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Quang phd Raman phan giai thoi gian (Time-Resolved Raman Spectroscopy)
1. bat van deé:

Trong cac PUHH céc tac nhan phai trdi qua nhiéu giai doan (PU trung gian) m¢i di dén san
pham cudi cung, gira cac PU nay tao ra céc chét trung gian co thé 1a phan ttr, nguyén ttr hoac ion ...
& trang thé kich thich c6 thoi gian séng rat ngan c& nano hodc pico gidy (nhung van dai hon nhiéu
so véi cac dao dong phan t&r c& 10s).

Néu chét trung gian & dang nguyén ti, thwdng tao ra bang céch kich thich cac nguyén tir dé cac
dién tlr trong cac nguyén tlr chuyén Ién trang thai kich thich, cac dién tlr 8 & trang tha kich thich
khoang 10 s rdi thuc hién chuyén muc. Vi thoi gian dién ti & trang thé kich thich quéa dai so v6i
thoi gian ton tai clia nguyén tlr nén ta khong thé quan sat dwgc pho clia ching (nguyén tir bi phan
hly triedc khi cac dién tir thwe hién chuyén mirc).

NEu chét trung gian & dang phan tt, vi thoi gian ton tai clla phan t&r & cac trang thai kich thich
(10 s) nhé hon so véi thei gian ton tai clia chinh phan t& (10 s) nén cé thé sir dung phwong phap
quang pho raman cong hudng dé nghién clru phd clia né va nhan biét s c6 mat clia nd trong qua
trinh xdy ra cac PUHH. Tuy nhién vi thoi gian ton tai va thoi gian & trang tha kich thich cla cac
phan tlr nén pho phét ra khong rd rang vi chi mot sb it cac phan ti thwe hién dwoc chuyén mirc trirdc
khi bi phan hay.

Dé gidi quyét van dé nay, ching ta phai bd sung thém mot so co cdu dac biét dé tap trung céac
phan tr & mot mirc dao dong co ban cla trang thai dién tt kich thich th* nhat (la mirc can nghién
clru) that nhiéu, roi sau dé diing mot nguon laser kich thich dé cac phan tir nay chuyén Ién gan céc
mirc dao dong clia trang thai dién ti kich thich thi hai. Khi tlr cac mirc trén (ao) chuyén xudng céc
mirc dao dong clatrang thai dién ti kich thich thir nhat, cac phan tlr s& phét ra pho cd cwong do du
dé cb thé quan sat dvoc. Trong co cu dac biét nay quan trong nhat 1abd phan quang hoc dé tri hodn
thoi gian phat clia cac xung laser nén phwong phap nay du oc goi la phwong phap quang phd Raman
phan giai thoi gian (tri hodn thoi gian truyén clia cac xung laser dé phan giai vach pho).

2. Nguyén ly do:

To latrang thai dién tl co ban, T,latrang thai dién t& kich thich thr nhat, T,latrang thai dién
t&r kich thich tht hai, thoi gian sbng clia phan ti & céc trang thai dao dong thdp nhét 1a 10® dén 107
s con thoi gian sdng ctia phan tir & trén cac mitc dao dong 1a10™* s. D& tap trung that nhigu cc phan
tl 1én mic dao doéng co ban cla trang thai dién tir kich thich thir nhat, ching ta can pha vao mau
nghién clru mdt chét c6 so d6 mirc nang lwgng & trang thai dién t& kich thich thir nhat S1 gan gidng
vGi mau do. Sau do dung mot xung laser (goi la laser bom) cé tin s8 v, twong tng véi hiéu nang
lwvong gitra cdc mirc S; va Sy dé bom cac phan tl tir trang thai Sy lén S,. Tr S; céc phan tlr sé thuc
hién chuyén doi khong blrc xa dé tap trung tai T,. Cudi cung dung mot laser thiv hai c6 tan so v (goi
lalaser do) dé kich thich cac phan tir dang tap trung & mirc T, 1én gan cac mirc dao dong & phiatrén
T,. Khi do tan xa Raman cdng hwdng s& xay ra, pho phat ra cé cwong do di I6n dé quan sat. DEé cac
phan tir co thoi gian tap trung tai mirc T, nhiéu nhat ta cho laser do phét tré hon laser bom mot
khoang thoi gian bang hai co cdu :

Co cdu dién t&: cho hai laser di qua mach dinh thoi dé ching phéat xung léch nhau.

