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PHO RAMAN CONG HUONG

. Cosdlythuyét

Quang phd Raman cd rét nhiéu (ng dung trong doi séng cling nhw khoa hoc k¥ thuat, tuy
nhién trong Raman thv ong véi cwdng do rat yéu cung véi su sai so 16n, diéu nay s anh
hwang dén két qua trong nghién ctu st dung quang phd Raman. D& khac phuc hién tuong
nay ngwroi ta da nghién ctru ra phwong phap FT raman ( day la phwong phép d woc dung
thong dung ctia quang phé raman ngay nay ) tuy nhién cé nhirng chat khong xay ra hién
tong raman binh thwdng, hodc xay ra voi cuong do rat nhd, khong thé xac dinh duwoc
bang FT raman. Vi thé raman cong hudng layéu t6 can thiét khac phuc yéu diém trén, vi
trong raman cong hudng cuong do sé dwoc tang cwdng hon nhiéu lan so véi raman
thuong
Trudc hét chlng ta sé giai thich sy hinh thanh quang phé Raman thudng theo ly
thuyét co dién. Khi chiéu mot chum anh sang ( séng dién tlr ) vao mau thi crong
do dién truong E bién thién theo thoi gian t nhu

E = Ep cos2mtvot D

Trong do Eq la bién d6 dao dong va v, latan s6 laser. Néu mot phan tir hai nguyén

tlr dwoc chiéu xa béi anh sang nay thi mot moment luéng cuc dién sé xudt hién do cdm
(rng ¢ dang sau :

P=aE = a Ej cos2mv,t (2

Trong d6 o lahdng s6 ty 1& dwoc goi 1ahé s6 phan cwc. Néu phan tir dao dong véi
tan sO v, thi si dich chuyén g clia hat nhan cé dang sau :

g = Qo COS2mtV it ©)]

Trong d6 q la bién dd dao dong. V6i bién do dao dong nhd, a. mot ham tuyén tinh
theo g. Do d6, chiing ta c6 thé viét :
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a=0,+|— | g+... 4
0 [ aqjoq (4)

Trong d6 o, |& hé s6 phan cuc & vi tri can bang va (a/oq), laty s6 gitra sw bién
thién cla a theo bién d6i clia g duoc tinh & vi tri can bang.

KEt hop (2) voi (3) va (4) ta duoc :

P =aE, cos2nv,t

=0a,E,cos2nvt+ (Z—Zj gE, cos2mv ,t

0

oo ©)
=0a,E,cos2nvt + a_q g,E, cos2mvt cos2mv t

0

=0 ,E, cos2mv,t + %[Z—Zj a.E,[cos{2n(v, + v, )t}+cos{2n(v, - v, )t}]
0

Theo ly thuyét c6 dién, so hang thir nhat md ta mot | wdng cuc dao dong mano birc
xa tan s6 vq (tén xa Rayleigh); s6 hang th& hai la twéng (ng v6i tdn xa Raman véi tan s6
Vo * Vi, (phan stokes) vavg - v, (Stokes).

NEu (0o/oq)q |a z&-rd thi sy dao dong khong thé tao ra phd Raman. Noi chung, dé
c6 ph6 Raman thi ty so nay phai khac khong. Cac mirc tao ra quang phd Raman dwoc goi

lamirc 4o va crvong dd Raman la mdt ham theo tan s6 v nhu sau
4 2
I mn Cl 0'(V0 _an) . E’ ‘(OL pc)mn ‘

Trong cong thirc (4) viéc khai trién taylor — maclaurin chi ding khi a nho. Trong
treong hop o 1n thi hé s6 phan cuc sé duoc khai trién theo Kramers — Heisenberg nhuw
sau

h S \ve,—Vo+il, v, +v,+il, (6)

(apo)mnzlz M M, N M M,
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Vem VA Ve TaN s6 dich chuyén m-evae -n

h : Hang s6 Planck

M mes Men: Moment dich chuyén dién

il hé sG tat dan

Tl biéu thirc ( 6 ) ta thay khi tan so kich thich v tién dan dén tan so dich
chuyén dién tlr v ne hOdc Ve, thi hé sO phan cuc sé tién téi cwc dai khi do sé xay ra
hién tvong Raman cong hudng. Nhu vy tan xa Raman cong hudng xay ra khi mau
dwoc chiéu xa vach kich thich c6 nang lwvong twong tng v6i nang lwgng cla dich
chuyén dién t&r cila nhdém mang mau trong phan tt. Dudi diéu kién nhu thé, cwong
d6 cla cac dai Raman c6 ngudn g6c tr nhém mang mau nay dwoc tang cudng mot
céch c6 chon loc tir 10° d&n 10° 1an. Sv loc lva ndy rat quan trong cho viéc xac dinh
cac dao dong clia nhém mang mau nay trong pho ma con cho viéc xac dinh vi tri
céc dich chuyén dién tr ctia n trong phd hép thu.

Trén hinh 1 1amb hinh c&c mic 4o clia Raman cdng hudng (’ng véi hai vach
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Trén so do hinh 1 tathdy Raman cong hudng xay ra voi cac mic ao rat gan
vOi cac mirc chuyén dong dién tir vi vay cau hdi dat ra

1, Nguon kich thich nhu thé nao dé do dwoc mirc do clia mirc chuyén dong
dién t&r nham tao ra sw cong hudng ?

2, Céc mic 40 nay rat gan véi mirc dién t nhw vay sé dé sinh ra huynh
quang vay lam sao dé khic phuc dwoc hién tueng huynh quang ?

