kich thich va cac 16 trong quy
dao nhanh chong dugc l4p ddy bang su hdi phuc dién tir kém theo su giai phong
mot nang lugng xac dinh bang hiéu hai mic ning luong quy dao. Ning lugng nay
c¢6 thé duoc giai phong dudi dang mot photon tia X (x4c sudt cao). Photon nay c6
budc séng (ning luong) xac dinh dic trung cho nguyén td phat ra nd. Do vy budc
song (niang luong) tia X cho ta biét thong tin vé su c6 mit ciia nguyén t6 phat ra tia
X, con cuong do tia X phat ra cho ta biét nong do nguyén t. Tuy nhién, dién tir 13i
bat ra c6 thé thude 16p K, L, M do vay voi mdi nguyén td, ta co thé co mot hay mdt
s6 cac gia tri budc song tia X (ning luong) dic trung cho nguyén t6 do.
Khi bé mat can phén tich dugc chia ra thanh nhiéu diém anh, phép do EDS
tién hanh phan tich thanh phan nguyén t6 trén ting diém anh s& cho ban d6 phan bd
nguyén t6 trén bé mit mau can quan sat. Dya trén két qua phan tich ban d6 phan b

nguyén to ta ¢d thé xac dinh d§ dong déu cuia mau can phan tich.
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2.2.3. Kinh hién vi dién tir truyén qua (TEM)

Kinh hién vi dién tir truyén qua 13 mot loai kinh hién vi dién tir truyén qua.
Chum dién tir truyén qua mau 13 mot chum dién t&r duoce hoi tu thanh mot chum hep
va duogc quét trén mau. Nho viée diéu khién khau thau kinh hi tu, cham dién tir c6
thé hoi tu thanh mot chum tia ¢o kich thudce rat hep, do d6 cho phép ghi anh véi do
phan giai rat cao. Hon nita, vi chum dién tir 1a hoi tu, nén gbc tan xa cua dién tir sau
khi truyén qua mau s& rat 16n va tao ra nhiéu phép phan tich manh, vi du nhu phép
ghi anh truong t6i voi goc 1éch vanh khuyén 16n, kha ning phan tich phan bd cac
nguyén to voi do phan giai cue cao nhd phép phan tich phd tén hao ning luong dién
tir thuc hién dong thoi voi qué trinh ghi anh. Hon nita, anh d6 phan giai cao truc
tiép lién quan dén nguyén tir khoéi cua cac nguyén t6, do dé rat hiru ich cho viéc

phan tich sy phan bé ctia cac nguyén t6 hoa hoc.

2.2.4. Chup anh hién vi dién tir quét (SEM)
SEM la mot trong nhitng ki thuat phan tich tién loi va nhanh chéng nhit,

cho phép quan sat trang thai bé mat mau duoc phong dai Ién rat nhicu lan.

* Nguyén ly hoat dong

Pién tir dugc phét ra tir sing phong dién tir, sau d6 dugc ting toc va hoi tu
thanh mét chum dién tir hep, nhd hé thong thau kinh tir, sau d6 quét trén bé mit
mau nhd c4c cudn quét tinh dién. Khi dién tir trong tdc voi bé mat mau vat s& co
c4c buc xa phat ra. C4c birc xa phat ra chi yéu gom: dién tir thir cap, dién tir tan
xa nguoc, tia X. Mdi loai birc xa thoat ra mang mot thong tin vé mau phan anh

mét tinh chat nao do.

Trong SEM chu yéu ding anh cua cac dién tir phat xa thit cip, ning luong
ctia cac electron ndy nho nén chi ¢ ving gan bé mat ¢& vai nm ching méi thoat
ra ngodi duoc. Khi quan sat hinh anh bé mit ciia mau, néu dau thu thu duoc tin
hiéu manh thi diém tuwong ung trén man s& sang lén. Vi mau dé nghiéng so véi
cham tia t6i nén khong c6 su déi xung, do d6 do sang cua tin hiéu phu thudc vao

viing bé mat ma c4c electron dau tién dap vao. Néu bé mit mau c6 nhitng 16 nho


http://vi.wikipedia.org/wiki/Ph%E1%BB%95_t%E1%BB%95n_hao_n%C4%83ng_l%C6%B0%E1%BB%A3ng_%C4%91i%E1%BB%87n_t%E1%BB%AD
http://vi.wikipedia.org/wiki/Ph%E1%BB%95_t%E1%BB%95n_hao_n%C4%83ng_l%C6%B0%E1%BB%A3ng_%C4%91i%E1%BB%87n_t%E1%BB%AD
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thi trén man s& cd nhirng vét den do dién tir thir cAp phét ra tir 16 d6 dén dau thu
tin hiéu rat it va bién thanh xung dién bé. Nguoc lai v6i bé mit phing thi man

anh s& sang déu. Tir d6 ching ta quan sat dugc bé mit ctia mau.