Co cau quang hoc: laser do duoc cho di qua m6t mdi tredng ¢ chiét suat n, van téc cliand sé
cham hon khi di trong khong khi n 1an vi vay n6 s& phét tré hon laser bom.

Nhitng xung laser nhu Nd:YAG va laser excimer thv ong dwoc str dung trong thi nghiém bom
tham do vira dwoc dé cap. Vai dac diém clia cac laser trén la danh sach trong bang 3-1. Mac du tan
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Cao hoc Khda 19 2/9 Quang ph6 Raman

SO co ban clia laser Nd:YAG 141064 nm, tan s nay co thé duoc nhan [én bang céch dung tinh thé
phi tuyén tinh, nhu 1a KDP (kali dihidro photp hat), dé thu dugc hoa am thi hai (532 nm), thi ba
(355 nm) vatht tv (266 nm). Hon nira, mot khodng réng xung bic xa vung kha kién va ttr ngoai cé
thé duoc tao rabdi cac hoa am trén bang bom laser mau hodc dung mdt bd dich chuyén Raman
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Bing 3-1| M6t sd tinh chit ciia Laser Nd:YAG va Excimer

Nd: YAG: Téc d6 dap (mg 2-40 Hz, d6 réng vach phé < 1 em~!(<0.2em™! véi guong budng céng
huong chuédn), Goéc phén ki < 0.5 mrad.

Budrc song 1,064 332 355 266
Ning lrong/ xung, ml] 280 110 50 20
B¢ rong xung, ns 9 7 6 5
Cong suit dinh, MW 30 15 8 4
Cdng suat trung binh, W (tai 10 Hz) 28 1.1 0.5 0.2

Excimer: Toc d6 dap tmg 0.1 -100Hz, goc héi tu cua chiim 5-10 mrad, kich thudt chum
10 x 25mm, dd réng vach phd 10-30cm !

Mai trudng Laser XeF N XeCl KrF  KrCl  ArF F;

Budc séng, nm 351 337 308 249 222 193 157

Nang lwgng/xung, mJ 400 16 500 1,000 100 500 15

D§ réng xung, ns 14 6 10 16 9 14 6

Cong suit dinh, MW 28 3 50 60 11 35 2.5

Cong suat trung binh, W (tai 10 Hz) 4 0.1 5 10 | 5 0.1
3. Thiét bi do

Hinh 3.24 cho thdy sy sip xép dé thu duoc phd Raman cong hwdng phan giai thdi gian cla
carotenoid trang thai kich thich dwoc Dallinger str dung. Trong mot thi nghiém cta ho, laser |1 (355
nm) dwoc sir dung dé san xudt ra phéan tir trang thai T1 thdng qua su kich thich clia 1 chat lam nhay
(anthracene) va tiép theo chuyén giao nang lwvong cho carotenoid. Laser | (532 nm hodc laser mau
555-610 nm) dwoc str dung dé thu phé Raman cong hudng clia carotenoid vach (mirc) ba. Thoi gian
tré thich hop gitta bom va xung do duoc xéc dinh bdi thoi gian can thiét dé tich Ity dd mat do &
trang tha T1. Trong thi nghiém ndy mot sy cham tré dai (micro gidy) la can thiét cho 2 laser riéng
biét dwoc |am viéc dé kich thich va thdm do. Sy cham tré c6 thé dwoc thuc hién bang dién bang céach
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kich hoat hai laser tuan tw (mach thoi gian H3.24). Néu can thoi gian cham tré tvong déi ngan, mot
duwdng tré quang hoc nhu trong H3.24 ¢6 thé duoc lam viéc (vi du, mot s khac nhau ba meter trong
do dai dwong truyén gay ra mot thoi gian tré 10 ns). Trong mot s8 truong hop, mot sy cham tré 1a
khong can thiét vi trang tha kich thich can quan tam c6 thé dwoc tao ra bang do rong xung don (10
ns). Sau dd, dinh chinh clia xung dvoc ding dé bom va phan con lai dé tham do.

