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CAC CHU VIET TAT

PVA: Polivinyl Alcohol
QDs: Quantum dots
TEM: Transmission Electron Microscopy

FE-SEM: Field Emission Scanning Electron Microscope
UV-Vis: Ultraviolet - Visible

PL: Photoluminescence

XRD: X-ray Diffraction

EDX: Energy Dispersive X-ray Spectroscopy
FT-IR: Fourier Transform Infra-Red
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THANH PHO HO CHf MINH Poc 13p - Tw do - Hanh phiic
KHOA IN & TRUYEN THONG

Tp. HCM, ngay 05 thdang 11 nam 2015

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:
- Tén 4@ tai:
NGHIEN CU'U TONG HQP MUC IN CHAM LUQNG TU ZnS:Mn NHAM UNG
DUNG TRONG CONG NGHE IN BAO MAT
- Ma s6: T2015 — 55TD
- Chu nhiém: Nguyén Thanh Phuong
- Co quan chu tri: Pai hoc Su pham K¥ thuat Thanh phé Hb Chi Minh
- Thoi gian thuc hién: 12 thang (tir thang 01 nam 2015 dén thang 12 nim 2015)
2. Muc tiéu:
e Xay dung quy trinh ché tao chdm luong tir ZnS pha tap ion kim loai Mn bang phuong
phap két tha hoa hoc;
e Nghién ctru cdu trac, tinh chat quang, hinh thai hoc bé mit ctua cac chim luong tir
ZnS:Mn.
e In thtr cdc tem, nhan phat quang (& quy mo6 phong thi nghiém) trén co s¢ muc nano phat

quang ZnS:Mn tong hop dugc;

3. Tinh méi va sang tao:

- Céc cham luong tir ZnS pha tap Mn tong hop bang phuong phap két tiia héa hoc trong
mdi truong nude duoc tng dung trong didu ché myc in (muc in chim lugng tir) chéng
gia.

- Céc chim luong tir ZnS:Mn?* ¢6 viing phét xa hep, ving kich thich rong va c6 do bén
quang hoa cao hon so vdi cac chat mau hitu co truyén thong.

4. Két qua nghién ctru:

- Tong hop thanh c6ng cham lugng tir ZnS pha tap Mn bang phuong phép dong két tia.

- Khao sat ciu trac thong qua phd nhidu xa tia X.

- Khao sat tinh chat quang ctia cac cham luong tir ZnS pha tap Mn thong qua phuong phap
do pho hip thy UV-Vis, quang huynh quang (PL).



Khao sat hinh thai cac chdm lugng tir thong qua phuong phap do FESEM, TEM.
Khao sat thanh phan cac nguyén td Zn, S, Mn thong qua phd tan xa ning luong tia X.
Khao sat phd FT-IR.
X4y dung cong thirc muc in chim lugng tir ZnS:Mn?".

San phim:

Hé muc in chim luong tir ZnS:Mn?*

Cac mau in thu

Tai liéu tham khao cho sinh vién

Truéng Pon vi Chii nhiém dé tai
(ky, ho va tén, dong dau) (ky, ho va tén)



INFORMATION ON RESEARCH RESULTS

1. General information:

Project title:
SYNTHESIS OF MANGANESE DOPED ZINC SULFIDE QUANTUM DOT INKS
FOR SECURITY PRINTING
Code number: T2015- 55Tb
Coordinator: Nguyen Thanh Phuong
Implementing institution: Ho Chi Minh City University of Technology and Eduacation
Duration: from Jan/2015 to Dec/2015

2. Objectives:

Successfully synthesized Mn doped ZnS quantum dots by chemical precipitation method.

Structure, optical properties and morphology of the quantum dots were studied using
different techniques.
The quantum dot inks were printed on paper by screen printing.

3. Creativeness and innovativeness:

The ZnS:Mn?* semiconductor quantum dots were successfully synthesized via an
aqueous method utilizing polyvinyl alcohol (PVA) as a capping agent.
The quantum dot inks have a narrower emission band, broad excitation band and better
photochemical stability in comparision to the traditional organic dyes.

4. Research results:

The Mn doped ZnS quantum dots were successfully synthesized by chemical
precipitation method.

The quantum dots were characterized by X-Ray diffraction (XRD), Energy dispersive X-
ray, Field Emission Scaning electron microscopy (FESEM), Transmission electron
microscopy (TEM), UV-vis optical absorption, photoluminescence (PL), and Fourier

Transform Infra-Red spectra.

5. Products:

The ZnS:Mn?* quantum dot inks

Printed samples

6. Effects, transfer alternatives of reserach results and applicability:

Basic research, reference for student.
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MO PAU

Cac tinh thé ban dan hay con goi 1a cac chiam luong tir (Quantum dots) da thu
hit nhiéu nhém nghién ctu trong nhimg nim gan ddy do cdc tinh chit quang doc dao
va c4c tng dung tiém ning cua ching trong cac linh vyc nhu pin mat trdi, man hinh
phing phat sang, cam bién, muc in bao mat, quang xuc tac [4,6,8]. Hau hét cac chim
lwgng tar dugc nghién cau 1a nhitng vat liéu c¢d chira géc Cd nhu CdS, CdSe, CdTe.
Tuy nhién, nhitng chim lugng tir ndy chia ion kim loai niang Cd cé doc hai cao nén
ching khéng phu hop véi céc tng dung lién quan dén siac khoe con ngudi va moi
truong [4]. Vi thé, nhiéu nhém nghién ctru da dua ra cac phuong phap thuc nghiém dé

t6ng hop céc cham lwong tir khdng chtra cac ion kim loai nang nhu Cd.

Mot trong s6 c4c vat liéu c6 tinh chat quang doc dao cling nhu d6 doc hai thap
S0 V&i céc vat lieu trén do 1a kém sulfide (ZnS), day 1a vat liéu ban dan chuyén muc
tryc tiép thuoc nhom Il — VI ¢6 nang lugng viing cam khoang 3,6 eV tai nhiét d6 phong
[9], va ban kinh Bohr exciton khoang 2.5 nm. Vat liéu nay c6 tiém ning ¢ng dung rong
rdi trong cac linh vuc nhu cac 16p phu quang hoc, cam bién quang hoc, man hinh quang
dién, cac vat liéu phat sang [19], ciing nhu cac tng dung trong diéu ché muc in bao mat
[20, 21]. Bén canh d6, ZnS 1a chat ban din c6 niang luong ving cdm rong phu hop cho
lam vat liéu chu dé pha tap cac ion kim loai chuyén tiép nhu Mn?*, Cu®*, Ag*, Co?*,...
cling nhu cac ion dat hiém Eu?*, Eu®*, Sm3*, Tb®* [10] nham tao ra cac mau sic khéc
nhau khi duoc kich thich duéi nguén sang UV, nang luong dién; ZnS c¢6 do bén quang
hoc cao [22], ¢6 hé s6 phan xa va hé sé truyén qua cao trong ving kha kién [10, 19]
nén vat lidu nay rat phd hop trong diéu ché muc in nham tng dung trong linh vuc bao
mat, ciing nhu linh vuc in dién tir nham tao ra cac man hinh quang dién [23], cac bién

quang cao, cac bién canh béo st dung ngoai troi.

Trong s cé&c ion kim loai chuyén tiép, Mn?* 1a mét trong nhiing chét pha tap thi
vi nhét, cac ion Mn2* (0.67 A) thay thé cac ion Zn?* (0.74 A) trong mang tinh thé chi:

ZnS do ban kinh ion caa chiing gan bang nhau, va duoc phéi vi vai cac ion S? trong tir
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dién déu [7,8,10]. lon pha tap Mn?* bi kich thich théng qua sy truyén ning luong cua
vat liéu chit ZnS va anh sang huynh quang phét ra tir dich chuyén *T1 — %A cua ion
Mn2* tai budc séng khoang 598 nm. Diém thuan lgi thir nhat cua cac chim luong tir
(QDs) ZnS pha tap Mn (ZnS:Mn?*) 14 it doc hai hon so vé6i cac QDs gc Cd khéc, dich
chuyén Stokes 16n nén tranh duoc hién twong tu hap thy, kha niang bén nhiét va hiéu
suit phat quang cao [7,8]. Diém thuan lgi thir hai 14 cic QDs ZnS:Mn2* c6 thé duoc
tong hop bang phuong phap dong két taa & nhiét do thap trong méi truong nudc &
nhiét d6 phong, phuong phap téng hop don gian, tén it chi phi [8,11]. Chinh vi vay
viéc sir dung phuong phap dong két taa dé tong hop cac QDs ZnS:Mn nham tng dung

trong nganh in ndi chung va in bao mat néi riéng c6 thé mang lai nhiéu két qua tha vi.

Tir nhitng phan tich trén, tac gia di chon dé tai “NGHIEN CUU TONG HQP
MUT IN CHAM LUONG TU ZnS PHA TAP Mn NHAM UNG DUNG TREN CAC
SAN PHAM IN BAO MAT”.

Téng quan tinh hinh nghién cieu trong nwéc

Hién nay, vat liéu ZnS di va dang thu hut nhiéu nhém nghién ciru trong nuéc

boi nhitng tinh chit quang doc do cta ching. Cy thé nhu sau:

= Tac gia Nguyén Tri Tuan — Luan &n tién si KHVL (2010) - PHBK HN, “Nghién
ciru tong hop va khdo sat tinh chdt quang cua tinh thé ban ddn ZnS pha tap Cu

va Mn”

= Nhom nghién ciu Nguyén Vin Truong, Pham Vian Bén (2012) “Ché tao céc hat
nano ZnS:Mn boc phi chdt hoat héa bé mat va khao sat phé phat quang cua

ching”, Luan Van thac si.

= Tac gia Truong Thi Luyén (2011), Nghién citu, ché tao ZnS:Mn tir axit
thioglycolic, axetat Zn, Mn bang phwong phdp thiy nhiét va khao sat pho phat
quang cua chang, luan van thac si khoa hoc vat ly, PHKHTN — PHQGHN, Ha
Noi.
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Téac gia Nguyén Thi Hoa (2012), Tinh chdt quang cia ZnS pha tep Cu, Co,
Luén van Thac si nganh: Vat ly chat rin, DPHKHTN HN.

Nhin chung, cac tac gia nghién ciru, nhdm nghién ciru chu yéu tap trung vao cac

nghién ctru co ban 1a tong hop vao khao sat ciu tric, tinh chat cua vat liéu ZnS va ZnS

pha tap cac ion kim loai chuyén tiép nhu Mn, Cu, Co. Pa s6 cac nghién ctru dugc tap

trung & cac truong dai hoc phia Bac.

Téng quan tinh hinh nghién ciru ngodi nwéc

Nhom tac gia Aeron C. Small, James H. Johnston va Noel Clark (2010), Khoa
hoa 1y, Pai hoc Vitoria, Australia budc dau nghién ctu tong hop muc in cham
luong tir phat quang trén co s& vat liéu ZnS pha tap cac ion kim loai chuyén tiép
Cu, Mn ung duyng trong in phun. Vat liéu sau khi tong hop duoc nghién ciu cac
tinh chat nhu do phd hap thu UV-vis, do quang phat quang (PL), chup anh
SEM, TEM va do d¢ nhét cua dung dich. Hé muc in cham luong tir sau d6 duogc
in phun trén céc loai dé khac nhau nhu gidy anh chat lwong cao dung cho in
phun, vat liéu cotton, mang nhya PET va thuy tinh. Trong cdng trinh nghién cuu
nay, tac gia da str dung nhiéu chat bao bé mit dé hoa tan cac chdm luong tir ZnS
pha tap dé tao cong thirc muc in phun. Trong sb c&c chat bao bé mit duoc chon
lya thi axit mercaptosuccinic (MSA) l1a thoa man nhat, va hé muc cham luong tir
MSA-caped ZnS:Mn2* bén hon so véi cac chat bao khéc, rieng hé muc MSA-
caped ZnS:Cu?* khéng bén boi vi sodium thiosulfate dugc sir dung dé tao phirc
Vi cac ion Cu?* trong sudt qua trinh tong hop bi khir bai MSA, dap tat qua trinh

quang phat quang.

Nhém téc gia Peter D. Angelo (2013), Khoa Cdng nghé¢ hdéa hoc & Hoa hoc tng
dung, Dai hoc Toronto, Canada nghién cttu thanh cong myuc nano phat quang
ZnS pha tap Mn (ZnS:Mn) nham @ng dung trong cdng nghé in phun. Cac hat
nano ZnS:Mn dugc tong hop bang phuong phap két taa hoa hoc. Axit Acrylic

(AA) duogc st dung Vvoi vai trd la chat phan tan trong muc in phun. Hé muc in
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phun ZnS:Mn-AA dugc in trén dé cellulose acetate bing thiét bi in phun
Dimatix. Pho phat quang (PL) caa mang & buéc séng khoang 600 nm dudi kich
thich UV.

Tir céc cdng trinh nghién ctu cua cac nhém tac gia trén cho thiy, cac nhém
nghién ctu hién dang tap trung vao tinh chat luu bién cia hé myuc nhu diéu khién hé
muc bang cac dung mai thich hop dé pht hop véi thiét bi in phun va tién hanh in thu

trén nhiing loai dé khac nhau nhu mang nhya, gidy, thay tinh.

Dua vao nhitng nén tang nghién ctu caa cac nhom tac gia trong va ngoai nudc,
tac gia cong trinh nghién ciu nay sé& tién hanh tdng hop hé muc in ZnS:Mn c6 hiéu suat

phat quang cao nham ung dung trong in bao mat.
Muc tiéu nghién ceiru

= Xay dung quy trinh ché tao cac chim luong tir ZnS:Mn?* ¢ hiéu suat phat

quang cao.
= Nghién ciru cau tric va tinh chat quang cua vat liéu nano tong hop duoc.

= Tao cong thac muc in lya trén co s¢ cac cham luong tr ZnS:Mn?* tong hop

dugc, in thtr cdc tem, nhén phat quang ¢ quy md phong thi nghiém.
Phwong phap nghién ciru

Két hop giita ly thuyét va thuc nghiém. Cac cham luong tir ZnS:Mn?* dugc tong
hop bang phuong phap dong két tua. Cac phuong phap do nhidu xa tia X, hién vi dién
tr FESEM va TEM duoc sir dung dé phan tich cdu trGc va hinh théai caa cac cham
luong tir téng hop duoc. Phuong phap do phd hip thu UV-vis, phé quang huynh
quang, phd FT-IR duoc sir dung dé khao sat méi quan hé giira diéu kién ché tao, cau

trdc va tinh chat quang cua vat liéu.
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Bé cuc dé tai nghién ciru

Phdn mé dau: Giéi thiéu chung vé vat liéu ZnS, ly do chon dé tai, tdng quan
tinh hinh nghién ctru trong va ngoai nwdc, muc tiéu nghién ctru va phuong phap nghién

chu.
Chuwong 1. Tong quan vé cac cham luong tir phét sang
Chuong 2. Tong quan vé muc in bao mat va céc thanh phan co ban cua muc in
Chuong 3. Cac phuong phap t6ng hop va phan tich vat liéu c6 ciu tric nano

Churong 4. Quy trinh thuc nghiém téng hop cac cham luong tir ZnS pha tap Mn

— Két qua va ban luan

Chuong 5. Két luan — Hudng phat trién dé tai
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Chuong 1

TONG QUAN VE CAC CHAM LUQNG TU PHAT SANG
1.1. Giéi thiéu

Tir “phosphor” ¢6 ngudn gdoc tir Hy Lap va c6 nghia 13 “cht mang anh sang”,
dung dé md ta céc vat liéu phat sang; barium sulfide 12 mét trong nhiing vat liéu duoc
biét dén som nhét trong ty nhién nhu 1a mot vat liu phat sang. Mot vat liéu huynh
quang la vat liéu phat sang, c6 nghia la phat nang lugng tir mot electron bi kich thich.
Sy kich thich electron duoc thuc hién boi su hap thu ning luong tr mot ngudn bén
ngoai nhu tir mot electron khéc, tir mot photon hoac mot dién truong. Mot electron bi
kich thich chiém ché mat trang thai lugng tir s hitu ning lugng cao hon ning luong
trang thai co ban nho nhat. Trong cac chat ban dan va cach dién, trang thai dién tir co
ban dugc biét dén nhu 1a cac electron trong ving hoa tri, ving nay duoc dién day hoan
toan cac electron. Trang thai lwong tir kich thich nam trong viing dan, viing nay réng va
dugc tach biét voi ving hoa tri bai mot khe ning lwong goi 1 niang luong ving cam,
AE,.

(a) (b)

Vung dan

‘ n’k’
N3 LUMO T om,
ng
luvg AEg
ng| ... Y
g K Trang thai 30
R g 2m, .
Vung Ving
héa tri héa tri
Vector séng Vector séng

Hinh 1.1. So do viing nang heong: (a) Chdt ban dan chuyén mizc tryec tiép,
(b) Chat ban ddn chuyén muc gian tiép
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Hinh 1.1 (a) biéu dién so db ving ning lwong (dd thi ning luong trang thai
lwgng tir cho phép so véi bién do vector séng k) cua mot chat ban dan c6 ving cam
chuyén muc truc tiép. Trong cac chat ban dan c6 viing cdm chuyén muc truc tiép, céc
vi tri cua trang thai ning lwong cao nhat cua ving hoa tri bi chiém déng (HOMO-
highest occupied molecular orbital) va trang thai nang lwong thap nhat caa ving dan
khong bi chiém déng (LUMO-lowest unoccupied molecular orbital) c6 gia tri k giéng
nhau nén cho kha niang phat sang cao. Trong truong hop cac chat ban dian ¢ ving cim
chuyén mac gian tiép (hinh 1.1(b)) thi céc gia tri k nay khéac nhau. Vi thé, cac electron
phai chiu sy thay ddi gia tri k bang cach thay d6i nang luong, su dich chuyén nay yéu
cau su thay doi ca vé nang luong va xung luong. Noi cach khac, sy dich chuyén gian
tiép yéu cau ning lugng kich thich cia mot electron dong thoi véi twong tac electron —
phonon dé lam thay ddi xung lwong. Két qua 13, hiéu suat hap thu va tai hop cua céc
vat liéu c6 ving cAm chuyén muc truc tiép 16n hon khoang bbn bac d6 16n so véi céac
vat liu c6 ving dan chuyén muc gian tiép. Vi du, k&m sulfoselenide (ZnSixSex) la
chat ban dan chuyén muc truc tiép va gallium phosphide (GaP) la chat ban dan chuyén

muc gian tiép.

Nhu d3 thao luan ¢ phan trén, sy phat sang c6 thé duoc quan sat boi sy kich
thich cac electron Ién trang thai ning lwong cao hon, vi du, 1én ving dan. C6 mét sé
cach kich thich nhu:

» Quang phat quang (photoluminescence — PL)
= Dién phat quang (electroluminescence — EL)

= Catot phat quang (cathodoluminescence — CL)
= Co phat quang (mechanoluminescence)

= Hoéa hoc phat quang (chemiluminescence)

= Nhiét phat quang (thermoluminescence)
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(a) (b)
Hap thu photon Phat xa photon pien cuc ()
nang lurong cao nang lvong thap T
bién cuc (+)

Elect Phat xa
ectron
(c)

nang lwong cao

Tia X Electron thir cap

Electron tan xa nguoc

Electron Auger

Hinh 1.2. So' dé minh hoa: (a) Quang phdt quang, (b) Pién phét quang,
va (c) Phéat quang Cathod

Hinh 1.2 minh hoa cac qua trinh quang phat quang (PL), di¢n phat quang (EL)
va catot phat quang (CL). Khi mot chat cach dién hoac mot chat ban dan hap thu bic
xa dién tir (hap thu mot photon) mot electron c6 thé bi kich thich 1én mot trang thai
luong tir ¢6 nang luong cao hon. Néu electron bi kich thich tra vé (hdi phuc) trang thai
lugng tir 6 nang lugng thap hon bang cach birc xa mot photon, qua trinh nay duoc goi
la quang phéat quang (PL). Mot sb dich chuyén hdi phuc trang thai lwong tir trang thai
luong tir khong duoc phép dua trén quy tic loc lya spin va Laporte. Cudng d6 PL phu
thudc vao viéc do nhiét do va ning lwong cua anh sang kich thich (dwoc biét nhu 1a su
kich thich quang phat quang hoic phd PLE). Noi chung, cac dinh trong phd PLE c6

nang luong cao hon cac dinh trong pho PL.
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Khi mot vat liéu phat ra buc xa dién tor do dugc &p mot dién truong vao, qua
trinh nay duoc goi 1a dién phat quang (EL). Photon phat ra la két qua caa viéc tai hop
birc xa cua cac electron va 15 tréng duoc tao ra trong vat liéu phéat quang bai dién thé
gitta hai dién cyuc (hinh 1.2 b). M6t trong hai dién cuc 1 trong sudt dé anh sang xuyén
qua. Nhu da thao luan & phan trén, s& cd nhiéu thu hit cac nghién ctu trong viéc két
hop cac vat liéu vo co phat quang c6 ciu tric nano véi cac vt liéu hitu co dan dé ché
tao céc thiét bi dién phéat quang boi vi ching cé tiém nang tng dung 16n. Cac thuan loi
khac cua cac thiét bj dién phét quang nay so véi cac hé théng chiéu sang thong thuong
1a kich thudc c6 thé diéu chinh tir nho dén 16n, ché tao trén cac dé vat liéu déo, do sang
cao, thoi gian song cua thiét bi dai, nhiét do hoat dong thap, va khir phan xa énh sang.
Phu thudc vao thé ap vao, cac thiét bi mang mong dién phat quang cé thé dugc phan
loai nhu 14 cac thiét bi DC hoic AC.

Catot phat quang (CL) phat anh sang tir mét vat liéu bi kich thich boi cac
electron c6 nang luong cao. Cac electron so cap kich thich ¢ thé duoc hoi tu thanh
mot chim va quét xuyén qua bé mat (nhu 1a kinh hién vi dién tir quét), két qua la catot
phat quang cho d¢ phén giai khong gian cao. Qua trinh CL dugc minh hoa nhu hinh
1.2c, cung véi cac hién twong khac 1a két qua cua cac tuong tac electron so cap — Vat

liéu, vi du nhu tia X va cac phat xa electron khac nhau.
1.2. Vat liéu c6 cau tric nano

Cac vat liéu o ciu trac nano duogc dinh nghia 1 nhitng hat nano c6 kich thuéc
va hinh dang khéac nhau ton tai & dang dam hodc cac hat riéng Ié. C4c vat liéu nano thu
hit nhiéu nhdm nghién ctu boi vi chlng c6 thé 1a cau néi giita vat lidu khdi va cap do
phan tir va dan dén nhirng ttng dung méi. Céc vat liéu c6 cau trdc nano c6 dién tich bé
mat 16n so vai vat lieu khdi. Két qua 13, mot luong 1on cac nguyén tir hién dién trén bé
mat 1am cho cac tinh chat nhiét dong cua ching khac nhau. Trong suét gan hai thap ky
qua, c&c nhém nghién ciru tap trung vao cac tinh chat quang dién cua céc chat ban dan

c6 cau tric nano véi muc dich ché tao duoc cic hat nano c6 kich thudc nhé nhat c6 thé.
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Cac nghién ctru cho thay rang nhiéu tinh chit co ban phu thudc vao kich thuéc hat ¢
cap d6 nano. Cho vi du, mat do trang thai (DOS) la sé luong trang thai lugng tir SO VO
nang luong cua c4c vat liéu tuan hoan véi kich thudce ba, hai, hoic mot chiéu nhu hinh
1.3. Néu mé rong vat liéu & cap do tir 1 dén 10 nm theo tit ca ba hudng thi cac vat liéu

nay duoc goi la cac cham luong tir (Quantum dots).