Sung dién tir

Chion dién tic

Cuee dcomng
————

Thaw kinh tir

Vao may phan tich

Cudn day quéet

B¢ phan do dién
tictan xa tyo - =2 s

; -~ \Bg) phan do dién ar
- thir cap
Ban dat mdau ————- S
Mau

Hinh 2.2: So' d6 cdu tao va nguyén tic hoat dong ciia SEM

2.2.5. Phép do phd huynh quang

Hién twong huynh quang c6 ngudn gdc tir cac chuyén doi buc xa giita cac
murc nang lugng cua dién tur khi vat liéu bi kich thich. Trong trudong hop vat li¢u bi
kich thich bang anh sang ta c6 phd quang huynh quang. Phé quang huynh quang
biéu dién su phu thudc ctia cudng do huynh quang vao budc song phat xa dudi kich
thich bang anh sang véi budc song nhat dinh nao do.

Nguyén tic ctia phép do pho huynh quang 1a ding ngudn sang kich thich, véi
ning luong nhat dinh phat ra tir dén lam phd kich thich phat xa huynh quang cta
mau. Tin hiéu phat xa huynh quang dua vao hé do dé xir Iy roi phan tich thanh budc

song cua pho va dugc ve ra trén may vi tinh.
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Hé thu phd phét quang Fluorolog FL3 - 22 cua Trung tdm Khoa hoc Vit liéu
— Khoa Vit ly — Truong Pai hoc Khoa hoc Ty nhién dugc dan ra & hinh 3.10. Hé
nay gdm hai may don sic cach tir kép c6 do phan giai 0.2 mm. May don sic thi
nhat cho phép thay dbi budc song kich thich vao mau tir 250 nm dén 900 nm. May
don sic thir hai diung dé phan tich tin hiéu phat ra tir mau nghién ctru. Ving phd 1am
viéc ctia may don sic nay tir 300 nm + 850 nm. Phé phat quang ctia cac chéat dugc
kich thich bang dén xenon XFOR — 450 c6 cong suat 450 W, cudong d6 dong dién
ctia dén 13 25A. Anh sang tir dén phat ra qua may don sic thir nhat t6i mau, tin hiéu
quang phat ra tir mau duoc phéan tich bang may don sic thir hai va duoc thu bang
nhan quang dién 1911F, sau d6 qua bo tach song tin hiéu chuan DM 302, cubi cing

dua vao bo xur ly SAC.

Hg diéu
khién
Nguon SAC
nuoi
L]
Dén NV1.
X
enon _ a0 P
24 A 302
Pho ké NV2
kich thich Phé ké
[]| huynh |
Buong chira quang | ]

mau

Hinh 2.3: So d@6 hé thu phé phat quang FL3-22
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2.3. Quy trinh ché tao hat nano ZnS:Mn, CdS:Mn bang phwong phap dong
két tua

Bang phuong phap dong két tia, bot nano ZnS:Mn va CdS:Mn duoc ché tao
tir cac tién chit: Zn(CH3;COO0),.2H,0, Cd(CH;C00),.2H,0, Mn(CH;CO0).4H,0,
Na,S. Céac hoa chit déu c6 xuat xir Merk véi do tinh khiét cao 97-98%. Quy trinh

ché tao cac bot nano duoc thuc hién qua nhirng budc sau:
* Buéc 1: Chudn pH ciia dung dich dém

o X6t dnh hudng cia pH t6i sie két tiia ZnS
- Khi nho tir tir dung dich Na,S 0,1M vao dung dich Zn(CH3COO), 0,1M

S+ H,0 < HS + OH’ Ky, = Ky.KZ' (D)
HS + H,0 < H,S + OH Ky, = Kyw.Ez (2
CH3COO  + H,0 < CH;COOH+ OH K, = Ky.K3* (3)
Zn*" + H,0 < ZnOH* + H* B = 107%% (4)
Zn*" + S* < ZnS K. = 10728 (5)

- Diéu kién dé xuét hién két tia ZnS
Cznz+ - Cgz- = Kgans; (6)

- Dung dich c6 méi trudng axit c6 thé bd qua su tao thanh phue hidroxo cua Zn**

—23,8

Can2+ = 0,1M. Vivdy Cg- > —— = 10722% )
2- Ko Kg

[S7]= € g = Chm + oo ©®

Két hop (7) va (8)
Coa—Ky K,

h? 4 Ko h+ Ko Ko, < =525 9)
Suy ra:

h* 4+ 1077%h —10"*% <0vah<0,1148 (10)

Vay pH> 0,9
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o Diéu kién dé két tia hodan toan ZnS
Dé 6 két tiia hoan toan ZnS, ta coi [ Zn®*] < 1078 va tir (6):

1{]—23,9
U—ﬁ

Ce2- > = 107178

Tuong tu trén:

Cez-- K, - Kg
10-17.8

h* 4 107"%h —107**% < 0 hay h < 0,0275

h? + K, h+ K, K, < 2 =10~ %12

Vay pH > 1,56
e Diéu kién dé cé két tiia ZnS, khéng cé két tiia Zn(OH ),

" h"
Cop- = W < [ZnOHL
h Czn2+

h> = = 10757

Iiu_iﬁ_lg
4 04

Vay pH <6,1
Tinh d6 tan ZnS 6 pH = 3,5vapH = 4,5

ZnS < Zn* + §* K, = 107238
Zn*" + H,0 < ZnOH" + H* B = 10"%%

H" +S* < HS Kol = 10129
HS +H" < H,S K;!t= 1079

Goi dd tan cua ZnS 1a s, ta co:
S = Cgpz+ =[2Zn*" ]+ ZnOH"]
Tir (2): [ ZnOH ] ="B. h'. [ Zn**]
Tir (5) va (6): s = ( 1+ B . h'). [ Zn*]
Mit khéc: s = Cs2- =[ S* ]+ [HS ]+ [ H,S]
Tu (3)va (4): [HS]=Kk;1ht[S¥]
[HS]1= (K., .K.) . h.[S7]

(11)
(12)
(13)

(14)

(15)
(16)
(17
(18)

(19)
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T6 hop (7), (8), (9):
s= [ 1+ Kzt h+ (K, . K, )" h°].[S*] (20)

(7), (10) két hop (11):
[Zn*].[S¥] = K= 107232 (21)

52

(1+ *Bh 1 )[1+K 1 h+ Ky Kp,) 1 h?]

Ta duoc : =K

s= JKS.(1+ B.h) 1+ Klh + (K K, ) 0% ] (22)

h= 10733 s=3,63.10°
h=10"%% s=3,63.10"

— Néu d6 pH ciia mdi truong 1,56 < pH < 6,1 thi trong két tia tao thanh chi c6 ZnS
ma khéng c6 Zn(OH)s.

bé khéng ché kich hoat hat, ching t61 st dung dung dich dém c6 pH = 4,
duogc pha ché nhu sau: St dung 0,365g CH3COONa pha véi 50ml CH;COOH

0,1M, sau d6 dinh lugng vira du trong binh 250ml bﬁng nudc cat va duoc kiém tra

d6 pH bang may do pH.
* Budc 2: Pha dung dich
e Tinh todn héa chdt

Do Zn** két hop véi S% theo ti 1¢ 1:1 nén cac tién chat trén dugce tao thanh céac
dung dich Zn(CH3C0O0),.0.1M (A), Mn(CH3;C0OOQ), 0.1 M (B) va Na,S.0.1M (C)
(dung moi: nudc cat hai lan). Pé dugc lwong mau thich hop, chung t6i ¢d dinh thé
tich dung dich 13 50 ml, tir 6 tinh duoc khdi lugng tién chat Zn(CH;COO),.2H,0

va Na,S can dung cho mdi mau vat liéu nhu sau (bang 2.1):
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Bdng 2.1: Nong dg, thé tich dung mdi va khai luwong Zn(CH5COO),.2H,0, Na,S

can dung cho méi mau vat liéu

Nong d6| Thé tich S6mol | Khéi luong | Khdi luong
Tén héa chit mol | dungdich| \_c mol m(g) =M .n
Cwm (M) V (ml) M (dvC)
Zn(CH;C00),.2H,0| 0.1 50 0.005 219.5 1.1
Na,S 0.1 50 0.005 78.04 0.39

Trong dung dich, cac mudi phan li theo cac phuong trinh sau:

Zn(CH,CO0), — Zn** + 2CH;COO" (23)
Mn(CH3;CO0), — Mn*" + 2CH,COO (24)

Na,S — 2Na* + S% (25)

Va mét lugng nhé :  Na,S + 2H,0 < 2NaOH + H,S (26)
NaOH — Na* + OH’ (27)

Theo phuong trinh phan li (1, 2) tac6: n, =n_, van, =n_. nén dé tinh

Zn2+
khéi lvgng Mn(CH3C0O0).4H,0 theo ti 1¢ vé s6 mol ciia Mn véi chit nén ZnS

(% mol), ta str dung cong thure:

n 2+
C,, =t (28)

nzn2+

Suy ra: nMn = nMn2+ = CMn' nz 2+ (29)

n

Tu d6 ta tinh duogc khoi lrong ciia Mn(CH3;COO).4H,0 theo né)ng dd Mn can
dua vao. O day, cac vat liéu ZnS:Mn duoc ché tao véi cac néng do Mn: 0% mol, 1%
mol, 1,5% mol, 2% mol, 3% mol, 4% mol, 5% mol, 6% mol, 8% mol. Khbi luong,
ndng do dung dich va thé tich dung dich B theo ndng do Mn trong mdi mau vt lidu

dugc cho trong bang 2.2:
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Bdng 2.2: Sé mol, khéi lirong, nong dg dung dich va thé tich dung dich
Mn(CH5C0O0).4H,0 theo néng dé Mn tir 0% mol - 8% mol

