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BAI TAP QUANG PHO LASER TREN LOP CAO HOC QUANG
PIEN TU K18

Bai 1: Mot dich chuyén birc xa dwoc phép clia mot ion quang cho tr wéc trong chét rén co thoi gian
song la 10ns. Hay xac dinh do ma rong dong déu ctia n6 va gia tri tai dinh g(v) ciia dang vach pho
dong déu va khong dong déu.

Giai

Theo hé thirc bat dinh Heisenberg: Av.At < %n

= D6 md rong dong déu cua dich chuyén birc xa:

vat oot 1 6107(Hy=16(MH2) (Nhic: 1 MHz = 10° H)
2n. At 2.314.10.10 6,28.10
Gia tri tai dinh cla dang vach phd dong déu duwoc xac dinh dwa vao cong thirc duong vién

Lorentzian:
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2n
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Gia tri tai dinh cla dang vach phd khong dong déu d woc xac dinh dwa vao cong thirc duong
vién Gaussian:
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Bai 2: Mot phép do Quang phat quang cla vat liéu khéi ban dan CdS c6 dd rong v ting cdm Egq =
2,42(eV). C6 hai nguon laser la: laser Ar* (\; = 514,5 nm) va laser He-Ne (\, = 632,8 nm). Laser
nao st cho két qua pho phat quang tot hon néu cong suét ctia 2 laser nhw nhau? Giai thich vi sao?
Giai
Néu cong sudt cta hai laser nhw nhau, thi laser Ar* (\; = 514,5 nm) s& cho két qua phd phat
quang tot hon laser He-Ne (A, = 632,8 nm).

Giai thich:

Nang lugng twong ng cla hai nguon laser la

+ Laser Ar" (\; =5145nm): E, = 1240 _ 1240 2,4101(eV )
A, (nm) 5145

1240 1240
A,(nm) 632,8

Mat khac, do rong ving cdm Eg4 clia vat liéu khdi ban dan CdS | & 2,42¢eV .

* Néu ban dan CdS latinh khiét, tic la khdng bi pha tap va khéng bi lan tap chat, thi véi hai
nguon laser & trén, chi c6 ngudn laser Ar™ (xem nhw E; = Eg) méi c6 kha ndng kich thich cac dién tir
thirc hién dich chuyén tir ving hoéa tri 1én ving dan, khi cac dién t& tai hop moi phat ra birc xa, day
chinh la phd phat quang dac trung cho vét liéu CdS mata sé ghi nhan dugc. Con véi ngudn laser He-
Ne thi nang lvgng photon téi khong bi hap thu (do E; < Eg), do vay khong cho phd phat quang dac
trwng cho CdS.

+ Laser He-Ne (\, =632,8 nm): E, = =1,9595(eV )

\Ving dan

2

M/ Phé phat quang

Vung hoa tri

* Néu ban dan CdS khong tinh khi ét, tirc 12 bi pha tap hoéc bi lan tap chat, ding hai ngudn laser
trén déu st cho biét thong tin vé cac tap chat dwa vao pho phat quang. Tuy nhién, ngudn laser c6 nang
lvong cao hon (& day lalaser Ar™) s& cho biét nhiéu thong tin hon vi nd 6 kha nang kich thich dién tr
nhay 1én cac mic sdu hon madéi véi ngudn laser nang lugng thap hon khong thé nao kich thich duoc.
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\Vung dan

E. T Muc tap chat

MUrc tap chat

WA

Eg =2,42eV % EEHES Phé phat quang
|

E,

Toém lai, v&i hai ngudn laser c6 cong sudt nhw nhau, ngudn laser c6 nang lwong cao hon sé cho
két qua pho phat quang tot hon.

m
N}

E

\Vung hoa tri

Bai 3: Dung ngudn laser Ar* (A = 400 nm) kich thich mot m&u vét liéu phat quang. Cong suét cla
laser P = 100 uW. Gia st hiéu suét phét quang n = 0,1; hé s6 hinh hoc kq = 10° va cwong do phat
quang c6 thé phat hién dwoc 1a 10° photon/giay. Xac dinh mat do quang tdi thiéu cta phép do
quang phét quang.