Puong kinh Chiéu Thuyét MO Mat do trang thai (DOS)
e S
® 1.2A khéng i
Nguyén tir E
_
AO Vai phan t&r Pon phan t
LOMO
A~ AO
o0 |
A 1-3 nm khéng H
Phan t&r - AD \\ |\ ‘

Cac day Qdots Vai Qdots Cac Qdots riéng lé

‘ 1-20 nm khéng

<— il

Tinhthé3D Tinhthé2D Tinhthé1D
Ba, hai, —
> 20 nm hodc mot

\éf F’J H\

Nang lwong

N(E)

Vat liéu khéi

Hinh 1.3. So' dé minh hoa su thay déi mdt dg trang thai (DOS)theo su thay doi
cua so lirong nguyén ti trong vat li¢u

Mat do cac electron trong cac tinh thé khdi co kich thudc ba chiéu qua 16n vi thé
ning luong cua cac trang thai lwong tir tré nén gan nhu lién tuc nhu hinh 1.3. Tuy
nhién, sé luong electron bi giGi han 1a két qua cua cac muc ning lwong bi lugng tir hoa
gian doan trong mat do trang thai (DOS) cua cau tric hai, mot va khong chiéu. Khi mot
vat lidu rin cho cac tinh chit quang dién khac nhau theo kich thuéc hat khac nhau thi

duoc goi 1a cac vat lidu ¢6 ciu tric nano, va duoc phan loai nhu sau:
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= Vit liéu cau tric nano hai chiéu, vi du nhu cac mang mong va cac giéng luong
tur;
= Vit liéu cdu trdc nano mét chiéu, vi du nhu cac soi lugng tir;

= Vat liéu cdu trdc nano khong chiéu, vi du nhu cac chdm lugng tur.

Mic di mdi cach phan loai trén cho thay céc tinh chat quang thd vi nhung thao
luan cua ching ta s& tap trung vao céc cham lwong t. Nhiéu tinh chat co ban c6 thé
duoc nhan ra bang cach thay d6i tinh chat hat tai mot thanh phan chat cé dinh. Trong
phan tiép theo, ching ta s& thao luan vé méi quan hé giira tinh chat va cau tric va cac

tinh chat quang cua chim lugng ti.
1.3. C4c cham lwong tir

Cac chat cach dién hodc cac chat ban dan ciu triic nano co kich thuéc va sé
lwong nguyén tir nam gita mirc d6 nguyén tir - phan tir va vat liéu khdi c6 ning lwong
viing cam phu thudc vao nhiéu yéu té phic tap nhu loai lién két va do bén voi céc
nguyén tir gan nhat. Pbi voi cac nguyén tir ¢o lap, khdng co su tuong tac lién ké. Vi
thé, cac dinh phat xa quang hep va nhon. Mét phan tir chi chira mot vai nguyén ta cho
thiy sy phét xa twong ty nhu mot nguyén tir. Tuy nhién, mét hat nano c6 chira xap xi
khoang 100 — 10000 nguyén tir va cé tinh chat quang khéc biét so vai vat liéu khéi cua
nd. Cac hat nano c6 kich thudc khoang 1 — 30 nm duoc goi 1a cac cham luong tu
(Quantum dots). Cac cham luong tr khéng chiéu thudng duoc md ta nhu cac nguyén
tr nhan tao do cac mat do trang thai cia ching gidng nhu ham §, diéu nay dan dén céc

vach quang phé hep.

Céc cham lugng tir duogc nghién ciu nhidu boi vi cac tinh chat quang doc déo
cua ching duoc tng dung trong nhiéu linh vuc nhu diode phat sang (LED), pin mat
troi, cac danh dau sinh hoc, muc in. Cac cham lugng tir dwoc tng dung trong muc in

bai vi chung c6 cac dac tinh tha vi sau:

= Hiéu suat phét quang cao

= Po bén quang hoc cao
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= Sy hap thy va phat xa c6 thé diéu khién thong qua kich thuéc hat
= Cac dinh phat xa quang hep

= Poc tinh ¢6 thé it hon so vai cac chat mau hiru co thong thuong
1.3.1. Méi gan hé giira cau truc va cac tinh chat

HAau hét su thay di cac tinh chat tha vi trong cac chim lugng tir co kich thudc
hat nho hon 30 nm 1a su khac biét 16n vé hap thu quang, niang lugng kich thich va sy
tai hop cap 15 tréng — dién tir. C4c tinh chat dic trung cua cac cham luong tir duoc xac
dinh théng qua cac yéu té nhu kich thude, hinh dang, cac sai hong, tap chat va do két

tinh. Su phu thudc vao kich thudc bit nguon tur:

= Sy thay doi ty s6 bé mat - thé tich theo kich thudc

= Ca4c hiéu ung giam gitr luong ti

Do ty s6 bé mat — thé tich cua cac chim lwong tir cao nén céc trang thai luong tir
dién tur lién két véi bé mit (duoc goi 1a cac trang thai bé mat) c6 cac anh hudng dang
ké dén céc tinh chat quang cua cham luong tir. Céc trang thai bé mat cia cac cham
luong tir anh huong dén sy hip thu quang, hiéu suat luong tir, cuong d6 phat quang.
NGi chung, cac trang thai bé mat c6 nguon gdc tir cac lién két chua bao hoa tai bé mat
tai cAu trac nhung cling c6 thé bi anh huéng boi sy khdng hop thic va cac vét nit.
Ning luong cua cac trang thai bé mat nay néi chung la nam trong ning luong ving
cam cua cac cham luong tir. Vi thé, ching cd thé bay cac hat tai dién va dan dén su tai
hop birc xa hozc khdng bic xa cua céc cap dién tir - 15 trong. Két qua 1, cac trang théi

bé mat ¢ anh huéng dang ké dén cac tinh chat quang cua cac cham luong tur.

Tinh chat quan trong nhat cua cac chim lwong tir 1a s giam gitt lwong tu, su
giam giir lwong tr 1am thay d6i mat do trang thai (DOS) gan céc bd ving. So dd mat
d6 trang thai nhu mot ham cua ning lwong dugc biéu dién trong hinh 1.3 cho thay rang
cac cham luong tir ndm giita nguyén tir roi rac va vat liéu khdi lién tuc. Cac hiéu tng
giam gitr luong tir dugc quan sat khi kich thuéc vat liéu di nhé dé khoang ning lwong

ctia mot tinh thé nano du ra kT (k 12 hang s6 Boltzmann va T 1a nhiét do tuyét ddi). Su
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khac biét vé ning lwong > kT han ché su linh dong cua electron va 15 tréng trong tinh
thé. Trong s céc tinh chat cho thay su phu thudc vao kich thudc chiam luong tir dan

dén hai tinh chat quan trong sau:

Tinh chit thir nhat 1a sy dich chuyén xanh cuia ning luong viing cdm cua cac hat
nano nho hon ban kinh Borh (gi4 tri ndy phu thudc vao loai chat ban dan). Hién tuong
nay duoc goi la hiéu ung giam giir lwong tir. Hiéu tmg nay cho phép diéu chinh ning
lwong ving cam (ning luong ving cdm phu thudc vao thanh phan cua chat ban dan

cling nhu kich thudc hat) théng qua viéc thay déi kich thuéc cham luong tir.

Tinh chat quan trong thi hai 1a su tich mirc nang luong do mét luong nho cac
nguyén tir trong cac cham luong tir so voi vat lieu khéi. Pidu nay dwa dén céc trang
thai dién tir cia mdi mirc nang luong c6 cac ham song tuong tu véi cac nguyén tir. Boi
vi nghiém ciia phuong trinh séng Schrodingher dbi véi cac cham luong tir twong tu véi
c4c electron lién két véi hat nhan, vi thé cac chdm luong tir con duoc goi 1a cac nguyén

tr Nhan tao va cac dinh phd phat xa c6 thé sic nhon twong ty nhu ctia nguyén  ti.
1.3.2. Hiéu &ng giam giir lwgng tir

Hiéu &ng giam gitr luong tur 1a két qua cua viéc mé rong vang cam khi giam
kich thudc cac chat luong tir. VOng cAm trong mot vat liéu 13 ning lwong yéu cau dé
tao ra mot dién tir va mot 16 trong véi niang luong dong nang bang khong tai mot
khoang cach du xa dé twong tic Coulomb cua ching 12 khong dang ké. Néu mot hat tai
tién dén maot hat tai con lai, chdng cé thé hinh thanh mot cap electron — I8 trong lién két
(Mot exicton) c6 nang lugng khoang mot vai eV thap hon ning luong ving cam.
Exicton nay hoat dong gidng nhu nguyén tir hydro. R3 rang, khéi lwong hiéu dung cua
mét 16 tréng nhoé hon nhiéu so véi mot proton, diéu ndy anh hudng dén nghiém cua
phuong trinh song Schrodingher. Khoang cach giira electron va 16 tréng dugc goi la
ban kinh Bohr exciton (rs). Néu me va my 1a khéi lugng hiéu dung twong ¢ing ciia cac

electron va 15 trong, ban kinh exciton Bohr dugc trinh bay nhu sau:
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el 1 1
r, :—f[—+—j(1.1)
e (m m

véie, # vae lan luot 12 cac hang sé dién moi, hiang sb Planck thu gon va dién tich

electron.

Néu ban kinh (R) cua mot cham luong tir Xap xi bang re, nghia 1a R ~ rg, hoic R
< rg, thi sy linh dong cua cac electron va 15 tréng bi giam gii trong cac chiéu khéng
gian cua chim luong tir, didu nay 1am gia ting ning lwong dich chuyén exciton va quan
sat dugc sy dich chuyén xanh trong viing cam va sy phat quang cua cham lugng ti.
Ban kinh exciton Bohr la mét gia tri gii han, va hiéu tng giam git luong tur tré nén
quan trong khi ban kinh caa cham luong tir nhd hon. Pbi véi cac cham luong tir nho,
nang luong lién két exciton va ning lwong lién két hai exciton (ning luong twong tac

exciton — exciton) lén hon nhiéu so véi cac vat liéu khoi.

1.3.2.1. M hinh xap xi khdéi lwong hiéu dung

A

M6 hinh xap xi khéi lugng hiéu dung duya trén “Mo hinh hat trong hop” dugc sir
dung rong rai dé du doan su giam giit luong tir. M6 hinh nay dwgc dé cir lan dau tién
boi Efros vao nim 1982 va dugc diéu chinh sau d6 boi Brus. M6 hinh nay gia thiét
rang mot hat c6 dang hinh cau trong mot giéng thé c6 rao thé vo han tai bién hat. Gia
sir hat ty do & bat ¢ vi tri ndo trong hop, méi quan hé gitta ning lugng (E) va vector
song (k) dugc cho bai

K%k

E=—0
2m

(1.2)

Theo mé hinh xap xi khéi lugng hiéu dung, phuong trinh (1.2) gia dinh cho
mét electron hoic mot 16 tréng trong chat ban dan, vi thé nang lugng ving cam c6 bo
viing dang gan nhu parabol. Sy dich chuyén cua ning luong ving cam (AEg) 1a do sy

giam giir exciton trong cham luong tir c6 dudng kinh R dugc tinh nhu sau

Chu nhiém: Nguyén Thanh Phwong
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AE
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Véi p 1a khdi lwong rat gon cua cap electron — 16 tréng va E'ry 1 ning luong
Rydberg. S6 hang thir nhat trong phuong trinh (1.3) cho thay mdi quan hé giita ning
lwong giam gii lwong tir va béan kinh (R) cua chdm luong tir, trong khi d6 sb hang thir
hai la nang lugng tuong tac Columbic phu thudc vao 1/R. Nang luong Rydberg khong
phu thudc kich thudc hat va thuong khong dang ké (c6 thé bo qua), ngoai trir cac chat
ban dan c6 hing sé dién moi nho. Dwa vao phuong trinh 1.3, dich chuyén exciton thi
nhat (nghia 14 niang luong ving cdm) ting khi ban kinh cham lwong tar giam. Tuy
nhién, md hinh xap xi khéi lwong hiéu dung khong con hiéu qua khi cac chdm luong tur

qua nho bai vi méi quan hé E-k khong con xap xi nhu parabol.

1.3.2.2. Sw két hep tuyén tinh giira thuyét orbital nguyén tir va thuyét orbital
phan ti

M6 hinh to hop tuyén tinh cua orbital nguyén ti - orbital phan tir cung cap nhiéu
chi tiét dé du doan danh gia cau trac dién tir cia cac dam nguyén tir hodc phan tir dén
cac cham luong tir, vat liéu khéi, va du doan su phu thudc cia ning lwong ving cam
vao kich thudgc tinh thé. Trong mot phan ti hai nguyén ti, céc orbital nguyén tir cua hai
nguyeén tir riéng lé két hop lai dé tao ra cac orbital phan tu lién két va phan lién két.
Trong cong trinh nghién ctu ndy, cac cham luong tir ¢6 kich thudc nano duge xem nhur
la céc phan tir I6n. Khi s6 nguyén tir gia ting, cu trac ving ning luong roi rac thay doi
tur cAc bac nang lugng 16n sang cac bac nang lugng nhé 1am cho vung nang lugng tro
nén lién tuc hon. CAc trang thai luong tir orbital phan tir bi chiém dong (lién két)
(trong ng trong ving hoa tri) duoc goi 1a cac mirc orbital phan tir bi chiém dong cao
nhit (HOMO - highest occupied molecular orbital). Cac orbital phan lién két khéng bi
chiém déng (twong tng véi ving dan) duoc goi 1a cac mac orbital phan tir khdng bi
chiém dong thap nhat (LUMO - lowest unoccupied molecular orbital). Sy khac biét vé

ning luong gitra dinh HOMO va day LUMO (ngang bang véi viing cdm AEg trong
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hinh 1.1) ting va cac ving tach thanh cac mirc ning lwong roi rac do giam sy chong
lap cua cac orbital nguyén ti (do c6 it nguyén tir). Vi thé, cac cham lugng tir c6 kich
thudc nho tao ra cac cu tric ving dién tir bi luong tir hda & mc trung gian gitta phan

tir hodac nguyén tur va tinh thé vat lieu khdi.

So v&i mo hinh xap xi khéi lugng hiéu dung, mé hinh orbital phan tir - nguyén
tr t6 hop tuyén tinh cung cip mot phuong phap dé tinh todn cau trac dién tir cua céc
cham lwong tir nho hon nhiéu. Nguoc lai, phuong phap nay khong duoc st dung dé
tinh toan cac muc ning luong cua cac cham luong tir 16n do su phic tap vé mat toan
hoc va cac giéi han cua cac hé thong tinh toan. Do d6, mirc d6 giam giir luong tir duoc
xéac dinh bang ty sé giita ban kinh caa chim lwong tir (R) so vai ban kinh Bohr exciton
cua vat liéu khoi (rs). Tai kich thudc tinh thé 16n hon duong kinh Borh exciton (2Rs),
cac tinh thé ban dan cho thay su giam giit chuyén dong tinh tién cua toan bo exciton
két cap do su twong tac Coulomb manh giita cac 16 trong va dién tir, co nghia 1a cho
thay hoat dong giam giit cia hat don (d6i khi dugc goi la viing giam gitr manh). Trong
khoang kich thudc hat trung binh (R < Rg), su dich chuyén cac mic ning luong cua
cac hat tai bi kich thich quang trong tinh thé duoc xac dinh boi do bén twong ddi cua

nang lugng dong ning giam giit Va Sy twong tac dién tir - 18 trong.
1.4. Qua trinh hoi phuc ciia cac exciton

Sau qua trinh kich thich boi mot ngudn ning lwong bén ngoai nhu (photon, dién
truong, nguon electron,...), electron va 13 tréng chiém hitu cac mirc nang luong cao do
cac dich chuyén tir trang thai co ban I&n trang thai kich thich. Cac ning luong lién lién
két voi su hap thu quang néi trén duoc xac dinh boi ciu tric dién tar cua vat liéu.
Electron va 15 tréng bi kich thich cé thé hinh thanh mét exciton. Electron ¢ thé tai hop
vé6i 16 trong va hoi phuc xudng mat trang thai ning luong thap hon, cudi clng tré vé
trang thai co ban. Nang luong du ra tir sy tai hop va hoi phuc c6 thé buc xa (phat
photon) hoac khong bic xa (phat phonon hoac cac dién tir Auger). Trong quang phét

quang, cac electron trong vat liéu chuyén dén cac trang thai luong tir bi kich thich dugc
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phép khi hap thu mot photon c6 ning luong cao hon. Sy tai hop cua electron va 15
trong s& phat xa mot photon (c6 nghia 1a tai hop buc xa dan dén quang phat quang).
Mot sb qué trinh birc xa tir bd viing, cac sai hong, va cac qua trinh khong bic xa duoc
trinh bay nhu hinh 1.4.

\\ \Q\\\\\

_Trang thai
sai hong |

. Trang thai

I st i
070 ()

= X

Vung hda tri
Tai hop Tai hop Tai hop
bd - vung sai hdng Auger
(a) (b) (c)

Hinh 1.4. Céc qua trinh phat xa va khdng phat xa c6 thé xudt hién
trong qua trinh phéat quang

1.4.1. Qué trinh hdi phuc bic xa

Hoi phuc bac xa 1a két qua cua su phat quang tu phét tir cham lugng ta. Sy phéat
quang c6 thé 1 két qua caa cac dich chuyén bo ving hoic gan bd ving, hoic tir cac sai

hong hoac cac trang thai luong tu hoat dong.
1.4.1.1. Sy phat xg bo vung

Hau hét cac qué trinh hdi phuc birc xa thudng thay trong cac chat ban dan thuan
hodc céc chit cach dién 1a su phat xa bo ving hodc gan bo ving. Su tai hop cia mot

electron bj kich thich trong viing dan véi mét 18 trng trong ving héa tri dugc goi 1a su
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phat xa bo vang (hinh 1.4a). Chi y ¢ phan trén, mot electron va 15 tréng c6 thé dugc
lien két voi nhau boi mot vai meV dé hinh thanh mot exciton. Két qua 13, su tai hop
birc xa cua mot exciton s& dan dén sy phéat xa gan bo ving tai cic mire ning luong thap
hon mot it so véi viing cdm. Su phét xa bic xa c6 thé dic trung cho sy phat huynh
quang hoic 1an quang, phu thudc vao quing dudng yéu cau dé hdi phuc. Su phét huynh
quang cho thay thai gian séng hoi phuc btc xa ngan (109 — 10°®° gidy), nhung van dai
hon so véi thoi gian kich thich (105 — 1012 gidy). Qua trinh hdi phuc buc xa véi thoi

gian song > 10°° gidy duoc goi la sy phat 1an quang.

(a) (b) Trang thai kich
Trang thai thich triplet
kich thich ¢

singlet Xuyén lién

1
1
HaD th : : Phat xa : : hé théng
ap thu | e
P : :/\/\,&hf Hap thu l/\/\ﬁ hv"
1
hv t1: :t2 hv t3| : t5 Phat xa
I |
/—11: 4 /—]\/Iﬂl N Ml d
! Trang thai ' ) ue Aao ,
o ban dbng phan tu
T =t +t, T, = ty+t

hv> ' > 1‘} < Tp

Hinh 1.5. So' d6 minh hoa: (a) Phat huynh quang, (b) Phéat lan quang [22]

Trong qué trinh quang phat quang (hinh 1.5), mot electron trong vat liéu phéat
quang bi kich thich tir trang thai co ban 1én trang théi kich thich do hap thu mét séng
dién tir c6 nang lugng hv. Thong qua qua trinh dao dong nhanh (khéng buc xa),
electron bi kich thich hoi phuc xubng trang thai dao dong kich thich c6 niang lugng
thap nhat. Di véi su hdi phuc dién tir trong cac phan tir, cac hat nano, hoac vat liéu ran
khdi, photon phét xa bi dich chuyén d6 so véi niang lugng photon kich thich (dich
chuyén Stock) bai vi su hién dién ciia cac mirc dao dong bén trong trang thai kich thich
cling nhu céc trang thai ning luong thip hon (vi du trang thai co ban) (hinh 1.5a). Céc

vat liéu phat quang hiru co va vo co déu co dich chuyén Stock. Trong céc vat liéu hitu
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co, qua trinh hdi phuc ¢6 thé bi phuc tap hoa do di qua cac trang thai kich thich singlet
dén triplet (Hinh 1.5b). Khi sy xuyén qua lién hé thdng xuat hién, thoi gian séng dai
(>10° gidy), su phat xa duoc phan loai nhu 14 sy phat 1an quang. Cac dich chuyén bic
Xa trong cac chit ran vo co bi cdm do cac quy tic loc lva quang hoc ciing c6 thé thay

trong su phét 1an quang.

Do ban rong Ion nhat (FWHM) cuaa dinh phét xa bo viing tai nhiét do phong cua
cac chim luong tir nam trong khoang 15 — 20nm. Béi vi dinh nay c6 ngudn géc tir sy
dich chuyén giira viing dan va ving héa tri nén niang luong photon ngang bang voi
nang luong ving cam cua cham luong tir. Phd hap thu quang phan anh cau tric ving
cua céc vat lidu boi vi mat do trang thai Ion. N6i cach khac, phd quang phat quang (PL)
dugce dong gop boi cac sai hong nang luong va cac trang thai hoat dong thap hon, boi
Vi céc hat tai bi kich thich quang nhiét héa nhanh va bi “bat” bai cac trang thai cua cac
muc ning lugng thap nhat (khoang vai kT). Vi thé, su giam ning luong (ting budc
song) duoc quan sat giira photon hap thy va photon phat xa do cac dao dong trong phan
tir hoic nguyén tir chat ran. Nhu d3 noi & trén, su dich chuyén do duoc goi 1a dich
chuyén Stokes (hinh 1.6). Trong nhiéu truong hop giéi han, niang lugng phat xa bi dich
chuyén vé ving budc song ngan hon (ning luong cao), va dugc goi 1a dich chuyén

phan Stocks.

Al

Dich chuyén Stock

fy) deH
Buenb 1eyd Buend

Budc song

Hinh 1.6. Phé hdp thu va quang phat quang mé ta dich chuyén Stock
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1.4.1.2. Phét xa do sai hong

Sy phét xa birc Xa tir cc hat nano phéat quang ciing c6 thé dén tir tap chat dinh
Xt hodc/va céc trang thai lwong tir hoat dong nam trong ving cam (Hinh 1.4b). Céc
trang thai sai hong duoc goi 1a céc trang thai ti khi ching nam bén trong ban than céc
ving d6. Phu thudc vao loai sai hong hoic tap chat, cac trang thai nay cé thé hoat dong
nhu tap chat dono (du electron) hodc tap chat acceptor (thiéu electron). Cac electron
hodc 16 trbng bi hat boi nhitng vi tri thiéu electron hodc du electron do tuong tac
Coulomb. Tuong tu Véi trudng hop cia cic exciton, hat tai “bay” trén cic vi tri sai
hong/tap chat c6 thé duge mo hinh hoa nhu hé théng nguyén tir Hydro ma tai d6 ning
lwgng lién két bi khtr bai hang sé dién madi cua vat liéu. Cac trang théi sai hong nay co
thé duoc phan loai thanh cac muc can hodc cac muc sau, & d6 cac trang thai sai hong
muc can c6 ning lwong gan bd ving dan hodc ving héa tri. Trong hau hét cac truong
hop, mdt mic sai hong can cho thay su hdi phuc bic xa tai nhiét do da thap bai vi
nang lugng nhiét (KT) khdng kich thich céc hat tai caa cac trang thai bay hoac sai hong.

NO6i cach khac, cac muc sai hong sau séng 1au, chiing tai hop khéng buc xa.

Sy phét quang tir cAc mirc sai hong nay c6 thé duoc sir dung dé xac dinh ning
lugng cua ching, va nong do cua ching ty 1é véi cudng do. Ca sy phan bd phd PL va
cudng do thay ddi theo sy bién thién cua ning lwong kich thich do sy dong gop tir cac
muc nang luong sai hong khac nhau va ciu tric ving cua vat liéu chi. Niang luong
kich thich con xac dinh trang thai kich thich quang ban dau trong mau, nhung céc trang
thai nay séng ngan do sy nhiét hoa cia cac hat tai bi kich thich quang théng qua phéat
xa phonon. Sy hdi phuc bén trong mirc dao dong thap nhat khoang vai KT cua céc trang

thai kich thich thuong nhanh hon sy tai hop.

