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MO DAU

ZnS 1a hgp chat ban dan thudc nhém A“BV! da duoc cac nha khoa hoc trong va ngoai
nuée nghién ctru tir 1au. Do ZnS ¢ do rong ving cdm 16n (AEg = 3,7eV) & nhiét d6 phong, ving
cam théng, c6 do bén 16n khi ¢ dién treong manh, nhiét dd néng chay cao,hiéu stiat phat quang
16n ... nén ZnS dugc ung dung rat nhiéu trong linh kién quang dién t& nhv man hinh hién thi,
ctra s6 hong ngoai, ché tao pin mat troi, diot phat quang...

ZnS 1a vat liéu lan quang dién hinh vi n6 ¢ kha nang phat quang ty kich hoat (SA). Bot
lan quang ZnS c6 mot vung phat quang mo rong tir vung gan tia tir ngoai (UV) dén gan vung
héng ngoai (IR). Hon nita, dd rong viing cAm ctia ZnS c6 thé dugc thay d6i bang cach thay d6i
nong do tap chdt pha vao. Hiéu suiat phat quang thuong tang 1én khi pha thém nguyén to dat
hiém hay kim loai chuyén tiép. Dac biét la vat liéu ZnS pha tap Ag, Cu, Mn, Co, Al... da va dang
duoc nghién cttu rong rai do phd phét xa ctia chting thirdng nam trong viing anh séng kha kién
duoc ting dung trong doi séng hang ngay.

Bot lan quang ZnS:Cu,Al dugc tng dung nhiéu trong linh vyce phat dién quang nhuw
dung cu phat xa electron lam viéc ¢ dai tan rong. D€ ddp ting cho sy phat trién ki thuat nhat la
ch€ tao linh kién c6 hiéu dién thé€ van hanh thdp, d¢ phan giai cao nén ZnS:Cu,Al la vat liéu
khong thé thay thé dé ché tao man hinh huynh quang dién tt, ong hinh tivi...

Viéc nghién cttu tim ra cac phuwong phap tién tién, hiéu qua dé ché tao bot lan quang
ZnS, ché tao vat liéu ZnS pha tap co6 kich thudc nano va nghién ctru anh hwong cta hiéu ting
luong ti tci tinh chat caa vat liéu da thu hut duoc nhiéu s quan tam cta cta cac nha khoa hoc
trong nhitng nam gan day. Boi vi, cac hat c6 kich thudc nhé giam tci ¢d nm (Inm -1I0Onm), khi
duong kinh hat xdp xi bang duong kinh Bohr thi hiéu ting giam gitt luong t& cling bat dau
déng vai tro quan trong nhiéu hon, anh huwong manh dén tinh chat ctia vat liéu lam cho vat liéu
nano c6 kha nang tng dung cao hon.

Céac nghién ctru vé vat liéu ZnS:Cu, Al cung véi cac kim loai khac nhu Mn da chi 10 sy

khéc biét gitra cac hat nano va mau khéi tiong ting. Vi v nghia thuc tién quan trong va dya
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trén co so trang thiét bi cua td6 by mdn Vat li chat rén—TrUf&mg Pai hoc Su pham Ha Noi, ching
toi chon dé tai nghién ctu cho luén van thac si la "Nghién cttu va ché tao vat liéu bot va mang
ZnS :Cu,Al " .

Muc dich cta luan van:
*) Tim hiéu va ché tao bot ZnS:Cu, Al bang phuong phap dong két ttia, ché tao mau mang bang
phuong phap phun tinh dién.
*) Nghién ctru anh hudong cua cong nghé ché tao dén mot s6 tinh chat cua vat liéu nhu: cu tric
tinh thé, kich thudc hat va dac biét 1a tinh chat quang, cu thé 1a anh hudng ctia nhiét do G mau
bot, nhiét dd d€ ctia mau mang.
*) Tim ra co ché'lam giam kich thwdc hat dén kich thude nano.

Ngoai phan mo dau, két luan va tai liéu tham khao, ndi dung khda ludn nay gom 3
chwong
Chuong 1: Tong quan vé vat liéu ZnS:Cu, Al
Chuong 2: Tong quan vé cac phuong phap ch€ tao va nghién cttu vat liéu Chuong

3: Thwe hanh ché tao mau bdt ZnS:Cu, Al, két qua va thao luan.
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CHUONG I
MOT SO NET TONG QUAN VE VAT LIEU ZnS VA ZnS PHA TAP

1.1. CAu triic mang tinh thé ctia ZnS
ZnS la mot trong nhitng hop chat ban dan dién hinh thudc nhém ban dan AVBY.. ZnS ton
tai & nhiéu dang cdu truc phitc tap nhung c6 thé coi ZnS c6 hai dang cdu truc chinh 1a ciu trac
luc giac (Wurtzite) va cdu trac ladp phuong gia kém
(sphalerite/Zincblende).

1.1.1. Cau triic Wurtzite

Nhém d6i xting khong gian ctia mang tinh thé nay 1a c¢**
- P6smc. Day 1a cdu tric bén ¢ nhiét d§ cao (nhiét d¢ chuyén tie
gia kém sang Wurtzite xay ra 6 1020°C dén 1150°C)
- [14,17]. Mdi 6 mang chtta 2 nguyén tit ZnS, trong d6 vi tri cac

nguyen ti la:

Q lon Zn*

s:(0,0,u); (1,1 i+ u) voiu=i

Q lon S2"'

Hinh 1.1: Cdu triic luc gidc Wurtzite
Mdi nguyén ttr Zn lién két véi 4 nguyén t § nam trén 4 dinh t& dién gan déu Khoang

cach tlr nguyén tir Zn dén 4 nguyén tir S: mot khoang bang u.c con 3 khoang
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2(
§+c u

kiabang [L2
(a, cla nhitng héng s6 mang dwoc xac dinh la:
a=3.82304A°, c= 6.2565A°) [1].

Cé thé coi mang luc giac Wurtzite ciu tao tir 2 mang luc gidc [6ng vao nhau: mot mang
chita anion 8, mot mang chita cation Zn. Xung quanh mdi nguyén t c6 12 nguyén t 1an can
bac2:

- 6 nguyén tit & dinh luc gidc nam trong cling mat phang véi nguyén tit ban dau cach 1
khoang a
- 6 nguyén ti khac 6 dinh lang tru tam gidc cach nguyén t&r ban dau 1 khoang
B G
1

Trong cdu hinh nay ton tai nhiéu cdu hinh da ki€u " nhu 2H, 4H, 8H, 10H" nhu hinh 1.2,

cac loai hinh nay cting nhu tinh chat khong gian ctia né c6 anh hudng truec ti€p toi cac tinh chat

quang pho hoc ctia vat liéu [4].
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Hinh 1.2: Cdu tric da kiéu cua cdu triic wurtzite.
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1.1.2. Cau triic 1ap phuong gia kém
Nhém d6i xtiing khong gian twong ting voi cdu truc nay la Tj - Fs . Day la
cdu truc thuong gap & diéu kién nhiét do < 950° ¢ va ap suat binh thuong. Trong 0 co sd 6 4
phan t&t ZnS, toa d) cac nguyén ttt nhu sau:
S: (0, 0, 0%; (0, 1/2, 1/2); (1/2, 0, 1/2); (1/2, 1/2, 0)
Zn: (1/4; 1/4; 1/4); (1/4; 3/4;
3/4); (3/4; 1/4; 3/4); (3/4; 3/4;
1/4)

lon s%*

I lon Zn?*

Hinh 1.3: Cdu triic lgp phuong gid kém
Sphalerit

Mbi nguyén t § (hoac Zn) con dwoc bao boc bei 12 nguyén tt cung loai,

4
ching ¢ lan can bac 2 nam trén khoang cach —a. Trong do6 c6 6 nguyén tit nam o

dinh cta luc gidc trén cing mit phang ban dau, 6 nguyén t& con lai tao thanh hinh lang tru
gom 3 nguyén tir & mit phang cao hon, 3 nguyén t& & mat phang thdp hon mat phang luc giac
ké trén. Cac 16p ZnS duoc dinh hudng theo truc [111]. Do d6 tinh thé lap phuong gia kém cd
tinh di hudng, cac mat d6i xing nhau [hki] va [hki], cic phwong nguwoc nhau [hkl] va [hki] c6

thé co tinh chadt nguoc nhau. Trong cau tric nay khong ton tai tam d6i xing hay tam dao.
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1.1.3. Mang tinh thé thuc ctia ZnS

Cac hang s6 mang ctia 6 nguyén t6 luc giac va hang s6 mang 6 nguyén t8 lap phuong
lién hé v6i nhau qua cong thuee:
41 2V3
afj=2a’’Ch=3ic
trong do an va cr 1a hang s8 mang luc gidc, ac 1a hang s6 mang 1ap phuong.

Yi tri twong ddi ctia nguyén tir trong mang lap phuwong va mang luc gidc gan gidong
nhau. Su bao boc ctia cac nguyén tt Zn (hay S) boi cdc nguyén tir 1an can bac hai trong hai loai
mang la gidng nhau. Su khac nhau vé toa d6 cac nguyén ttr thé hién & chd cau truc luc gidc dac
trung boi phan lang tru. D€ phat hién sy khac nhau trong cdu tric nay can phai xét dén nguyén
ttr 1an can bac ba [18].

Céc h:?mg s0 mang phu thudc vao do hoan thién ctia mang tinh thé. Su ton tai cta tap
chat cling gay nén nhitng sai khac vé hang s§ mang so véi tinh todn li thuyét. Nhitng sai hong
trong tinh thé luc giac c6 thé tao ra mdt ving nho cdu tric 1ap phuong nam trong tinh thé luc
giac. Tinh thé ZnS két tinh trong cac diéu kién khac nhau co thé tao ra cac dang cdu truc khac

nhau; d6 la cac bién thé cta cau trac lap phuong va cau trac luc giac.
1.2. C4u tric vung nang lwgng ctia ZnS

1.2.1. C4u trac vung ning lugng cia mang lap phuong gia kém Mang lap

phuong gia kém cé ddi xitng tinh tién ctia mang lap phuwong tam mat, cac vecto tinh tién co so

«1="«(1,1,0); a 2 ="«(1,0,1); «3="«(0,1,1).
Mang dao 1a mang lap phuong tam khéi voi cac vecto co so la: j =

-(1,1-1); b2=-(1-1,1); i =~(-1,1,1).
a a 3

Vung Brillouin la 1 khéi bat dién cut nhw hinh 1.4.
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Bang mot s8 phuong phdp nhu phuong phap gia thé, phuong phap séng phang
tryee giao ngwoi ta da linh toan dwgc cdu truc vung nang lwong ctia ZnS. Hop chat ZnS ¢
vlung c&m thang. D&i véi mang lap phuong gia kém trang thdirss. chuyén
thanh risv. Néu tinh dén twong tac spin - quy dao thi trang thai risv tai k = 0 sé suy bién

thanh 6 trang thai,rs suy bién bac 4 va trang thdirz suy bién bac 2 . Sy suy bién taik = 0

v

(0,0,0) P
Hinh 1.4: Cdu triic ving Brillouin ciia Hinh 1.5: Cdu tric ving ning luong cia
tinh théZnS dang lap phuong gid kém tinh thé' ZnS dang ldp phuong gid kém tai

lan can k=0
duoc biéu dién nhu hinh 1.5.
Do mang lap phuong gia kém khong c6 doi xiing dao nén cuc dai ctia vung hoa tri
1éch khéi vi tri k =0 va lam mat di su suy bién viing c4c 1 tréng nang V! va 16 trdng nhe v2.
1.2.2. Cau triic ving ning lwgng ctia mang luc giac Wurtzite.
Mang luc gidc Wurtzite c6 cac vecto tinh tién co so la:

= — a(1,-V3,0); @2 — —a(l,V3,0); «3 =c(0,0,).

Cac vecto trong khong gian mang dao la:
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l-;1=27£

—(1,—%,0); b, =2—”(1,i3,0); 5 =2

Nguyén Bich Phuong - CH kl5

2

NE) a 3 ¢ (0,0,1).

Do vay vung Brillouin la 1 khéi luc ldng tru bat dién nhw hinh 1.6. Do ciu trtc tinh

thé ctia mang 1ap phuong va mang luc giac khac nhau nén thé nang tac dung lén dién tw

trong hai mang tinh thé khac nhau. Tuy nhién d6i véi cung mét chat khoang cach gitra cac

nguyén tt trong cting loai mang bang nhau. Lién két hoa hoc ctia cac nguyén tir trong hai

loai mang tinh thé ciing nhw nhau. Chi c¢6 sy khac nhau ctia treong tinh thé va vung
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Brillouin gay ra sy khac biét trong thé nidng tdc dung 1én dién tkx. Bang phuwong phap

nhiéu loan dién tt co6 thé tinh dugc ndng lugng ctia mang luc giac.