Mac du cdng suat cuc dai clia laser bom phai cao, cong suat ctialaser do phai gilr thap dé tranh
hiéu &ng phi tuyén (hap thu nhiéu photon, tan xa Raman kich thich) va dién méi bi héng (ion héa
céc phan tr) gay thiét hai cho mau. Nhu vay, tin hiéu trung binh clia nhiéu xung (tan so 14p lai cao)
co thé thu duvoc song ratio S/N chdp nhan dwoc. Cac dau thu nhiéu kénh nhw ISPD va ISIT duoc sk
dung b&i vi hiéu qud trong viéc tiép nhan va xt ly dir liéu. Két hop voi modt may thu da kénh, mot
may don séc da kénh nhu may quang ph& ké Spex Model 1870 dwoc sir dung. Mot may don sac ba
cho mdt anh sang tan sac loai bo t6t hon.
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4. Ung dung
Hinh bén cho thdy quang ph6 Raman A S
cdng hudng clia canthaxanthin & trang thai Sy I

va T, dwgc thu nhan bai Dalinger. Pho &
trang thai co ban (danh dau a) dua ra hai dinh
phé 1155 va 1519 cm™ duoc gin twong ung
véi C — C. Pho & trang thai kich thich (danh
ddu c¢) cho thay nhitng dinh phd trén dich
chuyén khoang 27 cm™ vé phia tdn so thap
(twong (ng véi 1129 va 1491 cm™) so véi
trang thai co ban. M.O tinh toan dy doan rang
& trang théd T,, lién két C-C bi rat ngén trong
khi lién két C=C bi kéo dai. Sau d6 dinh 1519
cm™ phai bi dich chuyén xuéng, ngwoc lai
dinh 1155 cm™* phai bi dich chuyén lén, di tr
trang thai Sy dén T,. Tuy nhién ca hai dinh nay
dugc phat hién ra déu dich chuyén xuéng. Sy _
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két luan rang hang s6 Iuc twong tac gitra lién két C—C va dao dong C=C thay d6i du di tir trang
thai Sy dén trang théi T,
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Cao hoc Khda 19 5/9 Quang ph6 Raman
QUANG PHO RAMAN PHI TUY EN: (Nonlinear Raman Spectroscopy)

1. Hiéu t'ng Raman tinh té (Hyper Raman Spectroscopy)

2. Hiéu 'ng Raman kich thich (Stimulated Raman Spectroscopy)

3. Hiéu t'ng Raman d&o nguwoc (I nverse Raman Spectroscopy)

4. Pho Raman d6i Stokes két hop (Coherent Anti-Stokes Raman Spectroscopy)
5. Phd Raman am quang (PhotoAcoustic Raman Spectroscopy)

Nhu da biét, vecto momen lu&ng cuc cdm ing P duoc tinh theo céng thirc:

-

P=ocE+%[3 E2+%y E3 .. (1.1)

V Gi E la dién trvdng clia chum laser, a la dd phan cuc, B vay la do phan cuc thir nhat vathiv
hai. D6i v6i ph6 Raman thuong voi laser CW (E = 10* V/em) thi st déng gop cla 2 thanh phan B va
y vao do Ién cla P la khdng dang ké vi a >> B >> .
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So dd dich chuyén lién quan dén moi loai quang phé Raman phi tuyén.

DPong gop clia ching tré nén dang ké khi mau duoc chiéu xa voi nhitng xung laser cwc manh
(~ 10° V/cm) duoc tao béi laser ruby Q- Switched hodc laser Nd — YAG (codng suéat cuc dai 10 —
100 MW). Nhirng xung khong 16 nay dan dén hién twong quang phd méi, vi du nhu hiéu ’ng Raman
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Cao hoc Khda 19 6/9 Quang ph6 Raman

tinh t€, hiéu (’ng Raman kich thich, hiéu ¢tng Raman dao nguoc (IRS), tan xa d6i Stokes két hop
(CARS), pho Raman am quang (PARS).

1. Hiéu i'ng Raman tinh té (Hyper Raman Effect):

- T r
{ol_] | Wy fﬂ:,]

| 2oy 20, — O -} | 20, + oy
oy, iy, 1y,

j RN ¥
. - _+ g . r g

Hyper Rayleigh Stokes- anti-Stokes

Scattering Hyper Raman Scattering

Hinh 1 : So d6 mirc clia tan xa clia tan xa Rayleigh tinh t€ va tan xa Raman tinh té.