CAc trang thai sai hong tai bé mat cia cham luwong tir udn ton tai bat chap viéc
sir dung cac phuong phap thu dong khac nhau do ty s6 bé mat — thé tich 16n nhu da noi
& trén. Nong do cac trang thai bé mit trén cac cham luong tir 1a sy dic trung cua cac

qua trinh tong hop va thu dong hoa bé mat. Céac trang thai bé mat hoat dong nhu cac
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by bit hat tai va c4c exciton, c4c trang thai nay thuong lam giam cip céc tinh chat

quang, dién do gia ting toc do tai hop khdng buc xa.
1.4.1.3. Sur phét xa cua tap chdt

Su phéat quang tur cac muc tap dua vao duogc goi la sy phat quang ngoai lai
(khdng thuan). Cac muc tap nay dwoc goi 1a chat kich hoat (activator) va ching lam
nhiéu loan cau trdc ving bang cach tao ra cac trang thai luong tir cuc bo nam bén trong
ving cdm. Co ché birc xa khdng ché trong phét quang ngoai lai 12 su tai hop cua
electron — 1 tréng, su tai hop nay xuat hién thdng qua céac dich chuyén tir ving dan dén
trang thai acceptor, trang thai donor dén viing héa tri hoic trang thai donor dén trang
thai acceptor. Trong mot sé trudong hop, co ché nay dugc dinh xa trén thm nguyén tir
hoat dong. Tuy nhién, cac dich chuyén dinh xu chi dugc phép khi thda cac quy tic loc

lua.
1.4.2. Qua trinh hdi phuc khdng bic xa

Nhu da néi ¢ trén, su hap thy niang luong boi cac vat liéu phéat quang ¢ thé cho
két qua khdng phat xa anh sang. Cac electron va I tréng ¢ cac trang thai kich thich c6
thé tré vé trang thai nang luong thap hon va trang thai co ban bang cac héi phuc birc xa
hodc khong btc xa. Cac mac bay sau c6 xu hudng tai hop khdng buc xa bang cach
phéat xa phonon. Dir liéu thuc nghiém cho thay rang thoi gian yéu cau dé tai hop khong
birc xa 1a ngan (khoang vai chuc pico gidy). Su hdi phuc khong bic xa c6 thé duoc

xem nhu 1a su chuyén doi ndi, chuyén d6i ngoai hoac tai hop Auger.

Sy tai hop khdng buic xa théng qua cac dao dong phan tir hodc dao dong tinh thé
la mot hién twong thuong thay trong chuyén déi noi. Su khac nhau giira ning luong
duoc hap thu boi cac chdm luong tir, hv, va niang luong ving cim, Eg, 13 ning luong
dugc chuyén thanh nhiét bai cac qué trinh tan xa electron — phonon va két qua la cho
dich chuyén Stokes. Tham chi dbi véi mot qué trinh btc xa trong mot chat ban dan

gian tiép, mot phonon duoc tao ra do sy thay doi gia tri k. Hon nita, sy bién dang mang
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tinh thé co thé tao ra mot giéng thé cuc bo dé bit electron va 15 tréng va két qua 1 tao

ra mot dich chuyén khong buc xa.

Sy tai hop khong bt xa tai cac trang thai bé mat dong gop vao loai chuyén doi
ngoai. Nhu di bao cao & trén, 15 — 30% nguyeén tir trong mot chdm luong tir tai bé mat
chira céc sai hong do cac lién két treo chua bao hoa. Nhitng sai hong nay la nhitng kénh
dong gop chinh cho viéc phan huy cac hat tai khdng btc xa. Cac trang thai bé mat dién
tr duoc dién diy bén dudi mirc Fermi véi céc electron tir 16i cua cac chim luong tir. Sy
tich dién tai bé mat tao ra mot dién truong hoic mot viing nghéo dan dén céc bo ving
dan va vung hoa tri bi uén cong. C4c hat tai 15 trong va dién tir duoc tao ra trong ving
nay bi cudn theo hudng nguoc lai do dién truong, cam tai hop buc xa. Diéu nay dan
dén khai niém “16p chét”. Bao nhitng sai hong nay véi cac phéi tir (ligand) hitu co hoic

cac 16p vo vo co sé& cai thién duoc hiéu suat phat quang.

Sy twong tac hat tai — hat tai manh s& dan dén qua trinh khong bic xa Auger,
Ning luong du ra dugc truyén cho mot electron khéc, electron nay duoc goi la electron
Auger. Electron Auger mit ning luong du cua nd do viéc tao cac phonon. Qua trinh tai
hop Auger lién quan dén hai electron va mot 15 tréng twong tng trong ving dan va
viing héa tri. Qua trinh tai hop Auger ciing c6 thé tao ra mot 15 tréng sau trong ving
hoa tri hodc c6 thé duoc quan sat thdy ddi véi cac electron va 15 trong trén cac mac
hoat dong dinh x&. Trong su dich chuyén Auger, moment va ning luong dugc quan
sét, két qua cho thay céc chit ban din chuyén mac gian tiép co téc do tai hop Auger
cao hon so vai cac vat liéu co ving cam chuyén mic truc tiép. Diéu nay la do su thay
d6i moment 1a can thiét cho su tai hop Auger, ma sy thay doi moment lai xuat hién

trong céc chat ban dan c6 viing cam chuyén mirc gian tiép.
1.5. Tinh chat quang va cac wng dung ciaa vt ligu ZnS
1.5.1. Cac chdm lwong tie 11 — VI

Cac hop chat ban dan 1l — VI bao gom céc cation Zn, Cd hoiac Hg két hop véi

cac anion O, S, Se hoic Te. Cac chét ban dan nay tinh thé héa ¢ ca ciu trdc tinh thé
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hexagonal (wurzite) va lap phuong tim mat (zinc blende) (Hinh 2.11). Cho vi dy, cau
trdc tinh thé caa ZnO va ZnS 1a hexagonal, mac di ZnS thuang cho thay cau truc lap
phuong nita bén hozc hdn hop ciu tric 1ap phuong/hexagonal. Cac hop chét ban dan 11
— VI thuong cho thay su phat quang tét bai vi ching ¢ ving cAm chuyén muc truc
tiép. Hon nita, cac chat ban dan 11 — VI thuong duoc sir dung nhu 1 vat liéu cha cho

cac hoat chit phat quang, cho vi du, ZnS pha tap ion Mn?* phat ra &nh séng mau vang.
1.5.2. Cac chdm lweng tir ZnS

ZnS (kém sulfide) 1a mot loai vat liéu ban dan véi hai cau trac chinh. ZnS hinh
thanh & nhiét d6 thip cho cau tric zinc-blende c6 ning luong Eq khoang 3.6 eV, va
ZnS hinh thanh ¢ nhiét d6 cao cho ciu trdc hexagonal wurtzite véi ning luong Eq
khoang 3.8 eV (Hinh 1.7). Tuy nhién, hai pha ciu triic nay déu cho tinh chat quang
phat quang va dién phat quang tét. Mot tinh chat quan trong khéc nita 1a vat liéu tuong

d6i bén c6 thé luu giir ¢ diéu kién nhiét ¢6 phong ma khéng bi phan huy.

(b)

i{a\
Hinh 1.7. (a) Cdu tric ldp phuong zince-blende va (b) Cau tric hexagonal
wurtzite cua ZnS
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ZnS 1a hop chét ban dan c6 ving cidm rong (Eq = 3.6eV hodc = 340 nm), chuyén
muc truc tiép va dong that thoat (leakage current) thap nén phu hop 1am vat liéu cha dé
pha tap cac ion kim loai chuyén tiép hoic cac ion kim loai dat hiém (Bang 1.1) nham
tao ra cac tinh chat hoa hoc, vat 1y va quang dién doc déo; ching thuong duoc st dung
trong cac man hinh phat sang, cam biét, laser va muc in chéng gia. Tinh chat phat

quang cta cac cham luwong tir ZnS c6 tap chat hoat dong khéc so véi vat lieu ZnS khéi.

Hon nita, do qua trinh tong hop vat liéu ZnS pha tap cac ion kim loai don gian
va thuan tién cho kha ning in trén dién tich I6n véi hiéu suat cao, vi thé bot ZnS pha
tap phu hop cho nén chiéu sang phia sau caa cac man hinh tinh thé long hoac cac man
hinh phing (ZnS:Cu, Al rét quan trong va phu hop cho c&c tng dung nay), muc in phét

quang, cam bién sinh hoc.

Bang 1.1. Mgt sé cac tinh chdt cia ZnS khi pha tap céc ion kim logi khac nhau

STT Phosphor Mau sac Toa d6 CIE | Hiéu suit, /W
1 | ZnS:Mn Vang 05,05 3-10
2 ZnS:Tb Green 0.32,0.6 05-2
3 [ ZnS:Cu, CI(Br, 1) Blue/Green - -
4 ZnS:Mn, Cu, CI Yellow - -
5 ZnS:Cu, Al Blue - -

Vi du, cham luong tr ZnS pha tap ion Mn?* 1a mét trong nhitng vat liéu phat
sang thu hat nhiéu nhém nghién ctru. Nam 1994, Bhagrava va cic cong su bdo céo cac
cham luong tir ZnS pha tap Mn?* (ZnS:Mn?*) c6 hiéu suat phéat quang cao (khoang
18%). Cuong do phat quang duoc ting cudng la dic trung cho viéc chuyén ning luong
c6 hiéu qua tir mang chi ZnS sang céc ion pha tap Mn?* (Mn 1a mét kim loai chuyén
tiép c6 16p vo bén trong/lép 3d chua duoc dién day). Su lai hda cua cac orbital cua ZnS
véi céc orbital-d cua Mn?* trong cé4c hat nano duge dé nghi 1a do sy hoi phuc theo cac

quy tic loc lya ddi véi sy dich chuyén (“T1 — %As) spin bi cAm cua Mn?*, din dén thoi
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gian phat xa ngan. Cac nghién ciru gan day cho thay rang trong khi hiéu suat luong tu
cua cac cham luong tir ZnS:Mn duoc thu dong bé mit ¢ thé cao nhung thoi gian séng
phat quang khdng nho hon dang ké so voi cac vat liéu khéi. Tuy nhién, cac tinh chét
quang duoc phét hién ra 1a ching phu thudc nhiéu vao néng do cia S? va Mn?* ciing

nhu céc tinh chat vé cu trdc cua cac cham luong tr.

Bén canh viéc tong hop céc cham lugng tir ZnS pha tap cc ion kim loai ¢é hiéu
suit phat quang cao thi viéc thu dong bé mat cac cham luong tir dong vai tro rat quan
trong trong viéc tang cuong hiéu suat phéat quang caa ching. Cac chat thu dong bé mat
thuong duoc st dung nhu poly(vinybutryral)(PVB), poly(vinylalcohol)(PVA),
methacrylic acid (MA), and sodium polyphosphate (PP). Nghién cuu cua Bol and
Meijerink cho thay, cac chdm lwong tir ZnS:Mn2* khong thu dong bé mat c6 hiéu suat
luong tir tir 0.3 — 1% va khi duoc thu dong véi PP thi hiéu suat luong tir ting 1én
khoang 4%. Su phét xa cua Mn2* tai buéc séng 580 nm tir cac cham luong tu 18i/vo
ZnS:Mn/ZnS ting gap bay lan so véi cac cham luong tir ZnS:Mn khong duoc thu dong
[22]. Cuong do phat xa duoc ting cuong la do viéc nén céc dich chuyén khéng bic xa
cua 1op vo ZnS. Cac cham luong tir ZnS:Mn dugc phi 16p vo SiOz cho thiy cuong do
phat quang (PL) tang so Véi cac cham lugng tr khong duoc bao phu [22]. Anh huong
cta chiéu xa UV 18n cac cham luong tir ZnS: hiéu suat caa cac chim luong tir tang 1én
dang ké khi duoc chiéu xa UV. Theo Becker va Bard dic trung ctia hién tugng nay la
do sy hap thyu 6 xi gay ra boi cam tng bic xa dan dén s tai hop khdng phét xa & céc
trang thai bé mit bi khoa [22].
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Chuong 2

TONG QUAN VE IN BAO MAT VA CAC THANH PHAN CO
BAN CUA MUTC IN

2.1. Téng quan vé in bao mat va c4c loai muc in bao mat

In bao mat c6 thé duoc dinh nghia nhu 1a mot quy trinh tao ra cac san pham in
nho st dung cac loai vat liéu in chuyén dung cing véi cac ky thuat in mang tinh chat
chuyén biét va duy nhat, cé rat nhiéu quy trinh in dé tao ra cac san pham chéng gia
duéi nhitng quy trinh hoat dong bao mat. Céng nghé in bao mat khong chi don thuan l1a
mot cong nghé in riéng biét ma n6 con két hop mot hoac nhiéu ki thuat in truyén thong

nhu Offset, Ong dong va Typo [2].

Nhu vy, ngodi cac cong nghé in dic biét st dung cho in bao mat thi gidy in bao
mat va myc in bao mat 14 hai thanh phan khéng thé thiéu. Riéng vé muc in bao mat,
day 1a giai phap dau tién duoc st dung dén nhiam bao mat céc loai tai liéu va ching

dong vai trd qua trong trong sudt mot thoi gian dai.

Muyc in bao mat 1a mét trong nhiing cong nghé chéng gia dugc sir dung rong réi
nhat va lau doi nhat. Chang 1a mot trong nhitng cong nghé bao vé thuong hiéu pho bién
nhat boi vi chung tuwong di re, dé dang ung dung va thich hop véi cac qua trinh gia
cong san pham. Hon nita, c4c loai myc in bao mat 1a da ning va tao ra nén tang tét cho
cac cong nghé bao mat an, vi du nhu ddnh ddu DNA va thiét bi danh dau tich hop voi

chdng.

Cac loai muc in bao mat c6 thé an hoac hién; ca hai c6 mic do bao mat quan
trong ngang bang nhau trong bao mat san phdm nhung cach thtc thi khac nhau. Doi
v6i bao mat nhin thay, nhu cac loai muc thay doi mau, hinh bong mo va anh toan ky
(hologram) cho phép khéach hang nhin thay chinh ching nhung san pham 1a chinh hiéu.

Tuy nhién, nhiing ké 1am gia chuyén nghiép cé gang sao chép ching; vi thé, nhiéu nha
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s& hitu thwong hiéu thuong tich hop nhiéu 16p cong nghé hién nham tranh viéc sao
chép. Thi trudng muc in bao mat duoc Ky vong phét trién khoang 7.5% trong vong 5
nam tai [28].

M6t s6 loai muc in bao mat va pigment sir dung cho in bao mat, bao gém [28]:
2.1.1.  Muc in Idm (Intaglio inks)

Cac loai muc in bao mat c6 thé dugc chia thanh muc in 16m va céac loai muc in
bao mat khac. Pugc st dung chu yéu cho tién, muc in 16m tré thanh loai muc in hang
héa. Boi vi vong doi ciia cac yéu té in trén tién phai dai, vi thé muc in 16m bén mau,
chéng tray xuéc va c6 kha nang chiu dung trong IGc giat tay 1a lau khd. Muc in 18m st
dung cho muc dich bao mat phai c6 d6 nhét rat cao — cao hon ca muc in offset; vi thé,
chung thuong duoc 1am am bang nhiét dé muc in chay vao cac khe ranh caa khudn.
Muyc thira duoc loai ra khoi ban in boi qua trinh tay rira. Muc in 18m tay rira bang nudc
khé theo co ché 6 xi hoa. Truc tay rira dugc 1am sach véi nude ¢6 chira NaOH va dau
d6 Tho Nhi Ky (dau sunfonat hoa) nhu 13 chat nhil hoa. Muc nay dugc sir dung in bang
cap, cac dau buu phi, cling nhu in tién. Myc in 16m tay ria bang dung mdi st dung cac
dung méi nhu polyvinyl chloride hodc polyvinyl alcohol dé 1am sach truc. Sy loai bo

cac dung méi nay c6 thé phét sinh cac van dé & nhiém mai truong.

Muc in 16m c6 thanh phan thé tich cao nhat trong c4c loai muc in bao mat mac
di ¢6 mot lwong I6n muc thira (30 — 40%) duoc loai bo trong qué trinh tay raa (lién

quan dén van dé chi phi). Su phuc ché chi ¢ thé vai muc in mot mau.
2.1.2.  Pigment dang tinh thé léng c6 hinh xoan dc (Cholesteric pigments)

C4c tinh thé long 1a mot 16p cac phan tir hitu co hoat dong giéng nhu mot pha
trung gian giira ran va long, céc tinh thé long cholesteric 13 mot nhém nho céc tinh thé
long (Hinh 2.1a). Mot trong nhiing tinh chat quang doc ddo cua cholesteric 1a ching
phan cyuc tron &nh sang phan xa. Tinh chat nay khong nhin thiay bang mat thuong,

ching chi duoc nhén ra khi st dung kinh loc hozc kinh phan cuc. Chelix di phat trién
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cac pigment SecuVu (Hinh 2.1b) (cac pigment tinh thé long trong suét), pigment nay
khi tron véi myc in trong sudt thi khong duoc nhin thiy bang mat thuong. Cac thdng
tin dwgc in ¢6 thé duoc nhan ra khi st dung kinh loc. Pic trung nay duoc sir dung

trong cac ing dung in bao mat.

Anh séng tring Anh sang phan xa
khong phan cuc phan cuc tron bén
chiéu téi ”

“¥Buéc ren

A piece of aluminum foil Same aluminum foil shows
Phan tt Anh sang truyén qua: | printed with transparent LC printed information when
. an u H: n h anh san pigments (invisible) viewed through a filter
tinh thé 0 t(.’p o 9
2 . magenta | ua
long Truc xoén g auiay

bén tréi va an sang (b)
trang khi quay bén

(@)

Hinh 2.1. (a)Tinh chdt quang cua tinh thé léng Cholesteric,
(b)Pigment SecuVu duoc in 1én l6p mang nhém[28]

2.1.3.  Muc phat quang, phat huynh quang va phat lan quang (Luminescent,

Phosphorescent and Fluorescent Inks)

Sy phat quang hoic quang phat quang 1a mot qua trinh ma mot vat chat hap thu
nang luong tai mot budc song nay va sau d6 phat xa nang luong tai mot budc song
khéc. Budc song kich thich thuong nam trong viing phd UV, budc séng phat xa nam
trong ving pho kha kién. Thoi gian phat xa 1a khac nhau, tly thudc vao khoang thoi
gian phat xa khac nhau ma cac qua trinh dugc goi la phat huynh quang hay phat lan
quang (nhu da thao luan & Chuong 1). Cac loai myc in huynh quang st dung cho in
bao mat khéng giéng véi muc in huynh quang chiéu sang thong thuong sir dung cho
cac man hinh c¢6 do nhin thay cao, cac man hinh nay dap ung véi budc séng anh sang

nhin thay.
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C6 hai loai myc in huynh quang, loai muc in huynh quang dau tién 1a loai phét
huynh quang khi duoc Kich thich béi anh sang UV (budc song 365 nm hoac budc song
265 nm). Cac loai muc in ndy khdng nhin thay trén to in, ching phéat huynh quang mau
do, tim, green, blue, cam hoac vang dudi anh sang UV ¢6 budc song dai, hoac muc in

bi d6i mau dudi &nh séng UV (xem hinh 2.2).

Hinh 2.2 . Mét sé6 mau dwoc in véi muc in hupnh quang [28]

Loai muc nay thuong duoc tng dung trong cac linh vuc in bang lai xe, ho chiéu
va c6 thé str dung phi hop véi tat ca cac quy trinh in bao mat. Khi in cac loai muyc
huynh quang khong nhin thay can lip dit mot ngudn sang UV (365nm) & cubi may in

dé dam bao rang I6p mang muc in c6 d6 day thich hop.

Loai myc huynh quang tha hai cho thay khong phat huynh quang duéi anh sang
UV 365nm khi dugc in so bd. Tuy nhién, néu tai liéu dugc xir Iy véi nudc, mau huynh
quang phat ra dugc quan sat khi nhin dudi buc xa UV 365nm. Muc nay hiru ich cho
viéc thém vao cac chi tiét ngam can thiét. Nhiing loai muc nay c6 thé duoc in bang tat
ca cac qua trinh in bao mat tiéu chuan ngoai trir in offset boi vi dung dich nuéc mang

boi vi dung dich nuéc mang s€ tac dong vao dac tinh huynh quang.
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2.1.4.  Muc in tir tinh (Magnetic inks)

Muyc in tir tinh duoc st dung cho viéc kiém tra vai tée do cao cac tai liéu bang
may, vi du nhu may nhan dang tinh chat myc in tir ma hoa trén céc to ngan phiéu. Muc
in tir ¢4 chtra cac ion oxit st va vat liéu tir cieng nham tao ra tinh hiéu tir manh va duoc
ban thuong mai cho cadc may in laser va cac may in ma tran diém. Muc in tir ciing duoc
sir dung cho tién gidy, vi du nhu trén cac to dollar cua My, va cac dau do cam tay duoc

str dung dé kiém tra muc in tir.
2.1.5. Muc in metameric (Metameric inks)

Metamerism (di tinh) Ia
hién tugng ma tai d6 hai mau co
thé xuat hién dudi cac diéu kién

chiéu sang twong ty nhau, nhung

cho thay c6 hai bong mo riéng biét - - l
khi quan sat dudi cac dieu kl@n wviewed straight on viewed at an angle

chiéu sang khac nhau. Ban dau, ‘
céc mau dugc chon Ia nhitng mau Hinh 2.3. Hinh anh in bang muc in metameric[28]
c6 viing phd dic trung xac dinh trong ving kha kién, nhung sau d6 méi mau c6 mot
ving phé dic trung khac trong vung phdé hong ngoai hoic cuc tim. Cho vi dy,
metamerism xuat hién khi hai mau xuat hién xac dinh dudi ngudn sang trang binh
thuong nhung ching khac biét nhau hoan toan khi nhi xuyén qua kinh loc do. Cong ty
Luminescene (UK) phét trién mot hé thong muc in thay ddi mat d6 quang hoc
metameric bang cach sir dung hai loai muc, chiing xuat hién giéng nhau khi nhin theo

huéng thang nhung thay doi khi nhin tir mot goc khac (Hinh 2.3).
2.1.6. Muc in c6 thé doc bang may (Machine-readable inks)

Muc in ¢ kha nang doc bang may dua trén bat ky loai vat liéu nao c6 thé cho
dap (mg khong dong nhat va riéng 1é nham xac dinh ngudn gbc (thuong la cac may

phéat sang). Nhiing loai may nay déu c6 sin trén thi truong, mdi loai ¢6 nhing wu
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nhugce diém khéc nhau. Trong nhiéu truong hop, chdng 1a nhirng loai myc in phat
quang va muc in hdng ngoai, nhitng loai muc ndy cho phép bao mat an. Ching tich
hop nhiéu loi ich trong viéc theo dai va kiém tra san pham va cd thé duoc sir dung cac
tai liéu chiing thuc hoic trong viéc phan loai tu dong véi toe do cao. Nhiéu loai muc
thuong dem lai kha ning in t6t véi mot ma duy nhat cho mdi tng dung va cé tinh nhat

quan cao. Tuy nhién, chung thuong rat dat.
2.1.7. Muec in thay déi vé quang hoc (Optically variable inks)

Ly thuyét co ban ding sau loai pigment c6 kha ning thay d6i vé mat quang hoc
la sy giao thoa anh sang va su phu thuoc vao géc phan xa hoac khdc xa cia anh sang.
Cac loai myc thay ddi vé mat quang hoc (OV1) hoac muc dich chuyén mau sic c6 chira
cac manh (16p) pigment nho trong méi trudng muc in trong sudt, pigment nay thay doi
mau sac dudi cac goc nhin khac nhau. Cac manh pigment thay d6i dac tinh quang hoc
(OVP) nay gidng nhu nhirng vi kinh loc giao thoa, nghia 1a mét kinh loc quang hoc
phan xa mot hodc nhiéu viing phé va truyén qua cac ving pho khac (Hinh 2.4). Cac lép
pigment thay d6i dic tinh quang hoc nay duoc tao ra tir cc 16p ban phan xa, cac 16p
ban phan xa nay chinh 1a cac 16p dém cach dién cho mau sic (budc song anh sang phan
xa) mong mudn. Mic di nhitng 16p pigment nay giéng nhu nhitng guong nhé nhung
chinh bé mat go ghé cua gidy lam phan tan sy sap xép cua cac guong nho nay, diéu nay
lam cho td in xuat hién anh mo (ban bong) hon 1a do bong guong, vi thé sy thay doi
mau sic c6 thé duoc nhin thay bao gém ca anh sang khuéch tan va cac diéu kién anh
sang truc tiép. Céc loai muc in thay doi dic tinh quang hoc duoc tao ra tir nhitng loai

pigment nay c6 san cho in Typo, flexo, in ludi va in dng dong.