So véi so do ving nang luwong ctia mang 1ap phuwong ta thdy rang do anh huéng

ctia nhiéu loan truong tinh thé ma mic rg (=3/2) va 17 (j = 1/2) ctia vung hod tri 1ap

phuong bi tach thanh 3 muec rg (A), 17(B), 17(C) trong mang luc gidc (hinh 1.7)
*

(0,0,0) 1

Hinh 1.6: Cdu triic ving Brillouin Hinh 1.7: Cdu triic ving nding lugng cia cua tinh

théZnS dang Wurtzite

tinh thizns 1] demg Wurtzite tai lan can

k=0
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1.3 Mot s6 két qua nghién ctru vé tinh chit quang cia mau khdi ZnS va mau khéi ZnS pha

tap
1.3.1 Phat quang caa mau khdi ZnS

V6i cac tinh chat nhu nang leong ving cdm 16n, tai hop thang, tir 1au ZnS da duoc
biét dén 1a mot trong nhiing chat 1an quang dién hinh vdi cac tinh chat phat quang khac
nhau nhu: quang phat quang (PL) hay dién phat quang (EL). Khac vdi cac loai vat liéu
khac, cac suniua thudc ho ZhS cé thé phat quang khi khong pha tap- sy phat quang nay
duoc goi la phat quang tu kich hoat (SA). Véi phd phat quang ctia mau khdi ZnS trong
vung t ngoai (UV) va anh sang kha kién (Blue), J.C.Lee va cac dong su [17] da khao sat su
anh hudng ctia nhiét dd u 1én cau truc va tinh chat phat quang mau khdi ZnS c6 kich
thudc hat khoang 30/077 duoc 1 trong chan khong. Lee nhan thay rang khi nhiét do u <
950°c, ZnS ton tai 6 cau trac sphalerite va pho phat ra ¢ dinh tai 46071 va 528 T1. Dinh
tai 4607 do 16 trong hinh thanh trong ciu tric sphalerite va cuong do sé ting khi nhiét
dd 1 tang 750° ¢ 950° ¢ nghia la mat do 16 trdng Va, hinh thanh tir cic tAm phét quang
duoc tang lén. Luc nay mot dinh méi xuat hién tai 528 77777 do vs hinh thanh trong cau
trac sphalerite. Dinh nay duoc tao do sw chuyén dci tuwong doi tir #-> dai hod ta hoac t6
hop dono- axepto (D-A) tir %l Khi nhiét d6 u >1050°¢, phé phat ra ¢ dinh tai 46077171,
440 77777,528 77777 va 515 77777 . Ta nhan thdy dinh tai 460 77777,528 77777 xuit
hién trong cdu trac sphalerite va 44077777 , 515 77777 xuat hién trong cau trac
wurtzite. Khi nhiét d6 tang 1050° €1150°c thi cwong d6 dinh tai 44077777 , 51577777
cling tang. Tac gia giai thich la do méat d¢ vs tang trong cdu triic wurtzite va co ché phat
quang la do sy chuyén doi teong d6i tir s dai hoa tri hodc td hop dono - axepto (D-A) tir &

> Ma Nhu vay khi nhiét d6 >1050°c ZnS ton tai dong thoi cdu tric sphalerite va wurtzite .
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Hinh 1.8: Pho huynh quang ciia ZnS 1 ¢
cac nhiét do khac nhau [18]

Nhin chung, vi tri dinh phd ctia biic xa SA phu thudc manh vao cong nghé ché tao
va nhiét d¢ u. Khi nhiét d6 t tang, cac dinh dich vé phia nang lwong cao hon, dong thoi do
rong cuia pho ciing tang lén [17].

1.3.2 Phéat quang ctia mau ZnS pha tap Khi pha tap chét vao tinh thé ban
dan ZnS lam cho tinh chat quang ctia ZnS thay d6i trong dé cé nhitng tinh chat ma ta
mong mudn nhu: hiéu sudt phat quang 16n, thoi gian kéo dai, cac viing phat quang nam
trong vung nhin thay va ddc trung cho tiing loai tap chat pha vao ... Cac tap chat pha vao
c6 thé chia thanh hai nhém: cac nguyén t6 thuéc nhém I (Ag, Au, Cu,...) duoc goi la cac
tap chat kich hoat, con cac nguyén td thuoc nhém n (Al, In, Ga,...) dugc goi la cac tap chat
cong kich hoat. Cac tap chat nay va t6 hop cua chung cung vdi cac sai hong riéng cta
mang tinh thé hinh thanh cac tam phat quang khac nhau trong tinh thé ZnS pha tap va tuy
thudc vao néng do twong doi va tuyét doi ctia ching.

Trong ludn van nay,ching t6i quan tam dén tinh chat phat quang cua ZnS pha
Cu, Al Theo [10,11,12], ZnS:Cu, Al ¢ dai phat quang mau xanh nhin thay ddc trung cho
tam phat quang ctia Cu. Trong d¢, hai dai huynh quang mau xanh da troi va mau xanh luc

(B - Cu, G - Cu) dwoc quan tam nghién ctru rat nhiéu. Ban chat phat quang cta btec xa B -
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Cu, G - Culudn gén lién v6i su ton tai cua cac tap cdng kich hoat (nhw Al). Tuy thudc vao
nong do tuyét d6i cua ion Cu?* va ndng do ti ddi gitra chuing vdi ion cong kich hoat ma vi
tri cuc dai, ceong dd twong doi cling nhu d) rong phd ctia cac dai huynh quang B - Cu, G -
Cu c6 thé thay d6i va dich chuyén [8].

1.3.2.1 Phat quang ctia mau khdi ZnS:Cu Trong sudt thap ky tir nhitng
nam 1950 - 1970, viéc nghién cttu vé su phat quang ctia mau khdi ZnS: Cu da dwoc trién
khai rong rai. D&i vei mau khdi ZnS:Cu nguoi ta da quan sat duoc 3 ving biee xa: mot 1a
vung tit ngoai (UV), hai 1a vung kha kiéncé 3 btic xa: anh sdng xanh da troi (blue)
431-444nm, xanh 14 cay(Green) 516- 522nm, anh sang do (Red) 674nm va ba la vuing hong
ngoai (IR) [9]. D€ giai thich qua trinh bttc xa trong cac vung noi trén nhiéu moé hinh da
duwoc dua ra dé thao luan.

Theo [9], ion Cu?* dwoc dua vao trong ban dan nén ZnS va ion Cu? (3d°) thay thé
vao vi tri ctia Zn?. Do tuong tac voi treong tinh thé ti dién cua 4 ion §2' ma trang thai 3d°
tach thanh hai mtc : mitc t2 nam cao hon va mtic e nam thap hon. So &6 chuyén mtc nang
luong ttng vai cac bitc xa dugc mod ta trén hinh 1.9

Theo so do6 trén, bitc xa hong ngoai (IR) da dwgc khao sat tng vci sy chuyén mitc
tir muc t2 dén muic e. Khi 1 electron bi kich thich tr dai dan va bi bit & mée dono nong,
btrc xa xanh(G) xuat hién ting vci sw tai hop ctia electron nay véi 116 tréng & mtrc tap chat
ctia Cu. Bttc xa d6 duoc goi la bitc xa G - Cu da dwoc Shionya cung cac cong s nghién
ctru. Birc xa do6 (red - Cu) dugc cho la ting vci su tai hop cta 1 electron tir mitc dono dinh

x& sau voi mot 10 trong & muc tap chat cua Cu.
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Vung dan
nong

Mtc dono Muc dono sau

t, ctia Cu®
e cia Cu** v [R-Cu

Ving ho4 tri

Hinh 1.9: So d6 chuyén mikc ning luong ciia ZnS:Cu?[9].

Trong mot vai cdng bd da khang dinh rang diéu nay la dung dan. Tir so d6 ta 6
thé du doan dwoc 2 dai phat ra béng su t6 hop tlr mirc ndng hodc sau: mot dai do chuyén
mtkc dén mikc e ctia Cu?* va mot dai do chuyén miic dén Iz ctia Cu®. Tuy nhién gian d6
murc nang lwong nhu hinh 1.9 ¢6 nhwgc diém la trang thai hod tn cta ion Cu?* da duoc tinh
tredc khi tai hop, sau d6 sy tai hop Cu* (3d!?) dugc hinh thanh ma khong céd mot trang thai
suy bién. Sy phat quang cua bttc xa mau xanh luc hinh thanh do sy chuyén mutc ttr mot
trang thai c6 nang luong cao hon (mot electron bi bay véi Cu?*) dén mot hang thai c6 ning
luong thap hon (Cu’). Trang thai cudi cung la hang thai khong suy bién va vi vdy phat ra
duy nhat mot dai. Ban chat ctia btic xa mau xanh da troi (B - Cu) chwa dwoc giai thich o
rang. Btrc xa xanh da hoi va tia t ngoai (UV) c6 thé hén quan dén cac sai hong mang va
cac ntt khuyét ma chung ta da biét dén qua co ché phat quang tw kich hoat ctia ban dan
ZnS khong pha tap.

1.3.2.2 Phét quang ctia mau khéi ZnS:Cu,Al Mau khéi ZnS:Cu,Al duoc ché

tao bang phuong phap dong két ttia nung ¢ 800°¢c cd cau tric sphalerite va wurtzite, kich thudc
hat ¢& 700nm [16]. Ph6 huynh quang phat ra c6 dinh mau xanh da troi (Blue) 449nm va xanh la
cay (Green)
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525nm. Cac nhém nghién ctiru vé dinh cuc dai cta dai xanh thuwong cho két qua khac nhau
do chiing d6ng ton tai 2 ki€u cau trac, cac dinh ctia cdu tric sphalerite sé 1éch véi wurtzite
vé phia séng dai [17]. Co ché phat quang ctia mau khdi ZnS:Cu,Al 1a do qua trinh tdi t&
hop cép dono-axepto (Al-Cu) va t6 hop ctia cac tdm tap dan dén sy hinh thanh nhiéu mtc
nang leong hon trong ving cAm ctia mau ZnS:Cu,Al. Theo [16], nong dd cua chat kich
hoat Cu, AI déng vai trd quan trong trong viéc xac dinh can bang nhiét hoc gitta tam Cur
va cac hiéu tng khac do sai hong mang va anh hudng tryc tiép dén cuong dd cac dinh
phat xa. Qua nhiéu nghién cttu néu néng do pha tap cta Cu la 10 5 -> 10 3(Cu/Zn) sé cho
huynh quang 16n nhat [16].

Bang phép dap tat hong ngoai nguoi ta tinh todn cac mitc nang luong ctia tap chat
Cu,Al trong viing cdm nhu sau: dono Al c6 mtc nang luong lién két nong nam cach ddy
viing dan mot khoang 0.1 eV [2] con 2 mtic axepto ctia Cu nam phia trén dinh viing hod tri
va cach mot khoang la 0.4 va 1.25eV. Ngoai ra con c6 cac mttc dono va axepto khac ton tai
trong mau nhu khuyét Vi, Vzx nam gan d6 va t8 hop cac tdm tap trén c6 thé hinh thanh
nhiéu mic ndng lwong hon trong ving cdm ctia mau khdi ZnS:Cu, Al
1.4. Mot s6 két qua nghién ctru vé su phat quang ctia hat nano ZnS va ZnS pha tap

Trong nhitng ndm gan day, viéc nghién cttu tinh chat quang cua ban dan pha tap
c6 kich thiéc nano da thu hut dwoc nhiéu sy quan tdm ctia cac nha nghién ctru. Ban dan
nano cho tinh chdt quang nhat dinh va phu thudc rat nhiéu vao kich thwdc hat. Bén canh
ddc trung vé kich thudc, hiéu ting bé mat cling anh huong dén tinh chat quang ctia cac hat
nano [16,18]. Theo [8], ceong do phat quang cua cac hat nano ZnS gdp 26 lan cuong do
phat quang ctia cac hat ZnS c6 kich thuéc thong thuong. Diéu nay 1am cho ban dan nano

duoc ting dung nhiéu hon trong cac dung cu phat quang hon la dang khoi.
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1.4.1 Phat quang cta nano ZnS
Nho hiéu ting luong tt, dai cdm tang khi kich thwdc hat giam. Sy dich chuyén cta
dai cdm 1a do su dich chuyén ctia dai dan 1én ning luong cao hon va dai hoa tri xudng

nang lwong thap hon [9]. Dai cAm du:c_).rc tinh béng cOng thitc sau [9,13,20] :
EE i mAren s
v6i R 1a ban kinh ctia hat ban dan
Eg 1a dai cdm ctia mau khdi ZnS (3.7eV)

m\,m 1a khdi lwong hiéu dung ctia electron va 16 trong.

D4i véi nano ZnS, dai cdm (292nm) dich chuyén vé viing xanh Blue so véi mau khéi ZnS

(350nm) do hiéu tng lwong tt [9].

Mau nano ZnS duogc ché tao béng phuong phap hoa ¢ nhiét d¢ phong, ton tai dong thoi

c&u trtc sphalerite va wurtzite, kich thuwedc hat tir 1-*5nm [18]. Phd huynh quang cho 3 mau ZnS

ttr 400-*800nm va co6 thé€ phan tich thanh 3 vung: vung ttt ngoai uv (400 ->450nm), vung kha

kién tir 450-°650nm, viing hong ngoai IR trén 650nm.Trong ving uv, IR mau khac nhau cho

cing mot dang phd nhung ving kha kién lai khac nhau cho 3 mau dwoc ché tao cing mot cong

nghe [18].
{uv CMSBE o me |
| | 8
7 | Hk {
E_EI' .d;ll f&ir‘» } b T

Wavelangin (rm)

Hinh 1.10: Ph6 huynh quang ciia nano ZnS [18]
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* Pho IR: ¢6 5 cdp dinh cung cach nhau 7nm, 1a két qua ctia chuyén doi
gitra cac hang théi dinh xt bén trong vung cdm dugc tao ra do tap chat va mang khong hoan

hao.

70 = 80
Wavelengih (rm)
HinhlIl: Phd huynh quang IR cho 3 mau khdc nhau [18]

Ttr phd nhan duoc ta thdy cac cap dinh khong nhitng dwoc tao ra do sw chuyén doi tir
nhitng mttc nang lugng cung vi tri ma con tit nhitng mitc ndng lwong cac vi tri trong moi
truong tinh thé. D.Dender ciing cac dong su thita nhan rang do sy ton tai ctia sphalerite va
wurtzite trong mau. Su chuyén doi cta cac electron tai vi tri mot ion phu thudc vao treong tinh
thé dia phuoing duoc tao bci cac ion lan can. Moéi treong tinh thé khac nhau dan dén sy khac
biét nhé trong phan bd hang thai electron ma biéu hién la sy tach mtec trong quang pho. Day la
diéu kién t6t d€ kiém chitng sy dong ton tai cta 2 cdu trac. Tuy nhién viéc ki€ém ching nay
cting kho thuc hién trong treong hop hat qua nho.