3, Hé s6 phan cuc trong Raman cdng hwéng duoc tinh toan nhu thé nao ?

Trén day la 3 cau hoi duoc quan tdm nhiéu khi nghién ctu hién twong
Raman cdng hudng. Ching ta sé di gidi quyét tinh cau hoi do.

1, Nguon kich thich nhu thé nao dé do dwoc mirc &0 ctia mirc chuyén dong
dién t& nham tao ra sw cdng hudng ?

Nhw danoi & trén viéc tao ra Raman cong hudng can phai c6 mot tan s6 nao
do tién dén tan s6 dao dong dién ttr ( tién cong hudng ) vi thé néu dung ngudn kich
thich binh thuong sé rat khé dé tan s phu hop voi tan s6 dién tl, viéc nay doi hoi
phai ¢ mdt thiét bi ngudn véi ddy phd rong ( nhiéu peak ) nham do ra dwoc peak
xay ra cong hwdng. Thiét bi cho ra nhiéu peak trong d &y rong doé chinh lalaser mau
hay con goi la laser diéu huwdng ( laser do)

Laser mau laloai laser vai budng cong hudng chira dung dich mau, khi ding
mdt chum laser don séc kich thich vao dung dich mau, s& sinh ra mat do dao 16n &
trong dung dich mau va sinh ra.chum laser v i do rong pho 1dn, thong qua hé théng
lang kinh sé cho chum laser ravéi cac peak khac nhau. Trén hinh 2 [amd hinh don

gian hoat dong cua laser mau
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Howw Laser Analysis WWorks

Laser-induwuced
Breakdoyswn
Spectroscopy”

Nhu vay véi nhiéu peak tir laser mau s& gilp chdng ta dé do ra dwoc tan s6
(ing V@i tan so6 dién t& sinh rahién tvong cong hudng

2, C&c mirc a0 nay rat gan voi mirc dién tr nhw vay sé dé sinh ra huynh
quang vay lam sao dé khic phuc dwoc hién tveng huynh quang ?

Viéc khac phuc hién twong huynh quang trong Raman cong hwdng larét can
thiét vi c&c mirc do rat gan voi mic dién tlr, cAc mirc dién t&r nay S8 sinh ra huynh
guang c@i cuong do 16n sé lan at cac vach Raman cong h wéng

Co6 3 phuong phép “ diét “ huynh quang théng thwdng

- Néu mau la chét khong phat huynh quang thi cin phai 1am sach

nhitng tap chdt phat huynh quang trong mau nhu lam sach cuvet,
khong dung nhitng chét phat huynh quang chita mau, khong diing
cuvet phat huynh quang chira mau
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- D3&i voi mau phat huynh quang thi ta co thé dung kali iodua hay thay

ngan tuy nhién cach nay khdng t6t vi thily ngan la chat rat doc hai

- Dung laser v&i xung cuc ngan. Nhw chiing ta biét thoi gian sdng clia
dién t&r d& phat huynh quang khoang & 10®s néu ta ding ngudn laser
vGi xung kich thich rat ngan khoang 10 ™** — 10"%s s& 1am cho dién ti
khong kip dé phat huynh quang. Bay la mdt cach diét huynh quang

rat hiéu qua va duoc dung nhiéu

Hinh vé diroi day 1a mo hinh tong quéat cla thiét bi raman cdng hwaéng.

1. Nd:YAG laser
2. Raman shifter
3. Nd:YAG laser
4. Dye laser

5. Pulse generator

6. Dichroic mirror
7. Sample stage
8. Filter stage

9. Specirometer
10. ICCD detector
11. Computer
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3, Hé sd phan cuc trong Raman cong hudng dwgc tinh toan nhu thé nao ?
Trd lai khai trién Kramers — Heisenberg ta co

1 M M, M M,
(apo )mn = h Z [v + ] (7)

5 en— Vot v +vy,+II,

Khi vg tién t¢i Ven thi &@ mau sd tién tdi vo cung nhd va hé sé phan cuc a tién t¢i vo
cung, khi d6 so hang tht 2 trong khai trién dwoc lvgc bo. Hé s6 o duoc duoc viét

lal nhu sau

e Vg —Vo +II,

(@) =%Z[Mj (8)

MHE:I‘P;HG‘Pedt (9)

Khi d6 ta c6 thé viét hé sd o theo p nhw sau

_ Lo [Ty T VXV TG Jen [M)
(@50), -er:( v. —vo+iL, j (10)

Ap dung cong thirc tinh téa gan ding doan nhiét va phuong trinh toan 1y (

giao trinh toan cho vat ly ) ta cé
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Thé vao phwong trinh (10) ta ¢ thé viét anpha duéi dang rdt gon nhu sau

(ocpc )mn =A+B (1)
S6 hang A, B duoc viét nhu sau:
axmzly UV (12)

h<$' v, —v, +il,

v g L GIQIVIV]i)+(i IvvIQli)
BZ'v'e'v"*hzvl Vi~V +iT, (13)

A cho chiing ta biét sy d6i x(rng hoan toan, B d6i xtrng khéng hoan toan.Théng qua hinh
anh clia raman cong huéng ta sé biét dwoc raman cong xudt hién la sd hang A hay B va
biét dwoc thong s6 vé mau ( théng s6 v mau d woc trinh bay rét rd trong sach raman nén

minh khéng neu ra, tng v&i moi phd déu cho ta biét do 1a chit gi, vaxay rad A hay B)