Khi mau dwoc chiéu sang bang mot xung khéng 10 voi tan s v, birc xa bi tan xa tin s6 2u
(tan xa Rayleigh tinh t€) va 2v * v, (tan xa Raman tinh t€ Stokes va d6i Stokes két hop), véi v, la
tan s6 clla mot dao dong chuan clia phén tir. Hiéu ’ng Raman tinh té la qua trinh 3 photon lién quan
dén 2 trang tha 4o cliatan xa.Tan xa Raman duoc gay rabdi 2 photon téi cliachum laser. Theo thuc
t6, hién twong ndy khé quan sét vi chi cd 102 birc xa v bién ddi sang 2v + v, vavi cudng do birc xa
c6 thé tang chi dén mot gidi han cho phép xac dinh. Néu tang cuong do blrc xa viot qua gidi han
cho phép thi hiéu (rng Raman kich thich sé tré thanh chi yéu hay tréi hon hiéu 'ng Raman tinh té.
Pho Raman tinh té cé mot so thuan lgi so voi phd Raman thwong vi mot sir khac nhau trong céc quy
téc loc Iya. Ching dwoc quyét dinh bdi tich clia cac thanh phan matran clia 3 momen lwdng cuc lién
quan dén 4 mic duvoc trinh bay trong bang 2. Nhv ta da biét, mot dao dong la hoat ddng Raman néu
it nhat mot trong céac thanh phan clia tense phan cuc thay doi trong sudt qué trinh dao dong. Twong
t, mot dao dong la hoat ddng Raman tinh té néu it nhat mdt trong cac thanh phan cla tenso phan
cuc tinh té thay doi trong sudt quatrinh dao dong.

Number of Normal
Symmetry Species i o i Modes

-"il.x Dy + "I;u_y: (e 2
Az 1
B, 0
BZg 2
E]I (':x}?:s '5‘:.1';l 1
Exg oty — Olypy By ) 4
Ay 0
Alﬂ 4 ﬁyr-,-: + ﬁ:'xx! Bzzz 1
By Bxx = 3{]’_‘.}.],. 2
B, By — ey 2
Eli-r [-V,.V) Eﬁ;;,x + ﬂx;-}-e

lﬁl}yy + IGA'J'_\'}

(Bezes IB_'.':Z]

£ (ﬁ}q-: - .IB!I.\'T ﬁl‘y:) 2

Bang 2: Quy téc loc Iva déi voi phd IR (hdng ngoai), Raman va Raman tinh té clia Benzene (D).
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Bang 2 so sanh céc tinh chat d6i xing clia 2 thanh phan clia nhdm diém Dg, (benzene).
Nhiéu dao dong khéng phai la hoat dong hdng ngoai (IR) hodc hoat dong Raman tré thanh hoat
dong Raman tinh té (B, Bay, Ezy). Bang 2 ciing cho thdy rang mot s6 dao dong |a hoat dong Raman
khong |a hoat dong Raman tinh té (E,q, E,g), trong khi tét cd cac dao dong la hoat dong IR thi s& 1a
hoat dong Raman tinh té (A, Ey,). Céc hiéu ting tuong tu cling dwgc quan sét trong cac nhém diém
khéc. Ngoai ra, hiéu (rng Raman tinh té€ con cho phép quan s& cac mode tinh (silent) ma pho IR
hodc phd Raman tuyén tinh khéng quan sat dwgc. Phd Raman tinh té da quan sa doi voi chat khi,
long, ran.

2. Pho Raman kich thich (Stimulated Raman Spectroscopy) :

Green

. ) Film
Cellfilled with J/ Yellow | Anti-
Ruby laser liquid benzene R o Slokes
il Vil S I E I b Red
TTT == pattern "
v = laser frequency Dark red and
vy = benzenw vibration, 992 e in?rarecl )

(a) —1( —|

Spectrum of output
° + e 0 O
T T T T T T
V- 2uy V=vy v V4 Vy V+2¥y  V+3vy

Wavelength (A)
SUIOO TOPO GUIOD

(b)
Figure 341 (a) Experimental setup for stimulated Raman spectroscopy, (b) a diagram showing the stimulated Raman spectrum of benzene, and (c) anti-
Stokes rings of stimulated Raman spectrum of benzene. (Reproduced with permission from Ref. 104.)