* Pho kha kién: theo hinh 1.10 ta thay pho phat ra c6 dinh tai 590nm, anh
sanh mau cam quan sat dugc do su pha tap Mn vao mau, tuy thudc vao nong do Mn pha tap
ma cuong do dinh pho phat ra la khac nhau. Co ché phat quang duoc giai thich 1a do sw tai hop

cua cdp electron va 10 hdng va su chuyén doi nang luong dén cac tam Mn?*.
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* Phé UV: d6i v6i mau khdi ZnS ta nhan duoc duy nhat 1 dinh phd phat

ra nhung véi nano ZnS phd phat ra c6 4 dinh (fit bang dwong Gauss)

400 410 420 P A o
S L il SR : =
i Poay
1 o o :
4 2 i A
— £ 5 ﬁf' o }
a0 f L /
L) 4 { \
e | / -
a 1 f
¥ . \
& 4~ ' [
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Hinh 1.12 : Ph6 huynh quang da duwoc fit dé xdc dinh chinh xdc cdc dinh [18] Qua nhiéu
nghién ctru ta giai thich 1a cic hang thai 16 hong nam sau trong dai cAm hofn la cac hang thai

tao ra ttr cac khe nguyén ti va ta nhan dugc so d6 cac mitc nang lwong nhuw sau: .

Vung dan

An

Vs

Vung hoa ta
Hinh 1.13: So d6 chuyén mikc niang luong ciia nano ZnS [18].
Trong do, vs la trang thai dono dinh x.
Vzn la trang thai axepto dinh xt Is 1a
trang thai axepto Iz la trang thai dono
Su phéat quang trong pho uv la do su sai hong Zn va S trong mang tinh thé. Ta thay
rang khi mot nguyén t& di chuyén ra khoi mot vi tri thi ¢6 su sap xép lai ctia cdc nguyén ti 1an

can sé& dén chiém chd. Sy hinh thanh lai s& phu thudc vao kich thudc ctia nguyén tir : trong
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treong hop nay, ion s ¢6 kich thwdc 16n hon ion Zn, khe s bi bién dang nhiéu trong mang. Mtic
electron c6 ngudn gdc tir vi tri nay c6 nang luwgng lién két nho do bi bién dang nhiéu. Vi vay
trang thai khe s nam gan dai hoa tri hon trang thai khe Zn véi dai dan. Tuwong tw cho cac 16
trong.

Trong cac mau ché tao khac nhau ta luén quan sat duoc 4 dinh nhung cuong do6 ctia cac
dinh lién quan dén su chuyén mtic ctia 16 tréng trong cac mau khac nhau. Su khac nhau nay 1a
do anh hudng ctia cong nghé ché tao dan sy khac nhau vé ti s6 16 tréng Vsva va .

1.4.2 Phat quang ctia ZnS pha tap

1.4.2.1 Phat quang caa ZnS:Cu
Bang phuong phap héa hoc, Mingwen Wang va cac dong su ché tao duoc cac hat nano
ZnS:Cu 6 nhiét d6 phong vdi ndong do Cu pha tap khac nhau (ti 1€ mol tir
0. 2% -y 2%) va kich thwdc hat thu duoc trong tng 1a 3.7nm-> 3.2nm. Kich thwdc hat gidm

khi tang néng do Cu pha vao [13].

LLN o

Intensity fa u

00 F

ok

00 L
308 558 400 4s0 40 550 562 RS Ten  71s0

Wavel8nath ynm

Hinh 1.14: Ph6 huynh quang ciia cdc hat
nano ZnS (1) va ZnS :Cu v6i néng do

1110.2% ->2% [13].
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D4i véi mau pha tap Cu, phd mé rong vé phia nang lwong thap so véi mau nano
ZnS va c6 tinh bat ddi xting. Tt &6, Wang tin rang c6 hon 1 dinh bttc xa & d6. Qua ddi
chiéu voi duwong cong Gauss, ta nhan thay c6 2 dai birc xa: mot dai c6 dinh tai 420 - 430nm
(B-Cu) giéng nhu dinh quan sat cta hat nano ZnS, mét dai khac c6 dinh ¢ 490 - 510nm
(G-Cu) chi quan sat 6 mau pha tap.

Nguo6n gdc ctia cac bic xa trén co lién quan dén kha néang tai hop tir cac nat khuyét
clia mang ZnS va cac tam Cu* nhu da biét 6 mau khdi. Theo [13], co ché phat quang cua
ZnS:Cu duoc tac gia giai thich nhw sau: ion Cu?* hinh thanh cidc mitc ning lwong bay ¢ sau
trong vung cam ctuia ZnS. Khi hap thu nang luong tir bén ngoai, cac dién tt c¢d thé chuyén
tlr vliing hod tri 1én trén vliing dan rdi bi bay & cidc mitc ndng lwong dono ndng va sau hinh
thanh do cac khuyét tat hodc cac ion tap chat. Ttr day cac dién tir duoc kich hoat tai hop véi
cac 16 tréng & ving hod tri hodc cac 16 trong da chuyén téi mitc nang lwong bay ctia Cu?,
Cung vodi cac qua trinh do, photon dnh sang dwoc btec xa ra.

Nhu vay, qua cac nghién cttu ban dau trén cac tinh thé nano ZnS:Cu, nguoi ta moi
chi hiéu duy nhat dai huynh quang ¢ vung anh sang xanh luc (Green). Trong khi d6 véi
mau khéi, ngoai dai huynh quang trén, bon dai khac con dwoc quan sat trén phd. Tuy
nhién trong nhitng nghién cttu gan day thi ta quan sat dugc birc xa doé trong phd huynh

quang nano ZnS:Cu [9].
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Hinh 1.15: Ph6 huynh quang va

kich thich huynh quang do ¢ 4K [9]
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Hinh 1.16: Ph6 huynh quang va
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Pho huynh quang khi do ¢ 4K voi budce song kich thich 350nm chi quan sat thady mot
dinh tai 470nm thudc anh sang Blue (hinhl.15) [9]. Dong thoi phd kich thich huynh quang
tai dinh nay cting cho hiéu sut phat quang 16n nhét tai buwdc soéng kich thich 350nm. Ngoai
ra, btec xa Blue c6 thé thu duoc tai budce song kich thich 320nm, ban chat birc xa nay la do sy
tai hop ctia dién ttr & mitc dono dinh xit ndng nam ngay dudi ving dan ctia tap chat Cu? va
16 trong trong vuing hoa tri.

Ph6 huynh quang voi anh séng kich thich ¢é bude séng 345nm ta quan sat dinh tai
600nm (4nh sang d6). Biic xa nay thuong thay trong mau khdi nhung chura thay & tinh thé
nano ZnS:Cu. Dya vao md hinh mttc ndng lwgong & mau khdi, biée xa dé duoc gan cho cac
chuyén murc gitta muitc dono dinh x& sdu va mtc tap chat Cu**

Khi nhiét do tang lén, biic xa Blue dich vé phia nang lwong cao hon va ceong d6
phat quang giam. D¢ dich chuyén 1a 0.1 eV khi tang nhiét d¢ tir 4K -*300K. Diéu nay nguoc
v6i nhitng két qua thu duoc 6 mau khdi. Hién twong nay van chua dwoc Ii giai rd rang.

D4i v6i mau ché tao cing phwong phéap ctia Wang nhung da qua xt 1 nhiét, ceong
dd ctia bitc xa d6 manh 1én rat nhiéu. Diéu nay dugc nhom tac gia [8] Ii giai rang biic xa do
lién quan toi mic ndng lugng ¢ sdu trong khe ving cta cac nut khuyét s' va cta tap chat
Cu nén qud trinh xt li nhiét s& lam ting ndng dd nut khuyét s2' va ion Cu?* dan dén két qua
la cwong do cua dai phat xa do tang lén. Tuy nhién, cac nghién cttru cting cho thdy btc xa do
phu thuéc manh vao phuong phap ché tao.

Ngoai ra, cdc phép do thoi gian s6ng cta sy phat quang cling duwoc nhiéu tac gia
khao sat. Cac két qua do cho thdy thoi gian s6ng ctia btrc xa xanh giam ttr 20/JS ¢ 4K t6i

0.5{IS 0'300K; con thoi gian sdng ctia birc xa do 6 4K 1a 40us.
1.4.2.2 Phat quang cua nano ZnS:Cu,Al

Nano tinh thé ZnS:Cu,Al duoc tong hop bang mot phuong phap méi d6 1a phuong
phép cay lién tiép cc ion: Zn*, Cu’, 8%, Al* vao chat nén trong sudt A1:0s & nhiét d6 1000°c.

C4c tac gia [12] cidng da chiing minh rang day 1a mot trong nhitng phirong phép linh hoat
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hon cac phuong phép tong hop hoa hoc thong thuong.

Hai mau véi nong d6 tap chat khac nhau (nhung liong ion Cu va Al bang nhau) duoc
ché tao: mau pha tap nong d6 thap va mau pha tap nong do cao. Bang phuong phap nay
kich thudc hat thu dwoc & 10nm. Cac két qua cho thdy phd huynh quang ctia mau 1a mot
vung rong quan sat dwgc ¢ xung quanh mtc 2,4eV tuwong ting véi vung xanh luc, két qua
twong tw nhu cac quan sat & mau khdi. Trén phd hap thu va kich thich huynh quang cac cuec

dai quan sat dwgc xung quanh mtec 3,4eV, chuyén mirc vung - vung cua tinh thé nano &

xung quanh 4eV (hinh 1.17). D6 rdng cta dai xanh luc tang theo nhiét do.

Hinh 1.17:Phé huynh quang (PL), pho kich thich huynh quang (PLE) va phd hdp thu

Intensity (arb. units)
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(ABS ) ciia mdu pha tap thdp ia) va pha tap cao (b) 6 14K

Nguon gdc vung phat quang rong ¢ tinh thé nano ZnS:Cu,Al la phtt hop véi sy phat

quang ctia nhiéu cap dono - axepto (D - A) trong tinh thé ZnS:Cu,Al. Trong qua

Trang 20



Ludn van thac st Nguyén Bich Phuong - CH kl5

trinh tai hop ctia cdp D - A, nang lwgng photon birc xa ra phu thudc vao khoang cach gitra

cac mttc dono va axepto theo cong thtrc:

E=E-(Ea+Ea.) +£— (1.2)
£r

trong doé: Eg la nang lugng vung cam
Eq4, Ea la nang lwong mitc dono va axepto £
la hang s& dién méi tinh.
Trong tinh thé nano ZnS:Cu,Al ban kinh Bohr cuia axepto nhé hon khéng dang ké
so v6i ban kinh cua dono vi vay xac suat tai hop ctia cac cdp D - A phu thudc vao khoang

p ~ exp (1.3)

cach mirc D - A va ban kinh Bohr ctia dono ap
VD

Do d6 cac cdp c6 khoang cach R cang 16n (cdp xa) thi sé ¢ xac suat chuyén dci cang
bé nén thoi gian song cang 16n dong thoi nang lwgng phdtdn birc xa nho va ngwoc lai [1, 2].

Nhin chung co ch€ phat quang cua tinh thé nano pha tap la kha phtic tap, ban chat
cta cac bike xa van chua duoc thong nhat mot cach 1o rang. Pay la linh vuc con rat mei mé
va van dang dwoc nhiéu nhém trong nuede va trén thé gici nghién ctru.
1.5 M6t s6 nghién ctru vé cau triic va tinh chit phat quang cia mang mong quang hoc

ZnS va ZnS pha tap chit

CdS ttr lau duoc biét la vat liéu hira hen nhat lam mang dém trén kinh cta pin mat
troi véi hiéu qua chuyén do6i quang hoc cao. Tuy nhién CdS rat doc va tac dung khong tot
1én moi truwong. Vi vay viéc nghién cteu tim kiém vat liéu khac thay thé cho CdS la mdi quan
tam 16n cta cac nha khoa hoc. ZnS la vat liéu duwgc quan tam nhat vi: ZnS khong doc va an
toan voi moi truong, bé rdng vung cdm 16n, sy chuyén doi nang luong photon cao va sy

hap thu anh sang cao hon CdS [15].
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1.5.1 Phat quang ctia mang mong ZnS

Mang moéng ZnS duoc ché tao bang phiong phap bdc bay nhiét trong méi trieong
kin & nhiét dd 200°¢ -> 350°c [15]. Subbaiah va cdc dong su thdy rang ZnS chi cé cau tric
sphalerite va mang két tinh t6t nhat & 300°c. Ti 1é S/Zn la 0.98 & nhiét 4o nay. Mang hinh
thanh & nhiét d6 thap thi it két tinh trong khi ¢ nhiét d¢ cao thi lai thiéu hut 8 do s bay hoi
kha manh trong mdi truong ap suat cao.

Nghién cttu qua trinh hinh thanh mang tac gia nhan thy rang khi ¢ nhiét d6 thap <
300°c c6 mot vai dao tinh thé xuat hién trén dé€. Khi nhiét do ting hat 16n dan va khoang
cach cta cac dao la khong dang ké. Cac dao két hop lai véi nhau hinh thanh mot mang c6
dang déng nhat. Hinh 1.18, AFM cho thdy mang tinh thé hoa va phan bd dong déu trén mat

dé vdi kich thudce hat ¢d 40nm.

'
e
1000 i

000

LK rm

u nm 0 iutn
Hinh 1.18:Hinh AFM ciia mang ZnS tai 300PC [15]

Mang ZnS & 300°c cho truyén qua cao trong vung kha kién, hé so hap thu a » \i#iicm
I a’ phu thudc tuyén tinh vo6i ndng luong photon kich thich hV trén nang leong vung cadm
[14, 15, 20]. Hé thtc lién hé a va Eg chi ap dung cho su chuyén doi truc ti€p gitra cac dai
ndng lwong dwoc bidu dién nhw sau:
a? = Ajhv-Eg) (1.4)

vOi A la hé s6 khong doi.
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Gid tri nang luong vung cdm tng voi nhiét dd 200°¢ ->300°c 1a 3.42eV-" 3.61eV.
Két qua nay phu hop véi nhiéu bao cdo truede do.

Ph6 huynh quang cho 2 dinh tai 315nm va 450nm véi bude song kich thich 1a 260nm
(hinh 1.19).