Sy thay d6i mau sic nay c6 thé thiy dugc khi nhin bing mit thuong. Néu tai
liéu duoc sao chép bang cach sir dung may scan, chi c6 mot mau xuét hién trén hinh
anh vi thé that dé dang dé kiém tra so véi tai liéu géc. Muc in thay d6i cac dac tinh

quang hoc dugc chap nhan mét cach rong rii hon mot thap ky qua bai vi ching ¢6 tinh
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bao mat xuit sic chdng lai cac phuong phap lam gia. Hon thé nira, trong nhitg nim

qua, cac loai muc nay da c6 nhiéu cai tién:

= Nhiéu tinh da ning phat trién clng vai cac cong nghé in méi, dic biét 1a
méi quan hé véi téc do in

= Phét trién cac phuong phap méi dé diéu ché cac loai myc in ndy nham
tang cuong hiéu qua bao mat cua chung

= Mo rong khoang thay déi dic tinh quang hoc thong qua viéc két hop Vi
cac loai pigment c6 hiéu wng quang hoc khac hoac cac loai pigment
thong thuong nham giam chi phi san xuat.

Ngubn sang
trang

(a)

Cac mau khac nhau tai
cac goc khac nhau (b)

L&p ban guwong -

L&p toan guwong

L&p ban guong -

aa———— ————————

VU0 1000

Hinh 2.4 . (a) Sw phdn xa &nh sang cua cac tam pigment thay déi dac tinh quang hoc,
(b) Cau trdc cua pigment thay doi dac tinh quang hoc [28]

2.1.8. Pigment pearlescent (Pearlescent pigments)

Céc loai pigment thay d6i dic tinh quang hoc hoat dong dua trén ly thuyét giao
thoa 4nh séang va su phu thudc vao goc phan xa hoic khic xa anh sang. Déi véi cac loai
pigment phat mau ngoc (pearlesent), su giao thoa xuat hién giita anh sang phan xa boi
bé mit TiO2 hodc cac oxit kim loai khac va anh sang phan xa tir mat phan céch cua
TiO, va dé mica. Budc song (mau sic) phan xa va cudng d6 phan xa phu thudc vao do
day cua 16p mang oxit kim loai va chi s6 khdc xa cua oxit. Boi vi su phan xa ¢ muc

thap tir hai bé mat nay cho ra sy giao thoa nhin thay (vi du anh giéng nhu mau ngoc)
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nhung khong di manh dé tao ra dang ké sy thay d6i mau sic phu thudc vao goc (Hinh
2.5). Nhitng pigment loai ndy c6 sin cho thuong mai va dugc (tng dung trong muc in
bao mat bai vi ching khéng thé duoc phuc ché bai cac may scan hodc cac phuong
phap sao chép khac.

White Blue Green Yellow Red

¢ g 777

R \

\ M W — TiO,

7
Mica a0 so\\ GDSX\ 80-100."  100-120 |2h;\-¢0 bo day TiO;
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Hinh 2.5 . Nguyén ly hoar dong cua pigment pearlescent

2.1.9.  Muc in d6i mau (Photochromic inks)

Muyc in d6i mau thay d6i mau khi chiéu dudi anh sang UV (a4nh sang mat troi
hodc dén UV) va tré vé trang thai khong mau khi dirng kich thich UV. Khéng mau la
trang thai tu nhién cia ching va cac mau nhin thiy thuong 1a do, xanh hoic vang khi
dugc kich thich UV. Anh sang mit troi ciing tao ra sy thay d6i mau dic biét va tac
thoi. Nhitng loai myc nay thudng duoc sir dung dé tao ra hiéu @ng bat mat. Hau hét cac
muc in d6i mau c6 do bén sang kém, chdng can duoc cai thién dé sir dung trong cac

ung dung bao mat.
2.1.10. Muc in quang tir (Photonic inks)

Muc in quang tir, con dugc goi la P-Ink, la mot trong nhirng lwa chon méi va tha
vi nham ché tao ra cac mang hinh mau cho ngudi doc e-book va ciing ¢ng dung cho
c4c thiét bi nhan dang. Muc in quang ttr c6 thanh phan co ban 14 cé4c tinh thé quang tu,

c4c tinh thé nay duoc sap xép theo cau trdc nano trong mot hinh dang déu dan nhu hinh
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2.6. Su thay d6i nhirng hinh dang nay s& gay ra su thay ddi vé mau sic cua anh sang.
Céc opan nhan tao twong tu nhu cac opal xuét hién trong ty nhién, chi véi mét ngoai 18
la cac opal nhan tao c6 thé bi kich thich dién dé thay d6i mau. Nhitng opal nay c6 thé
duoc tich hop mét 16p vai triéu hat silica nho hinh cau, céc hat nay dwoc nhing vao
mot polymer hoat dong dién. Lop nay sau dé duoc Kep giita cac dién cuc trong sudt.
Khi c6 dong dién ap vao, lam polymer né ra, va khi tré vé& hinh dang ban dau s& lam
thay d6i khoang khong gian giira cac tinh thé. Néu viéc di chuyén nhu thé dugc diéu

khién, céc tinh thé co thé van dong dé tao ra toan b phd anh sang.

£ N _ N

Tang thé ap vao

v

Hinh 2.6 . C4c tinh thé quang tiz ¢6 dwong kinh khodng 200
nm dwoc nhung trong cac polymer hoat dong dién

Hinh 2.7 . Muc Elast-Ink

Déi véi cac tng dung nhan dang, vi du cong ty Opalux Inc (M¥) tao ra cac cau
trdc tinh thé quang tir nhiing bén trong cao su tong hop, duoc goi 1a Elast-Ink. Elast-Ink
c6 thé bi kéo cing, ép, va udn cong gidng nhu cao su nhung khong phai 1a mét cao su
dién hinh bai vi tat ca nhimg thay dbi vé hinh dang d6 sé& cho ra sy thay d6i vé mau sac
do sy bién dang cua cau tric tinh thé quang tr. Qua trinh ndy hau nhu khong thé gia
tao. Vi du nhu, muc in Elast-Ink do (hinh 2.7) c6 thé dugc pha 1én bao bi mét san

pham, tién, hodc céc tai liéu bao mat khac. Bang mét luc tiép xuc don gian bai ngon
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tay hodc bi cao xué6t bang mong tay ciia mot ngudi nao do tac déng vao 6 muc s& gay

ra sy thay doi mau sic, tham chi dit liéu hodc hinh anh hién ra tao bang ching tin cay.
2.1.11. Muc in nhiét sic (Thermochromic inks)

Muyc in nhiét sic (hoat dong do nhiét) bién mat hoic thay d6i mau sac khi duoc
phoi duéi nhiét do trén mic cai dat. Dya trén co s& cac chat nhuém mau duoc giit bén
trong cac chét bao (thuong khoang 4 um), nhitng loai muc in nay c6 sin khoang mau
sic gisi han. Muc in nhiét sic c6 thé dugc san xuat dé phan wng & cac nhiét do khéc
nhau (tir -20°C dén 50°C), nhung thuong thi chung duoc ché tao & nhiét do phan ¢ng
gan véi nhiét 4o co thé cia mot nguoi binh thuong (tir 27°C — 32°C); diéu nay cho
phép su nhan dang chi tiét in mot cach don gian thong qua hoi 4m cua ban tay tung cé
nhan. Vi thé, nhiing loai muc nay c6 thé duoc nhan dang mot cach dé dang va nhanh
chong ma khdng can dén mat thiét bi chuyén dung nao. Thuong thi, muc in nhiét sac
c6 mau dudi nhiét do xac dinh va tré nén khdng mau hoac trong sudt khi nhiét d6 du
ra. Myc in nhiét sic c6 thé dugc in bang cac phuong phép in offset, in typo, in ong

dong, in flexo va in ludi.

Mot s6 loai muc in nhiét sic 1a bat
thuan nghich (ching c6 dinh vé su thay doi
mau sic) thuong dugc st dung cho nhén
hang thuc pham va bao bi san pham dong
lanh (Hinh 2.8) — vi du, dé chi thoi tiét mot
san pham dong lanh tan chay. Cuong d6

mau lién quan dén d6 day cia mang muyc

in. Boi vi cong nghé phu thudc vao nhiét X . P s
© g ng f}‘ Phu Tio ¢ Hinh 2.8 . Cac lon do uong dwoc in véi muc
d6 va gidi han do bén mau nén muc nay  in nhi¢t sdc b kich thich béi méi truong lanh

khong thich hop cho cac (g dung nhu in tién.

Muyc in nhiét sic ciing duoc sir dung cho cac tng dung bao bi khéng bao mat,

cho vi du, dé chi ra céc lon thirc udng lanh.
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2.1.12. Pigment huynh quang hdng ngoai (IR) va tir ngoai (UV)

Cac pigment huynh quang hdng ngoai
va tir ngoai trung hoa vé mat mau sic, co
mau tring hodc xam va khéng c6 kha ning
gay chu y khi dua vao muc in bao mat, soi va
cac loai gidy. Khi chiéu duéi anh dén UV,

cac pigment UV/IR phét ra cac bac xa huynh p ' (;nder uv light' ‘

quang véi cac mau nhu vang, luc, cam, do, Invisible Pioment Powders
lam va tim va c6 thé nhan dang duoc ngay
lap tic nhu hinh 2.9.

Hinh 2.9 . Pigment huynh quang UV

Mot s cong ty chuyén cung cap céac loai muc in va pigment sir dung cho thi
truong in bao mat nhu: SICPA, Sun chemical, Luminescence in the UK, International
Ink company, Huber Group in Germany, Dainichiseika color & chemicals in Japan,
and Wikoff Color.

Céc linh vuc tng dung cho muc in bao mat va pigment st dung cho in bao mat nhu:

= Linh vuc tai chinh: tién gidy, cac loai thé tin dung, c4c loai vé di duong, céc
loai bang cip, buu phi

= Nhan dang: ho chiéu, Visa, bang lai xe, giay khai sinh

= Vékiém soat: vé di dudng, vé sy kién, vé chuyén cho, vé sd, tem thu

= Bao vé thuong hiéu: cac san pham thuong mai, bao bi.
2.2. Thanh phan va tinh chat caa muc in
2.2.1. Thanh phdén ciia muc in
Cong thirc muc in bao gom céc thanh phan chinh sau:

= Chat tao mau (pigment, dye),
= Chat két dinh,
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= C4c chat phu gia

= Dung moi
CAc chat tao mau bao gom:

Pigment: gdm c6 chét tao mau hiru co hodc vo co, khong hoa tan trong chat két
dinh cia myc, ching 1a céc hat ran hoic cac phan tir két taa nhung phai duoc gitr (phan
tan) & dang huyén phi trong dung dich. Pigment binh thuong c6 kich thudc hat khoang
0.1 - 2um. Mét hat pigment cé thé chira vai triéu phan tir, chi khoang 10% cac phan tir
nam trén bé mat, va chi nhiing phan tr nay va mot phan nho céc phan t ¢ 16p dudi c6
thé hap thu 4nh sang. Cac pigment phan tan anh sang va tao d6 duc; ching c6 ving pho
hap thy rong nén mau khong “tinh khiét” nhu chét dye (c6 ving pho hap thu cuc Ky
hep).

Chat dye: bao gdbm céc thanh phan hitu co hoa tan trong hé théng muc in, ching
t6n tai & dang phan ta, cac phan ta chat dye duoc bao xung quanh boi cac dung moi
(dung dich), vi thé hau hét mdi phan ta c6 thé hap thu cac photon, diéu nay dan dén
cudng do mau cao hon va cic mau phat quang manh hon. Céc chat dye ¢ khoang mau
rong, ching trong sudt tu nhién bai vi cac phan tar nho hon dang ké so vai budc séng

anh sang nhin thay tai 380 nm.

Céc chat pigment ludn doi hoi phai c6 mot chat két dinh dé lién két ching véi
dé (gidy, mang nhy, mang kim loai...) trong khi d6 cac chat dye tu lién két truc tiép voi
bé mit dé trong hau hét céc tng dung. Nhugc diém chinh cta hau hét cac chat dye d6
la giéi han bén sang cua ching (su 6 xi hda lam mat mau), trong khi d6 cac loai muc in

g6c pigment co do bén sang cuc ky tt.

Céc vat lieu pigment vé co ban ré tién hon cac chat dye nhung yéu cau cho phi
gia cdng tao muc in thi dat hon so vai cac chat dye nhu cac tac nhan phan tan phai
dugc thém vao cac pigment dé chiing khdng két tua. Nguoc lai, cac chat dye hoa tan va

khong ling dong trong dung dich.
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Céc pigment hiru co thuong sir dung cho in cdng nghiép, ching dugc chia thanh

hai nhom chinh la pigment mau va pigment den.
Cac loai pigment vo co chinh bao gdbm:

= Pigment trang (nhu TiO2),
= Pigment hiéu ng kim loal,
= Pigment mau ngoc trali,

= Pigment huynh quang.

Chat két dinh: trong cic qua trinh in thong thuong, cac chat két dinh thuong la
nhya hoa tan trong dau khoang. Pigment phan tan min trong chat két dinh, cac hat
pigment sau d6 dugc boc béi mot 16p vo chat két dinh. Lop vo bao vé cac hat phan tan
min tranh ngung tu va ling dong. Cac chat két dinh dong ran trén dé va két dinh cac

hat pigment.

CA4c chat phu gia: cac loai chat phu gia duoc thém vao myc in nham anh huong

dén tdc d6 kho, tinh luu bién va chdng mai mon.
Dung mdi: dung méi hoa tan, cac chat mang.

2.2.2.  CAc yéu cdu va tinh chdt lwu bién ciia muec in

2.2.2.1. CAc yéu cau ciia muc in

Muc in phai duoc truyén tir bé chira muc sang vat liéu nén. Qua trinh truyén muc

c6 thé xay ra nhu sau:

Qua trinh tach muc (in offset, in dng ddng, in typo): cac 16 tan muc, ban in, 16

cao su (trong in offset) dé chuyén thanh mang muc;

Sy truyén mang muc truc tiép tir phéi co ban sang vt liéu nén (ép nhii nong,
in chuyén nhiét);
= Ep muyc in qua cac khe ma (in ludi);

= Phun myc in thanh giot ma khdng tiép xuc tryc tiép véi vat liéu nén (in phun).
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Muc in phai khd hodc dong rin ngay trén dé. O day, co su phan biét co ban gitta
qua trinh kho vat ly (hap thu, bay hoi) va qua trinh kho héa hoc (6 xi hoa, déng ran

bang birc xa), thudng thi hai qua trinh nay duoc két hop véi nhau.

Muc in phai c6 do bam dinh tét trén dé. Mot vai phuong phap thuong duoc sir

dung:

= Muyc in phai “neo” vé mit co hoc trén bé mit dé (xuyén tham qua céc 15 xdp,
cac soi cellulose cua gidy)

= Muc in xuyén thim vao bé mat dé bai hoat dong mao dan (vi du nhu in phun).

=  Trong trudng hop bé mit cuc ky nhin, muc in phai dugc gitt boi twong tac
phan cuc (c4c hiéu ang hoa ly) giira muc va vat ligu dé.

2.2.2.2. CAc tinh chdt luu bién ciia muc in

Do dic cua muc c6 thé dugc phan loai thanh nhiéu tinh chét riéng biét va duoc
diéu chinh dé phu hop véi timg phuong phap in cu thé, vat liéu in, toc do in. Céac thuat

ngit quan trong nhat d6i vai tinh Iwu bién cua muc in 1a:

* B0 nhét dong hoc 1 (d6 bam dinh) dugc xem nhu 1a luc ma sat noi trong dong
chay muc in. Muc in c¢6 d6 nhét cao thi chay it hon va kho dé lan rong thanh
mang. Pon vi @6 nhét 1a Pa.s hoac cP (centi Poise) = 1 mPa.s.

= Tinh xuc bién (Thixotrophy) 1a dic trung thay d6i do nhét cua muc in tir do
nhét cao (truong hop muc in khdng di chuyén) sang do nhot thap hon (khi
khuay muc).

= Do tdch muc la dac tinh tach mot mang muec in, vi du nhu gitra hai truc muc
in. Mutc do tdch muc cao sé& cai thién d6 bam dinh cta muc in véi cac chi tiét

hinh anh caa ban in (hinh anh in sic nét hon).
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Bang 2.1. Cdc dic trung ciia mét $6 logi muec in khac nhau[29]

L ché £ ~ | D0 nhét .

Loai muc truyen muc Co che kho d{;ng hoc bo day lop
trong qué | muc murc
trinh in , ()

Offset Ap luc tach |Vvat ly: hap |40 - 100]|0.5 -
muc khoang | thu Pa.s 1.5um
1Mpa Hoa hoc:

khau mang/o
Xi hda

Ong dong Ap lyc tach | Bay hoi dung | 0.05 —10.8—2um
muc  khoang | moi (H20, | 0.2Pa.s
3Mpa toluene)

Buc xa khau
Mmang (dong
ran UV)

Muc Flexo Ap lyc tach | Bay hoi dung | 0.05 -10.8 -
muc  khoang | moi (H20, | 0.5Pa.s 2.5um
0.3 Mpa alcohol)

Buc xa khéau
mang (déng
ran UV)

Muc Typo Ap lyc tach |Hap thu va |50 —150Pa.s | 0.5 —
muc khoang | khau mang 1.5um
10 Mpa

Muc in lua Ap luc qua | TOythuoc vao | Phuy  thudc | Khoang 12
mic lugi loai muc vao do rong | um

16 Tudi
Muyc in phun Ap luc xung | Bay hoi/Hap [ 1-5mPa.s |<0.5um
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Cong nghé in phun nhiét
(DoD) (dye/pigment gbc

nudce)

Thé tich giot
muc khoang 6
—30pl

thu

CoOng ngh¢é phun ap dién
- Pigment/dye

géc  nu6c/dau | Ap luc xung | Bay hoi/Hap | 5—20 mPa.s | < 0.5um
thong thuong Thé tich giot | thu
muc 4 — 30 pl
- Pigment nong | Ap luc xung | Pong ran[10 — 30|12-18 um
chay trong céac | Thé tich giot | théng qua lam | mPa.s
polymer/wax, 80 | muc 20 — 30 | lanh
—100°C pl
- Pigment trong | Ap luc xung Khdu mang |15 — 30|10-20 um
dung dich | Thé tich giot | do btc xa mPa.s
monomer muc 10 — 30
pl
Cong nghé¢ phun lién tuc | Phun giot | Bay hoi/Hap | 1-5mPas [<0.5um

(dye trong dung moi

nudc)

muc, giot muc
tach ra co thé
tich tr 5 — 100
pl

thu
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Chwong 3

CAC PHUONG PHAP TONG HQP VA PHAN TiCH VAT LIEU
CO CAU TRUC NANO

C6 nhiéu céng nghé khac nhau duoc st dung dé tong hop cac cham lugng tir
(Qdots) phat sang, chung duoc chia nho thanh cac phuong phap vat 1y va phuong phap
hoa hoc. Phuong phép héa hoc bao gém vi nhii trong (Microemulsion), sol-gel, phan
ung hda hoc canh tranh, phan huy dung dich & nhiét @6 cao, dién héa. Phuong phap vat
ly bao gdom phln xa, phat trién vat liéu c6 cau trdc nano bang chim phan tir epitaxy
(MBE). Trong cbng trinh nghién, cac cham lugng tir ZnS va ZnS pha tap ion Mn
duong ché tao bing phwong phap hoa hoc nén tac gia chi trinh bay cac phuong phap

hoa hoc duoc str dung dé ché tao vat lidu c¢é cau trdc nano.

Céc phuong phap héa hoc chu yéu gan lién voi cac phuong phap két tua thong
thuong khi diéu khién cac thong sé cua mot dung dich hoic mot hdn hop céc dung
dich. Qué trinh két tua lién quan dén ca sy hinh thanh mam va giéi han su phat trién
ctia cac hat nano. Sy hinh thanh mam c6 thé dugc chia thanh mam dong thé va mam di
thé hoic sy hinh thanh mam tha cdp. Su hinh thanh mam dong thé xuat hién khi céc
nguyeén tir hodc phan tir hoa tan két hop va tién dén mot kich thuéc ma khong can su hd
tro ndo khac. Céac yéu t khac nhau nhu nhiét do, bé day 16p dién kép, cac chat bao
hodc sy hinh thanh mixen, nong do cé4c tién chat (precursor), ty 1 cac cation vai anion
va dung méi, cac cham luong tir c6 kich thugc, hinh dang va thanh phan nhu mong
mubn cd thé dat duoc. Cac qua trinh tdng hop nay s& duoc trinh bay mét cach ngén gon

nhu dudi day.
3.1. Cac phuong phap hoa hoc
3.1.1. Phwong phap Sol-Gel

Phuong phap nay duoc sir dung trong nhiéu nim nay dé tong hop cac hat nano,

bao gom cac chiam luong tir. Cu thé nhu sau, mot sol (cac hat nano phan tan trong dung
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méi chiu su chuyén dong Brown) dwgc chuan bi bang cach sir dung mét tién chat kim
loai (cac oxit kiém, acetate hoic nitrate) trong méi trudng axit hoic bazo. Qué trinh
sol-gel gém ba budc chinh 14 thuy phan, ngung tu (hinh thanh sol) va phat trién (hinh
thanh gel). Mot cach ngin gon, tién chat kim loai thuy phan trong cac mdi trudng noi
trén va ngung tu dé hinh thanh sol, tiép theo 1a qua trinh polymer héa dé hinh thanh
mang ludi (gel). Phuong phap nay duogc sir dung dé tong hop cac cham luong tir 11-VI
nhu CdS, ZnO.

Uu diém: phuong phap nay don gian, chi phi thap va phi hop san xuat trén quy

mo 1on.

Nhirge diém: nhuge diém chinh ciia phuong phap nay 1a sy phan bé kich thuéc

rong va nong do sai hong cao.
3.1.2. Phuong phap vi nhii twong (Microemulsion)

Vi nhil twong 14 phuong phap phd bién dé tong hop cac chim luong tir & nhiét
d6 phong. Cac qua trinh ndy c6 thé dugc phan loai thanh vi nhil twong thong thudng
nhu dau trong nudc hodc vi nhii trong ddo nguoc nhu nudc trong dau. Trong mot s6
truong hop, cac dung mdi phan cuc khac nhu alcohol c¢6 thé duoc str dung thay thé cho
nude. Qua trinh micelle (mixen) dao nguoc phd bién trong tong hop cac cham lwong tir
ma tai d6 hai dung dich khong c6 kha ning hoa tan vao nhau (nudc phan cuc va chudi
alkane dai khong phan cuc) duoc tron va khudy dé hinh thanh nhii twong. Cac giot
nude c6 kich thuéc nm phan tan trong céc dung dich n-alkane cé thé dat duoc bang
cach st dung céc chat hoat dong bé mit nhu aerosol (sol khi), cetyl trimethyl-
ammonium bromide (CTAB), sodium dodecyl sulphate (SDS). Boi vi c4c chét hoat
dong bé mat c6 mot dau chira nhom wa nude va dau con lai chara nhom ky nuéc nén
nhiéu hat nho (con goi 1a vi hat) duoc hinh thanh trong méi truong dau lién tuc, nhitng
vi hat ndy bén viing vé mat nhiét dong hoc. Hn hop cac dung dich vi hat dugc khudy
lien tuc din dén su trao d6i lién tuc cua cac chat phan wng do cac va cham dong hoc.

Sy phét trién caa hdn hop cac cham lugng tir duoc giéi han bai kich thude cua vi hat,
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kich thudc nay dugc didu khién bai ty 16 mol cia nudc va chat hoat dong bé mat (W).

MA4i quan hé gitra W va béan kinh (r) cua vi hat duoc trinh bay nhu sau:

3
(r+15j 1 275 (1.4)
r W

Phuong phép vi hat dao nguoc duoc sir dung dé tong hop 18i cac cham luong tir
va c4c cham luong tir 16i/vo nhu CdSe/ZnS, CdSe/ZnSe va CdS:Mn/ZnS.