Trong tan xa Raman thuong, birc xa laser v chiéu vao mau tao ra hiéu (rng Raman tw phét (v -
Um) Nhing cwdng do thi rat yéu. Néu dién trudng ca laser viot qué 10° V/em, tan xa Raman tinh té
S8 tré thanh tan xa Raman kich thich ma hién twgng nay sinh ra mét chum két hop c6 cuong do
manh tai tan s6 Stokes (v - uy,). Hinh 3 trinh bay mot thiét bi thong thuong dwgc sir dung cho viéc
quan sét hiéu (rng Raman kich thich. Brc xa laser khéng 16 (v) duoc hdi tu vao mau (benzene), va
anh sang bi tan xa s& dwgc quan sat doc theo huéng clia chum tia téi. Néu mdt phim mau nhay duoc
dat theo hwéng (phwong) vudng géc véi chum tiatéi, tasé quan sat dwoc nhirng vong tron mau dong
tam dwoc chi ra trong hinh 1-3. Mot diéu tha vi la mode chuan (v,,) manh nhat trong mot pho
Raman thuong thi dwoc tdng cwong mét cach cwc manh trong hiéu rng Raman kich thich. Trong
benzene, do rong vang cdm E, 12992 cm™. Thuc &, khodng 50% cham anh sang t6i dugc chuyén
doi sang vach Stokes dau tién (v - vy,). Vi vach nay c¢6 cwong do manh nén né hoat dong nhv mot
nguon dé kich thich vach Stokes thi hai, (U - u,) - Uy = U - 20, Va vach nay lai hoat dong nhu mot
ngudn cho vach Stokes thir ba, thit tv, v.v... Do d6, nhirng vong mau dong tam dwoc quan sat tvong
ng v&i CAC tAn S8 U, U - Uy, U -2 Upy, U - 3Um, U - 40U, V.V... Nén chi y rang, tan sb 2 v, quan sét
dwoc chinh x&c gdp 2 1an so véi tan sb v, vakhong bang hoa am ba dau tién clatan sd vy, (st diéu
chinh tinh khong diéu hoa). Hiéu suat chuyén ddi cao clia hiéu ('ng Raman kich thich cé thé duoc st
dung dé sinh ranhiéu vach laser vgi nhiéu tan sé khac nhau.

3. Hiéu (’ng Raman dao ngwoc (Inverse Raman Spectroscopy)
Gia sir rang mot hop chat c6 mot dao dong la hoat ddng Raman c6 tan sd u,,. Néu n6 dwoc
chiéu sang bdi mot may laser phét tan s6 v mdt cach dong thoi véi vang tan 0 liéntuctrv v +
GVHD: TS.Nguyén Ning Dinh HVTT: Nguyén Bing Khoa
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3500 cm™. Nguoi ta quan séat dwoc mot sy hap thu tai tan s6 v + Uy, trong ving tan s6 lién tuc va sy
phéat xa tai tan sd v. Nang lwgng hap thu h(u + v,,) dwgc st dung cho si kich thich (h v,,) va phat xa
nang lvong du (hu). Dich chuyén lén dwoc goi la hiéu (ng Raman dao nguoc vi dich chuyén doi
Stokes trong phd Raman tuyén tinh xay ra di xudng. Vi phé Raman dao nguoc cé thé thu dwgc trong
thoi gian s6ng clia xung nén né co thé dugc ding dé cac loai cb thoi gian sdng ngan. Nén chi y rang,
thoi gian sng cla xung cla ving tan s6 lién tuc phai bang véi xung khdng 16 v. Do dé, hiéu (rng
Raman ddo nguoc da dwgc quan sat chi trong mot vai hop chat vi khd sadn xudt mot xung lién tuc
trong vung tan s6 mong muon.

4. Pho Raman déi Stokes két hop (Coherent Anti-Stokes Raman Spectr oscopy):

Khi mau duogc chiéu xa bdi 2 cham laser nang luvgng cao voi tin s U, va u, (U, > U,) theo
modt phwong cdng tuyén (hinh 4), hai chum twong tac véi nhau mot cach két hop tao anh sang tan xa
manh tai tan s6 2u;, — u,. NEu v, dwgc diéu chinh dén mot diéu kién cong hudng: v, = Uy — Uy, VGBI Uy,
|a mot tan s6 clia mode hoat ddng Raman clia mau, sau d6 mét anh sang cé cudng dd manh tai tan
SO 201 — U, = 201 — (U — Upy) = Uy + Uy, duoc phat xa (hinh 4). Quatrinh nhiéu photon nay duoc goi la
phd Raman déi Stokes két hop (CARS). CARS c6 nhirng thuan |gi sau day:

a. Vi anh sang CARS (v, + up,) lakét hop va dugc phét ratheo mét phuong véi mot géc khoi
nho nén no duoc phét hién mot cach dé dang va hiéu qua makhdng can mot may don sic. Thém vao
d6, s nhiéu xa huynh quang co thé tranh duoc nho tinh chat dinh huéng nay.