Hinh 1.19: Pho PL ciia mang nano ZnS trén dé¢ thuy tinh trong thoi
gian ling dong khdc nhau: a) 10s, b) 20s, ¢) 30s [20]

Ta nhan thay rang dinh phat ra tai 45Qnm khodng thay d6i vi tri dinh khi thay d6i
thoi gian lang dong (hay thay ddi kich thuedc hat). Phd phét ra do hinh thanh 16 @6ng s (Vs)
trong mang, cac Vs sé két hop voi cac electron bi bay ¢ khe nong. Khi thoi gian léng dong
tdng, Vs ting dan dén cuwong do dinh ting. Con dinh tai 315nm bi thay ddi vi tri khi thoi
gian lang dong tang. Diéu nay cho biét vi tri dinh nay phu thudc vao kich thudc hat va
duoc tac gia giai thich: dinh tai 315nm do sw chuyén mtc gitta dai hod tri 1én dai dan trong
ZnS, ma do rong dai cam lai phu thudc vao kich thuwdc hat cho nén vi tri dinh thay doi.

Theo [14] , d0 pH ciing anh huong dén cau truc va tinh phat quang ctia mang ZnS.
Do pH thay déi tir 10 -> 11.5, ZnS duoc ché tao ¢ nhiét do 90°c¢, tac gia thdy mang khong
két tinh tai 11.5 va bit dau két tinh khi giam pH. ZnS két tinh tot nhat tai pH=10 va c6 cau

trac sphalerite va wurtzite, kich thudc hat ¢& 14.8nm, nang luong vung cdm duoc tinh theo
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cong thirc (1.4) Eg=3.78eV va giam khi pH tang.

Do pho truyén qua ta thdy hé sd truyén qua tang khi pH tang va 1a 16n nhat ¢& 70%
trong vung kha kién tng véi pH=11.5 (hinh 1.20). Diéu nay duoc giai thich la: pH tdng dan
dén ion OH" tang trong dung dich va dén phan Gng véi Zn tao thanh Zn(OH): vi vay
khong c6 du Zn tao ZnS trén mang rat cham, bé day cua mang sé mong va hap thu thap, hé

s6 truyén qua cao trong cling thoi gian lang dong.

Hinh 1.20 : Phé truyén qua cia mang ZnS ling dong trén dé’ thuy tinh véi PH khic
nhau: a) 11.5, b) 10.99, ¢) 10.31, d) 10 [14]
1.5.2 Phat quang cia mang ZnS:Cu
Theo [19], mang ZnS:Cu dugc ché tao bf?mg cach pha tap Cu gian ti€p va tryc tiép
vao mau ZnS. Cu pha tap truc ti€p vao phan ting tao ZnS va u tai 500°¢ trong khi nito va
Cu pha tap gian tiép vao mau ZnS tinh khiét cao U tai 500°¢ trong chan khong.
Phd phét ra cia mang béang cach pha gian tiép cho cuong d6 dinh tai 520nm ving

anh sang xanh 14 cay(Green) manh, cé bo tai 470nm trong vung anh sang luc
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(Blue) do tinh tw phat ctia ZnS. Pho nay gidng nhu phd ctia mau bt nano ZnS:Cu.
Pho phat ra ctia mang bang cach pha truc tiép cho cuong dd dinh yéu tai 490nm (Blue) do
co ché ty phat quang cua ZnS va cac tam phat quang Cu.

Ché tao mau tuong tu véi pha tap Mn, tac gia nhan thay rang bang cach pha tap
gian tiép thi mau mang cho hiéu qua quang t6t hon, tién ich hon bang cach pha tap truc
tiép.

1.6 Mot s6 tng dung ctia hop chdt ZnS

Trong cac hop chdt A, ZnS ¢6 dd rong vung cdm lén nhat (3.7eV) & nhiét do
phong. Vi thé ZnS c6 nhiéu ting dung rong rai trong khoa hoc ki thuét cu thé la trong cac tu
dién huynh quang, cac mang Ronghen, mang cuia cac 6ng phong dién tit,diot phat quang
uv, diot phat quang Blue, may quang dién ttr..

Ngoai ra ZnS:Cu,Al da dwgc ting dung rat nhiéu trong linh vuc dién phat quang
chrfmg han trong cac dung cu phat xa electron lam viéc ¢ dai tan rong. Dac biét bot
7ZnS:Cu,Al hién tai va cho nhiéu nidm nira van 1a vat liéu khong thé thay thé duoc dé ché tao
man hinh quang dién tt, kinh huynh quang quan sat chuyén dung va dng tia catot ctia man
hinh tivi mau. Viéc pha thém cac tap chdt va thay d6i nong do tap chat cé thé thay doi do
rong ving cAm. Diéu nay dan dén kha nang ché tao dwgc nhitng ngudn phat quang va cac
dau thu quang lam viéc trong pho trai rong ttr viing hong ngoai téi vuing kha kién.

DPdc biét trong nhitng ndm gan day ZnS cang thu hut dwoc nhiéu sy quan tam cua
nhiéu nha nghién cttu do tinh chat ddc biét cta nd khi ¢ kich thude nano, chéng han nhw
khi hat ¢ kich thudc nano thi chiu s¢ qui dinh ctia cac hiéu tng lwong tt va ceong do phat
quang tang 26 lan vci kich thudc khoi. Van dé mci mé nay chi ra nhiéu trién vong cho sy
tng dung cua vat liéu nano ZnS trong céc linh kién quang dién ti nhw : pin mat troi, cac

quang trd, diot phat quang ...........ccccceviviiiiiiii
CHUONG II

Ki THUAT THUC NGHIEM
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Cho dén nay viéc ché tao va nghién ctru tinh chat cua vat liéu ZnS:Cu,Al c6 kich
thudc nano chwa duoc nghién ctru ¢6 hé thong. Anh hudng cua dung mdi 1én kich thwédce
hat ciing la van dé dang duwoc nghién ciu. Do vay ching t6i lya chon 3 dung moi khac
nhau 1a ethanol, iormamide va sodium polyphosphate (PP) dung dé& ché tao mau; d€ so
sadnh cac mau ZnS pha cung noéng do tap chat va duoc u 6 cac nhiét d6 khac nhau trong moi
treong khi Ar. Céc thi nghiém trong luan van déu duoc thye hién tai phong thi nghiém ctia
khoa Vat ly, treong DPHSP Ha No6i.

D& khao sat cac tinh chat dac trung ctia mau, ching tdi tién hanh cac phép do nhuw
nhiéu xa tia X, hién vi dién ttr quét (SEM), phd hap thy, phé truyén qua, phd huynh quang,
nhiét vi sai.

2.1 Phuwong phap ché tao mau va xit 1i mau

Hoa chat chinh 1a ZnClz (40 sach 99%) va dung dich (NHa)2S (ndng d¢ 38%). Cac hoa
chat tao tap kich hoat la CUC12.2H20 (d¢ sach 99%), AICI3.6 H20, dung mdi la con tuyét doi
ethanol (98%)

2.1.1. Phuwong phap ché tao mau bot

Phuong phép ché tao mau bot 1a phuong phap dong két tia. Phuong phap nay cha
yéu dua vao phan tng dong két tta ctia cdc mudi suniua trong dung dich dong nhat ctua
hdn hop cdc mudi ban dau dwa vao phan tng.

Mau b6t ZnS:Cu, Al dwoc ché tao véi nong do tap chat kich hoat la Cu: 0.025% va Al:

0.05%. Mau duoc ché tao nhw sau: (so d6 ché tao mau trén hinh 2.1)

Cac mudi duoc can theo ty 1€ thich hop, sau d6 dugc hoa tan vao trong ethanol
tao thanh cac dung dich ZnCl;, CuQ:, AICI3 va dung dich (NHa)2S.

Cac dung dich ZnCl;, CuCl2, A1C1s dugc tron vao nhau, nho dung dich (NHa)2S
vao binh dung dung dich mudi véi téc do 20 giot/ phut.

Két tia duoc loc va rira bang ethanol va sdy khd & 80°¢c trong mdi truong khi Ar.
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Bot duoc 4 ¢ cac nhiét dd khac nhau (trong khoang ttr 600°c - 750°C) trong Ar trong
30phut. Cudi cing ta thu dwoc cac mau
Trong qua trinh nho dung dich (NH4)2S, cac qua trinh phan ¢ng xay ra theo phuong

trinh sau:

ZnCl: + (NHs):S = ZnS i +2NHiCI
CuCl + {NH):S = CuS i +2NH.CI

2AICI + 3{NH:):S = ALS2 i +6NHiCI

Tuy nhién, cac mudi kim loai thuwong c6 d¢ hoa tan khac nhau nén dé thuc hién
phan ting dong két taa thi can phai dua vao dung dich nhitng chat c¢é kha nang lam giam
sw khac biét vé d¢ hoa tan cua cac chat nhu Glycine, axit HC1. Chang t6i dung axit HC1 tao
pH =4 dé€ han ché su hinh thanh Zn(OH)z.

C4c mau lam véi dung méi iormamide ( CH3NO 99.99%) ciing 1am twong tw nhu
ddi voi dung mdi con ethanol; dung dich két ttia cling duoc rira bang ¢on ethanol 98%.

D4i v6i mau dung dung méi sodium polyphosphate (PP) c6 cong thiic hod hoc la
Na(P0s)s. Ta pha dung moéi nhu sau: 18y 10,2g pp pha véi 159.5ml DI (nuéc khtr ion) ta dwgc
dung mdi pp. Tién hanh ché tao mau nhu cac qui trinh trude va loc riva két tua bang nuwdce

DI
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So d6 tao qua trinh tao mau

2.726g Zn(l, 8.5x10%g 24.1x10%g 1.3631g
Cu(Cl,.2H,O0 AlCl;.6 H,0O (NH,).S

Dung dich Dung dich Dung dich Dung dich
0,36M 0,0027M 0,004M 0,4M

! L/

Cho vao binh phan tng + khudy tir + diéu chinh pH

Quay li tam loc rira bot
két tha

Sdy kho bot & 80°C (trong Ar)

Xir Ii nhiét & cdc nhiét d6 600°C, 650°C ,700°C, 750°C
(trong moi truong khi Ar)

Hinh 2.1: So do qua trinh tao mau
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2.1.2 Phuong phap ché tao mang

Phuong phép ché tao mang la phwong phap phun tinh dién. Phuwong phap phun
tinh dién la mot trong nhitng phwong phap tot dé ché tao dwoc mang mong c6 chat lugng
tuong d6i tot va do day ctia mang c6 thé thay d6i duoc bang cach thay doi thoi gian phun.
Dua trén nguyén tac ion hoa cac phan tit dung dich nho vao dién ap cao & dau kim phun.
Céc ion cung dau sé day nhau vi thé n6 tao cac hat bui dung dich rdt nhé ¢ dau kim phun,
duoc tang toc trong dién treong manh gitra kim phun va d€. Dung moi ctia cac chat dung
sé bay hoi trén bé mat dé. o bé mat d& do nhiét d6 cao nén cac hat sap xép va két tinh tao
thanh mang méng trén dé,qua trinh dong hoc nay thoa man ho thitc Reyleigh :

Q?=16"yr §2-1

Vci Q la dién tich bé mat chat long R 1a

ban kinh cta giot chat 1ong
y la sttc cang mat ngoai chat long

Hé phun dién c6 so d6 cau tao nhw hinh vé 2.2:

Dung dich

Kim phun \\/
‘ ™

Nguon cao thé
beé

| . | 2 4
May so
Hinh 2.2 : So d6 khoi hé phun tinh dién
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Quy trinh ché tao mau mang nhw sau:

D€ thuy tinh c6 kich thudce 2.5 x1.5 cm? dwoc lam sach duoc dét 1én gia cua thiét
bi tao mang va cung cap nhiét d6 cho d& bang nguon dién xoay chiéu.

L&y Iml dung dich chita két tta thu duwoc trong qua trinh ché tao mau bot pha
thém con dé€ duoc dung dich 0.4M dem phun trén d€ thuy tinh. T6c d6 phun khong doéi
trong sudt qua trinh phun.

Khi phun xong, ngat nguén cao ap nhung van giit nguon cung cap nhiét cho dé.
Giit d€ trén gia khoang lh sau d6 ngat nguén dién cap nhiét cho dé. D& dé& ha nhiét do
xudng nhiét dd phong .

Viéc ché tao cac mau mang ZnS:Cu,Al 6 nhiét d6 d€ khac nhau dwgc tién hanh tai
phong thi nghiém khoa Vat 1i - DHSPHN.
2.2. CACKi THUAT KHAO SAT MAU.
2.2.1. Phép do nhiéu xa tia X

Phép do nhiéu xa tia X (XRD) cho chting ta nhitng thong tin vé ciu trtc cua tinh thé.
Tia X 1a nhitng tia c6 budc séng c& A, ndng lwong khoang 10- 100 keV. Vi ning luong nhuw
vay, tia X c6 kha nang tham nhap sau vao tinh thé, boi vay tia X dwgc tiing dung d€ nghién
ctru cau tric cua vat liéu. St dung phuwong phap nay, ta thu duwoc nhitng thong tin vé vat
liéu sau khau tao mau. Ddi véi cac tinh thé nhé kich thwée nano, ngoai viéc cho biét cau
trac pha cua nano tinh thé, ky thuat nay cting cho phép ta wdc luong kich thwdce hat cua
mau.