Uu diém: Mot sé thuan loi cua phuong phap nay 1a dé& dang diéu khién kich
thudc cia cham luong tir bang cach thay doi ty 1é mol cua nudc va chat hoat dong bé
mat, phan bd kich thuéc hep so véi phuong phép sol-gel, va d& dang phan tan cac cham

luong tu.

Nhuwoe diém: phuong phap nay cho hiéu suat thap, chira nhiéu tap chat va cac sai

hong.

3.1.3. Qua trinh phan hiy dung dich & nhiét do cao (Hot-solution decomposition

process)

Thay phan hop chat hiru co-kim loai ¢ nhiét do cao (khoang 300°C) dé tao ra
cac cham luong tir. CAc tién chat nhu methyl, acetate, carbonate va cac oxit cta CAC
nguyén t6 nhom II dugc tron véi phosphene nhdm VI hoc tién chat bis(trimethyl-silyl)
(TMS).

Mot quy trinh cu thé nhu hinh 3.1, dau tién loai bo khi va lam khé trioctyl-
phosphine oxide (TOPO) trong binh cau ba c6 tai 200°C dudi diéu kién chan khéng (1
torr). Mot hdn hop cua methyl-Cd va tri-n-octyl-phosphine (TOP) selenide dugc chuan
bi va phun vao binh cau trong diéu kién khudy lién tuc & nhiét do khoang 300°C. Phun
d6ng thoi c4c tién chat vao trong binh ciing vai TOPO cho ra su tao mam dong thé dé
hinh thanh céc chidm lwong tir, sy phét trién lién tuc cua cac cham luong tir thdng qua

qua trinh boi 16 Ostwald twong ddi cham. Trong qué trinh boi 16 Ostwald, cac cham
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lwong tir nhd hon ¢6 nang lwong bé mit cao hon lam ching mat khéi lugng dé hinh
thanh cac cham lugng tir c6 kich thudc 16n. Két qua 1a sy gia ting cham kich thudc cua
cac cham luong tur tai nhiét do phan ung khoang 230 — 250°C. Dung méi TOPO lam
bén su phan tan cac cham lwong tir, cai thién su thu dong hda bé mit va tao ra hang rao
khong gian dé lam cham sy phét trién cua cac cham luong tir. Kich thudc cudi cing
cua cac chim luong tr chi yéu duogc diéu khién boi nhiét d6 va thoi gian phan Gng.
Phuong phéap nay duogc sir dung rong rii dé tong hop cac cham luwong tir nhom 11-VI1 va
i-V.

o . o)
| I \ I
|-.._CH.:\ (CH,),s CH,~C-0/ cd + CH,(CH,);CH,~P—CH,(CH,),CH, + CH,(CH,)),,CH,NH,
Cadmium ) CH,(CH.),CH, _
setrate Trioctylphosphine oxide Hexadecylamine
Se OWW ‘I ii‘i .é:'
500020
| 350 °C 395928, #
CH,(CH.),CH,—P—CH.(CH,),CH, ..006505050
== 00050500600
CH,(CH,),CH, " 000605050¢
Trioctylphosphine selenide T 020089500

=
280 °C V =0 <<

TOPO-Cd TOP-Se
CdSe[TOPO}[TOP},,[HDA],

Hinh 3.1 . Quy trinh téng hop c&c chdm heong tir CdSe ¢ nhiér dg cao [1]

Uu diém: wu diém cia phuong phap nay 1a cung cap ning lugng nhiét hiéu qua
dé loai bo cac sai hong va tao ra cac cham luong tir don phan tan (d6 léch chuan cua
kich thugc hat trung binh khoang 5%). Su phét trién cua cac hat trong qua trinh nay la

tuong d6i cham va kich thuéc hat c6 thé duoc diéu khién bang cach thay doi nhiét do.

Nhuge diém: phuong phap nay chi phi cao do st dung nhiét do cao, do doc hai

ctia cac tién chat hitu co kim loai va cac cham luong tir phan tan kém trong nudc.

Chu nhiém: Nguyén Thanh Phwong

45



Pé tai NCKH cdp truong trong diém

3.1.4. Phwong phap két taa héa hoc

Phuong phap théng thudng dé tao ra cac hat nano tir cac dung dich keo dya trén
phan ung hoa hoc gitra cac thanh phan cua dung dich va cit ngang (ngung) phan @ng
tai mot khoang thoi gian xac dinh []. Sau d6, hé phan tan dwoc chuyén tir trang thai keo
long sang trang thai tinh thé nano rin. Vi duy, bot tinh thé nano sulfide dugc tao ra bai
phan ung giira H2S hodc NazS voi mubi cia kim loai hoa tan trong nuéc: tinh thé nano
cadmium sulfide (CdS) duoc tao ra boi phan ung két tua tir hdn hop céc dung dich

Cd(ClOs4)2 va NazS theo phuong trinh phan ung sau:
Cd(CIOW)2 + Na2S — CdS| + NaClOq

Phuong phéap két tua hda hoc thuong pho bién dé tong hop céc vat liéu phat
quang nhu kém sulfide pha tap cac ion kim loai chuyén tiép hoic ion dat hiém bagi vi

phuong phap nay tuong d6i don gian va cd tiém ning san xuat trén quy mo Ion.
3.1.5. Mt s6 phwong phap tong hop khac

Séng &m hoic vi song cho di xuyén qua mot hdn hop cac tién chét trong moi
truong nude dé phat trién cac cham lugng tir. Nhitng séng nay cung cap nang luong dé
phan ly céc tién chat va cac phan tir nuéc nham phét trién dan cac cham luong ta. Vi
du, séng siéu am duoc st dung dé tong hop cac cham luong tir coi kich thudc khoang
tir 1 — 5 nm, céc tién chat acetate caa cac ion kim loai duoc phan tan trong dung dich
va selenourea dugc thém vao va danh song am trong 1h trong moéi truong khi Ar &

nhiét do dung dich khoang 80°C dé tao ra cac cham lugng ti.

Tong hop thay nhiét ciing dugc sir dung dé téng hop cac cham luong tar. Su két
tinh ctia cac mudi vo co tir mdi trudng nude duoc diéu khién boi &p suat va nhiét do.
Do hoa tan cua cac hop chat vo co giam khi nhiét do hodc ap suat duoc dua thap xudng
lam cho céc tinh thé két taa. Bang cach thay doi ap suat, nhiét do, thoi gian va céac chat
tham gia phan tng ta thu duoc cac cham luong tr ¢6 hinh dang va kich thuéc khéac

nhau.
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3.2. Phwong phap vat ly

Céc phuong phap vat 1y dung dé tong hop cac cham lwong tir 1a qua trinh phat
trién ting 16p nguyén tir. Noi chung, phuong phap nay tao ra cac 16p vat liéu phat trién
d6ng bo trén bé mat vat lieu dé. Mot s6 phuong phap dung dé tong hop vat liéu co ciu

triic nano nhu:
»  Phuong phap epitaxy chum phan tir (Molecular beam epitaxy)
=  Phuong phap ling dong hoi vat ly (Physical Vapor Deposition)
3.3. Cac phwong phap phan tich vat liéu
3.3.1. Phd nhiéu xa tia X

Trong luan vin ndy ching toi str dung phuong phap nhiéu xa tia X trén mau
mang dé nhan dang pha két tinh cua cham luong tir CdSe. Mot tinh thé duoc cau tao tur
mot mang c6 cac nguyén tir sap xép mot cach déu dan co trat tu (xem hinh 3.2). Khi tia
X chiéu toi vat ran tinh thé, do né c6 do dai budc séng vao cd khoang cach giia cac
mat mang trong tinh thé nén ta thiy xuét hién cac tia nhidu xa véi cudong do va huéng
khac nhau. Hudng nhidu xa phu thudc vao budc séng cua tia X chiéu téi va ban chat

cua tinh thé.

| Tia X téi (LA°) Tia X nhiéu xa

Hinh 3.2. So' do nhiéu xa tia X béi tinh thé [1]
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Khi chim tia X chiéu vao mang tinh thé dudi mot goc 0 so véi mit tinh thé
(tring véi mot ho mit mang nao d6 cua tinh thé ¢d khoang céch gitra cac mat 1a d),
chum tia X s€ twong tac vdi cac dién tir cua Iop v nguyén tir va bi tan xa theo moi
huéng. Do cac nguyén tir trong tinh thé siap xép mot cach tuan hoan va c trat tu trong
khong gian nén cd nhiing huéng ma theo do cac tia tan xa tir cac nguyén tir khac nhau
cd thé giao thoa véi nhau. Chum tia tn xa theo huéng wu tién 1a nhitng séng két hop
khi chong chat [&n nhau s& c6 bién do ting cudng lan nhau. Pé céc van giao thoa co
bién d6 ting cuong thi hiéu sb pha cua cac song d6 phai bang mét sé chén lan © (2nm),
hay hiéu sé duong di phai bang mot sé nguyén lan bude song (nd). Tir day, ta c6 moi
quan h¢ gitra budc song caa chum tia X tai vai khoang cach d gitra cac mat mang (hkl)

va goc 0 thoa man diéu kién cuc dai nhidu xa theo cong thic 3.1.
2dhknsin® = nk (3.1)

Véin =1, 2, 3,... 1a bac nhidu xa, day 1a diéu kién Bragg ma nguyén tic cua

phuong phap nhidu xa tia X duoc thiét 1ap dya trén diéu kién nay.

Phuong trinh trén gom c6 3 thong so6: d(hkl), 6, va A. Khi tién hanh khao sét
thue nghiém véi cac may nhidu xa, ta ¢ thé tim dugc cac goc 0 wng véi cac cuc dai
nhiéu xa, budc song tia X (1) biét trudc, ta hoan toan tinh dugc d(hkl), tir d6 xac dinh
duoc kiéu 6 mang, thong sé mang, xac dinh dugc pha tinh thé,.. Dé thuc hién cac diéu
kién nhiéu xa trén mot ho cac mat mang phang (hkl), khi A ¢6 dinh, 0 thay ddi, nguoi ta
dung phuong phap bot va phuong phap tinh thé quay, ta s& quan sat thay anh nhiéu xa
cta chum tia phan xa tir mot ho mit phang song song nao d6 khi dinh luat Bragg duoc

thoa man.

Duwa vao phd chuan ta thay, cac vach nhidu xa tia X tir mang tinh thé 1a cac vach
hep, kich thuéc cua tinh thé anh hudng dang ké dén d6 rong vach nhidu xa tia X. Khi
kich thudc hat giam, cac vach nhiéu xa quan sat duoc mo rong mot cach dang ké (diéu

nay duoc thé hién rd qua cong thirc Debye — Scherrer, cong thirc 3.2).
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D 0.894 (3.2)
Pha COSO
Pay 1a cong thire Scherrer cho hat hinh cau, D 1a dudng kinh cta tinh thé nano

(nm), Bhkl 14 d6 ban rong ctia vach pho nhiéu xa (d6), A 1a budc song cia tia X (nm).
3.3.2. Phé hip thu UV-Vis

Nguyén 1y do phd hap thu duoc mé ta nhu hinh 3.3. M6t chum sang duoc phat
ra tir nguon sang, nguon sang ndy 1a dén phat sang trong ving tr ngoai (UV) hoic phat
sang trong vung nhin thay (VIS), chum sang nay duoc dua qua hé don sac (1a hé ling
kinh hay cach ti nhiéu xa) dé duoc tach ra thanh cac budc song don sic. Chum sang cé
cudng do ban dau 14 lo, khi chim sang chiéu qua mau, mot phan cudng d6 cua chum

sang s& bi mau hap thu, cudng do chim sang sau khi xuyén qua mau la 1 (1 < lo).

Nguon sang UV

Cach tir Khe 1 >\
I < I
e I )
X

Khe 2 o | e

Kinh loc E=f=3 Nguén sing VIS

Guong 4 {) 1 b
Bo

Mau so sanh Thau kinh 2 Dau thu 1

B tich tia xur
Guong 2 li

e

Mau do Thau kinh 2 Pau thu 2

Guong 1

Guong 3

Hinh 3.3. So do nguyén 1y do phé UV-Vis [3]
C6 3 thdng s6 dé xac dinh do hap thy:

% Nong do phan tu (c)

< Do day cua mau (d)
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% Heé sd tat dan g(v), voi v 1a tan sd phan tu.

M&i quan hé gitra cuong d6 | va lo dugc md ta boi dinh luat Lambert Beers
(cdng thtrc 3.3).

| = 1o x 10 sv)ed (3.3)

Cuodng do chim sang sau khi qua mau s& giam theo ham mil bai 3 thdng s6 &(v),

cvad.

Do hap thu ctia mau duoc viét nhu sau, cong thic (3.4):

A(v) :—Iogll = Iogl—0 (3.4)

0 I
3.3.3. Phé quang phat quang (PL)

Phd quang phat quang 1a phé thu anh sang phat ra tir mau, phé thu dugc bang

cach chiéu sang mau dé mau hap thu mot luong anh sang téi.

Néu chling ta xem mot don photon ¢ nang lugng Epnoton dugc hap thu bai mot
electron trong mau, electron nay s& nhan ning luong twong g VGi Epnoton. KEt qua 12
electron sé& bi kich thich 1&8n mot mutc ning lugng cao hon, tai diy sy khac nhau vé
nang luong gitta CAC murc nang luong tuong ung la Epnoton. C&C electron ludn luén ¢ xu
huéng tim téi mirc nang lugng thap nhat ¢ thé, vi thé sau mot thoi gian ngan electron
s& chuyén xudng moét muc ning lwong thiap hon. Néu electron “nhay” truc tiép xudng
muc ning lwong thip nhat c6 thé (truong hop nay twong tng véi mic ning luong ban
dau), n6 s& tao ra mot phat xa cia mot photon tuong ¢ng Vi mic nang luong Epnoton.
Tuy nhién, electron ciing c6 thé “nhay” xudng c4c muc thip hon trong qua trinh nhay
xudng muc nang luong thap nhat co thé. Néu electron nhay xubng cac muc rat nho thi

photon s& phat ra niang lugng thap hon so v&i Epnoton.

Déi véi cham luong tir, mot electron phai ¢6 mot ning lugng nao d6 dé nhan

kich thich 1&n muc ning lugng cao hon (kich thich tir viing hoa tri Ién viing dan). Khi
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mét chdm lwong tir hap thu mot photon cé ning lwong Epnoton, photon phai co ning
luong Ephoton > Eg, diéu nay c6 nghia 1a mot electron bén trong cham luong tir c6 thé bi
kich thich 1én cac muc ning luong khac nhau trong ving dan, c6 mot xac suat dé
electron nhay xuéng cac muc ning luong nho hon trong ving dan trude khi “nhay
xudng” ving hoa tri. Két qua 1a s& c6 mot hozc nhiéu photon véi ning luong E, day 1a

nang lugng dé quan sat trén may quang phd, ning luong nay ¢ gia tri Ephoton > E > Eg.

= 5
E

Ving dan [N ¢

\ﬁ) y
\9\ Photon cusi cling

O Ey

Vung hda tri LStréng\g\ electron

Photon pan #iu

Hinh 3.4. Co ché quang phat quang [1]

Diéu nay c6 nghia 1a ning lugng hap thu photon (Ephoton) & ludn ludn 16n hon
hodc bing véi nang lugng phat xa photon. Khi phan tich phd hap thu va quang phét
quang, cac két qua thuong thay 1a dinh hap thu tai budc song ngan hon (ning lwong
I6n) so véi dinh phéat huynh quang. Pay 1a két qua do electron chuyén xudng cac mic
thip hon trude khi “nhay” tir viing dan xudng ving hoa tri dé lai cac photon c6 ning
lugng nho hon dugc phat ra. Hién tuong nay dugc goi la dich chuyén Stockes (Stockes
shift).

Hinh 3.4 cho thay rang niang lugng ciia mot photon téi kich thich mot electron
tir ving hoa tri 1én ving dan va dé lai mot 15 trong trong viing dan. Sau do, electron

“nhay” tir trang thai ning luong cao hon xudng trang thai thap nhét trong ving dan ma
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khong phat xa anh sang va sau d6 nhay xubng ving héa tri (dé lai mot 15 tréng) va phét
ra mot photon. Su khac nhau gitra budc séng caa photon téi (photon ban dau) va

photon phat xa (photon sau cting) 1a dich chuyén Stockes.

3.3.4. Phé hdng ngoai FT-IR (Fourier Transform Infrared)
3341 Giéithigu

FT-IR 1a phuong phap do phd hdng ngoai. Trong phwong phéap ndy, buc xa hong
ngoai duoc di xuyén qua mau. Mot s bic xa hdng ngoai bi hap thu bai mau va mot sb
Xuyén qua mau. Phé thu duoc biéu dién su hap thu va truyén qua cua phan tu, tao ra
mot dic trung nhan dang phan tir riéng caa mau (gidng nhu nhan dang dau van tay).
Phé hong ngoai thuan loi cho méot s6 phan tich nhu:

= Xac dinh mot vat li¢u chua biét

= Xac dinh chat luong hoac tinh nhat quén cua vat liéu

=  Xac dinh ham lugng thanh phan caa hdn hop
3.34.2. Cosélythuyétvé FT-IR

Phé hong ngoai trinh bay dic diém nhan dang riéng (fingerprint) vé vat liéu
thong qua cac dinh hap thu tuong Gng véi tan sb cia cac dao dong giira cac lién két cua
cac nguyén tir cau thanh nén vat liéu. Bai vi mdi loai vat liéu khac nhau c6 su két hop
c4c nguyén tir theo mot dic trung riéng, khong ton tai hai hop chat co cing pho hong
ngoai giéng nhau hoan toan. V& mit ly thuyét, phd hdng ngoai c6 thé cho két qua phan
tich dinh lwong cua mdi loai vat liéu khac nhau. Hon nita, kich thuéc caa cac dinh phd
gitp xac dinh truc tiép luong vat liéu ton tai trong mau.

Cac thiét bi hdng ngoai ban dau Ia loai tan sic, d6 1a nhitng dung cu dung dé
tach céc tan sb riéng biét cua nang luong duoc phat ra tir nguon phat hong ngoai. Lang
kinh hong ngoai hoat dong chinh xac nhu ling kinh kha kién dung dé tach &nh sang
kha kién thanh cac mau sac riéng biét (tan sb). Pau do (detector) do lugng ning luong
tai mdi tan sé xuyén qua mau, két qua tao ra mot pho cua cudng d6 so vai tan sd.

Ph6 hong ngoai bién d6i Fourier (FT-IR) dugc phét trién nham vuot qua nhiing gioi

han ma céc thiét bi tan sac mac phai, kho khan chinh 14 qué trinh quét cham. Vi thé,
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mét phuong phap duoc sir dung dé do tat ca cac tan s hong ngoai mot cach dong bo 1a
can thiét hon so vai do ting tan sé riéng Ié. Mot giai phap duoc dua vao d6 1a st dung
mét thiét bi quang hoc don gian goi 1a giao thoa ké. Giao thoa ké tao ra mét loai tin
hiéu dic trung co chira tit ca tan s6 hong ngoai dugce “ma héa” bén trong nd. Tin hiéu
nay c6 thé dugce do rat nhanh, thuong khoang mot gidy. Vi thé, yéu t thoi gian trén
mau duoc giam xudng dang ké chi con vai giay.

Hau hét cac giao thoa ké déu sa dung mot bo tach chum tia, bo phan nay cé
nhiém vu phan chia chum tia hdng ngoai téi thanh hai chum tia quang hoc. M6t chim
tia chiéu vao mot guong phang duoc dat cd dinh. Cham con lai chiéu vao mot guong
phang duoc dat trén mot bo phan truyén dong cho phép guong di chuyén trong mot
khoang céch rat ngan (khoang vai milimet) tir bo tach chum. Hai chuim phan xa tir hai
guong tuong ung dugc két hop lai véi nhau khi ching giap nhau & phia sau bo phan
tach chum. Bai vi dudng dan caa mot chum tia c6 do dai duoc ¢d dinh va chim con lai
c6 d6 dai thay doi khi gwong di chuyén nén tin hiéu ton tai 1a két qua cua hai cham tia
giao thoa véi nhau. Tin hiéu cho két qua nay dugc goi la mot anh giao thoa
(interferogram), anh nay c6 tinh chat dic trung riéng ma mdi diém di liéu (nhu 1a mot
ham cua su di chuyén vi tri gwong) tao thanh tin hiéu cé théng tin vé mdi tan s6 hong
ngoai phat ra tir nguon phét.

Thiét bi quang phé

1.Ngudn phat 2. Giao thoa k&

) 0 polystyrene
B0l ¥ ‘|,[|.'
1 70 | | |I| I |
I I |(
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Hinh 3.5. So do6 nguyén 1y do phé FT-IR
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Diéu nay c6 nghia 1a khi anh giao thoa duogc do thi tat ca cac tan s duoc do mot cach
d6ng bo. Vi thé, st dung giao thoa ké cho céc két qua do cuc ky nhanh.

Do phép phan tich yéu cau mot phé tan sb (d6 thi cua cudng d6 tai mdi tan sb
riéng biét) dé tao thanh mot bo nhan dang nén tin hiéu anh giao thoa do duoc khdng thé
duoc bién dich mot cach truc tiép ma céc tan sb riéng 1é duoc yéu cau phai “ma hoa”.
Diéu nay co thé duoc két hop thdng qua mot cdng cu toan hoc phé bién duoc goi la
phép bién d6i Fourier (Fourier transformation). Phép bién d6i nay dugc thuc hién bang
may tinh sau d6 dwa dén nguoi st dung thdng tin phd phan tich mong mudn nhu hinh
3.5.

3.3.5. Phwong phap chup anh hién vi dién tir quét (SEM)
3.3.5.1. Electron

Pong nang cta mot electron lién quan téi xung lugng cta chdng boi céng thac

(3.5).

2

p
E, =— 3.5
in 2m ( )

Tu cong thirc nay, ta suy ra dugc xung lugng p nhu sau (cong thuce 3.6).
p= \lszkin (3.6)

Mat khac, chung ta ¢6: A= h (3.7)
p

Suy ra, budc song cua electron nhu sau: 4, ~ h (3.8)

\/ZmOE £1+ E 5
2m,c

3.3.5.2. Thiét bj

Mot kinh hién vi dién tir quét (SEM) c6 chira mot sting electron va mot day céc
thau kinh tir va cac khau d6. Mot sing ban electron phét xa mot chum electron c6 ning

lugng cao khoang vai trim eV dén 40 keV, tuong ung vai khoang budc song tir 10
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dén 10'm. Chum electron nay di xuyén xuéng qua mot ddy cac thau kinh tir duoc thiét
ké dé hoi tu céc electron 18n mot diém rat nho c6 duong kinh khoang 0.4 nm — 5nm.
Gan phia day, mot bo cac cudn quét di chuyén dé hoi tu chum electron trg vé va chum
t6i xuyén qua mau quét theo timg dong. Khi chum electron dap vao mdi diém trén
mau, cac electron tht cap bi danh bt ra tir bé mat mau. Mot dau do (detector) thu nhan
nhitng electron nay va gui cc tin hiéu dén mot bo phan khuéch dai. Anh cudi cing

dugc xay dung nén tir s lugng electron phat xa tir mdi diém trén mau.

Phuong phap do SEM do cac tin hiéu khac nhau dé tao thanh anh cudi cing. Ba

yéu té quan trong nhat Ia cac electron tan xa nguoc, cac electron thir cap, va cac tia X.

Cac electron tan xa nguoc 1a cac loai twong tac dan hoi va la két qua cua su
tuong tac dan hoi cua electron véi mau. Cac electron téi bi un cong quy dao do va
cham véi hat nhan nguyén tir hoac cac electron ¢ 16p vo ngoai cung. Cac electron
chuyén dong xuyén voi mot goc trén 90° so véi chum electron téi duoc goi la cac
electron tan xa nguoc. Nhiing electron loai nay chiém 60 — 80% ning luong ban dau,
va sb lwong electron tan xa nguoc phu thugc vao nguyén tir sé caa mau. Kinh hién vi
SEM sir dung phan trim cac electron tai phat xa dé hinh thanh anh va tao d6 twong

phan nguyen ti so.