Cwn
0 1 1,5 2 3 4 5 6 8

(% mol)
Ny (Mol) 0 0,5.10* | 0,75.10* | 1.10* | 1,5.10" | 2.10*| 2,5.10 3.10*| 4.10™
m (mg) 0 12,255 | 18,3825 | 24,51 | 36,765 | 49,02| 61,275| 73,53| 98,04
V (ml) 0 0,5 0,75 1 1,5 2 2,5 3 4

T bang 2.2 cho thay: khéi lugng ciia Mn(CH3CO0).4H,0 va thé tich

dung moi can dung trong moi mau la rat nhé. BE giam sai so trong qué trinh lam

thyc nghiém, chung toi tién hanh can lugng 16n Mn(CH3COO),.H,0 véi khbi

luong m = 1,2255(g), sau d6 cho vao binh dinh muc véi dung tich 50ml, pha

loang béng nuée cit hai 1an, ta duogc dung dich B. Tung dung dich A, B va C

duoc khudy déu trong 20 phit.

o Tron dung dich

Tron dung dich B vao dung dich A theo ty 1¢ thé tich cho trong bang 2.3 ta

duoc cac dung dich hon hop (D).

Bing 2.3: Thé tich cdc dung dich A, B theo nong dé Mn

Cun(%mol) | 0 1 [ 15 | 2 3 4 5 6 8
A V(ml) 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50
B V(ml) 0 | 05 |075| 1 | 15 2 | 25| 3 4

Chung t61 nho thém 0,2ml dung dich dém vao dung dich D. Do thé tich

dung dich dém nho vao 1a rit bé nén coi nhu ndng d6 mol ctia cac dung dich A va B

khong thay doi.
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* Buéc 3: Tao két tiia

Dung dich D sau khi khudy déu trong 30 phat, nho tir tir dung dich C vao
dung dich D dé tao két tia dong thoi ZnS va MnS. Dung dich huyén phu tao thanh
dugc khudy déu trong 30 phat dé tao su ddng nhat trong két tua.
* Buéc 4: Loc riva két tiia

Két tua duoc loc bang may quay li tim véi tbe d6 2500 vong/ phut, trong 15
phut/lan. Tiép tuc loc rira két tia ba 1an bang nude cat hai lan dé loai cac ion Na* va
cac tap ban trong két tua.
* Buéc 5: Sdy két tiia

Sau khi loc rira, két tia duoc siy kho dé tao ra bot huynh quang co cau triic
mang tinh thé hoan hao. LAy mau ZnS:Mn c6 néng do chat kich hoat t6i uu dem say
kho. C6 dinh thoi gian sdy (t = 10 h), thay d6i nhiét do say, khao sat cac miu thu
duoc ta tim thiy nhiét do sdy t6i vu (t° = 120°C). C dinh nhiét do siy ¢ nhiét do toi
uu, thay doi thoi gian say tir 6 h dén 16 h dé tim ra thoi gian siy tdi wu cho pho phat
quang manh nhét (t = 10 h). Tiép d6 nghién nho két tia kho bang c6i ma ndo ta

dugc bot phat quang ZnS:Mn véi ndng do chat kich hoat 0% mol < C < 8 % mol.

Zn(CH;CO0), 0.1M (A) Mn(CH;COO0), 0.1M (B) Na,S 0.1M (C)
Khuay tur trong 20 phut Khuay tr trong 20 phut Khuay tur trong 20 phut

[ |
v

Dung dich D khudy tir trong 30 phut

v

Dung dich E khuy tir trong 30 phiit
tao két tua dong thoi ZnS, MnS

\

Loc rtra két tua bang nudc cat 2 lan

v

Say két tia ZnS:Mn & 120°C trong 10h

Hinh 2.4: Quy trinh ché tao cdc hat nano ZnS:Mn
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* Quy trinh ché tao hat nano CdS:Mn twong tir cdc bude nhw quy trinh ché tao hat
nano ZnS:Mn.
Véi: Kycas) = 10 Begonyz = 107%7 thi 0,46 < pH < 9,4 nén nho thém 0,2ml dung

dich dém vao hén hop dung dich A va B. Tir tinh toan ta c6 cic bang s6 liéu sau:

Bdng 2.4: Nong dg, thé tich dung mdi va khai luwong Cd(CH5COO0),.2H,0, Na,S

can ding cho médi mau vat li¢u

Nong @6| Thétich| Sémol | Khdilugng | Khdi luong
Tén hoa chit mol | dungmoi| \_c mol m(g) = M.n
Cm (M) V (ml) M (dvC)
Cd(CH;C00),.2H,0| 0,1 50 0,005 266,01 1,33
Na,S 0,1 50 0,005 78,04 0,39

Bdng 2.5: S6 mol, khéi lwong, nong dé dung dich va thé tich dung dich
Mn(CH;C00).4H,0 theo néong dé Mn tir 0 % mol - 12% mol