Nguyén Ii chung ctia phirong phép nhiéu xa tia X: Chiéu tia X vao tinh thé, khi d6
cac nguyeén tw bi kich thich va tré thanh cac tam phat song th cap. Cac song thit cap nay
(tia X, dién t, notron) triét tiéu voi nhau theo mot s6 phurong va tang cuong nhau theo mot
sO phuong tao nén hinh anh giao thoa. Hinh anh nay phu thudc vao cau trac cta tinh thé.
Tt viéc phan tich hinh anh d6, ta c6 thé biét dwoc cach sap x&p cac nguyén ti trong 6 mang.
Qua do xac dinh dwoc ciu trac mang tinh thé, cac pha cau trac trong vat liéu, nong do cac

pha, cdu trac 6 mang co so...
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Phuwong trinh nhidu xa Bragg: Mot cach giai thich don gian vé hién twong nhiéu xa
va duoc stt dung rong rai trong li thuyét nhiéu xa tia X ¢én tinh thé, d6 1a Ii thuyét nhiéu xa
Bragg. Theo d9, ta coi mang tinh thé 1a tap hop ctia cAc mat phang song song cach nhau
mot khoang d. Khi chiéu tia X vao bé mat, do tia X c6 kha ndng dam xuyén manh nén
khong chi nhiing nguyén tit bé mdt ma ca nhitng nguyén t&r bén trong cling tham gia vao

qua trinh tan xa (Hinh 2.2).
1

Chim §a g
Chim ta phin g

1
2
: E
P

. 0 O~ O O—
Hinh 2.2. So d6 nguyén 1y ciia nhiéu xa tia X.

biéu kién c6 cuc dai giao thoa (phwong trinh Vulf-Bragg):
nA, = 2dsin0 (2.2)
Trong do:
n la bac phan xa.
0 Ia goc toi.
d 1a khoang cach gifta cAc mit phang mang.
Néu tim duoc cac goc 0 tng voi cue dai sé tim dugc d theo diéu kién Vulf- Bragg. Cac dinh

nhiéu xa trén gian d6 nhiéu xa tia X ddc trung cho cau truic cta cac
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vat liéu. Dua vao s6 luong, khoang cach, vi i, ceong do cac vach nhiéu xa ta c6 thé suy
doan duoc ki€u mang, xac dinh dwgc ban chat ctia mau gom nhitng chat nao, & pha nao.

Phép do nhiéu xa tia X cta cdc mau dwoc thuc hién én hé nhiéu xa k& D5000-
SIEMENS tai nhiét d0 phong vdi biec xa CuKa (A.=1,5406 A) tai Vién khoa hoc Vat liéu,
Vién khoa hoc va Cong nghé Viét Nam va &én hé nhiéu xa k€ D5005- SIEMENS tai nhiét do
phong voi biec xa CuKa (A.=1,54056 A) tai Khoa Vat ly, Truong Pai hoc Khoa hoc ty nhién -
Pai hoc Qudc gia Ha Noi.

Hé thitc lién hé gitta d,cac chi s8 miler va hang s& mang ting voi +)

Ho lapphuong (a=b=ca=p =y =90°)
1 h2+k?+1?

+) Ho luc gidc (a=b*c, a=p =90° y=120°)

1 _4,h2+k?+hk , 12 (2.4)
-jr=u—V—)+ Z1
3 a c

Néu kich thuwdc hat twong d6i nho thi tir phd nhiéu xa tia X ta ¢6 thé xac dinh dwoc
duong kinh trung binh ctia hat bang cong thiic Debye - SCherrer:

D=-W*~ (2.5)
pcos 0

Trong do: p (rad) la d6 ban rong ctia dinh (rad). e la
gbc nhiéu xa (d0).
A 1a buée séng ctia nhiéu xa tia X (A°). D

la duwong kinh hat tinh thé (A°).
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2.2.2. Khao sat hinh thai bé mit va kich thudc hat bang kinh hién vi dién ti
quét (SEM)

Nguyén tic hoat ddng nhu sau: tao chum tia dién t¢ manh va diéu khién
chum tia nay quét theo hang, theo ¢4t trén dién tich rat nho &én bé mat mau. Chum dién ti
kich thich mau phat dién ti th cap, dién tr tan xa nguoc, tia X thoat ra mang mot thong
tin vé mau Mbi loai dién ttt, phan anh mot tinh chat ndo dé & chd tia dién t téi dap vao
mau, cac dién tir thodt ra ndy duwgc thu vao dau thu da két ndi véi mdy tinh (c6 cai dat
chuong trinh xt li), két qua thu duoc 1a thong tin bé mat cia mau dwoc duwa ra man hinh.

Néang suat phan giai cia may do ¢d 5 - 7 nm.

Clhaiun

Sung bam electron
clectron

Tivi hitén
thi hinh

Cudn guet
dien tu

=lectron
rhit r?\p

Man vat
Hinh 2.3:S0 d6 kinh hién vi dién tir quét SEM.

Trong khda luan nay cidc mau duoc do bang may JSM 5410 LV Nhat Ban - Trung

tam Khoa hoc Vit liéu - Truong Pai hoc Tw Nhién - Pai hoc Qudc Gia Ha Noi.
2.2.3. Phuwong phap do ph6 huynh quang.

Trong thuee t€ c6 nhiéu phép do huynh quang phu thudc vao kiéu kich thich. Hién
nay c6 ba phirong phap dé kich thich cac chat huynh quang: kich thich bang btic xa dién tur
ta c6 phd quang huynh quang. Huynh quang kich thich bang tia X ta c6 phd huynh quang
tia X. Néu kich thich bang phan ting hod hoc thi ta c6 phd hod huynh quang. Phd huynh
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quang catdt 1a pho huynh quang thu duwgc khi ta kich thich vat liéu bang chum dién tir tir
catot.

Huynh quang c6 ngudn goc tir chuyén doi biec xa gitta cdc mirc ndng lwong caa dién
tir trong vat chat. Trong ludn van nay ¢6 st dung phuong phap do ph6 huynh quang dé
nghién cttu tinh chat phat quang ctia cdc mau ZnS:Cu, Al.

PhS huynh quang biéu dién sy phu thudc cta cudong d6 huynh quang vao budc

song hay tan s6 duw6i mot anh séng kich thich nhat dinh. So d6 khdi dugc minh hoa nhu

sau:
Nguén _ Miu do _| Miy phan tich _,| Péuthu
kich thich ' | phé

Hinh 2.4 : So d6 khoi hé do huynh quang

Két qua do huynh quang sé cung cap cac thong tin vé xac suat chuyén doi dién ti cd
btic xa gitra cc trang thai. Trong trieong hop mau c6 chira nhiéu loai tdm tich cuc quang thi
pho huynh quang c6 thé la chong chap ctia nhiéu phd huynh quang cé nguén gdc tir cac
tam khac nhau. D€ cé thé tach duoc cac thanh phan phé huynh quang c6 tam khac nhau
nay nguoi ta st dung mot s6 ky thuat do huynh quang khac. Huynh quang c6 nguén goc
ttr tam khdc nhau c6 thé c¢é nang luong kich thich khac nhau do vay ching c6 thé duoc
phan biét ttr pho kich thich huynh quang.

Tinh chat huynh quang ctia cac mau dugc khao sat bang phép do phd huynh quang
tai nhiét 4o phong véi budc song kich thich 325 nm. Phép do ph6 huynh quang dwoc thuc

hién tai Vién khoa hoc Vit liéu - Trung tam cong nghé Qudc gia.
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2.2.4. Hap thu quang hoc va truyén qua
2241  Phép do phd hip thu

Quan hé gitra cwong do ctia chum sang truyén qua mot mdi treong cd bé day X tinh
tr bé mat, véi sy hap thu quang hoc cia mdi treong lan truyén anh sang, duwoc cho tir dinh
luat Lambert: I =Io exp (-ax). O day Io 1a ceong d6 ctia chtim tia sang t6i, con a (cm') 1a hé s6
hap thu ctia moi treong. Do cwong dd cua anh sang ty 1€ v6i binh phwong ceong do dién
treong E, nén hé s6 hap thu ¢ thé xac dinh 1a: a = 2iek/c, v6i a 1a thong s6 biéu dién sw dap
tat anh sang gay ra boi su hap thu ctia moi truong. Su phu thudc ctia hé s8 hap thu a vao
nang lwong anh sang hv dwoc goi la phd hdp thu.

224.2.  Phép do phd truyén qua

Khi chim &nh sdng chiéu téi mot bé mat tinh thé quang hoc nhan thi ty s6 gitra

ceong do anh sang phan xa va anh sang t6i, nghia la hé s6 phan xa tai bé mat Ro, c¢d thé biéu

dien theo cac thanh phan cua chiét suat n va K nhu sau:

(n -1+ K2
@
Heé s6 phan xa la: R = Ro [1+ T exp (-a<7)], v6i T la hé s6 truyén qua, la
ty s gitta anh sang truyén qua va anh sang téi (I/lo), va duoc xac dinh boi
1-RQ ) (1+K?/n?) exp(-ad)
. (-RQy( ) exp o

exp(-2ad)

_ (ligo)?’exp(-a™) T I-Rjexp(-2ad)’

Hay
Sw phu thudc ctia hé so truyén qua T vao vao nang luong anh sang (ho>) duwoc goi la pho

truyén qua. Néu hé s& hap thu bang 0 (a = 0) thi:
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(-1)° (2.9)

(n’+!)m

Ph6 hdp thu duoc do trén may JASCO-V670 tai khoa Vat ly, truong dai hoc Su
pham Ha Noi, hdp thu va truyén qua ctia cdc mau mang dwoc ghi tong ving budc sdng
rong ttr 190 nm dén 2500 nm.

Anh sdng duoc phat ra tir hai loai dén, dén dotori tao ra chum 4nh sang c6 cac budc
séng ngan va den halogen, cung cAp chtim sang cé cac bude séng nam trong ving séng dai.

2.2.5 Phuwong phap phan tich nhiét trong lwong (TG), phwong phap nhiét lIugng
ké quét vi sai (DSC)

2.25.1 Phuong phap nhiét lugng ké quét vi sai (DSC)

DSC 1a ki thudt dung d€ nghién cttu nhitng qua trinh xay ra bén trong vat liéu khi
vat liéu bi nung nong. Co so cua phép do DSC la xac dinh nhiét do khac nhau cua 1 can
chudn va vat liéu can do duoc ddt trén mot can khac ddt trong nguon nhiét co thé diéu
khién duoc toc do gia nhiét. Khi d6 enthapy sé thay doi trong mau vi ¢é su chénh léch nhiét
d6 v6i mau chuan.

Ngoai ra chting ta con dung DSC d€ nghién ctru s¢ chuyén pha nhiét trong mau cu
thé la xac dinh nhiét d6 tinh thé hoa hay néng chay cua vat liéu.

So d6 khoi hd do DSC nhw hinh 2.5
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Can Mau Can chusn
chira
\ /
I_‘ * ri'
1® L[ 1
1 | ! —
7] K | A==
i\ ] f
- s
Ehgigfn M4y tinh diéu khién nhiét do
va dong nhiét

Hinh 2.5 : So d6 khoi cua hé do DSC

2.2.5.1 Phuong phap phan tich nhiét vi trong TG

Céc chat khi nung néng thuong thay doi khoi luong do qua trinh tach nudc, phan ly
khi hodc qua trinh oxi hod. Duong thay ddi khéi lwong TG cho biét khéi lwvong mau nghién
ctru bi giam di hay ting 1én bao nhiéu % so véi khéi lwong mau ké tir thoi diém dun néng.

Phuwong phap phan tich nhiét khéi luong TG duoc tng dung d€ phan tich dinh
luong thanh phan cua mau hoic thanh phan cac chat c6 hoat tinh nhiét trong mau nghién

clru.

Co s0 cta phép do TG lién quan t6i toc do thay doi khoi luong va toc do chuyén

dong ctia can can theo moi tuong quan ti 1€ thuan

dm (2.10)
dt dt

trong d6 dm: leong mau giam
dt: thoi gian nung

ds: quang duong cua can can dich chuyén
Strc dién dong E xudt hién trong cudn day cd chiéu dai 1 chuyén dong véi tdc do
ds/dt trong ttr treong déu cua mot nam cham vinh ctru ¢6 cuong d¢ H dugc tinh theo cong
thic:
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E-HI* 2.11
i (2.11)

Biét dién trd thuan cua dién ké c6 gia tri khong doi. Do dé tng véi goc quay e
khong qua 16n cua khung day dién k€, ta ¢ goc quay e ty 1€ voi cuong d6 dong dién cam

tng xuat hién trong cudn day:

Khi mau nghién ctru c6 nhiét dd tang tuyén tinh vci nhiét do cta 10 dién thi goc
quay e dugc coi la ham sd ctia nhiét d¢ T hay thci gian t.

A K (p{r)~ oit) (2.13)
dt

Pho TG va DSC duoc do trén may Diiierential Scanning calorimetry SDT 2960 - TA
instruments(My) tai khoa vat ly treong Dai Hoc Ty Nhién Ha Noi. Mau dwoc khao sat dén
1000°c trong moi truong khi Ar, téc d¢ gia nhiét 20°c/phit.

CHUONG III: KET QUA VA THAO LUAN

3.1 K&t qua ché tao mau

Str dung phuong phdp phan tng dong két tta, chung toi da ché tao duwgc cdc mau
bot ZnS:Cu,Al. Cac mau bot ZnS:Cu, Al cb cung nong do tap chat nhung duoc 1 6 cac nhiét
d6 khac nhau (ttr 600°c dén 750°C) trong moi treong khi Ar d€ nghién ctu anh hwong cua
nhiét do dén cac tinh chat dac trung cta mau.

Cac hé miu bot ZnS:Cu, Al str dung cac dung moi la ethanol, iormamide va sodium
polyphosphat (PP). Qua d6 so sanh sy anh hudng ctia dung méi tdi cac tinh chat ctia mau

ZnS:Cu, Al nhu: cdu trac tinh thé, kich thudc hat, tinh chat huynh quang cta mau.
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Bang 3.1 : Cac mau khdi dwoc ché tao va nghién cttu trong luan van:

Tén mau | Nhiéet do Dung moi Pho PR anh DTA
a XRD | | SEM
quang

N-600 600°C ethanol X X X

N-650 650°C ethanol X X

N-700 700°C ethanol X X X X
N-750 750°C ethanol X X

F-600 600°C iormamide X X

F-650 650°C iormamide X X

F-700 700°c iormamide X X X

E-750 750°c iormamide X X

PP-600 | 600°c pPp X X

PP-650 | 650°c pp X

PP-700 | 700°c PP X

PP-750 | 750°c PP X

St dung phuong phdp phun tinh dién ching tdi da ché tao dugc cdc mau mang

ZnS:Cu,Al. Mau mang dwoc phun tir dung dich két ttia va u trén d& ¢ nhiét do khac nhau.