b. Tan s CARS (u; + Uy cao hon vy hodc v,. Do d6, nd nam phia bén vach déi Stokes clia
tan s bom (v,) trong khi huynh quang ndam bén phia vach Stokes, do d6 diéu kién ndy ciing phan
biét véi huynh quang.

c. Vi tin hiéu CARS rat manh nén céc hop chét khi ¢ ndng do thap ciing c6 thé dwgc phét
hién.

d. Céc quy tac loc lua khdng dwoc &p dung trong phé Raman thwdng lai 6 thé &p dung trong
CARS. Tat ca cac mode hoat dong Raman déu la hoat ddng CARS. Ngoai ra, nhiéu dao dong khong
phai 1a hoat dong Raman, trong mot vai truong hop khéng phai 1a hoat dong IR tré thanh hoat dong
trong CARS.

Thiét bi CARS c6 giathanh cao.

Doubled H
Nd* “YAG Laser| 532nm DYE
LASER

Hinh 4 Thiét bi ban dau cho viéc do luong phat xa d6i Stokes la sir dung laser Nd: YAG (tan s6 kép)
dé bom laser mau c6 tan s6 kép. L 1a thdu kinh co tiéu cu ngan (3 — 4 cm). | 1a méng mét dé loc 2
chum tia kich thich. F 1a b6 loc giao thoa dai réng. D la detecto (thwong la mét pin diode). M la
may don séc (thuong khdng can thiét). Cac thanh phan khong trinh bay trong hinh vé 1a hop mach
tich hop PAR — 160, may ghi, va laser mau ghi pho.

5. Phd Raman am quang (PhotoAcoustic Raman Spectroscopy):
Nguyén ly cla PARS tuong ty véi CARS. Khi 2 chim laser, chum bom (vp), chum Stokes
(vg) di vao mau khi dwoc chira trong mét 6 (hinh 5), 2 chiim nay twong tac v&i nhau khi co diéu kién
cong hudng v, — s = Uy (U, MOt tn s6 clia MOt mode hoat dong Raman). Két quéa 1a chum Stokes
duoc khuéch dai va si tat dan ctia chim bom. Moi photon Stokes duoc sinh ra mang phan ti 1én
trang théi kich thich va sy khir trang théi kich thich cla cac phan tir bang va cham lam ting ning

GVHD: TS.Nguyén Ning Pinh HVTT: Nguyén Biang Khoa
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lvgng chuyén dong tinh tién cla chiing. Sk thay déi trong nang lwvong chuyén dong tinh tién lam
thay d6i &p suat clia mau bén trong 6. Sy thay ddi &p suat nay co thé dugc phét hién bang mot micro.
Viéc st dung dung cu phét hién am la doc nhét trong céc k¥ thut quang phd hoc. Bang viéc quét us
(slr dung mat laser mau), st thay doi dp suat dugc do va chuyén sang mot pho. Vi du (hinh 6) pho
Raman quay ctia CO, ¢6 dugc bdi PARS. Sy viang mit clia ddy Rayleigh manh tao thuan loi cho
PARS c6 thé nghién clru dich chuyén quay nang luvgng thap ctia hgp chat khi.

g

[b)
la)

MICROPHONE

ELECTROMIC

PROCESSING

Hinh 5 Biéu do thé hién qua trinh PARS
(@) So d6 mirc nang lvgng don gian minh
hoa sy twong tdc Raman xay ra trong PARS.
Céc thanh phan co ban cla thiét bi PARS
trong thirc nghiém. Chim bom bi tit dan va
chum Stokes dugc khuéch dai béi qua trinh
Raman kich thich ma n6 dién ra khi cac
chum bom pht nhau trong 6 chira mau chat
khi. M6i photon duoc tao bdi qua trinh
Raman thi mot phan ttr chuyén tir trang thai
thap Ién trang thai cao hon. Sy hoi phuc
bang va cham ctia cac phan tir bi kich thich
lam san xudt mot s thay doi ap sudt va
dugc phat hién bang mdt mirco.
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Hinh 6 : Phd Raman quay quang am clia CO, tai ap sudt 80 KPa (600 Torr). Khoang cach gilra 2
vach quay la khodng 3.1 cm™. Cdng suat clia chum bom va chum Stokes twong ¢ng 1a 3.3 MW va

120 KW.

GVHD: TS.Nguyén Ning Dinh
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