Giai

(Ghi cha thém: Theo gid thiét: A = 400 nm; P = 100 uW; n = 0,1; kg = 107 (lep)min = 10°
photon/giay)

Nang lvgng clia moi photon toi:

E - 1240 1240

=——=31(eV)=31.16.10"(J )=4,96.10 " (J
A (nm) 400 ( ) L ( ) ( )
Cuong dé anh sang toi:
P 100.10°
0T T i omr1A 19
E, 4,96.10
Mat do quang t6i thi€u clia phép do quang phét quang:

~ 2.10" (photon/giay)

lem) ?
(OD) U)o 1014 ~=5.10"
" nlk, 0121010

LGOI GIAI MOT SO CAU HOI TRONG CAC
DE THI QUANG PHO LASER

i

a> Quang pho laser (Hap thu, Blrc xa, Phan xa va Tan xa) cung cdp cho ta nhirng thong tin
gi? Giai thich vi sao quang pho laser lai c6 dang la ham Lorentzian hoac la ham Gaussian.

b> M6t dich chuyén blrc xa clia mot ion quang trong vat ran cé thoi gian song | a 10ns. Xac
dinh d6 m& rong dong déu va gia tri tai dinh clia dang vach phé dong déu v a khong dong déu.

Giai

a> Quang pho laser (Hap thu, Blrc xa, Phan xa vaTan xa) cung cap cho ta nhitng thong tin:
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* V& mat dinh tinh:

+ P0i voi chat ban dan, cho biét do rong v ing cdm ciia chéat ban dan, tir d6 biét d woc vat
liu phan tich la chédt ban dan gi (Hap thu, Burc xa).

+ Cho biét sy hién dién cla cac tap chat, cac sai hong, khuyét tdt co trong mau (Hap
thu, blrc xa).

+ Cau trdc héa hoc, thanh phan hoa hoc, trang thai lién két, trang thai dao dong phan ti
hay nguyén tr cla mau (Tan xa).

+ Trang thai bé mét, cdu trdc bé mat, cac li én két trén bé mat clla mau (Phan xa).
* Vé mat dinh luong:

+ Nong do tap chat, mat dé khuyét tat, sai hdng c6 trong mau (Hap thu, Birc xa) .

+ Loai cu tric, thanh phan phan trdim hay ham lwgng cia chét héa hoc ¢6 trong mau v a
mtrc do lién két phan ti hay nguyén tir hay mic d6 dao dong ctia phan tir (Tan xa).

+ Mrc do lién két, dd gd ghé, do bam dinh bé mét clia mau (Phéan xa).

Giai thich Quang phd laser lai c6 dang laham Lorentzian hodc la ham Gaussian:

(a)

(b)

g {v) (Arb. Units)

()

Vo
v (Arb. Units)

Tabiét rang, phd xuét hién lado si dich chuyén birc xa clia dién ti tir mot mic ning | vong cao
vé mirc nang luong thap hon (hay su dich chuyén héap thu tr mot mae nang | wong thdp 1én mic nang
lvgng cao hon). Binh phé ly twdng 1a 1 vach thang (hinh a). Tuy nhién, trong thuc té, dinh phé khong
phai 1 mot vach thdng maludn c6 mot do mé rong nhét dinh (46 mé rong Lorentz ian (hinh b) hay do
mo rong Gaussian (hinh c)). Diéu nay cd thé duoc gii thich tir nguyén ly béat dinh Heisenberg:

Av .At < ln
2

Tie 1a & mic nang lwgng cang cao thi thoi gian s6ng cla dién t& trén mic do cang thap va
nguoc lai. Noi cach khac, moi mic nang lvong khong phai 1a mét mirc duy nhat malagdém nhiéu mic
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nhd sat nhau, véi mirc nang lwvong cang cao thi si tdch mic nay cang nhiéu. Vi vady ma Quang pho
laser ghi nhan duoc ludn cé 1 d6 mé rong nhat dinh, ¢ dang laham Lorentzian hodc la ham Gaussian.

b> (Gi6ng bai 1trang 1 BAl TAP QUANG PHO LASER TREN LOP)

2/ Néu nhirng wu diém khi dung ngudn sang laser kich thich trong cac phép do quang pha.