Bang 3.2 : Cac mau mang dugc ché tao va nghién cttu trong ludn van.
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Tén n .. Dungmoi bé Pho . . . | anh
N Nhiét do Pho Pho hap
mau XRD SEM
vl huynh thu
quang
C-60 P200°c ethanol thuy tinh X X
C-70 250°c¢ ethanol thuy tinh X X
C-80 300°c ethanol thuy tinh X X X X
C-90 350°c ethanol thuy tinh X X
F-70 250°c¢ formamide thuy tinh X X
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F-80 300°c iormamide thuy tinh X X

11 F-90 350°c iormamide thuy tinh X X

C-70 | 250°c ethanol thach anh X X

3.2 Khao sat mau khoi

3.2.1 K&t qua phd nhiéu xa tia X

VNU-HN-SIEMENS D5005- Mau ZnS - N3- 600C
A? o X
Pho nhiéu -

xa tia X cua

"
g
mau N - s
3
600, N- 700
M/ E g z .
dwoc biéu - ' -
e e VT Kbt et o, e

- I2-7heta - S;alé '
dién trén

3.2.2.
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Hinh 3.2.1: PhéXRD ciia mau N- 600
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Hinh 3.2.2: Ph6XRD ciia mau N- 700

Phé nhiéu xa tia X ctia cdc mau cho thay bot ZnS:Cu,Al G 6 cac nhiét d6 khac nhau
tr 600°c -y 750°¢ c6 cau truc luc gidc Wurtzite 2H va Wurtzite 8H, la mot trong nhitng cadu
trac tinh thé dac trung ctia ban dan ZnS thuong xuat hién 6 nhiét dd cao, phit hop véi két
qua voi cac tac gia [6,17]. Doi chiéu vci thé chudn, cac dinh twong tng vai chi s6Miller sau:

(100), (002), (101), (110), (103), (112).
Hinh 3.2.3: Pi6XRD ciia cic mau lam bang dung moi

2400

002
2200 (=)

2000 - {110)
1800 -
1600 — .

[ (112)
1400 _

1200 - (100), (ZnO)
1000 - .l (Zn0)

Cudng do twong d6i

ethanol
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Tuy nhién, ngoai cau tric luc gidc dédc trung ctia ZnS con xuat hién cau trac Zincite
dac trung cua ZnO. Diéu nay c6 thé la do budng mau chua kin hodc do khi Ar chwa sach

khong khtr duoc hét khi oxi nén mdt phan ZnS bi oxi hda & nhiét d6 cao chuyén thanh ZnO.
So sanh c4c dinh phd nhiéu xa tia X ctia cAc mau ta cé thé nhan xét nhu sau:

- dinh phd pht hop véi thé chudn ctia vat liéu ZnS, chirng té mau ché tao déu két

tinh va la vat liéu ZnS.

- trén phd nhiéu xa cua cdc mau khac nhau déu xudt hién cac dinh twong tGng

chiing to6 cdc mau nay c6 chung 1 loai cau truc la wurtzite.

- thay d6i nhiét do thi d¢ rong va ceong do cua cac dinh nhiéu xa ¢ cdc mau khac
nhau thay d6i ching to nhiét d¢ anh hudng dén kich thwdc hat va su két tinh cua

mau.Nhiot d6 cang 16n thi kich thudc hat cang to, mau cang két tinh tot.

- nhiét do cang I6n thi ZnO hinh thanh cang manh do sy oxi hda cang manh

Khi thay dung moi ethanol bang dung méi iormamide ching tdi nhan dwoc phd

XRD ctia cac mau F-600, F-700 nhu sau:
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Hinh 3.2.4: Ph6XRD ctia mau F-600
Hinh 3.2.5: PhéXRD ctia mau F-700

Tte cac phd XRD ctia cac mau dwgc ché tao bang dung moi iormamide chting t6i c6

nhan xét sau:
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- ton tai ca hai ciu truc thuong gdp ¢ ZnS la wurtzite va sphalerite trong d6 pha

sphalerite chiém ttr 50%-65%.

- thay d6i nhiét d6 thi d¢ rong va cwong do ctia cac dinh nhiéu xa & cdc mau khac
nhau thay d8i chitng to6 nhiét &6 anh huéng dén kich thwdc hat va su két tinh ctia mau.

Nhiét d6 cang 16n thi kich thudc hat cang to, mau cang két tinh tot.

trong mau van cé tap ZnO nhung 6 nhiét dd cao thi sy hinh thanh ZnO khong thay
doi dang keé.
Hé mau ZnS:Cu,Al duoc ché tao bang dung méi pp c6 nhitng déac diém sau:
- chi ton tai cau truc sphalerite
- trong mau khong con ZnO ma cé nhiéu tap cta dung mdi tuy nhién nhitng tap nay
khong anh huéng dén tinh chat phat quang ctia hé mau nén két qua van cé thé chdp nhan

duoc.
VNU-HN-SIEMEN%?SQ(;JS- Mau ZnS - pp 600C
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Hinh 3.2.6: Ph6XRD ciia mau PP-600
Ta ap dung (2.4) d€ linh hiang s8 mang cho mang luc gidc ctia cac hé mau. Két qua

duoc trinh bay trong bang 3.3 nhu sau:

Bang 3.3: So sanh hang s6 mang ctia mau khoi va mau chuan
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Mau a(A°) b(A°) C(A%)
N-600 3.8104 3.8104 6.2480
N-700 3.8197 3.8197 6.2500
N-750 3.8200 3.8209 6.2508
F-600 3.8112 3.8112 6.2475
F-700 3.8184 3.8184 6.2553
F-750 3.8198 3.8198 6.2568

Mau chuan 3.82098 3.82098 6.2573

D3i véi cau tric lap phuoing sphalerite, ap dung cong thiic 2.3 dé tinh hing s&
mang cho cac mau ché tao bang dung méi iormamide va pp cé gia tri phit hop vci hang s&
mang ctia mau chuan la a =b = ¢ = 5.4020(A°).

Tir két qua trén ta thdy mau ZnS pha tap cd cac hang s6 mang kha phu hop véi
hang s6 mang chuan ctia mau chuan. D&i vci mau pha tap hang s6 mang co lai (?) cht it
nhung s sai léch khong dang ké

*Tinh kich thuéc hat tinh thé:

Tt ph6 nhidu xa tia X, 4p dung cong thikc Scherrer (2.5) tinh dwdng kinh trung binh

cuia hat tinh thé
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Bang 3.4 : két qua tinh kich thudc hat theo cong thitc Scherrer

Mau N-600 N-700 | N-750 F-600 F-700 F-750 PP-600
Aw) 1.5406 1.5406 | 1.5406 1.5406 | 1.5406 | 1.5406 | 1.5406
20° 28.63 28.54 28.54 28.50 28.57 28.52

28.62
p 0.0019 0.0017 | 0.0014 | 0.0039 | 0.0034 | 0.0027
0.0022
D(nm) 72.56 83.45 100.36 | 36.45 41.78 52.64 65.12

Két qua cho thay véi cac mau U & nhiét d6 khac nhau thi kich thwéc hat khac nhau
chitng té nhiét d anh huong dén kich thuwdc hat, nhiét do cang tang thi kich thudc hat
cang tang, két qua nay phu hop vci [6, 7, 8, 17].

So sanh 3 hd mau dwoc 1am vdi cac dung mo6i khac nhau chiing t6i c6 nhan xét nhuw
sau:

- mau dung dung moi formamide c6 kich thuéc nho han (giam gan mot nira) so véi
mau dung dung moi ethanol. H) mau dung dung moi pp hat c6 gidam nhung khong nhiéu
nhu doi véi dung moi iormamide. Diéu nay cho thay dung moéi c6 anh hudng truc ti€p 1én
cAu truc va kich thudce hat ctia mau.

- su tao thanh pha ZnO thuong gap ¢ hé mau ZnS nung 6 nhiét d¢ cao lai it hinh
thanh trong dung moi iormamide va pp.

Su anh hudng ctia dung moi 1én hé mau cé thé giai thich nhu sau:

- khi cac vat liéu hinh thanh, dung moéi sé bao quanh ching dé€ ngan s tao khdi. Doi

v6i iormamide, c4c hat tao thanh dé phan tan trong dung mdi, kha ning dung mdi bao boc

cac hat t6t hon do d6 khdng ché kich thudc hat hiéu qua nhat. Su sép
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x€p cac hat hdn ddn hon nén mau ton tai dong thoi hai cdu truc cua ZnS. Dai voi pp,
dung moi nay c6 tinh két dinh cao nén cac hat tao thanh kho phén tan, kha nang bao boc
hat kém hon iormamide do d6 kich thudc hat ¢é giam nhung khong nhiéu nhu iormamide.

Sw sap x€p cua cac hat sé it hon don hon nén trong mau hinh thanh mot loai cdu truc.

- do trong mau dung iormamide ton tai hai cdu tric nén khi nung 6 nhiét do cao thi sy
chénh léch nhiét do trong mau chénh léch khong 16n nén su oxi hoa tao thanh ZnO trong
mau kho xay ra. Con véi pp, ching ta khong thé loai bo hét cac thanh phan ctia pp nén
trong mau c6 nhidu tap chat. Chinh cac tap chat nay gidng nhu vé boc bao quanh mau,
ngan can nhiét dd anh hudéng dén mau nén mic du nung ¢ nhiét d6 cao nhung cau truc
mau lai 1a cau trtc sphalerite (chi xudt ¢ nhiét d6 thap) va 1am ngan can sy oxi hoa cta

mauZnO khong duogc tao thanh.

3.2.2 Két qua chup anh SEM
Khao sat anh SEM cua cac hé mau nhuw trinh bay ¢ hinh 3.2.7 va hinh 3.2.8
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Tt anh SEM ¢6 thé thay duoc hinh dang cta cac hat cht yéu la hinh cau va luc giac.
Hat twong d6i dong déu, kich thudc trung binh ctia mau N - 700 1a khoang 150 nm, con &
mau N6 - 800 kich thudc hat trung binh ¢& 100nm. Cé thé cho rang nhiét d6 nung c6 anh
huong 16n dén kich thuwde hat. Khi nhiét d6 nung tang lam cho kich thude hat tang 1én
dang ké. Két qua nay hoan toan pht1 hop véi két luan rut ra tir phd nhiéu xa tia X da khao

sat

m':u.,\“ A

cu mau F- 0 §

Két qua anh SEM mot lan nita cho thdy dung moi iormamide khong ché kich thudc
hat rat hiéu qua. Hat o mau F-700 13 hinh cau, dong déu, kich thudc hat cd 50nm. Két qua

nay phu hop v6i khao sat XRD.

So sanh véi két qua tinh bang cong thitc Scherrer ta thdy, wéc lwong kich thude tie
anh SEM c6 gia tri 16n hon. DBiéu nay c¢6 thé€ giai thich nhw sau: tia X ¢é budc séng cd A°,
hang s6 cd 4A° nén tia X c6 thé xuyén sau vao mau va phan anh ciu tric tinh thé cta vat
liéu. Trong khi d6, phép do anh SEM, chum tia quét trén bé mat vat liéu nén anh SEM chi

phan anh hinh thai, cdu trac bé mat va phan anh twong doi

Trang 49



Ludn van thac st Nguyén Bich Phuong - CH kl5

kich thudce hat. Vi vay gia tri kich thwdc hat thu dwoc tir tinh todn phd XRD phai
nho hon anh SEM.

3.2.3 Két qua do DTA

Nhiét do chuyén pha gitta sphalerite va wurtzite trong ZnS tinh khiét khoang
1020°c nhuwng nhiét dd nay sé thay doi, phu thudc vao chit pha tap vao ZnS va moi
treong t nhiét. Theo cac nghién ctru trede, nong d6 Cu pha tap tir 0.01% => 0.2% thi cau
tric wurtzite (cAu tric bén ctia ZnS) trong mau chiém da s8. Theo [20], goi TCHva Tp la
nhiét d6 bat dau va két thtic ctia sit chuyén pha tir sphalerite sang wurtzite. Nghia la néu
nhiét do duwdi nhiét dd TQI thi cau truc ZnS la sphalerite va trén Tp 1a cdu trac wurtzite,
gitta TCH va Tp thi ZnS dong ton tai cau truc sphalerite va wurtzite. Trong qua trinh ha
nhiét d6 thi mau van ton tai & cau triic wurtzite; vci nong d6 Cu qua 0.5% sé xudt hién TIiC
1a nhiét d6 bat dau su chuyén pha tir wurtzite sang sphalerite khi nhiét d¢ giam. Qua thuc
nghiém néu néng dé Cu la 0.05% thi TQI=700°c, Tp = 820°c va khong c6 Thc; néu nong
dd Cu quéa 0.05% thi TQI CO giam nhung nhiét dd Tp sé cao hon 1010°c va Tuc =800°c
[20]. Do vay chung t6i chon pha tap Cu véi nong do 0.025% dé tim nhiét do Tp thap (vi
kich thuwdc hat ctia mau phu thudc vao nhiét do) va khong cé6 THC (mau bén, lvu gitt lau

hon).

Két qua do DTA ctia mau dung dung mdi ethanol vci t6c dd gia nhiét 1a 20K/phut

trong moi treong Ar nhu hinh 3.2.11
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| el ! "‘\.. \
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Hinh 3.2.11: Phé DSC va TG ctia mau ZnS:CuAl
Ttr két qua ctia phd DSC, dinh thu nhiét TQr=559.79°¢ (tai nhiét &6 nay mau nhan
thém nhiét d&€ chuyén tir pha sphalerite sang wurtzite) va dinh toa nhiét Tp = 756.97°c¢ (tai
nhiét do nay mau két tinh tai pha wurtzite). Do d¢, chung tdi da chon nhiét do t cho mau
ttr 600°¢ -y 750°c néu nhiét d6 dwoéi 600°¢ thi mau dé hiut dm, bao quan khd va trén
750°c thi kich thudc hat sé 16n.
Két qua nay ciing khang dinh két qua nhan dwoc tir phd XRD ctia hé mau ding
dung moi ethanol 1a hoan toan chinh x4c: mau chi ton tai cdu triac wurtzite.
3.2.4 K&t qua do pho huynh quang
3.2.4.1 Nghién ciru 4nh hwong ciia nhiét do t dén tinh chat phat quang
ctia mau ZnS:Cu,Al
Két qua do huynh quang ctia cdc mau bdt ZnS:Cu, Al 1 tai cdc nhiét d6 600°c,
700°c va 750°c sit dung ethanol lam dung moi dugc kich thich boéi birc xa 325nm, do tai

nhiét d6 phong véi thoi gian chiéu sang la 100 ms duoc trinh bay nhw hinh 3.2.12:
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Hinh 3.2.12: Phé huynh quang ciia mau N-600°C, 700°c, 750°c.