CMn
0 1 2 3 5 7 10 12
(% mol)
nMn
(mol) 0 [0510%|1.10*%]15.10%|25.10* | 3,5.10% 5.10%|6.10™

m (mg) 0 12,255 | 24,51 | 36,765 | 61,275 | 85,785 | 122,55| 147,06

3,5 S) 6

vml) | 0 0,5 1 15 2,5

Bdng 2.6: Thé tich cdc dung dich A, B theo nong dé Mn

CMn(% m0|)
0 1 2 3 5 7 10 12

A V(ml) 50 50 50 50 50 50 50 50

B V(ml)
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Chuwong 3: KET QUA VA THAO LUAN

3.1. Tinh chit ciu tric va hinh thai bé mat cia bét nano ZnS:Mn va CdS:Mn

3.1.1. Pho X-Ray

Gian do nhiéu xa tia X cua c4c mau duogc do tai khoa Hoa, trudng Pai hoc
Khoa hoc Tu nhién. Mau duoc kich thich bang birc xa CuK, véi budc song
2 =1,5406A.

VNU-HN-SIEVMENS D3006- Mau ZnS - 50

~
S
3

|

Lin (Cps)

100

A A T A B | A B .
0 L e L O L I L L L Y L BB

10 20 30 40 50 60 7

2Treta- Scele
mﬁle:VanrQPZnSS—O,raw - Type:2Thalone - Start 10000 ° - End: 70.000 ° - Sep:0.030 ° - Sep time: 1.0s - Temp.: 25.0 °C (Room) - Anode: Cu - Creation: 12/17/13 130439
%] 39-1363 (N) - Wurtzite-8H- ZnS- Y:352%- dx by: 1.000 - WL: 154056

Hinh 3.1: Phé X-Ray ciia bt nano ZnS
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VNU-HN-SIBMENS DS006- MauZnS - 50

300

100 7

P (Y A R | F a
0 L e e B B B B B B B B B B

10 20 30 40 50 60 7

2Theta- Scae
MH\e:Van-QP-ZnSE-Oraw- Type:2Thalone - Sart 10000 ° - End: 70.000 ° - Siep:0.030 ° - Sep time: 1.0s - Temp.: 25.0 °C (Room) - Anode: Cu - Creation: 12/17/131304:39
[%] 39-1363 (N) - Wurtzite-8H - ZnS- Y:352%- d x by: 1000 - WL: 1.54056

Hinh 3.2: Phé X-Ray cua bgt nano ZnS:Mn (Cyn = 8% mol)

20—
B0 —

40 -

1
i

2-Theta

Hinh 3.3: Phé X-Ray ciia bét nano ZnS:Mn

Mau a: Cyy, = 0% mol Mau b: Cyy, = 8% mol
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Tir phd X-Ray cho thay bot nano ZnS:Mn 1a don pha két tinh & dang da tinh
thé co cau tric cubic voi hang sé mang twong tng:
Cwmn = 0% mol (a = b = ¢ = 5.3133(A%)
Cwmn = 8% mol (a = b = ¢ = 5.3120(A%)

Chung t6i tinh chi s6 Miller theo cac budc:

e Xac dinh goc 260, sau do tinh dyy theo PT Bragg:
nk = 2dsin® (L =1,5406A°)
e Lap bang tinh cac gié tri sind, sin°0
e Tinh gié tri cua diy ti 86
e Trabang chuén dé tim h, k, 1.
Tir viée tinh toan, ching t6i thdy phd X-Ray cta mau ZnS va ZnS:Mn (Cyn=
8% mol) déu gébm cac vach nhifu xa twong tng véi cac mit phan xa chinh (111),
(220) va (311), trong d6 vach (111) c¢6 cudng dd 16n nhat. Cac dinh nhiéu xa cia
mAu phd hop vdi tai lidu. Didu nay ching to cac mau da két tinh va ion Mn?* khong
anh hudng dén hang sé mang va ciu triic ctia ZnS.
Tir gian dd XRD, dung cong thirc Debye- Scherrer:

094
[ cosé

Trong do: D (A°) 1a kich thuéc hat
L =1.5406 A° la budc song tia X cua Cu K,
B (rad) 1a do ban rong ctia vach nhiéu xa
0 (rad) 1a goc nhiéu xa
Chung t61 da xac dinh kich thudc hat ctia bot nano ZnS:Mn tir 4-5 nm.
Hinh 3.4 va hinh 3.5 13 gian d6 nhiu xa tia X cta cac mau bot CdS, CdS:Mn
(Cmn= 12 % mol). Céac pho nay gom cac vach nhiéu xa twong ung vdi cac mit phan

xa chinh (111), (220) va (311), trong d6 vach (111) ¢6 cudng d6 16n nhét.
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Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample 26