Giai

Ngubn sang laser c6 4 tinh chét ndi bat, d6 1a: cwdng do 16n, dd don séc cao, tinh dinh hudéng
cao va co tinh két hop. Khi dung nguodn sang laser kich thich trong cac phép do quang phé sé cé nhiing
wu diém sau:

+ Vi ngudn sang laser ¢6 cuwong do 16n nén phét quang tlr mau cling c6 cuong do 16n, dé dang
ghi nhan, dac biét 1a d6i vai nhitng hop chét phat quang yéu.

+ Vi ngudn sang laser c6 tinh don sac cao nén dé dang thuc hién trir phd trong trudng hop phd
cla laser xuét hién trong ph6 ctia mau vat ghi nhan d woc.

+ Ddc biét tinh két hop vé khong gian vathoi gian clia ngudn sang laser gitp cho phd ghi nhan
c6 do phan giai t6t, dé dang phan biét hai dinh phd sat nhau, ddng thoi, c6 thé phét hién d voc nhitng
quatrinh xay ra rat nhanh (vi du hién twgng héap thu 2 photon,...).

+ Tinh dinh huéng cla ngudn laser tao diéu kién thuan loi khi thao tac, bd tri, diéu chinh hé
guang hoc khi do dac, tranh hao phi, mat mat.

Noi chung, str dung ngudn sang laser kich thich gitp tang dang ké do chinh xac trong cac phép
do quang pho.

3/ Tt ph6 Quang phéat quang véi ngudn kich thich laser (A = 300 nm) va ph6 hép thu cda tinh thé
nano ZnO trong ethanal, biét rang dd rong vung cdm cla vat liéu khoi ZnO la 3,37 €V. Hay hién
luan két qua tlr pho treén.

2.2

emission intensity
aoueqlosqe

| | 1 I | | I

1.5 2.0 2.5 3.0 3.5 4.0 4.5 2.0

energy (eV)
Giai
Nguon laser kich thich (A = 300 nm) twong ¢ng v&i nang lvgng 4,13 eV.
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+ Trudc hét, tir ph6 hap thu (dwdng bén phai), néu kéo dai dwong thing di qua bo hap thu thi
giao diém cta nd véi truc hoanh sé cho biét do rong vung cdm cua tinh thé nano ZnO. Gia tri nay vao
khoang 3,45 eV, ttrc 16n hon do rong vung cdm cua vét liéu khéi ZnO (Eg = 3,37 eV). Nhu vay, viéc
thu nhd kich thwdc tinh thé ZnO dén mikc nano dalam tang do rong ving cam.

+ Duong bén tréi tvong (ng véi phd phat quang. Ta cd thé thdy 2 dinh pho tai hai vi tri nang
lvong bic xa la 2,2 eV va 3,4 eV, trong do, dinh 2,2 eV cao gan gap 3 lan dinh 3,4 eV, tic la cuvong do
blrc xa 2,2 eV 16n gan gap 3 lan cwong do birc xa 3,4 eV.

- Binh phé 3,4 eV twong (ng véi dich chuyén dién tl tir day v Ong dan vé dinh ving hoa
tri. Dich chuyén nay cho biét dd rong ving cdm cua tinh thé nano ZnO 1a 3,4 eV. Tathay gia tri
nay nho hon so vai gia tri do rong viung cdm thu duoc tir pho hap thu (3,45 eV). Su khac biét
nay co thé la do hiéu tng dich chuyén Stokes, mot phan nang lvong hap thu chuyén sang cho
phonon (dao déng mang tinh thé) nén phd phat quang ludn bi dich vé phia nang lwong thap so
voi pho hép thu.

- Binh ph6 2,2 eV tuwong (ng voi dich chuyén nhé hon nang lvgng ving cam, tic la
dich chuyén c6 s tham gia clia mtc tap chéat (hay mitc bay do sai hong hodc khuyét tat mang)
nam gitra ving cdm. Mac khéc, cuong do cta dinh phd nay lai 16n hon nhiéu so véi dinh 3,4 eV
nén co thé noi rang néng do tap chat (hay sai hong) 1a twong déi nhiéu, 1am cho dich chuyén
vung-tap chét gitr vai tro chd dao so véi dich chuyén v ting-ving.