Céc electron thu cap duoc tao ra do cac twong tac khong dan hoi, va thay vi bi
chuyén dong udn cong céc electron nay gay ra sy ion héa mau. Céc electron mat lién
két vai mau c6 thé dugc phat xa ngay sau d6, va cac electron nay duoc goi la cac
electron tht cip. Céc electron thir cip nay c6 niang luong thap hon so voi cac electron
tGi va ching chi thoat ra khoi bé mat mau khoang vai nanomet. Nhitng electron nay
duoc st dung dé xac dinh sy dinh vi cia chum electron trén mau, va cho thng tin vé
dia hinh voi miu c¢6 do phan giai giam tgi 10 nm. Cac dau do thudng dugc &p thé phan

cuc dé thu hat céc electron thir cap.
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Sing electron | _';]

Chum electron Anode
e .,9/
Thau kinh tir
D3au do electron P3au do electron
tén xa nguoc \6 thar cap
M3u i Gia dé mau
\‘:#f' ;/"

Hinh 3.6. Cdu tgo ciia mét kinh hién vi dién tir quét[1]

Cac tia X 1a loai twong tac khac voi hai loai di duoc dé cap ¢ trén. Khi mét
electron ¢ 16p vo bén trong bi dich chuyén do twong tac véi cac electron so cap cua
chum electron, sau d6 mot electron & 16p vo bén ngoai “roi” xudng 16p vé bén trong va
tai thiét 1ap lai sy can bang hat tai trong cac quy dao sau qua trinh 6 xi hda. Su phét xa
photon tia X do sy ion héa mau. Tin hiéu nay c6 cau tao nhu dang nhiéu va duoc loai

bo truéc khi phan tich mau, nhung ¢ thé cung cp théng tin quan trong vé mau.
3.3.5.3. Chuan bj miu

Tat ca cac loai mau co thé dugc phan tich bang cach st dung phwong phap chup
anh SEM. Tuy nhién, c6 mét vai vin dé& dang chu y di voi mau c6 do dan dién kém,
nhu bé mit tich dién. B&é mat tich dién co thé gay nén sy bién dang anh va diéu nay
thuong thay khi phan tich cac bé mat khong dan dién. Su bién dang anh xuét hién khi

c4c electron ddi ra tich ty trén bé mat mau, tai day chum electron gay ra sy dot chay.
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Sy tich tu cac electron tao nén cac vung tich dién, tai day, su tich dién tao ra sy bién

dang va cac vung la trong cac anh SEM.

Sy bién dang nay xuat hién boi vi cac ving tich dién lam léch chum electron téi
lam cho qué trinh quét cua chum electron khong dong déu. Su tich dién ciing 1am thay
d6i su phat xa electron thir cap, va khi su tich dién duoc tich ty dén mot mie dang ké
trong mot ving nao do thi dot nhién sy phong dién xuat hién, gay bién dang anh. Dé
ngin chin diéu ndy hau hét cac mau duoc phu mot Iép kim loai vang moéng. Diéu nay

dam bao d6 dan dién tét c6 thé loai bo cac electron du (doi) ra.
3.3.6. Phwong phap chup anh hién vi dién tir truyén qua (TEM)
3.3.6.1. Thiétbij

Kinh hién vi dién tt truyén qua c6 chtra cac bo phan sau: mét sting ban electron
dé tao chum electron va céc thau kinh hoi tu dé hoi tu chum electron t&i mau. Céc vat
kinh, c4c thau kinh trung gian va cac thau kinh chiéu gitp hoi tu cac electron xuyén
qua mau dé tao anh. Cudi cing, mot hé thong ghi anh chuyén anh electron sang dang
nhu anh trén mdy tinh. Hon nita, phuong phap chup anh TEM yéu ciu moéi trudng chan
khong béi vi cac va cham giita cac electron ¢ nang lugng cao va cac phan ti khi hap

thu dang ké nang lugng electron.
3.3.6.2. Chup anh TEM

Kinh hién vi dién ta truyén qua (TEM) duwa trén hoat dong dang séng cua cac
electron. Khi nang lugng cua cac electron du cao thi ching c6 kha nang xuyén qua cac
I6p mong trén mau. Diéu nay gay nén sy truyén qua cua dang nhidu xa electron trén
mau va hinh thanh anh. Anh TEM dém cac electron nhidu xa va tao anh. Nhiing
electron nay duoc tich dién va co thé dugc diéu khién bang dién trudng dé tao ra cham
electron hoi tu rat chinh xac. Hai tinh chat nay tao cho anh TEM c¢6 kha ning phong dai

véi niang luong 16n va tham chi mé ta mau & mac do mot nguyeén ti.
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Phuong phap do TEM c6 hai dang tao anh, dang tao do twong phan cia anh

thuong dugc goi la dang tao anh truong sadng. Trong dang nay, do tuong phan duoc

hinh thanh boi su hap thu truc tiép cua céac electron trong mau. Cac ving day hon cua

mau hoic cac ving co nguyén tir s6 cao hon s& xuat hién tdi, trong khi cac ving khdng

c6 mau ma c6 chum electron di qua s& xuat hién d6 sang — vi thé co thuat ngir “trudng

séng”. Dang tao anh con lai dwoc goi la dang tao anh truong téi. Trong dang nay, TEM

st dung su nhidu xa, su nhidu xa xay ra khi céac electron xuyén qua mau. Néu su phan

Xa cua chum electron dugc lua chon, khdng xét téi chum khong tan xa, thi mau s& xut

hién d6 t6i ¢ bat cir noi nao khong cé su tdn Xa mau xuat hién, vi thé mot ving khéng

c6 mau s& xuat hién vung ti — vi thé ta cd thuat ngit anh “trudng t6i”.

. T
Sung electron 4:*\‘ — "/j

_% '_ -‘%{ Anode

Cac thau kinh hdi ‘E

Cac vat kinh

Cac thau kinh —
trung gian

-"\
)
- 4

€5
O O

/

Hinh 3.7. Cdu tgo cua kinh hién vi dién tir truyén qua [1]

3.3.6.3. Chuan bj miu

Cac mau chup TEM duoc yéu cau phai c6 do day khoang vai trim nanomet.

X&c suat cua sy nhidu xa thanh cong xuyén qua mau phu thudc vao do day va nguyén

~ - Mau

Cac thau kinh chiéu

~ Mang huynh quang
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tr s cua mau. Mau chup TEM duoc dit trong budng chan khéng kin, va mot vai mau,

dac biét 1a cac mau sinh hoc phai duoc phu véi mét [op nhua nhing bén ngoai.
3.3.7. Pho nhiéu xa ning lweng tia X (EDX hoic EDS)

Phé ning luong nhidu xa tia X 1a mot cdng cu phén tich duoc st dung dé phan
tich nguyén t6 hoic tinh chit hoa hoc cia mot mau. Phé EDX thu dwoc dua vao su
tuong tac ctia nguon kich thich tia X véi mau phén tich. Dé kich thich su phét xa tia X
dac trung tir mot mau, mot chim hat tich dién cé niang luong cao nhu electron hoac
proton, hodc chum tia X dugc hoi tu vao mau can phan tich. Mot nguyén tir bén trong
mau c6 chira cac electron ¢ trang thai co ban (hoic trang thai kich thich) bén trong cac
murc ning luong roi rac hodc 16p vo electron lién két vai hat nhan. Khi mot chim ning
lwgng téi kich thich mot electron & 16p vo bén trong 1am electron bét ra va dé lai mot 15
trong. Khi 6, mot electron tir 16p vo bén ngoai (I6p vé ¢d mirc ning luong cao hon) s&
dién day 10 tréng do, va sy khac biét nang lwong gitta 16p vo ¢ mic ning luong cao va
l6p vo ¢6 muc nang luong thap sé phat ra mot dang tia X, nang lugng phat ra tir mau

dugc do bang mot pho ké nhidu xa nang luong.

Vi nang luong cua tia X dic trung cho sy khac biét vé nang luong gitra hai 16p
VO VA CAu tric nguyén tir cua nguyén té phat ra tia X, diéu nay cho phép phan tich

thanh phan nguyén t6 ciia mau khao sat.

3.3.8. Do dp nhét

Do nhot 1a mot trong nhitng théng s quan trong dé danh gia tinh chat muc in,
d6 nhét 1a dai lugng biéu dién kha nang ciia chat long chéng lai su chay, mé ta lec ma
sat noi cua dong chay chét long. Mot chat long c6 do nhét 16n s& kho chay do sy twong
tac giira c4c phan tir gay nén lyc ma sét ndi I6n. Chat long c6 d6 nhét thap s& dé dang
chay vi su tuong tac gitra cAc phan tir gay ra luc ma sat noi nho. Trong cong trinh
nghién ciru nay, dng do d6 nhét Ostwald dugc st dung dé do d6 nhét cua muc in Qds
ZnS:Mn2*. Thiét bi nay hoat dong dua trén tbc do dong chay caa mét thé tich chat long

xac dinh chay qua mot 6ng mao dan c6 d6 dai xac dinh. Thiét bi s& do thoi gian dong
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chay cua nuéc tinh khiét tir diém dau dén diém cudi dé tinh hing sé thiét bi do k. P
nhét cia chat 1ong dugc do bang cac budc trong tiw V& mac hiéu chinh ktd =, véi t 1a

thoi gian chay (giy), d 1a mat do chat long can do va  1a ¢ nhét chat long.
3.3.9. Do sitc cing bé mit

Mot trong nhirg phuong phap chung dé do stc cang bé mit 1a phuong phap vong Du
Nouy, phuong phap nay st dung mot vong Platinum (Pt) ¢6 kich thudce xac dinh (chinh
x4c) duoc treo trén mot can treo d6i trong. Can nay duoc gitt boi mot day xoén, khi do
X0dn gia tiang thi can va vong Pt duoc kéo 18n, vong Pt s& mang theo mét I6p mang cua
dung dich can do sitc cang bé mat, va luc can thiét d¢é kéo vong nay 1én duoc do lai.

, . A L- ) o o , 9 o n . ~ , BF
Luc tach ra lién quan téi bé mat hoac strc cang mat phan gidi theo cong thuc y = pueg

v6i F luc trén vong giy ra sy dit gdy dung dich chét 1ong can do; R 13 ban kinh cta
vong; B 1a hé sb hi¢u chinh lién quan té1 hinh dang cua mat khum hinh thanh trén

vong.
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Chuong 4

QUY TRINH THUC NGHIEM TONG HQP CAC CHAM
LUQNG TU ZnS PHA TAP Mn - KET QUA VA BAN LUAN

4.1. Hoa chat
Cham luong tir ZnS pha tap Mn duoc téng hop & nhiét do phong vai cac hoa chat sau:

¢ Zinc acetate dihydrate (Zn(CHsCOO)2.2H20) (Sigma-Aldrich, 98%), M = 219.5

g/mol,;
¢ Manganese (I) chloride tetrahydrate (MnCl,.4H20), M = 197.905169 g/mol
+ Sodium sulfide nonahydrate (Na.S.9H.O) (Sigma-Aldrich, 98%), M = 240.18

g/mol,

% Nudc cat (H20);

% NaOH

s Keo PVA

¢ Methanol (CH3OH) cua Merck, M = 32,04 g/mol, d = 0,791 kg/l,

%+ Acetone (CH3COCH).
4.2.  Quy trinh tong hop cham hrgng tir ZnS pha tap Mn (ZnS:Mn) bang

phwong phap ket tia hoa hec
Quy trinh téng hop chim lwong tir ZnS:Mn duoc md ta nhu so d6 hinh 4.1. Kém

acetate phan ly trong moéi trudng nudc thanh cac ion Zn?* va CHsCOO- (Ac). Tuong
tu, Mangan chloride va Natri sulfide cling phan ly thanh cdc ion am va ion duong
twong tng (Mn?*, CI-, Na*, S%) trong moéi truong nudc. Natri phan tng hon kém va
mangan nén dé dang hinh thanh natri acetate. Cac hat ZnS hinh thanh mam la do phan
g gitta Zn%* va S, cac hat ZnS phét trién dan 1a do su tich tu nhiéu ion trong dung
dich. Co ché phat trién hat cd thé duoc giai thich co ché boi ddp Ostwald. Khi hinh
thanh mam, ning luong bé mit caa cac hat rat Ion va do d6 bé mit dugc thu dong boi
viéc hap thu cac ion &m (Ac va S%) trong dung dich. Su tich tu cac ion am (anion)
ngay cang nhiéu dan dén viéc thu hut cac ion dwong (cation) (Zn2*, Mn?*, va Na*) trén

bé mat hat. Zn?* va Mn?* phan ang véi S% va hop nhat véi mang tinh thé cia nhan nhu
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hinh 4.2 (a). Cubi cling, cac ion Na* tich tu da s& day Ui cac ion Zn?* tién téi bé mat
cua hat va su phét trién hat ding lai. Sy tich tu cac ion Na* dan dén hinh thanh Iép dién
kép Stern trén bé mit cac hat nano ZnS, 16p dién kép nay hat cac ion Ac™ dé hinh thanh
I6p khuéch tan nhu hinh 4.2 (b) dan dén sy phét trién cua hat bi dung lai. Dé tranh su
két taa, luc day giira cac hat phai can bang véi luc hat. Bé dat dugc diéu nay can co
mét 16p hap phu polymer dé bao phu toan b bé mit cac hat nano. Trong cong trinh
nghién ciru nay, polyvinyl alcohol (PVA) duoc sir dung nhu 1a mot chat bao bé mat céac

hat nano ZnS:Mn?*.

Zn(CH3C00)2.2H20
MnCl2.4H,0
Keo PVA
Nuéc cat
(Khudy 60 phut ¢ 70°C)
(Dung dich 1) Dung dich 2 + Dung dich 1 Dung dich két taa
(Khudy 30 phut & 70°C)  fF—>>1 mau tring

N

Na2S.9H20
Nuéc cat
(Khudy 10 phut ¢ 70°C)
(Dung dich 2)

Ly tdm
Rura sach

Hinh 4.1. Quy trinh téng hop cac chdam lirong tir ZnS pha tap Mn

Céac cham luong tir ZnS pha tap ion Mn?* dugc tong hop bang phwong phap dong
két tua trong méi trudng nudc, st dung PVA nhu 1a mét chit bao. Cy thé, dung dich
thi nhat gdom Zn(CH3C00)2.2H,0, MnCl».4H20 dugc hoa tan trong nuwdc cat va dung
dich keo PVA tai nhiét d6 70°C. Dung dich tht hai gdom Na»S.9H20 hoa tan trong nuéc
cat va sau d6 dugc phun nhanh vao dung dich thtr nhat, két taa tring dwoc hinh thanh

ngay lap tc. Phan ang Xay ra theo co ché sau:
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n(Zn(CH3C0O0)2.2H20) + n(MnCl..4H,0) + PVA — PVA — (Zn?* + Mn?*),
PVA — (Zn?" + Mn?"), + n(NazS.9H,0) — PVA — (ZnS:Mn?*),

Két tia duoc tach ra, rira sach voi nude cat va ethanol, sdy khd ¢ 100°C trong 4 gio.
Bot min mau tring thu dugc sau khi siy s& duoc khao sat cau trdc, hinh thai va tinh

chat quang.

Ac

(a) (b)

Hinh 4.2(a) M6 hinh sy hinh thanh cac mam hat ZnS do sir phan ng lién tuc giza
cac ion Zn?* va S dé hinh thanh hat ZnS, (b) S tich tu cac ion Na* @é hinh thanh
l6p dién kép Stern trén bé mat cac hat nano ZnS, I6p nay tich dién dwong sé hit cac
anion Ac” dé hinh thanh Iép khuéch tan ngan chan sw két tia
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4.3. Khao sat theo ty 1€ Zn/S

Bang 4.1. Chdm leong tir ZnS duwoc tong hop Vi céc ty 1¢ Zn/S khac nhau

STT | Zn** (g) | S* (g) | Zn**/S* | PVA (0)
1 5.9 1.62 1:0.25 4
2 5.9 3.24 1:0.5 4
3 5.9 6.48 1:1 4

Truéc khi tién hanh tong hop cac hat cham lugng tir (QDs) ZnS:Mn?*, ching toi
tién hanh khao sat ty 16 mol Zn/S nham tim ra ty 1& t5i wu cho hiéu suit phat huynh
quang cao nhat. Pho quang phat quang (PL) cua cac cham luong tir ZnS tong hop voi
cac ty 1€ mol Zn/S khac nhau dugc trinh bay nhu hinh 4.3. Ty 1€ mol Zn/S tang tir
1:0.25, 1:0.5 va 1:1, cuong do pho PL giam twong tmg. Dinh phat xa cia ZnS tai budc
séng khoang 436 nm xuét hién do su tai hop cua cac electron tai mac donor khuyét S
(Vs) Véi bay 16 trong tai mirc aceptor khuyét Zn (Vzn) [9,10] duoc minh hoa nhu hinh
4.5. Cuong do phd PL cao nhat ang véi ty 18 mol Zn/S = 1;0.25, khi ty Ié S ting dan
dén nhiéu nguyén tir S nam trén bé mat cac cham luong tir ZnS, ching sé bi oxi hda va
két qua la dap tat pho PL [11]. Ngoai ra, sy md rong pho cua tat ca cac mau vé phia
budc song hon 500 nm 13 dic trung cta c4c trang thai khuyét S trong mang tinh thé
ZnS [10].

2000+
ZnS(1:0.25)
: ZnS(1:0.5)
!
g ﬂ MP
§>1ooo- | M
3 il
| i1
500 ! “WW
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i
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il " bl ‘”‘"’"a‘x!!ﬁ:mu‘mr.w.u ol bl

300 400 500 600 700 800
Buoc song (nm)

Hinh 4.3. Phé quang phat quang (PL) cua Cac cham heong tir ZnS
voi cac ty I¢ Zn:S khac nhau
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Viy trong phan nay ching t6i da tim duoc ty 16 Zn/S tbi vu 1a 1:0.25, ty 1& nay
s& duoc chon dé khao sat anh huong cua lwgng Mn?* pha tap dén cuong do phd PL
trong phan 4.4.

4.4. Khao sat theo nong @ Mn pha tap
4.4.1. Khdo sat phé hdp thu UV-vis

Bang 4.2. Khdo sét theo nong dé Mn pha tap

STT | Zn**(g) | S>* (@) | Mn** |PVA(g)
1 5.9 15 0.165 4
2 5.9 15 0.265 4
3 5.9 15 0.365 4
4 5.9 15 0.465 4

Trong phan thuc nghiém nay, ching tdi tién hanh téng hop cac cham luong tir
(Qds) ZnS pha tap Mn véi néng do khac nhau va khao sat tinh chat quang cua chdng,

cac Qds sau khi tong hop duoc phan tan lai trong dung méi nude nhu hinh 4.4.

Hinh 4.4. C4c Qds ZnS pha tap Mn véi nong dé khéac nhau
(0 —7.61%) dwoc phan tan lgi trong dung maéi nuoc

Phé hap thu UV-vis 1a mét trong nhitng cng cu phan tich thuong duoc sir dung
dé xac dinh cac tinh chat cua cac cham luong tir (QDs) nhu thong tin vé ning luong
viing cim Eg, kich thudc hat va sy phan bé kich thuéc hat. Hinh 4.5(a) cho thay phé
UV-vis caa cac QDs ZnS:Mn?* véi ndng d6 Mn?* pha tap khéac nhau. Tur phd hap thu

cho thay bo hap thu caa cac mau mé rong do su phan bd kich thudc tinh thé trong céac
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mau. Cac dinh hap thu tai cac buéc séng 220 nm, 310 nm, 313 nm, 314 nm va 315 nm
tuong (g vVoi c&c mau c6 nong d6 Mn?* pha tap tir 0 — 7.61%. C4c gia tri Eq trén hinh
4.5(b) dat duoc tir cic mau nay cho thiy déu lén hon so véi vat lidu khéi ZnS (Egq =
3.6eV [13]), diéu nay chiing to hiéu tng giam giir lwong tir xuat hién trong tat ca céc
mau [13, 15].

35 (@) 500 -

— 0% Mn —ns (b)
3.0 315 nm ——279%Mn | ——2ZnS:2.79% Mn

—— 4.34% Mn —— ZnS:4.34% Mn

2.5 —5.91% Mn —— 7ZnS:5.91% Mn

—7.61% Mn 300 4 = 7nS:7.61% Mn

o 2.0 N
2 >
< 151 8 204
1.0
100
051 220 nm
0-0 T T T T T 1 0- 1 T T T =T 1
200 250 300 350 400 450 500 25 30 35 40 45 50 55 6.0 65
Buoc song (nm) hv(eV)

Hinh 4.5. (a) Phé hdp thu UV-vis va (b) Nang lwong Eg tuwong ing Cua cac cham
lwong tir ZnS:Mn2* véi nong dé Mn pha tgp khac nhau
Gia tri Eq cua cac chat ban dan chuyén muc truc tiép duoc tinh tir d6 thi cua
(ahv)? 0 Voi nang lugng photon (hv). Gia tri Eq duoc suy ra tir pho hap thy théng qua

phuong trinh (4.1).
ahv = A(hv — Eg)" 4.2)

V6i hv 14 nang luong photon, o 1a hé s6 hap thu (o = 4rk/A; k 1a chi s6 hap
thu/do hap thy, A(nm) 1a budc séng), A: hang s6, n=1/2 do ZnS la chat ban dan chuyén

muc truc tiép [17].
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Luong Mn pha tap (%)
* +

0- .
39 42 45 48 51 54 57 6.0
Eg (eV)

Hinh 4.6. Sy phu thuéc cua nang luong Eg vao lwong Mn pha tap

Gia tri Eq cua cac mau ZnS 13 5.9eV va cac mau ZnS:Mn?* lan luot 12 5.4, 5.1,
4.6 va 4.0 eV tuong tng v4i nong d6 Mn2* pha tap khac nhau (tir 2.79 — 7.61%) nhu
hinh 4.5. Vi thé, hiéu ttng giam giir luong tir Xay ra trong cac mau do niang lwong ving
cam Eq duoc mo rong [13, 15]. Khi nong do pha tap Mn?* tiang thi gia tri Eq giam tir 5.9
— 4.0 eV nhu hinh 4.6, két qua nay 1a do sy chuyén ning luong truc tiép giira c4c trang
thai kich thich bén trong chat ban dan va mac 3d cua ion Mn2*, hay n6i cach khac viéc
giam Eg la do cac mirc nang luong pha tap dua vao cac murc nang lugng mang chu [10,
13, 16]. Hiéu wng giam gitr lwong tir cho phép diéu khién tinh chat quang cua cac cham

luong tir bang cach thay doi kich thudc tinh thé.

Do ning lugng ving cim cia cac cham lwong tir c6 lién hé mat thiét véi kich
thudc hat cua ching, nén duong kich cia cac cham lugng tir ZnS va ZnS:Mn?* tong
hop dugc s& dugc tinh theo cong thirc md hinh xap xi khéi lwong hiéu dung Brus (cong
thiec 4.2) [15].

* h2
AE, =E, - E, z—{

(4.2)

m, m, eR

1 1 }_1.8e2
8R’

Véi Eg" 12 nang lwong viing cdm cua cac hat nano téng hop duoc twong Gng voi

ban kinh R, Eg 12 ning lugng ving cdm cua vat lieu khéi, m;va m lan luot 1a khéi
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lwong hiéu dung cua céc electron va 13 trong, € 1a hang s6 dién méi cua ZnS, h 1a hang
s Planck va e la dién tich cua electron. Vi ZnS, Eq = 3.6 eV, m.=0.34me, m =
0.23me (Me = 9.1x10°3! kg 1a khéi lwong cua mot electron tu do), va € = 8.76 [15]. S6
hang thtr hai trong phuong trinh (4.2) twong trng véi cdc mirc nang lugng giam gitr cap
electron — 15 trong khi R da nho, sé hang tha ba twong Gng véi twong tac Coulomb
giita electron va 16 tréng. Puong kinh (2R) cua cac hat nano ZnS va ZnS:Mn?* tinh
theo (4.2) dugc trinh bay trong bang 4.3.