3.331

I
=

"
] 3
N
1 S
E 4
T T
20
2-Theta - Scale
Flle’ Hai mau 26.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 70.010 ° - Step: 0.030 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 11 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi:
E03'065'2887 (C) - Cadmium Sulfide - CdS - Y: 85.79 % - d x by: 1. - WL: 1.5406 - Cubic - a 5.83200 - b 5.83200 - ¢ 5.83200 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - F-43m (216) - 4 -
E00704271342 (*) - Otavite, syn - CdCO3 - Y: 76.58 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 4.92980 - b 4.92980 - ¢ 16.30600 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167) - 6
Hinh 3.4: Phé X-Ray ciia bét nano CdS
Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample 27
Y
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2-Theta - Scale

Flle: Hai mau 27.raw - Type: 2Th/Th locked - Start: 20.000 ° - End: 70.010 ° - Step: 0.030 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 12 s - 2-Theta: 20.000 ° - Theta: 10.000 ° - Chi: 0.00 ° - Phi:
[®]o1-089-0440 (C) - Cadmium Sulfide - CdS - Y: 92.34 % - d x by: 1. - WL: 1.5406 - Cubic - a 5.83040 - b 5.83040 - ¢ 5.83040 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - F-43m (216) - 4 -

Hinh 3.5: Phé X-Ray ciia bét nano CdS:Mn (Cy, = 12% mol)
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Hinh 3.6: Phé X-Ray ciia bét nano CdS:Mn
Mau a: Cyn=0%mol  Mdu b: Cyy = 12 % mol
Kich thudc hat nano CdS theo tinh toan tir cong thirc Scherrer 1a 6,5-8nm. Tur
ph6 X-Ray cho thay bt nano CdS:Mn la don pha két tinh ¢ dang da tinh thé co cau
tric cubic voi hing sb mang twong tng:
Cwmn = 0% mol (a = b = ¢ = 5.8320(A%)
Cwn = 12% mol (a = b = ¢ = 5.8304(A")

lon Mn** ciing khong anh huéng dén hing s6 mang va ciu trac cua CdS.

3.1.2. Phé tan sic niang lwong
Hinh 3.7 1a phd tan sic nang luong (EDS) ciia mau bot nano ZnS:Mn vai

ndng d6 ion Mn** khi kich hoat 12 Cy,= 8% mol.
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Hinh 3.7: Phé tan sdc nang heong ciia ZnS: Mn

Trong phd EDS ctia ZnS:Mn (Cyn = 8% mol) chil yéu xut hién cac vach dic
trung cho cac nguyén té Zn, S, Mn vai cac thanh phan phan traim twong tng vé khoi
lwong trén bé mat 1a 63.98% Zn, 33.36% S, 2.63% Mn. Con lai 0,03% la thanh phan
phan trim vé khéi lwong cua tap chat. Sy c6 miat cia Mn trong phé EDS cua
ZnS:Mn 12 mét co s& quan trong chung té cac ion Mn?* da thay thé cac ion Zn**
hozc nam lo ling gitra cdc nit mang trong tinh thé ZnS. Kha ning nay thay thé cao
vi ban kinh ion Mn®* rit gin véi ban kinh cta ion Zn?*,

Hinh 3.8 1a phd tan sic nang lugng cia mau bot nano CdS:Mn véi ndng do
ion Mn?* khi kich hoat 1a Cy,= 12% mol. Trong phé EDS cta CdS:Mn (Cy, = 12%
mol) ciing chii yéu xuat hién cic vach dic trung cho cic nguyén té Cd, S, Mn véi
c4c thanh phan phan tram tuong tng vé khdi luong trén bé mat 1a 51.84%Cd,
45.15%S, 1.76% Mn. Con lai 1.25% 1a thanh phan phan tram vé khdi lugng cia tap
chat. Sy c6 miat cia Mn trong phd EDS ciia CdS:Mn chimg t6 cac ion Mn** di thay
thé cac ion Cd** trong tinh thé CdS. Kha ning nay thay thé khong cao vi ban kinh

ion Mn?* bé hon nhiéu so vé&i ban kinh cta ion Cd?*.
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Hinh 3.8: Phoé tan sdc nang lwong ciia CdS: Mn

3.1.3. Anh TEM
Hinh 3.9 va 3.10 1a anh TEM cta bot nano ZnS:Mn (Cy,= 8% mol), CdS
(Cvn= 12% mol). Tir phd nay cho thay cac hat phan bd kha déng déu, hinh thai hat

tuong d61 min.

) 20 nm
Hinh 3.9: Anh TEM cua ZnS:Mn
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20 nm
Hinh 3.10: Anh TEM ciia CdS:Mn
3.1.4. Anh SEM
Hinh 3.11 va 3.12 la anh SEM cua b6t nano ZnS: Mn va CdS: Mn. Ching
t6i thay rd rang cac hat cd kich thudc twong ddi déu nhau va hinh thai hat trong ddi

min.

Hinh 3.11: Anh SEM ciia ZnS:Mn
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Hinh 3.12: Anh SEM ciia CdS:Mn

3.2. T inh chit quang ctia bot nano ZnS: Mn va CdS: Mn

3.2.1. Phé phat quang cta bot nano ZnS, ZnS: Mn
Hinh 3.13 1a phd phat quang ctia ZnS, ZnS:Mn & 300K véi cac nong do Mn
khac nhau khi kich thich bang birc xa cua laser He-Cd ¢ budc song 325nm véi cong

suat P =18mW.