Ttr ph6 huynh quang chiing t6i c6 nhan xét cdc mau déu phat quang manh trong
vung kha kién c6 budc song tir 470 nm - 620 nm thuwong ng vci cac bic xa xanh da troi,
xanh luc va da cam. Pho khong d6i xting va cac dinh trng véi nhiét d6 cang cao thi léch vé

phia budc song do.

Nguon goc ctia cac biee xa nay c6 thé chuyén dci D - A: khi pha cac tap chat Cu, Al
vao tinh thé ZnS thi Cu déng vai tro la tap chat axepto con Al déng vai tro la cac cac dono.
Céc tinh toan cho biét trong trueong t dién ctia s*' cac mirc nang luong cua cta ion Cu?*
tach thanh hai mtc 1a I2 ndm cao hon va mtkc e ndim thap hon [9,13]. Con d6i véi cac dono
Al trong tinh thé ZnS, ion AI** t6 hop cung vdi cac nat khuyét va sai hong riéng cua mang
tinh thé hinh thanh nén cac mic dono ndng va sdu nam trong ving cam. So &6 cac mitc

nang lugng trong vung cam duoc trinh bay nhu hinh 3.2.13
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Hinh 3.2.13: So d6 chuyén miic ndang lwong ciia ZnS:CuAl [9].

Theo m6 hinh trén, dai huynh quang mau xanh da troi 1a sy chuyén doi cta btrc xa
tr cac mirc dono ndng dén muirc e ctia Cu?, dai huynh quang la sy chuyén doi ctia biic xa
tir mitc dono néng dén murc t2 cuia Cu* va dai huynh quang da cam la sy chuyén doi cua

bttc xa tir mirc dono sdu dén mukc Iz cua Cu?.

Tuy nhién trong thuc t€ khi pha thém cac tap chat sy hinh thanh cdc mic néng
lugng trong vung cam phtc tap hofn nhiéu. Nguyén nhan la do sy tuong tac gitra cac ion
tap chdt véi mang tinh thé cung vdi t6 hop cac sai hong mang, ntt khuyét (do mang khong
hoan hao) nén sé hinh thanh rat nhiéu mitc ning lwong nam gan nhau trong ving cim.
Cac murc dono va axepto thuc té€ déu bi “nhoe” ra khong chi mot hay hai mc ma la mot
dai cac mitc ndm gan nhau do d6 sé& ¢ nhiéu chuyén doi bitc xa ctia cac cdp dono va
axepto. Vi vay pho huynh quang la mt dai rong bao gom rat nhiéu dinh gan nhu hén tuc

va mang tinh bat d6i xing.

Tt nhitng két qua ctia cac nghién cttu truede, chung toi dy doan su bat doi xing cta
phd huynh quang c6 thé 1a sy chong chap ctia hai dinh phat quang. Chang han ddi véi
mau N-600, phd huynh quang dwoc phan tich thanh hai dinh nhw sau: dinh
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thir nhat c6 budc song 519.458nm ting voi birc xa mau xanh 14 cdy, con dinh thé hai ¢6

budc séng 558.739 nm tng voi bredc song mau vang da cam.
Hinh 3.2.14: Puongyit theo duong Gaussian cic dinh phat quang cia cic

- Duimg fit Gauss clia N-600| 50000 “Duding fit Gauss cisa N-700
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mau ethanol 4 & nhiét d¢ khdc nhau.

Tt cac duong fit ta ¢ thé nhan xét nhu sau: anh sang xanh dich vé phia nang
luong thdp, con anh sang vang da cam dich chuyén vé phia nang lueong cao khi nhiét d¢
tang, két qua nay phut hop voi cac nghién cttu truede [9]. Diéu nay c6 thé giai thich nhw sau:
khi nhiét do tang thi dai dan va bay nong dich chuyén vé phia ning lwgng thap, do d6 4nh
sang xanh sé dich vé phia nang luong thap. Con ddi véi btrc xa vang da cam, bic xa nay

phu thudc vao vi tri cta cac tam huynh quang; khi nhiét d¢
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tdng, mic dao ddng manh hon cua trang thai kich thich sé bi chi€ém nén két qua la biic xa
vang da cam sé dich chuyén vé phia nang luong cao [9].
3.2.42 Nghién citu sw anh huéng ctia dung méi toi tinh chat phat quang
ctia mau bot ZnS:Cu, Al
Két qua do huynh quang ctia cdc mau bot ZnS:Cu,Al G tai cdc nhiét d6
600°c, 700°c va 750°c str dung dung moi iormamide dugc kich thich béng btrc xa 325nm,

& nhiét d6 phong vdi thoi gian chiéu sdng la IOOms dwgc trinh bay nhw hinh 3.2.15:
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Hinh 3.2.15: Ph6 huynh quang ciia cdc mau F- 600°c, 700PC, 750°c

Tt phd huynh quang ching t6i c6 nhan xét cac mau déu phat quang manh trong
viing kha kién va trai rong hon so véi hé mau ethanol. Theo két qua chup XRD, hé mau
dung dung moi iormamide dong ton tai 2 cdu tric sphalerite va wurtzite nén voi pho
khong d6i xting ta ¢ thé du doan dinh nhan dwgc 1a do sy chong chap caa 3 dinh ting véi

3 bttc xa: xanh 14 cay, vang da cam va do (thém mot
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dinh do cdu truc sphalerite tao thanh) [17]. Ngu6n gdc hinh thanh cac bic xa nay da duoc
nhac ¢ 3.2.4.1. Cac dinh phat quang sé léch so véi cac dinh phat quang ctia hé mau ding
dung mdi ethanol [17]. Qua duwdng fit ctia cdc mau nhu hinh 3.2.16 biic xa xanh, vang da

cam va dé dich chuyén theo ding qui luat ctia hé mau ethanol.
Hinh 3.2.16: Puong fit theo dwong Gaussian cdc dinh phat quang cia cic
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mauyormamide 1t & nhiét d6 khdc nhau.

Ngoai ra ta nhan thdy khi nhiét d¢ tang thi cuong d6 anh sang dé tang. biéu nay
duoc Shinoya giai thich: &nh sdng d6 1a do sy két hop ctia 10 tréng ¢ mitc sdu S' va ion Cu?,
Khi nhiét do ting thi ndong do 16 trdng S' ting va su két hop cua S' va Cu?* cang nhiéu dan

dén cuong do anh sang tang

So sanh sy phat quang cac mau N-750°C va F-750°C dugc u & nhiét d6 750°c trong
moi treong khi Ar nhung stt dung hai dung mo6i khac nhau nhw hinh 3.2.17.
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Hinh 3.2.17: Ph6 huynh quang ciia cdc mau N-750°C, F-750°C.

Ttr hinh 3.2.17 ta thdy mau F - 750 ¢ vlung phat quang rong hon so véi mau N-750,
xu huéng mo rong vé phia budc séng dai. Phd huynh quang ctia mau F-750 c6 sy bat d6i
xtng hon so véi mau N-750, vi trong mau F-750 ton tai 2 cdu tric sphalerite va wurtzite do
d6 trong phd huynh quang sé ton tai nhiéu dinh hon mau N- 750. Dinh btic xa d6 1a do su
chuyén dci twong ddi tir 7s-> dai hoa trj hodc t6 hop dono - axepto (D-A) tir vs Vzu [17].

Mt khéc ta thay cuong do phat quang ctia mau F-750 manh hon nhiéu so vci mau
N-750; diéu nay cang khang dinh kich thudc hat trong mau F-750 nhé hon N- 750 do kich
thudc hat cang nhé thi sy phat quang cang manh [6, 8, 9].

Két qua do huynh quang ctia cac mau bdt ZnS:Cu, Al u tai cac nhiét dd 600°c, 700°c¢
va 750°¢ st dung dung mdi sodium polyphosphat (PP) duoc kich thich bang bt xa
325nm, 6 nhiét d¢ phong vci thoi gian chi€u sang 1a I00ms dwgc trinh bay nhu hinh 3.2.18:
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Hinh 3.2.18: Pho huynh quang ctia cdc mau PP-600°C, 700°c, 750°c.

Ttr phd huynh quang chung i c6 nhan xét cadc mau déu phat quang manh trong
vung kha kién 410nm -y 620nm. Sy phat quang ttt 650nm -y 900nm la do tap chat con lai
trong mau. Theo két qua chup XRD, hé mau dung dung mdi pp cd cau tric sphalerite nén
dinh phat quang nhan duoc sé léch di mot khoang so vci hé mau ethanol. Do d6 theo cac
két qua nghién ctru trudce [13, 16, 17], tir pho khong ddi xing ta cé thé dw doan dinh nhan

duoc la do sy chong chap cta 2 dinh ting vci 2 btec xa: xanh da troi, xanh luc.

Puimg fit ciia méu PP-600 Buimg fit ciia miu PP-750
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Hinh 3.2.18: Puong fit theo dwong Gaussian cdc dinh phdt quang cia cdc mdu pp i
o nhiét do khdc nhau.

Qua dwong fit ctia cac mau nhw hinh 3.2.18 btc xa xanh da troi 449nm 1a nhw nhau
trong tat ca cac mau nano ZnS:Cu,Al va btc xa xanh luc dich chuyén vé phia nang luong

thap khi nhiét d6 tang, phtt hop vdi két qua [13]. Ngudn gbc phat quang ctia 4nh sang xanh
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da troi van chua giai thich rd rang. Bitc xa xanh da troi va ti ngoai (UY) 6 thé hén quan t6i

cac sai hong mang va cac nut khuyét nhw co ché ty kich hoat ctia ZnS chua pha tap.

Tém lai, véi két qua nhan duoc ta thay nhiét d6 va dung méi anh huwéng manh dén
kich thuwdc hat, tinh chat phat quang ctia mau ZnS:Cu,Al. Dong thoi dung mdi ciing anh
huong dén cau tric ctia mau. T4t ca cac hé mau déu cho phat quang manh va cho phat
quang trong vuing kha kién nhung nhiét d6 tdi wu nhat 1a tai 700°c vi mau c6 kich thueéc
hat <100nm, cho phat quang manh nhét va sy hinh thanh ZnO khéng dang ké.

3.3 Khao sat mau mang

Cac mau mang duoc ché tao tir dung dich két tta thu duoc tir qui trinh 1am mau
bot va tao bang phrong phap phun tinh dién. Mang dwoc u tir 200°¢ -y 350°¢ vi theo cac
nghién ctru truede [3, 6, 7] néu nhiét do G trén 350°c thi kich thudc hat 16n, d6 phat quang
kém. Con néu nhiét d6 u duci 200°c thi d6 phat quang manh hon nhung d6 bam dinh
kém. Mang thu duoc c6 chat lugng tot, bé mdt min dong déu, do bén t6t. Su phat quang
cta cac mang co thé thay truc tiép khi mang dwoc chi€éu duci den cyee tim.

3.3.1 Két qua phd nhiéu xa tia X
Két qua ph6 tia X ctia mau dung dung mdi ethanol dwoc phun trén dé thuy tinh

tai 200°¢ nhu hinh 3.3.1.
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Hinh 3.3.1: Phé nhiéu xa tia Xciia mau C-60V 1 tai nhiét d6 200°c
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Ttr phd XRD ching t6i nhan thay khi @ tai 200°¢ thi mau & dang v6 dinh hinh, c6
dau hiéu két tinh 0 pha wurtzite.

Két qua pho tia X ciia mau dung dung mdi ethanol dwgc phun trén dé thuy tinh t

tai 300°c nhu hinh 3.3.2.
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Hinh 3.3.2: Phé nhiéu xa tia Xciia mau C-80V u tai nhiét do 300°c
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Mau ZnS:Cu,Al két tinh c6 cau tric bén wurtzite, hoan toan don pha so véi mau
bot. Cac dinh nhiéu xa tng vdi cac chi s6 Miller (100), (002), (101), (110) va (112). Theo cac
nghién cttu trude [3, 6, 7] néu mang dwoc G hén 300°c thi sé xuat hién ciu truc zincite dic
trung ctia ZnO. Nguyén nhan 1a do diéu kién phun mang ¢ méi treong khong khi c6 nhiét
do cao, trong khong khi giau khi oxi lai thém tac dung ctia dién treong manh nén rat dé

lam cho mét phan ZnS chuyén thanh ZnO.

Twong tw nhi mau khdi, tir phé XRD ta tinh hang s6 mang ctia cau tric luc gidc ctia

ZnS nhw bang 3.5
Mau a(°A) b(°A) C(°A)
C-80Y 3.8184 3.8184 6.2553
Mau chuan  3.82098 3.82098 6.2573

Tt bang két qua cho thdy mang ZnS:Cu,Al c6 hang s6 mang kha

phu hop vci cac hang s6 mang ctia mau chuan.

Dung cong thitc Scherrer chting t6i tinh kich thuéc hat cia mau mang 1a 17nm nho
hon so véi mau khéi, nguyén nhan la do trong qua trinh phun mang cac hat bi xé nhé dwéi
tac dung ctia dién treong cao.

Tt két qua thu duwoc tir mau khdi ching t6i tién hanh ché tao mau mang bang cac
dung moi iormamide va pp. Tuy nhién vci dung moi pp dung dich két tua la dang keo (do
khong loai bo hét tap cua dung moéi) nén khong thé phun mang. Mang lam ttt két tua dung
moi lormamide c6 d§ min, dong déu va c6 do bam dinh rat t6t.