Bang 4.3. Kich thieéc hat va néing lwong Eq cuia cac cham lwong tir ZnS va ZnS:Mn?*

STT Mau Eq (V) | Puwong kinh hat (nm)
1 ZnsS 5.9 1.74
2 ZnS-2.79%Mn 5.4 1.94
3 ZnS-4.34%Mn 5.1 2.1
4 ZnS-5.91%Mn 4.6 2.48
5 ZnS-7.61%Mn 4.0 3.5

4.1.2. Khao sét pho quang phat quang (PL)

Hinh 4.7a cho thay phd quang phét quang (PL) tai nhiét 6 phong cua cac cham
luong tir ZnS:Mn2* véi nong do pha tap Mn?* khac nhau (0, 2.79, 4.34, 5.91 va 7.61%).
Khi nong do Mn?* pha tap bang 0 (vat liéu ZnS), dinh phd PL xuét hién tai budc song
436 nm, day 1a dinh phét xa dic trung ciua ZnS nhu di giai thich ¢ phan 4.3. Khi nong
d6 Mn?* pha tap ting dan (tir 2.79 — 7.61%), cuong d6 dinh phd PL tai budc séng 598
nm ciing ting dan, dinh phat xa nay 1a dic trung cua dich chuyén *T1 — 6A; cua Mn2*
trong vat liéu ZnS nhu hinh 4.8 (Sy truyén nang luong giita vat liéu chi ZnS va ion Mn
pha tap) [9,10], va cuong d6 PL dat gia tri cao nhét véi ndng do Mn?* pha tap 1a 4.34%
(Hinh 4.7b).
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Khi nong d6 Mn?* pha tap & murc thap, luong ion Mn2?* hop nhit trong céu tric
cac cham luwong tar ZnS khong du dé dam bao viéc truyén ning luong c6 hiéu qua tir
vat liéu chi ZnS sang cac ion pha tap [14]. Nguoc lai, khi nong do Mn2* ting dan, viéc
truyén ning luong gitra ion pha tap va vat liéu chu c6 hiéu qua, ddn dén cuong d6 PL
tang dan [18].

Tuy nhién, khi ty I&é ndng d6 pha tap cao hon thi cudong do phat quang giam,
nguyén nhan 1a do khi tiép tuc ting ndng do6 Mn?* s& tao ra mot lugng 16n cac tdm phét
xa Mn2* trén tinh thé va sy tuong tac ctia cap Mn?* - Mn?* 1am gia ting qué trinh phan
hity khdng phét xa (do cac tdm phét xa truyén nang luong cho nhau) cia Mn?* & trang
thai kich thich, din dén giam cuong do phat xa cua Mn?* [11,13,18]. Ngoai ra, khi
nong d6 Mn?* pha tap tang, nhiéu ion Mn2* di vao tinh thé mang chu ZnS hinh thanh
pha tinh thé thir hai va 1am khéng gian chtra cac ion tré nén nho hon dan dén sy gia
tang truong tinh thé va niang lwong dich chuyén giita cac muac “Ti - 8A; cua Mn2* giam,

gay ra sy dich chuyén d6 cua phé PL [10,11,12].

1600 4

Mn (b)
14004 [— znS:Mn(2.79%) (@) 14004
—— ZnS:Mn(4.34%)

12004 |—— ZnS:Mn(5.91%) ~ 1200+
;-‘ —— ZnS:Mn(7.61%) 2

= 1000 |— zns T 1000+

P T 800 ;

0

%0 600 -g) 600 -

5 100 § 400+

200+
200+ ©

0-

0- I
800 2 3 4 5 6 7 8

Luong Mn pha tap (%)

Buoc song (nm)

Hinh 4.7. () Phé quang phéat quang (PL) cia cac chdam lirong tir ZnS:Mn?*
Véi cac ty 16 Mn?* khéc nhau va (b) Su phu thude cuong dé PL vao lrong Mn pha tap
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Vung dan
A— Vs \l
o , \ a7
S = Phat xa 1
B cla ZnS Phat xa cla ZnS:Mn?*
OD -
)g %_) 6/A\l
zZ X Vzn
Vung hoa tri

Hinh 4.8. Co ché phat xa cua cac cham lwong tir ZnS va ZnS:Mn?*

Trong phan thuc nghiém nay, ching toi da tim dwgc néng do pha tap Mn?* tdi
uu (4.34%) cho cuong d6 phat quang cao nhat va ty 1é nay dugc cb dinh dé tiép tuc
khao sat anh huong cua lugng chat bao 1én tinh chat quang cua cac cham lugng tur
ZnS:Mn2* trong phan 4.5.

45. Khao sat theo lwong chat bao PVA

Trong phan nay, chiing tdi ¢ dinh cac ty 1& Zn/S, ndng d6 pha tap Mn?*, va
lwong chat bao PVA lan luot thay d6i tir 0 — 4 g nhu bang 4.4.

Hinh 4.9. C4c Qds ZnS:Mn2* véi nong dé chat bao khac nhau
(0 — 0.04g/ml) dwoc phan tan trong dung méi nuoc
Bang 4.4. Khao sat theo lwong chat bao PVA

STT | Zn* (9) S* (9) Mn?* (g) PVA (9)
1 5.9 15 0.257 0
2 5.9 15 0.257 1
3 5.9 15 0.257 2
4 5.9 15 0.257 3
4 5.9 15 0.257 4
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4.5.1. Khdo sat phé hdp thu UV —vis theo lirong chat bao khac nhau
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(a) 1 o)
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— 0 (gim)) 400+
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o ——004(gml) 2 ——0.03 (g/ml)
< 2.0 © 500)  [=——20.04 (g/mi)

1.5

1.0

1
3eV, ; 57¢l/5.8eV
T T

0.5 04 )
0 55 6.0 65

200 250 300 350 400 450 500 25 30 35 40 45 5.
Buoc song (mn) hv(eV)

Hinh 4.10. (a) Phé UV-vis va (b) Nang lwong Eq twong ing cuia cac cham hrong ti
ZnS:Mn?* véi lirong chat bao PVA khac nhau

Hinh 4.10(a) cho thay pho hap thu UV-vis caa cac QDs ZnS:Mn?* véi lugng
chat bao PVA khéac nhau, khi lwong chit bao PVA tang thi dinh phd hap thu dich
chuyén vé phia budc séng ngan. Cac QDs ZnS:Mn?* khong si dung chat bao c¢6 dinh
phd hap thu khoang 344 nm, khi lwong chat bao tang tir 1, 2, 3, 4g thi cac dinh hap thu
tuong @ng lan luot dich chuyén vé cac budc song 327, 261, 224, 219 nm. Su thay doi
dinh phd hap thy 1a do sy thay d6i kich thudc hat hoac do anh hudéng caa chat bao bé
mit. Sy dich chuyén vé phia budc song ngan caa dinh hap thu so véi vat liéu khdi ZnS
dugc giai thich 1a do hiéu tng giam gitr lugng tir [13, 15]. Dua vao cac gia tri Eg duoc
suy ra tir phd hap thu nhu hinh 4.10 (b), ta tinh dwoc gan dung kich thuéc hat (Bang
4.5) théng qua phuong trinh Brus [15]. Hinh 4.11 cho thiy kich thudc hat giam khi
lugng chat bao PVA ting.

Co ché giGi han su phaét trién kich thuéc hat khi sir dung chat bao cd thé 1a kha
nang kim ham sy khuéch tan cia PVA, bai vi cac chudi polymer c6 ciu tric dang cuon
hodc ubn cong s& gay tro ngai cho qua trinh khuéch tan cua cac ion trong dung dich

[9,16]. Cac chudi PVA déng vai tro 1 cac cau ndi két ndi cac hat nano va nhiéu chudi
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cau ndi nhu thé din dén hinh thanh cac dam hat, diéu nay s& dugc khao st bang anh
TEM trong phan 4.8.

Bang 4.5. Kich thuéc hat va nang lwong EQ cua cac cham lwong tir ZnS:Mn2* véi

lirong chat bao khac nhau

STT Maiu Eq (V) | Pwong kinh hat (nm)
1 ZnS:Mn?* 4.7 2.4
2 ZnS:Mn?*-0.01g/ml 5.3 2.0
3 ZnS:Mn?*-0.02g/ml 5.5 1.9
4 ZnS:Mn?*-0.03g/ml 5.7 1.8
5 ZnS:Mn?*-0.04g/ml 5.8 1.8
2.4—- L]
_ 231
E 4
£ 224
5]
o 2.14
S 7]
S 20- .
E 1.9- \.
1.8—- \. .

0 I 2 3 4
Luong chat bao PVA (g)

Hinh 4.11. Sir phu thugc cia kich thuréc hat vao lwong chat bao PVA

4.5.2. Khdo sat phé PL theo lirong chat bao khéac nhau

Hinh 4.12(a) cho thay phd PL cia céc cham luong tir (QDs) ZnS:Mn?* dugc
tong hop véi nong do chat bao PVA khéc nhau (tir 0 — 0.04g/ml). Cac mau khong sir
dung chit bao (MPVA = 0g) xuét hién mot dinh phé yéu tai budc séng 436 nm va mot
dinh phéat xa manh tai buéc song 600 nm, dinh phat xa tai 436 nm la do céc sai hong
bén trong cham lugng tir ZnS, nhung khi luong chat bao PVA ting thi cudng d6 phét

Xa tai 436 nm giam dan (do PVA thu dong héa cac sai hong trén bé mit chim luwong tir
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ZnS) va cuong do phat xa tai budc song 600 nm duoc tang cuong. Cuong do PL cua
cac QDs ZnS:Mn?* dat gié tri cao nhat khi nong d6 chat bao PVA = 0.01g/ml (Hinh
4.12(b)). Khi ndng do chét bao tiép tuc tang tir 0.02 — 0.04g/ml thi cuong d6 PL giam
boi vi lwgng chat bao ting s& gigi han sé lwgng mam ZnS do PVA kim ham su khuéch
tan cua cac ion trong dung dich [9], diéu nay dan dén nhiéu ion Zn?* va S? tdn tai trén
bé mit cac QD, giam sb luong phan tir chat bao PVA trén bé mit cac QD va cudng do
phat xa PL giam dan [11].

Pé khang dinh lai sy c6 mit cua chat bao PVA trong cac QDs ZnS va
ZnS:Mn2*, phuong phéap do pho hong ngoai (FT-IR) duogc sir dung dé phan tich mau s&

duogc thao luan trong phan 4.5.4.

1200 \.
@ I 12004 (b)
[
1000 — 0 (g/ml) / 1000+
2 w0 ——0.01(gml) | 5
. 7 ——0.02 (g/ml) \r | L)
i;’/ ~003(gml) | W = 800+
B 600 L 0.04(g/m) / * o .
[e]
o S 600- \
c |
S 4001 I } 2 )
O ‘ S 400 *
200+ ©
200+ .
0 Jasssint i —— X
300 400 500 600 700 800 000 001 002 003 004
Buoc song Nong do PVA (g/ml)

Hinh 4.12. (a)Phé quang phat quang (PL) cia cc cham heong tir ZnS:Mn?*
voi nong dé chat bao PVA khac nhau ya (b) S phu thugce cuong do PL vao nong do
chat bao PVA

4.5.3. Khdo sat danh hieong cua thoi gian phdn ing dén cuong dé PL cua cac cham
lwong tir ZnS:Mn?*

Céc tinh chat cua cac cham lugng tir (Qds) phu thudc truc tiép vao kich thuéc,
hinh dang, va do bén cua cac Qds. Trong qua trinh tong hop vat liéu, thoi gian phan

tng 1a mot trong nhitng yéu t6 duoc s dung dé diéu khién kich thudc cua tinh thé.
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Cuong do PL cua cac Qds theo thoi gian phan tng duoc trinh bay nhu hinh 4.12(a),
cudng d6 PL ban dau ting khi thoi gian phan tng ting va dat gi4 tri cao nhat tai thoi
gian phan &ng 1a 30 phut, khi thoi gian phan &ng tiép tuc ting cuong do PL giam theo
thoi gian (Hinh 4.12(b)). Cudng d6 PL ting theo thoi gian phan ¢ng c6 thé dugc giai
thich nhu sau, cac ion Zn?* (0.074 nm) va Mn?* (0.083 nm) [6] c¢6 ban kinh ion gan nhu
nhau nén sy thay thé vi tri cc ion Zn?* boi Mn2* cd thé xuit hién mot cach dé dang
trong mang chu ZnS. Vi thé, khi thoi gian phan tGng tang, cac ion Mn2* dan dan hop
nhit vao mang tinh thé cha, va khi thoi gian phan ung tiép tuc ting (t > 30 phut), cac

ion Mn?* bi loai trir khoi mang chu va dong thoi cudng do phat xa cua cac ion Mn?*

giam xuong.
3000 3000-
] 15 phut @ 1 b
[r— u
2500- 30 ghut 2500- (b)
1 =45 phut = 1
2000{ =60 phut g 2000 -
o | =75 phut 1 1
° o
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Hinh 4.13. Si phu thugc cua cuong do PL vao thoi gian phan #ng

4.5.4. Khdo sat dnh huéng cua qua trinh riza mdu dén cuwong dé PL

Dé ung dung duoc cac cham lwong tir phat quang trong mot s linh vuc khéc
nhau, dic biét 13 trong linh vuc diéu ché muc in bao mat thi viéc ting cudng tinh chat
quang cua cac chim luong tur 14 rat can thiét. Nhu da biét, cuong do phat quang cua cac

cham lugng tir ban dan bi anh huang 16n bai d6 két tinh, céc sai hong bé mat hoic sy
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t6n tai ctia cac tc nhan dap tit huynh quang trong dung dich va quan trong hon nira la

chat lugng cua viéc pha tap vao cac tinh thé nano [30].

Trong thuc nghiém nay, cac chidm luong tir dugc tong hop véi ndng Mn?* pha
tap 12 4.34%, ndng d6 chat bao 1a 0.01 g/ml va thai gian tong hop 1a 30 phat duoc chon
dé khao sat anh huong cua cuong d6 PL vao qué trinh rira mau. Vai cac ky hiéu mau

nhu sau:
=  MAu MO: ly tdm va siy khd & 90°C trong 8 gior
=  MAu M1: ly tdm, rira sach 1 lan vé&i nuée cét, va siy kho ¢ 90°C trong 8 gior

=  MAu M2: ly tam, rira sach 2 lan véi nuée cét, 2 1an voi meyhanol va say kho ¢
90°C trong 8 gio

=  M4au M4: ly tam, rira sach 4 1an voi nudc cat, 4 1an véi methanol va say kho &
90°C trong 8 gio.

30004 —— Mo
— M1
25004 —— M2
- — M4
)
s 2000
(o]
T 1500
(@)
5
S 1000 -
§)
500

0 . : —
300 400 500 600 700 800

Buoc song (nm)

Hinh 4.14. Sy phu thudc cuong d@é phé PL vao qué
trinh loc riva cua cac Qds ZnS:Mn?*

Hinh 4.14 cho thiy cudng d6 PL cua cdc mau ZnS:Mn?* duoc loc rira ting

cudng khi qué trinh loc rira duoc thuc hién nhiéu lan, dong thoi dinh phat xa lién quan
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dén sai hong dan bién mat theo qua trinh loc rira cac Qds. Cac Qds ZnS:Mn?* duoc loc
riea 2 1an véi nude cat va 2 1an véi methanol cho thay cudong do PL manh nhat (Mau
M4). Diéu nay c6 thé duoc giai thich nhu sau, do qua trinh loc rira mau dan dén cac tac
nhan dap tit huynh quang trong dung dich dwgc lam sach, céc sai hong bé miat dwgc
loai bo dan dén viéc truyén ning luong tir mang cha ZnS sang céc ion Mn?* hiéu qua,
két qua 1a cudong d6 PL duoc ting cudng. Dong thoi, theo nghién ctu cua tac gia W. G.
Becker va cac cong su cho thay 6 xi c6 khuynh huéng hap phu 1én bé mit ZnS, dic
biét tai cac sai hong bé mit [1, 31], diéu ndy din dén cudng do PL duogc ting cudng

(do céc sai hong bé mat hoat dong nhu cac tam khong phat xa).
4.5.5. Khdo sat phé hong ngoai FT-IR

Hinh 4.15 cho thay phé FT-IR cua chat bao PVA va cac QDs PVA-ZnS, PVA-
ZnS:Mn2* trong khoang s6 song tir 4000 — 400 cm™. Cac dinh dao dong duoc quan sat
tai s6 song 3376.43 va 3374.48 cm™ 1a do dao dong kéo cang lién két O-H cua phan tir
nudc trén bé mat mau [24, 25, 26]. Ving hap thu (dinh dao dong) xuat hién tai sé song
2935.17 cm 1a do dao dong kéo cang C-H cua cdc nhdm CH,. Cac dinh dao dong tai
1728.97 va 1647.87 cm™ la do cac lién két kéo cing C=0 va C=C tuong tng. Kiéu dao
dong udn cong d6i xitng cua nhém CH; duoc quan sét tai s6 song 1423.15 cm™. Ving
dao dong tai sé séng khoang 1260.93 cm* va 1089.78 cm® 1a do dao ddng cua nhom

CH va dao dong kéo cang cua nhém C-O [24].

Hon nita, cic dinh dao dong tai 1553.32 va 1399.49 cm trong hinh 4.15 la do
dao dong kéo cang va udn cong cua lién két C-H [26], dong thoi sy dich chuyén nhe
dinh dao dong cua PVA-ZnS so véi PVA cho thay su lién két hop nhét tét gitra chat
bao PVA véi Zn, chiing to sy ton tai cia chat bao PVA trén bé mat cac QD ZnS [25,
26]. Bén canh d6, su dich chuyén cua cac dinh dao dong cua ZnS so véi ZnS:Mn?*
trong khoang s6 song tir 1618.94 cm™ vé 475.91 cm® chieng to su twong tac twong doi
manh giira cac phan tir chat bao PVA va bé mat cac QD ZnS:Mn?* [27]. Bang 4.6 cho
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thiy cac dinh dao dong dic trung cua PVA, PVA-ZnS va PVA-ZnS:Mn?* trong phé

FT-IR.

x100
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Hinh 4.15. Phé FT-IR cia PVA, ZnS va ZnS:Mn?*

Bang 4.6. Cdc dinh phé FT-IR cia PVA, PVA-ZnS va PVA-ZnS:Mn?*

—
500

PVA(cm™?) | Nhom PVA- Nhom PVA- Nhom
ZnS(cm) ZnS:Mn?*
(cm™)
3376.43 | O-H kéo cang 3374.25 | O-H kéo cing 3374.48 | O-H kéo cang
2935.17 C-H kéo cang 1553.32 | ZnS 1618.94 ZnS
1728.97 | C=0 kéo cang 1399.49 | Dao dong kéo 1555.04 Dao doéng kéo
cing va udn cing va udn
cong cua lién cong cua lién
két C-H két C-H
1647.87 | C=C kéo cing 1338.32 | Udn cong C-H 1403.15 | Udn cong C-H
1566.76 | Dao dong uén | 1107.34 |Udén cong —C-| 1110.47 |Ué6n cong —C-
cong cua phén O-H O-H
tr nudc
1423.15 | Uo6n cong dbi| 1020.04 |Dao dong kéo | 1006.16 | Dao dong kéo
xung ciia nhom | 928.68 |cing va udn 917.52 caing va udn
CH> cong cua Oxi cong cua Oxi
1260.93 | Ubn cong C-H
1089.78 | Kéo cang C-O 674.11 | Dao dong Zn-S 653.46 Dao dong Zn-S
846.46 Kéo cang CH> 616.60 Dao dong Zn-S
603.88 | Uon cong C-H 484.54 | Dao dong Zn-S 475.91 | Dao dong Zn-S
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4.6. Khao sat phd nhiéu xa tia X (XRD)

Cac mau bot ZnS va ZnS:Mn?* sau khi duoc sy khd & 100°C s& duoc phan tich
bang phd nhidu xa tia X. CAu tric tinh thé cua cac hat nano ZnS va ZnS:Mn duoc Xac
dinh théng qua phd XRD (Hinh 4.16). Ba dinh nhiéu xa chinh tai c&c vi tri 28.75°,
47.77° va 56.8° twong g Vai cac ho mat mang (111), (220) va (311) cua cau trdc l1ap
phuong. Su mo rong cac dinh pho XRD 1a ban chét cua cac tinh thé nano [4,5]. Pho
XRD ciing cho thay khdng xuat hién cac dinh dic trung c6 lién quan dén Mn, diéu nay

chung té rang cac ion Mn2* da dugc pha tap thanh cong vao mang tinh thé ZnS [8].

Kich thuéc tinh thé khoang 2.0 nm, tinh theo cong thac Cherrer: D = ﬁo'%‘g ,Véi D la
cos

duong kinh trung binh cua tinh thé, A budc song cua tia X (1.5406 A), B d6 ban rong

dinh nhiéu xa va 0 goc nhiéu xa Bragg.

ZnS:Mn

20 25 30 35 40 45 50 55 60
2 theta

Hinh 4.16. Phé XRD cua cac cham leong tiz ZnS va ZnS pha tgp Mn

4.7. Phan tich anh SEM va phé EDX

Hinh 4.17 cho thay anh FE-SEM cuia cAc mau bot ZnS:Mn?* véi s6 1an rira mau
khac nhau. Mau MO cho thiy cho thiy cac hat c6 bé mit go ghé do dugc thu dong boi
chat bao PVA, vi Iy do nay nén rat kho xac dinh duoc kich thudc hat (Hinh 4.17(a)).
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Khi sb 1an rira mau ting 1én, lvgng PVA du dan dan duoc loai bo, bién hat xuat hién ro
hon (Hinh 4.17(b)). Sau qué trinh ria mau 4 1an (M4, hinh 4.17(c) — (d)) cho thay cac
Qds ZnS:Mn%* ¢6 bé mat x4p, hinh cau va bién hat 16 rang va duong kinh trung binh

cua hat khoang 60 nm.

S4800-NIHE 10.0kV 8.7mm x150k SE(M) 12/17/2015

Hinh 4.17. Anh SEM cua cac cham heong tir ZnS:Mn?* (a) Mau MO, (b) M2, (c) va (d) M4

Phé EDX cua cac hat nano ZnS va ZnS:Mn?* duoc trinh bay nhu hinh 4.18(a)
va 4.18(b), tir phé EDX cho thay su hién dién cua cac nguyén té Zn, S, Mn trong mau,
diéu nay mot lan nira chitng to rang cac ion Mn?* dugc pha tap thanh céng vao mang
chu vat lidu ZnS. Bén canh d6 con c6 sy hién dién cua cac nguyén té C, O c6 thé la do

cac thanh phan caa chat bao PVA.
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S K 2.307 7.62 448.82 14.29
S K (Ref.) 2.307 29.16 2646.71 45.63
IMn K 5.894 4.07 90.65 4.46
Zn K 8.630 70.84 949.25 54.37
Zn K (Ref.) 8.630 88.31 768.16 81.25
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Total 100.00 100.00
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Hinh 4.18. Pho EDX cua cac mau (a) ZnS:Mn?*va (b) ZnS
4.8. Khao sat anh TEM

Anh TEM cua cac QDs ZnS:Mn2* duoc tong hop & thoi gian phan tng 1a 15
phat va 30 phdt duoc trinh bay nhu hinh 4.19(a) va 4.19(b). Anh TEM cho thay ring

c4c mau bot ZnS:Mn?* chira cac hat rat nho véi duong kinh trung binh khoang 7.5 nm,

do dién tich bé mat Ién nén céc hat c6 xu huéng két taa, khi thoi gian phan ung ting
lén su xuat hién két taa nhiéu hon (Hinh 4.19(b)).