Céc qua trinh hap thu va phét quang co thé duoc biéu dién bang gian do vung nang lvong nhu

dudi day:
it
R -
by Vung dan
i . ’
‘ T 2
c RESRESR
Eg B | % 2,2eV
Vung hoa tri

4/ Vat liéu TiO, duoc trng dung nhiéu trong thuc tién, voi cau truc tinh thé ctia nd cé cac dang sau:
vd dinh hinh, Brookite, Anatase, Rutile (xem phan tham kh&o bén dwéi). Tuy thudc vao muc dich
tng dung, vi du nhu dang vo dinh hinh c6 thé (ng dung trong truyén dan séng phang, dang
anatase c6 thé (rng dung trong xuc tac quang, (rng dung trong xt ly médi tr wong, dang Rutile cé thé
(rng dung trong cdng nghiép, v.v...

T phé Raman khao sat theo nhiét dd clia mau bot TiO, téng hop tir phwong phap sol-gel.
Hay bién luan két qua tlr ph6 Raman.

Céc dang cdu truc tinh thé ctia TiO
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. Intensité (A.U)

Intensité Raman (A.U)

Céc dang cau trdc cla tinh thé TiO,

TiO, Band Gap

Anatase: 3.2 eV
. L

Rutile: 3.02 eV ..

Brookite: 2.96 eV

S. Banerjee, 2006 Bmkitj@%w&b

Giai

+ & nhiét do tir 100 dén 300°C, mau két tinh & dang vo dinh hinh.

+ Khi nung dén nhiét do 400°C, xudt hién c4c dinh phd déc trung cho céu tric anatase

+ & 600°C, van co dinh dic tring cho cdu tric anatase nhwng cwong do yéu hon, thé hién mat
do cdu trac anatase bi giam

+ Dén 700°C, bén cac dinh phé clia cau tric anatase, con xuat hién thém céac dinh phé thé hién
cau trac rutile nhung véi cudng do yéu. Nhu vay, & 700°C, mau thé hién cau tric hdn hop anatase va
rutile.

+ & 1000°C, thé hién cac dinh phd déc trung cho céu tric rutile c6 cwdng do manh.

Két luan:

SPeEREETRRRSSTR RIS ERRR

BRSSPI PREAN NS ES PR EAY SRR RAG AR RURORRS

FERSBTREDIENYRES
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Mau bot TiO, & nhiét do du6i 300°C thé hién cdu tric vo dinh hinh; tir 400°C dén 1000°C thé
hién cau tric dac trung clia anatase hay cau tric hon hgp cla anatase v a rutile; trén 1000°C, c6 su
chuyén doi hoan toan tir cdu trlic anatase sang cau truc rutile.

5/ Mot laser Ar® hoat dong tai budc séng 488 nm, khoang cach gilra 2 guong la 1,5 m va bé rong
ctia vach phé 1a 8v = 5.10° Hz. Xac dinh su tach tan s6 Av gitta nhitng mode ké nhau va xac dinh s6
mode N.
Giai
Su tach tan s6 Av gilta nhirng mode ké nhau duoc tinh theo cong thirc:
8
v=C =310 _16° (Hz)=100(MHz)
2L 215
S6 mode N:
9
N =Y 2105
Av 10

6)
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Tir ph$ thire nghiém hip thu va quang phét quang ctia mét chét nano ban dﬁn. PbS, gidi
thich vi sao pho quang phét quang lai bi dich vé phia néing lugng thap hon so véi pho hap thu ?
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Hiv xét he har e duoe bieu dien trong hinh (a) (ng vl mdt ion quang
hoc trong mot mang tinh the ion. Hai muc nang luong nay 1a hé qua cia
viec 1on quang hoc va cac ion 1an cin cia no dwoc dat ¢ ¢ac Vi tri co dinh
(mang cung). Tuy nhien, cning ta biet 1ang cac ion trong chat 1an dao
dong xung quanh vi tri ¢an bang cua chang, do do khoing cach giita cac
ion thay doi theo thoi gian. dao dong quanh c¢ic vi tri ¢ an bing. Vi the,
clning ta phai xét vai tro cua cac ion lan can trong dich chuyen quang hoc
cua hai imic ning lvong Ih,:. lam du-u do, clning ta g;n f':u mat legng cach (7/% )
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