3.3.2 K&t qua chup SEM

D& khao sat hinh thai bé mat, kich thudc hat ctia mau ching t6i tién hanh chup anh
SEM ctia mau mang dung ethanol va iormamide dwoc phun ¢ dé thuy tinh G tai 300°c

nhu hinh 3.3.3 va hinh 3.3.4.
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Hinh 3.3.4: anh SEM ciia mau iormamide 1 6 300PC

Quan sat anh SEM ta thdy bé mit mau chua that dong déu va c6 dd x8p hon mau
khoi,hat ¢ danh hinh cau. Kich thudc hat trong mau dung ethanol ¢d 25nm -y 50nm, con
v6i mau dung iormamide ¢& IOnm - 20nm. Tir két qua nay chtng tdi cang khang dinh
iormamide khdng ché kich thudc hat rat tot.

3.3 Két qua do phd huynh quang

3.3.1 Nghién cttu anh hudéng ctia nhiét dd d€ 1én tinh chit phéat quang
clla mang

Két qua do phS huynh quang ctia mau mang C-70V, 80V va 90V ( ZnS:Cu,Al ¢6
cung noéng do pha tap, cung khdi luong va thoi gian phun) phun trén d€ thuy tinh lan luot
1 6 250°c, 300°c, 350°c duoc kich thich bang biic xa 325nm, & nhiét d6 phong véi thoi

gian chiéu sang la 10ms dwgc trinh bay nhw hinh 3.3.5:
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Hinh 3.3.5: Phd huynh quang ciia mau ethanol C-70V, 80V, 90V 4
0250PC, 30QPC, 350°c.

Tt pho huynh quang chung t6i c6 nhan xét dé thuy tinh khong anh hudng dén tinh
chat huynh quang ctia mau; cac mau déu phat quang manh trong viing kha kién 430nm -y
590nm, chi xudt hién mot dinh d8i xtrng nam trong ving budc séng 529nm (btrc xa xanh 14
cay) va dinh khong dich chuyén, két qua nay phu hop vci tac gia [3,7, 19]. Nguon gdc cua
bttc xa nay gidng nhu ngudn gdc ctia mau khéi, c6 thé' 1a qua trinh tai hop ctia mot electron
bi bay & mttc dono néng vci mot 16 tréng ¢ mukc tap chat ctia Cu, nguyén nhan dwoc lam 16
¢ phan 3.2.3.
Ta thdy dang phé ctia ZnS:Cu,Al c6 dang giong nhu phé huynh quang cta
ZnS:Cu nén c6 thé két luan rang pha tap Cu da lam dinh dich vé phia ning luwong thap va
tang cuong do phat quang, con Al ¢d vai tro khong 16n trong viéc thay d6i vi tri dinh
huynh quang nhung c6 vai tro 1a tap chat cong kich hoat, ting s6 luwgng cac tam phat
quang gop phan lam tang cuong do huynh quang.
So sanh phd huynh quang ctia mau bot va mau mang c6 su khac nhau vé do rong
ctia phd. Trong mau mang, sw phat quang tap trung ¢ vliing xanh 14 cay (490nm -> 540nm)
con trong mau bot phé trai rong hon tir xanh 14 cay dén vang da cam (420nm -> 590nm). Tt

dé c6 thé thay khi 6 dang mang thi sy chuyén murc tir tdm dono Al va tam axepto Cu bi
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han ché nhiéu.

Khi nhiét 46 d€ tang thi ceong do huynh quang & cdc mau ZnS:Cu,Al giam manh.
Nguyén nhan mang dwoc phun trong moi treong khong khi dwdi tac dung ctia nhiét do va
tlr treong cao lam cho mot phan ZnS trong mau chuyén thanh ZnO lam giam cuong do
huyng quang. Mat khac khi nhiét d¢ tang thi kich thudc hat cling tang theo lam cho ceong
do huynh quang giam.

3.3.2 Nghién ciru anh hwéng cia dung mdi dén phat quang cta ZnS:Cu,Al

Két qua do phd huynh quang ctia mau mang F-70V, 80V va 90V ( ZnS:Cu,Al c
cung noéng do pha tap, cung khoi lwong va thoi gian phun) phun trén d€ thuy tinh lan luwot
1 & 250°¢, 300°¢c, 350°¢c duoc kich thich bang biic xa 325nm, & nhiét dd phong véi thoi
gian chi€u sang la I0ms dwgc trinh bay nhu hinh 3.3.6:
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Hinh 3.3.6: Phé huynh quang ciia mau/ormamide F-70V, 80V, 90V 1
0250PC, 300°c, 350°c.
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Ttr ph6 huynh quang ching ti c6 nhan xét cdc mau déu phat quang manh trong
vung kha kién va trai rong hon so véi mau mang ethanol, khi nhiét d6 tang thi ceong do
phat quang ctia mau ciing giam hén, két qua nay phu hop véi két qua khao sat mau bot.
Céc dinh phat quang khong d6i xing va cac dinh dich chuyén vé phia nang luong thap khi
nhiét do tang. Ngudn goc cua birc xa nay rd rang bao gom phét quang do tinh ty phat cta
ZnS va phat quang do chuyén doi D-A. Do vay ph6 huynh quang nhan dwoc 1a sy té hop
ctia 2 dinh: mau xanh 14 cdy va mau vang da cam. Hinh 3.3.7 1a dwong fit ctia cdc mau

mang dung moi iormamide
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Hinh 3.3.7: Duong fit cua cic mau mangyormamide F-70V, 80V, 90V 1 ¢ 250°c,
300°c, 350°c.
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Tém lai viéc st dung dung moi iormamide cho ta dwgc két qua nhw mong doi: kich
thudc hat nho ¢& I0nm, phat quang manh trong vung kha kién, nhiét d6 cao nhung van
con kha néng phat quang manh trong khi d6 véi mau mang dung dung mdi ethanol thi sw
phat quang bi dap tat.

3.3.3 K&t qua do phd hap thu

Phé hap thu ctia mau C-70V, 80V, 90V phun hén d€ thuy tinh  tai 250°c, 300°c,
350°c duoc trinh bay trén hinh 3.3.8.
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Hinh 3.3.8:Phohdyp thu ciia cdc mau C-70V, 80V, 90Vphun trén dé thuy
tinh i 0250°c, 300°, 350°c.
D4i v6i mau nano ZnS, ving cdm sé& hidng vé phia ning lwong cao (vé bude séng
xanh) so véi mau khdi (350nm) do hiéu tng lueong tir va ti 1€ véi duong kinh hat nano R 2
nhu cong thire (1.1). Vung hdp thu nay lién quan dén s dich chuyén ctia cac hat tai dién
gitta mtrc dono va axepto [9, 13]. Ttr phd hap thu ta thdy dai cAm ctia mau mang tng véi
nhiét d6 250°¢, 300°c, 350°c c6 cac bo hdp thu tiing véi 338.18nm, 339.18nm, 340.16nm, bo
hap thu dich vé phia nang luong cao khi nhiét d¢ tang. Két qua thu duoc ching to co su
anh huwong ctia kich thwdc hat 1én 1én phd hap thu ctua cdc mau do hiéu tng giam gitr

lwong t ctia mau co kich thuedce hat nano
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vi nhu khao sat trén nhiét do tang thi kich thudc hat tang. Két qua nay can dugc khang
dinh béng mot s6 phép do kich thuwdce hat ¢d d6 chinh xac cao hon.

3.3.4 Nghién ctu anh hudng ctia d€ phun

Chung tdi tién hanh phun thit mau dung dung mdi ethanol 1én dé€ thach anh dé
nghién ctru dnh hudng ctia dé'1én mau. Mang ché tao cling cong nghé nhuer véi mau mang
ethanol, mang thu dwgc min, bé mat dong déu, mang bam dinh t6t hén dé.

PhS huynh quang ctia mau C-70V phun trén dé thach anh 1 tai 250°¢ duoc kich
thich bang buéc séng 325nm trong I0ms dwoc trinh bay nhu hinh 3.3.9
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Hinh 3.3.9: Pho huynh quang cia mau ethanol C-70V 4 0250°c phun
trén dé’thach anh
So sanh véi phd huynh quang ctia mau mang ethanol ching t4i nhan thay rang dé
thach anh khdng anh hudng dén tinh chat phat huynh quang ctia mau. Phd van phat
quang manh trong viing kha kién 430nm -> 590nm, chi xudt hién mot dinh d8i xting nam

trong vung budc séng 529nm (btrc xa xanh 1a cay) va dinh khong dich chuyén vi tri.

Chung toi tién hanh do pho hdp thu cia mang C-70V va thu duoc két qua nhu hinh
3.3.10
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Hinh 3.3.8: Ph6 hdp thu ciia cdc mau C-70V, 80V, 90Vphun trén dé'thuy tinh 4
0250°, 300°c, 350°c.

Pho hédp thu xuat hién 3 bo hdp thu: bo hap thu co ban 339.18nm giéng nhw phun
trén d€ thuy tinh, ta con nhan duoc thém 2 bo hdp thu tai 397.25nm va 687.52nm. Nguyén

nhan:
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KET LUAN
Do thoi gian ¢6 han nén trong ludn van nay, em mdi chi dirng lai & viéc ché tao bot
ZnS:Cu,Al 6 mdt nong do tap chat gidng nhau va nghién ctru dugc su anh huong ctia nhiét
d6 nung trong khoang 600°c - 750°c va anh huong ctia dung moi dén mot s6 tinh chat dac
trung cua vat liéu. Tuy nhién budc dau em da rat ra mot s6 két luan sau:
> Bang phuwong phap phan ting dong két ttia, em da ché tao thanh cong bot
ZnS:Cu,Al Khao sat mau thu duoc va két qua cho thay:

1. Cac mau dung dung mdi khac nhau cé ciu triac khdc nhau nhung van c6 pha cdu
tric bén wurtzite va sphalerite dac trung cua ZnS.

2. Dung moi c6 anh hudng truc tiép dén cdu truc, kich thudc hat, va tinh chat phat
quang ctia mau. Mau ¢ cau tric khac nhau sé& cho dd rong ctia phd huynh quang khac
nhau va cho dinh phat quang khac nhau. Dung moi iormamide c6 kha nang khong ché
kich thwéc hat rat t6t, kich thude hat & 60nm va mau cho d6 rong dai huynh quang 16n
nhdt va cho dinh phat quang tng vci biic xa xanh 14 cay, vang da cam va dé.

3. T phd DSC, ching tdi chon nhiét d6 t tir 600°¢ -y 750°¢ sé cho mau c6 chat lwong
tot nhat va phat huynh quanh manh nhat.

4. Nhiét do cang cao thi sy tao thanh tinh thé tot hon, kich thudc hat cang 16n, pha
zinzite dac trung ctia ZnO cang xuat hién nhiéu. Dung mo6i ciing anh hudéng dén kha nang
tao thanh ZnO. Mau dung dung mdi pp khong cé sy tao thanh ZnO, mau dung dung moi
formamide hinh thanh rat it so vci mau dung dung mdi ethanol.

5. Cac mau phat quang manh trong viung kha kién vci bude séng kich thich 325nm.
Khi nhiét d9 téng, d3nh phat quang sé dich chuyén va cuong do phat quang ctia mau cang
giam. Kich thuieée hat cling anh huéng dén kha ning phat quang ctia mau. Mau dung dung
moi formamide cé d6 phat quang ting gdp 2 Ian so véi mau dung dung mdi ethanol va gap
1.2 Tan so véimau dung dung mdi pp.

> Thuc hién viéc phun mang trén d€ thuy tinh bang phirong phédp phun tinh
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dién tir dung dich két tta va G ¢ nhiét d6 khac nhau va két qua cho thay:
1. Tat ca mau mang déu cd cau triac wurtzite ddc trung cua ZnS.

2. Kich thwéc hat nho hon rat nhiéu so véi mau bot.
3. Nhiét dd cang cao thi mang c6 d6 bam dinh cang t6t nhung kich thwdc hat lai tang.
Nhiét d¢ u trén 350°c thi xuat hién pha ZnO.
4. Mau mang phat quang manh trong viing kha kién vci bude séng kich thich 325nm.
D6 rong phd cia mau mang nhé hon dd rong ctia mau bt va c6 dinh tai ving xanh 14 cay
cd 529nm. Dinh khong dich chuyén nhung ceong d6 phat quang giam khi nhiét do tang
5. Ph& hap thu c6 bo hap thu co ban ¢& 339nm < 350nm (mau khdi). Ching t6 mau ché
tao duoc 1a mau nano. Bo hap thu dich vé phia ndng luong cao khi nhiét d6 tang do bo hap
thu phu thudc vao kich thudc hat.
>  Thuc hién phun mang trén d¢ thach anh bang phuong phép phun tinh dién
ttr dung dich két tta dung dung mdi ethanol va u & nhiét d6 250°c va két qua cho thay:
1. D& khong anh hudng dén tinh chat phat quang ctia mau. Phé huynh quang nhan
duoc giong nhuw phd huynh quang phun trén dé thuy tinh.
2. Pho hap thu xuat hién nhitng bo hap thu phu »
Cac phuong hudng nghién ctru tiép theo
Mat dit da dat dwoc mot sd két qua nhw trén nhung chting toi nhjan thay van con
nhi€u van dé€ chua giai quyét duoc trong lyan van nay. D€ nghié ctru r6 hon cac tinh chat
cta ZnS:Cu,Al ching t6i duwa ra mot s6 hudng nghién ctru ti€p theo la:
- Khao sat sy phu thudc cua cau trac tinh thé, kich thudc hat ,tihh chat quang vao
thoi gian 1 va vao dung moi.
- Thay d6i ndong do tap chat trong mau dé nghién ctru rd hon anh huwéng ctia cac
tap chat téi cdc tinh chat quang ctia mau.
- Khao sét cac yéu td hod hoc anh huéng dén chat lwgng mau trong phirong phap
phan ng dong két tua, tir d6 tim ra phwong phap ha thap nhiét d6 nung dé thu duwoc hat

co kich thude nhd hon.
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