100 nm

Hinh 4.19. Anh TEM cia chdm hrong tir ZnS:Mn?*véi thoi gian tong hop khac nhau,
(a) 15 phat va (b) 30 phat
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Két luan vé cham lweng tir ZnS pha tap Mn (ZnS:Mn2*)

Tir cac két qua phan tich trén, c6 thé két luan rang cac chim lwong tir ZnS pha
tap Mn d3 duoc tong hop thanh cong bang phuong phap két taa hoa hoc, st dung PVA
nhu 14 chit bao bé mit. Hinh thai hoc bé mit va ciu trdc mau duoc phan tich dua trén
anh hién vi dién tir quét (SEM), anh hién vi dién tu truyén qua (TEM) va phé nhiéu xa
tia X (XRD) cho thay cac chim lugng tir ZnS:Mn?* dang hinh ciu c6 ciu trdc lap
phuong, kich thuéc hat trung binh khoang 7.5 nm. Phé hap thu UV-vis cho thiy c6 su
dich chuyén xanh khi lwgng chat bao ting dan. Phd PL cua cac chiam luong tu
ZnS:Mn?* tai 600 nm do sy dich chuyén dién tur tir “T1 — SA; cua ion Mn?* trong vat

liéu nén ZnS.
Trong phan tiép theo, cac chim luong tir ZnS:Mn2* véi cac thdng sb tdng hop
t61 uu duoc chon dé 1am pigment tong hop muc in.
= Nong do Mn pha tap: 4.34%
= Luong chat bao PVA: 0.01g/ml
= Thoi gian tong hop: 30 phat

4.9.  Quy trinh tao cong thirc muc in Qds ZnS:Mn?*

Cac cham luwong tir sau khi tong hop voi cac thong sé téi vu nhu trén s& duoc
chon 1am pigment cho diéu ché muc in. Quy trinh tao cdng thic myc in cham luong tur

ZnS:Mn2* gém cac budc sau:
4.9.1. Quy trinh riza va ly tam pigment ZnS:Mn?*

Rura sach bot ZnS:Mn?* véi nuée cat va methanol. Trong qua trinh ché tao céc
cham lugng tir (Qds) ZnS:Mn2*, chat bao PVA duoc st dung nham gitr cho kich thudc
hat nho va 6n dinh. Sau khi tong hop, luong PVA van ton tai cing véi cac Qd. Vi vay,

nham loai bé phan PVA du, cac Qd ZnS:Mn?* trong phan thuc nghiém nay duoc ria
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sach 2 1an véi nudc cat va 2 1an véi methanol, sau d6 duoc sy khd & 90°C trong thoi
gian 8 gio. Bot ZnS:Mn?* thu dugce nhu hinh 4.20.

&

Hinh 4.20. B4t ZnS:Mn?* thu dwoc sau quy trinh ria sach va
duoc kich thich dudi anh sang UV buéc sdng 385 nm

4.9.2. Quy trinh phan tan cac cham lirong tir ZnS:Mn2* trong cac dung méi phu hop

Bot ZnS:Mn?* dugc phén tan lai trong cac dung mdi khac nhau (nuéc, methanol,
alcohol, TGA) bang phuong phap danh siéu am va khudy tir nham tao cong thic muc
in. Viéc lya chon dung moi dé phan tan cac Qd ZnS:Mn?* phai théa man céc tiéu chi

sau:
- Céc Qd phan tan tot trong dung mdi, tranh hién tuong két tua

- Dung méi phan tan c6 do nhét va stic cang bé mat phi hop véi tiéu chuan cua

muc in

- Céc thanh phan ciia muc in khong cé tinh chat an mon hay pha huay cac thiét bi
in. Cac Qd duogc phan tan trong cac dung mdi khac nhau nhiam khao sat kha
nang phan tan ciia chiing. Hinh 4.21a cho thay cac Qd ZnS:Mn2* duoc phan tan
trong cac dung moi khac nhau: 0: nude, 1: TGA, 2: methanol, 3: alcohol. Hinh
4.21b cho thay cac Qd phan bd trong dung méi alcohol cho d6 6n dinh phan tan
cao hon so véi cdc dung moi con lai. Do d6, dung méi alcohol s€ dugc chon lam

dung moi trong cong thac myc in.
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Hinh 4.21. Bét ZnS:Mn?* duwroc phan tan trong cac dung méi
khac nhau, (a) Vura phan tan xong, (b) Sau 3 ngay

4.9.3. Xay ding cong thizc muc in cham heong tir ZnS:Mn?*

Cong thirc muc in Qd ZnS:Mn?* dugc xay dung theo quy trinh hinh 4.22. Cac

dung méi lan luot duogc st dung: alcohol, PVA, TGA va nudc.

Bot ZnS:Mn Dung dich PVA Alcohol,
Nudc

Hé keo ZnS:Mn

Hinh 4.22. Quy trinh teo céng thizc muc in lya voi
pigment ZnS:Mn?*
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Cac mau thi nghiém véi nong d6 phan trim theo khéi luong cac Qd ZnS:Mn?*
trong dung dich 1a 25%. Céc thanh phan chinh trong céng thicc muc in gdom:
= Hon hop dung méi alcohol, nuéc
= PVA: chat lién két
= Bot ZnS:Mn?*

Bang 4.7. Cong thizc muc in chdm liong tir ZnS:Mn2*

STT| PVA% | Nuéc % | Alcohol % | P9 nhot (CP) | Sire ciing bé mit
(mN/m)

Q.1 35 20 20 51.2 57.6

Q.2 35 25 15 47.3 50.3

Q.3 35 30 10 42.7 48.2

Bang 4.7 cho thay cdng thirc muc in Qds ZnS:Mn2* duoc xay dung véi cac ty 1é
dung mdi nudc khac nhau. Qua dé cho thiy, do nhét va sirc cang bé mat cia muc in co
thé duoc thay doi théng qua viéc thay doi ty 1é dung méi. Cong thac myc in Q.1 ¢6 d6
nhot 14 51.2 ¢P va sire cang bé mit 1a 57.6 mN/m dugc chon dé khao séat bang phuong

phap in lya vi d& thuc hién (do cac mau con lai co do nhét thap).
4.9.4. Po dac cac tinh chdt cia muc in
v' Xac dinh kich thuéc cac Qd ZnS:Mn?* trong myc in bang phan tich anh TEM

v' Xéc dinh tinh chat quang cia muc in Qds ZnS:Mn2* hap thy UV-vis va pho
quang huynh quang (PL)

v' Xac dinh strc cang bé mit, do nhét ciia muc in (Bang 4.7)
4.9.5. Dadnh gid muc in

4.9.5.1. Khdo sét phé hdp thy UV-vis, PL
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Hinh 4.23 cho thay phé hip thu UV-vis va phd PL cuaa c6ng thac muc in Q.1.
Dinh hap thu khoang 315 nm va dinh phé PL tai budc séng khoang 600 nm, dic trung
cua dich chuyén *T1 — 8A; cua ion Mn2*. Két qua nay phu hop véi két qua khao sat ¢

phan trén vé tinh chat quang caa cac cham lugng tr ZnS:Mn2*,

400+
4.0

3.5
300+

3.0

2004 2.5

2.0

Cuong do (a.u.)
ABS (a.u.)

100 1.5

1.0+

0 I.“‘-‘I.‘“‘"‘ T T T T T 0-5 T T T T T 1
450 500 550 600 650 700 750 800 200 250 300 350 400 450 500

Buoc song (nm) Buoc song (nm)

Hinh 4.23. (a) Phé quang phat quang (PL) va (b) Phé UV-vis cia cong thirc muc in
Q.1

49.5.2. Khdgo sat anh TEM

Anh TEM cua cong thac myc in Q.1
duoc thay nhu hinh 4.24. Két qua khao sat anh
TEM cho thay cong thac myc in Q.1 c6 kich
thudc hat pigment khoang 12 nm, hat dang
hinh cau va tuong dbi dong déu. Kich thudc
hat I6n hon so vdi kich thudc lac chua tao
cong thirc muc in (khoang 7.5 nm), diéu nay cé

thé 1a do céc hat pigment bj két dinh trong moi

truong dung moi va nhya lién két. e
Hinh 4.24. Anh TEM céng thizc muc in Q.1
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4.9.5.3. Inthir bang phwong phdp in lua

Cong thirc muc in chiam lugng tir Q.1 duoc in thir bang phuong phép in lua, két qua
nhu hinh 4.25.

In trén nén nhya PET LogoKhoa In & TT dugc in (2 16p myc) trén gidy

UV 385 nm

E
Logo khoa In & TT duwoc in (5 I6p) trén gidy

Hinh 4.25. Myc in nano ZnS:Mn?* dwroc in trén cac logi vdt ligu khac nhau
bang phwong phap in lua
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Chwong 5
KET LUAN — HUONG PHAT TRIEN PE TAI

5.1. Két luan

Trong qué trinh nghién ciu ché tao va khao st céc tinh chat cua cac cham
lwgng tir ZnS pha tap Mn nham @ng dung trong ché tao muc in bao mat, dé tai dat dugc
mét s6 két qua dang cht ¥ nhu sau:

Nghién cizu téng hep cac chdm Iweng tir ZnS pha tap Mn

= Tong hop thanh coéng cac cham luong tir ZnS pha tap Mn (ZnS:Mn%*) bing
phuong phap két tia héa hoc & nhiét dd 70°C, cac hat dang hinh cau cé cau trdc
lap phuong, kich thuac hat khoang 7.5 nm.

= Khao sat duoc ty 18 Zn/S cho cudng do quang phat quang (PL) cao nhat, ty Ié
Zn/S tbi vu tim thay 1a 1/0.25.

= Khao séat anh huéng caa lugng Mn pha tap dén cudng d6 phé PL, ty Ié Mn pha
tap t6i vu cho cudng d6 PL cao nhat 12 4.34%.

= Khao sat anh huong cua luong chat bao PVA dén kich thudc hat va cudng do
PL cia cac cham lugng tar ZnS:Mn%*, lugng PVA = 1g cho cudong d6 PL cao
nhat.

= Thoi gian phan tng cho cudng d6 PL cao nhat 1a 30 phuit.
Xay dwng céng thiec meec in chdm lwong tie

Cong thicc muc in chdm lugng tir ZnS:Mn?* dugc ché tao trong cong trinh
nghién ciru nay c6 do nhét l1a 51.2 cP va stic cang bé mat 1a 57.6 mN/m. Muyc in bao

gom cac thanh phan chinh sau:
» Hat pigment ZnS:Mn?*: 25 wt%
= Polyvinyl alcohol: 35 wt%
= Nuoc: 20 wt%

= Alcohol: 20 wt%
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5.2. Hwéng phat trién dé tai
= Po hiéu suat phéat quang cua cac cham luong tir ZnS:Mn2*,

= Nghién cau tao cdng thirc muc in chim lugng tr ZnS:Mn2* @ng dung trong
céng nghé in phun.

= Ung dung céc cham lugng tir ZnS:Mn?* trong ché tao cac mang hinh quang dién
trén dé 1TO bang cac phuong phap in khac nhau nhw in phun, in lua.
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TOM TAT

Cdc hat nano ZnS khéng pha tap va pha tap Mn (ZnS:Mn?*) dwegc tong hop bang phwong
phap ket tua hoa hoc tai nhiét do phong, suw dung PVA (polyvinyl alcohol) nhw la mét chat bao
bé mat. Cau tric va tinh chat quang cua cdc hat nano ZnS:Mn’* sau khi tong hop sé duoc
khao sat thong qua cdac phuong phap nhiéu xa tia X (XRD), anh SEM (FE-SEM), pho tan xg
nang luong tia X (EDX) va pho quang phat quang (PL). Phan tich XRD cho thay cac hat nano
ZnS:Mn** ¢6 cau tric ldp phwong voi kich thudc tinh thé trung binh khodng 2.2 nm. Phdn tich
pho PL cho thay cdc dinh phat xa tai 436 nm cua vat liéu ZnS va tai 600 nm la do cdc ion Mn**
pha tap vao mang tinh thé ZnS va thay thé cac nguyén tw Zn. Tur cac két qua tong hop trén cho
thay cdc hat nano ZnS:Mn** la vdt liéu co tiem nang vng dung trong cdc linh viuec nhu myec in
bao mdt, cac diode phat sang (LED), ciing nhw cdc man hinh déo phat sang .

Tir khéa: Cdc hat nano ZnS, tinh thé nano pha tap Mn, myc in bao mdt
ABSTRACT

Nano-particles of without and with manganese doping zinc sulfide (ZnS:Mn2+) with
PVA (polyvinyl alcohol) as stabilizer were synthesized by chemical precipitation method at
room temperature. The structural and optical properties of the ZnS:Mn nano-particles were
characterized by X-Ray diffraction (XRD), field emission scanning electron microscopy (FE-
SEM), energy dispersive X-ray spectroscopy (EDX) and photoluminescene (PL). XRD analysis
showed the formation of cubic ZnS:Mn2+ particles with an average size of 2.2 nm. The PL
analysis revealed the variation of emission peaks from 436 nm to 600 nm with Mn2+ doping,
which suggested the effective energy transfer from the host ZnS material to the dopant Mn2+
ion. The results indicated that ZnS:Mn2+ can be used in the printing ink of security documents
and labels, light — emitting diodes (LEDs), and also in novel flexible photoluminescent display
screen.

Key Words: ZnS nanoparticles, Maganese doped zinc sulfide

1. GIOI THIEU

Céc tinh thé ban din hay con goi 1a cac
cham lugng tir da thu hut nhiéu nhém nghién
clru trong nhitng nam gan day do céc tinh chat
quang doc ddo va cac Gmg dung tiém ning cia
chuing trong céc linh vuc nhu pin mat troi,
man hinh phing phat sang, cam bién, muyc in
bao mat, quang xic tac [1,3,5]. Hau hét cac
chim lugng tir dugc khao sat la nhitng vat
li€u c6 chira géc Cd nhu CdS, CdSe, CdTe.

Tuy nhién, nhitng chim lugng tir nay khong
phil hop véi tmg dung diéu ché muc in phat
quang ciing nhu céc ung dung lién quan dén
suc khoe con nguoi do d§ ddc hai cua Cd [1].
Vi thé, nhiéu nhém nghién ciru da dua ra cac
phuong phép thuc nghiém dé tong hop céc
chdm lugng tir khong chira cac ion kim loai
nang nhu Cd.
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Mot trong s6 cac vat liéu d6 1a ZnS, céac
chdm luong tir ZnS 1a cac hat nano ban dan
thudc nhém II — VI ¢6 nang luong ving cdm
rong (khoang 3,6 eV), ¢ trang thai bay phat
xa dac trung trong khoang 400 — 500 nm va
dac bi¢t phu hop lam vat li¢u chu dé pha tap
céc ion kim loai chuyén tiép nhu Ag?, Cu?,
Mn?,... [3]. Trong truong hop ZnS pha tap
ion kim loai Mn?*, cdc ion Mn?" hop nhét véi
cac tinh thé ZnS va hoat dong nhu cac tdm
phat quang. Phat xa mau cam dugc quan sat
thiy tai budc song khoang 600 nm do su dich
chuyén tir trang thai ‘T, — °A, cua ion Mn**
trén cac vi tri cua Zn**, tai d6 cac ion Mn**
duoc phdi tri tir dién boi ion cac ion S* [4].

Trong bai bao nay, cac cham lugng tir
ZnS pha tap ion Mn?" duoc tong hop bang
phuong phap dong két tua, sa dung PVA
(Polyvinyl Alcohol) nhu 1a chét bao bé mat,
va cac hat nano sau khi tong hop s& dugc khao
sat cau tric va cac tinh chat quang.

2. VAT LIEU VA PHUONG PHAP
TONG HQP
2.1. Vitliéu

Céc héa chat dugc str dung trong nghién
ciru nay bao gdm Zinc acetate dihydrate
(Zn(CH,CO0),.2H,0, 98%), Manganese (II)
chloride tetrahydrate (MnCl,.4H,0, 98%),
Sodium sulfide nonahydrate (Na S.9H,0,
98%), keo PVA (Polyvinyl Alcohol), nudce cat

2.2. Phwong phap tong hop

Céc chdm luong tir ZnS pha tap ion
Mn?* dugc tong hop bang phuong phap
ddng két tua trong moi truong nudc, st dung
PVA nhu la mot chat bao. Cu thé, dung dich
thir nhat gom 5.92 g Zn(CH,CO0),.2H,0,
MnClL,.4H,O (ty 1€ mol Zn:Mn thay do6i tu 0
dén 0. 55) duqc hoa tan trong 100 ml nudc cat
va dung dich keo PVA. Dung dich tht hai gdm
1,55 g Na,S.9H,0 hoa tan trong 20 ml nudc
cat duoc phun nhanh vao dung dich thir nhat,
két tua tring dugc hinh thanh ngay lap tic.
Phan (g xay ra theo co ché sau:

n(Zn(CH,COO0),_2H,0) + n(MnCl .4H,0) +
PVA — PVA — (Zn* + Mn?)_

Intensity (a.u.)

PVA — (Zn** + Mn*") +n(Na,S.9H 0) —
PVA — (ZnS:Mn*")_

Két tua dugc tach ra, rira sach voi nude
cat va ethanol, say kh6 ¢ 100°C trong 4 gio.
B4t min mau trang thu dugc sau khi sy s&
duoc khao sat ciu tric, hinh thai va tinh chat

quang.

3. KET QUA VA BAN LUAN

3.1. Khao sat pho nhiéu xa tia X (XRD)
120

(111) ZnS:Mn

(220)

(311)

20 25 30 35 40 45 50 55 60
2 theta

Hinh 1. Phé XRD ciia cdc hat nano ZnS va
ZnS pha tap Mn

Céu truc tinh thé cua cac hat nano ZnS
va ZnS:Mn dugc x4c dinh thong qua phd XRD
(Hinh 1). Ba dinh nhiéu xa chinh tai cac vi tri
28.75°, 47.77° va 56.8° tuong ing vdi cac ho
mat mang (111), (220) va (311) ctia ciu tric
1ap phuong. Sy mé rong cac dinh phd XRD la
ban chat cua céc tinh thé nano [1,2,5]. Bén
canh d6, pho XRD ciing cho thay khong xuét
hién cac dinh phd cua pha tap chét, diéu nay
ching té rang lugng ion Mn?* pha tap khong
anh huong dén pha tinh thé cua vat liéu nén
ZnS. Kich thudc trung binh ciia tinh thé nano
ZnS pha tap Mn khoang 2.2 nm, tinh theo

094
BcosO’
v6i D 1a duong kinh trung binh cia tinh thé, A
budc song cua tia X (1.5406 z&), B d6 ban rong
dinh nhiéu xa va 0 goc nhiéu xa Bragg.

D=

cong thuc Debye-Cherrer:
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3.2. Khio sat anh SEM va pho EDX

Element (keV) Counts Atoms
s K . 448.82 14.29
50.65 4.46

768.16 81.25

100.00

Zn Mn K
Zn K (Ref.)
frotal

300 4.00 oo 6.00 7.00 8.00 2.00 10.00

keV

(b)
Hinh 2. (a) Phé EDX va (b) Anh FE-SEM
cua cdc hat nano ZnS:Mn

Hinh 2(a) 1 phd phén tan nang lugng tia
X (EDX) ctia mau ZnS:Mn?", tir phd EDX cho
théy su hién dién cua cac nguyén td Zn, S, Mn
trong mau, diéu nay chimg t6 cic ion Mn?*
pha tap hién dién trong pha tinh thé cua vat
liéu nén ZnS. Bén canh d6 con ¢6 su hién dién
clia cac nguyén t6 C, O c6 thé 1a do céc thanh
phan cua chit bao PVA. Anh FE-SEM cua céc
hat nano ZnS:Mn?" duoc thiy nhu hinh 2b,
cac hat c6 bé mat xop va gd ghé do dugc thu
dong boi chat bao PVA, vi ly do niy nén rét
kho xac dinh dugc kich thudce hat ctia mau.

3.3. Khaio sat pho PL
3.3.1.Khdo sat anh hwéng cia ty 1€ Zn/S
1én cuong dd pho PL
Céc hat nano ZnS va ZnS:Mn?* s& duoc
khao st phd quang phit quang (PL) dudi
ngudn laser kich thich c¢6 budc séng 325
nm nhim nghién ctru tinh chat quang va céc
khuyét tat cua ching. Pho PL cia cac cham
lugng tir ZnS tong hop véi cac ty 1¢ mol Zn/S
khac nhau dugc thiy nhu hinh 3. Ty 1¢ mol

83

Zn/S tang tur 1: 0.25, 1:0.5 va 1:1, cuong do
phd PL giam tuong tmg. Pinh phét xa cua ZnS
khoang 436 nm, dinh nay xuét hién do su tai
hop cua céc electron tai mtc donor khuyét S
v6i bay 16 trong tai mic aceptor khuyét Zn
[6,7]. Cudng d6 phd PL cao nhat ting véi ty
16 mol Zn/S = 1;0.25, khi ty 1¢ S tang dan dén
nhiéu nguyén tir S ndm trén bé mit cac chdm
luong tir ZnS, chung sé& bi oxi héa va két qua
1a dap tit phd PL [8]. Ngoai ra, sy md rong
phd cua tit ca cac mau vé phia budc séng hon
500 nm 1a dic trung cta cac trang thai khuyét
S trong mang tinh thé ZnS [7]. Vay trong phan
nay ching t6i di tim duogc ty 18 Zn/S tdi vu 1a
1:0.25, ty 1& nay s& duoc chon dé khao sat anh
huong cua luong Mn?* pha tap dén cudng do
phd PL trong phan 3.3.2.

2000 -
7nS(1.0.25)
Zns(1:05)
15004 Zns(1:1)
o
=
2 1000
[=]
=1
O
500 4

D’ T T T
300 400 500 600 700 800

Buoc song (nm)

Hinh 3. Phé PL tai budc song kich thich 325
nm cua cdc hat nano ZnS dwoc tong hop voi
cdc ty lé Zn/S khac nhau
3.3.2.Khao sat anh hwéng cﬁaon(k)ng do Mn

pha tap lén cudng do pho PL
1600 - -
] Mn
1400

1200

> 1000

)

800

500 +

Cuong do (au

400 4

200 4

| )

I | DO

.‘I \ "
350 400 450 500 550 600 650 700 750 800

Buoc zong (nm)

Hinh 4. Phé PL tai buéc séng kich thich 325
nm cua cdc hat nano ZnS:Mn** vdi cdc ty 1é
Mn?* khdc nhau



Tgp Chi Khoa Hoc Gido Duc Ky Thudt (34/2015)
Truong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

Hinh 4 cho thdy phd phat quang tai nhiét
d6 phong cua cac tinh thé nano ZnS:Mn** véi
nong d6 pha tap Mn?* khac nhau (0, 2.79,
434,591 va 7.61%). Cac mau ZnS:Mn?* ¢
hai dinh ph6 phat xa PL tai hai ving budc
song khac nhau. Pinh phat xa thir nhat tai
budc song khoang 436 nm 1a cia vt liéu nén
ZnS nhu da giai thich & phan 3.3.1. Pinh phat
xa thtr hai tai 600 nm dugc dic trung boi su
dich chuyén ‘T, — °A, clia ion Mn** trong vt
liéu nén ZnS [6,7], khi taing nong d6 Mn** tir
2.79 — 7.61%, cudong do phd PL ctiia Mn?* (‘T,
—°A) cling tang dan va dat gia tri 16n nhat tai
nong do pha tap 4.34%. Tuy nhién, khi ty 1€
ndéng do pha tap cao hon thi cudng do phat
quang giam, nguyén nhan 1a do khi tiép tuc
tang nong d6 Mn?* sé tao ra mot lugng 16n cac
tam phat xa Mn?" trén tinh thé va sy twong tac
cua cdp Mn** - Mn?* lam gia tang qua trinh
phan huy khong phat xa cia Mn?* ¢ trang thai

kich thich, dan dén giam cuong do phat xa cua
Mn?* [8]. Ngoai ra, khi ndng d6 Mn?* pha tap
tang, nhiéu ion Mn?* di vao tinh thé mang chii
ZnS va lam khong gian chira cic ion tréd nén
nho hon dan dén su gia tang truong tinh thé
va ning lugng dich chuyén giita cdc mirc T, -
°A, cﬁq Mn?* giam, gdy ra su dich chuyén do
cua pho PL [7,8,9].

4. KET LUAN

Céc hat nano ZnS:Mn** duoc tong hop
thanh céng bang phuong phap dong két tua
trong dung méi nudc, st dung PVA nhu la
chit bao bé mat. Cac hat nano ZnS:Mn?* ¢d
cdu tric 1ap phuong. Sau khi pha tap Mn*,
dinh phd phat xa cua cac ion Mn?* tai 600 nm
tang dan va dat gia tri cao nhit tai nong d6 Mn
pha tap 1a 4.34%. Tir cac két qua phan tich
trén cho théy, cac hat nano ZnS:Mn?** ¢é tiém
nang tng dung trong diéu ché muc in bao mat
va cac man hinh quang dién.
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