1200 -
600(nm))

1000

v
T T Y —T v
350 400 450 S00 590 600 630 700 S0

2(nm)

Hinh 3.13: Phé phdt quang ciia bot nano ZnS:Mn
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Mau a: Cyn= 0 % mol Madu b: Cyy=1%mol  Mau c: Cyn=1,5% mol
Mau d: Cyn= 2% mol Mau e: Cyn=3 % mol Mau f: Cyn= 4% mol
Mau g: Cyn=5 % mol Mau h: Cyn=6 % mol Mau i: Cyn= 8 % mol

Tir pho phét quang nay chiing toi nhan thiy:

Phé phat quang ctia ZnS gom mot dam
rat rong trong khoang budc song tir 400 nm
dén 600 nm, v&i cuc dai 452 nm & vung xanh
lam trong d6 suon bén phai thoai hon suon
bén trai. Piéu nay chung to dam phat quang
nay khong phai 1a mot dam duy nhét ddc trung
cho mét co ché tai hop buc xa, ma la sy chéng
chét ciia nhiéu dam thanh phan véi cac cudng
d6 khac nhau tng véi nhiéu co ché tai hop buc

xa khac nhau trong ZnS.

Vi ndng dd Mn?* nho trong phd phat
quang cua ZnS:Mn ngoai dam xanh lam co
cuong do nhé con xut hién mot ddm da cam-
vang véi cyc dai khoang 600 nm c6 cuong do

va do rong lon.

Khi ting din ndng d6 Mn®* thi cudong do
ciia ddm xanh lam bi giam dan con cudong do
ciia ddm da cam-vang lai ting dan, dat t6i gia
trj cuc dai khi ndng d6 Mn** 8 mol% va sau do
bi giam dan. Khi ting ndng do Mn?* thi vi tri
cuc dai ctia dam da cam-vang & 600 nm hau

nhu khéng thay do6i. Pay 13 mot dic diém co

kich thich phét Xa

0000 e

0% %% O

o’e%’% -
O O O dich chuyén

khong burc xa

OO
OOOO

0’e’e’0

Hinh 3.14: So do truyén ning hrong

.~ roo. 24 N . ’
gitta cdc ion Mn“" va tdi hop cac hat
tai dién trong ZnS:Mn. (a) phat
quang véi nong dé Mn** thap, va (b)
sw ddp tat vi nong do o nong do Mn**
lon. O day gia thiet Vs la mot vi tri
dap tat.

%i?

ban cta co ché phat quang. Pam da cam-vang dic trung cho sy chuyén doi buc xa

5 ’ ‘A , r 5 5 A A ” ;s 2 \ 4 A
ctia cac dién tir trong 16p vo 3d° chua lap day cua cac ion Mn™" tir mire “T; xudng

.6
muc "A.



48

3.2.2. Pho phat quang ctia bot nano CdS, CdS: Mn
Tuong ty, hinh 3.15 13 phd phat quang cta bot nano CdS ciing duoc ché tao
bang phuong phap dong két tiia va duoc kich thich bang buc xa 325 nm & 300K, véi

cong suit 18mW cua laser He — Cd.

4000
3500
3000
2500 S
I(a.u) 2000 .
1500 - h
] g A -. d
f §. C
1000 - e .~ '4 b
] I
500 - - -r.%*w gl
) oy ,,Mm.;"f.,.. *ﬁ"““ib" "..‘,"' kbl
I i I T I
200 400 600 800 1000
2(nm)
Hinh 3.15: Phé phdt quang ciia bét nano CdS:Mn
Mau a: Cyn= 0 % mol Mau b: Cyn= 1 % mol
Md~u c¢: Cuyn=2 % mol Md~u d: Cyn=3 % mol
Mau e: Cyn=5% mol Mau f: Cun=T7 % mol
Mau g: Cyn= 10 % mol Mau h: Cyn,= 12 % mol

Khi ting ndng d6 Mn?* tir 0% mol dén 12% mol, cuong d6 phat quang ting
dan. Nong d6 Mn** s& cho cudng d6 phat quang manh nhat. Cac ion Mn®* ciing da
thay thé Cd**, kha nang thay thé nay khong cao nhu ddi véi Zn®* vi ban kinh ion
Mn?* nhé hon ban kinh cua ion Cd** nhiéu. Vi vy ma nong do Mn?* kich hoat vao

Cd*" (12% mol) cao hon nhiéu so v&i khi kich hoat vao Zn®* (8% mol).
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Dua vao li thuyét ving ning luong, chung t6i di ching minh duoc ring
sunfua k&m va sunfua cadimi c6 thé phat quang duoc. Trong chét ran, cac nguyén tir
két hop lai voi nhau thanh cac khéi thi cac mirc nang lugng bi phi 1én Va trd thanh

cac vung nang lugng. Co 3 vung chinh:

P

'y
Cac mufic | : %
chua |-§|'|:I- i fff VU"E dan
.._.'-""
Miing ; «—__ Viing tréng
.
&“‘xﬁ
Wi
i mic )
43 lip :

e Vung héa tri: 1a ving c6 ning lugng thip nhat, 1a ving ma dién tir lién két
manh véi nguyén tur va khong linh dong.

e Vung din: c6 muc ning lugng cao nhét, 12 viing ma dién tir s& linh dong nhu
cac dién tu tu do. Pi¢n t&r & vung nay 1a dién tu dan, nghia la chit c6 kha
ning dan dién khi c6 dién tir ton tai trén viung dan. Tinh dan dién ting khi
mat do dién tr trén vung dan tang.

e Ving cam (ving tréng ning lugng): 1a ving nam giita ving dan va ving hoa
tri, 1a ving khong c6 muc ning lugng nao. Do d6 dién tir khong thé ton tai
trén ving cam.

Néu ban dan pha tap thi xuat hién cac mic ning luong trong ving cam.
Khoang cach gitta day ving dan va dinh ving héa trj goi 1a d6 rong vung cAm. Do
rong ving cam cang 16n thi cuong do phat quang cua chit ban dan cang manh.

Sunfua kém ZnS c6 dJ rong vung cAm 1a 3,7eV con sunfua cadimi CdS c6 do rong
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ving cAm 13 2,4eV. Chung déu c6 do rong ving cAm twong dbi 16n nén déu co kha
ning phat quang manh va thich hop cho viéc dua chét kich hoat vao dé tao ra bot
huynh quang véi buc xa trong ving nhin thay va ving hong ngoai gan. Khi kich
hoat béi mangan, d6 rong ving cAm cta ZnS va CdS déu ting 1én, do d6 chung tré
nén phat quang manh hon.

Nguyén nhan ZnS phat quang manh hon CdS khi cung kich hoat mangan:

» Kich thudc hat nano ZnS:Mn bé hon CdS:Mn nén phat quang manh hon;

> Do rong ving cAm ctia ZnS 16n hon d6 rong ving cAm cua CdS;

» Bén kinh ion Mn®* gin bing Zn** va nh6 hon nhiéu ban kinh Cd** Vi

vay ma ndng d6 Mn?* kich hoat vao Cd** (12 mol%) cao hon nhiéu so véi

khi kich hoat vao Zn** (8 mol%).
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KET LUAN

Thuc hién dé tai: “Téng hop, nghién civu tinh chit phdt quang ciia sunfua
kém va sunfua cadimi kich hoat béi mangan’’ chung t6i di thu duoc mot sb két
qua chu yéu sau:

e D6i voi cde mau bot nano ZnS

+ Bang phuong phap dong két tia, chiing t6i da tao ra bot nano ZnS véi kich
thude hat khoang 4-5 nm, cdu tric 14p phuwong tinh thé voi hang s mang tuong Gmg
laa=b=c=5,3133 A. Trong bot ZnS: Mn (Cyn = 8% mol), thanh phan phén trim
cua Zn, S va Mn trén bé mat tuong tng 1a 63.98% Zn, 33.36% S, 2.63% Mn.

+ Trong pho phat quang ctia ZnS chi xuat hién ddm xanh lam & 452 nm.

+ Khi pha tap Mn®* v6i ndng d tang déan tir 0% mol dén 8% mol vao ZnS thi
dam xanh lam bi dap tit dan, trong phod phat quang chi xuat hién dam da cam-vang
& 600 nm c6 cudng do ting dan theo ndng d6 Mn**. Va tai ndng d6 Mn?* 8% mol thi
cudng do phat quang manh nhét (600 nm).

e Doi véi cdc mau bt nano CdS

+ Bot CdS duoc tao ra véi kich thude hat khoang 6,5-8 nm, ciu tric lap
phuong tinh thé véi hang s mang a=b = ¢ = 5,8320 A°, Trong bot CdS:Mn (Cy, =
12% mol), thanh phan phan trim cta Cd, S va Mn trén bé mit twong ung 1a 51.84%
Cd, 45.15% S, 1.76% Mn.

+ Khi pha tap Mn?* v&i ndng do tang dan tir 0% mol dén 12% mol vao CdS
thi cuong do phat quang ting dan theo ndng d6 Mn”*. Va tai nong do Mn®* 12 %
mol thi cudng d6 phat quang manh nhat (khoang 590 nm).

o Nhitng huedng nghién ciru tiép theo

+ Nghién ctru anh huéng cta cac chit kich hoat khac dén tinh phat quang
cua sunfua kém va sunfua cadimi.

+ Nghién ctru anh hudéng ctia nhi¢t do sﬁy va nhiét d6 G dén hinh thai va ciu
trac cua vat liéu.

+ Nghién ctru anh hudng ciia thoi gian sdy va thoi gian G dén hinh théi, cdu

trac vat liu.
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