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1.L ICH SUY QUANG PHO HOC RAMAN:

Nam 1928 ,chandrasekhra venkata Raman kh&m pharahién twgng ma sau nay nd
mang tén éng bang nhitng dung cu do phé rat thé so . Ong sir dung &nh sang mat troi 1am
ngudn sang vakinh vién vong 1am co-lec-to thu nhan anh sang tan xa ,con de-tec-to 1a
déi mat ctia 6ng .Ngay nay chiing ta goi dé Ia hién trong tan xa Raman .

Theo daphét trién clia khoa hoc k¥ thuat ,ngwoi tatap trung nghién clw phét trién cho
cac ngudn kich thich . Triroc tién ,ngudi tastr dung cac loai den clia cac nguyén td nhuw
helium,bismuth,chi ,kém ...dé lam nguon kich thich ,nhung thuc té khéng dép ting duoc
yéu cau vi crdng do qua yéu .V ao nhitng ndm 1930 , ngudi tabat dau st dung céc den
thuy ngan cho pho Raman .Vi du nguoi tathiét ké mot hé théng kich thich gdm bon dén
thuy ngan bao quanh 6ng Raman .

Vi su pha minh raLaser (nam 1962), ngu¢i ta da nghién civ st dung mot o loai
Laser khac nhau dé lam ngudn kich thich cho tan xa Raman . Céc loai Laser duoc (ing
dung phd bién thoi do 1a: laser Ar*(351,1-514,5 nm),Kr*(337,4-676,4 nm) vagan day
nhat |alaser ran Nd-Y AG,(1.064 nm).V ¢i ngudn kich thich bang laser Nd-YAG ,hién
trong huynh quang do céc dich chuyén dién tr (mand co thé che phé Raman) sé duoc
loai trir mot cach dang ke .

Khai dau dé ghi nhan phé Raman ngu i ta dung cac kinh anh ,sau dé vao dau nhirng
nam 1950 nguoi ta dung nhan quang dién . Hién nay , trong céc thiét bi FT-IR vaFT-
Raman hién dai nguoi ta st dung mot trong hai loai de-tec-to chtl yéu laDTGSvaMTC.
Pe-tec-to loai DTGS hoat dong & nhiét do6 phong ,c6 khodng tan sd hoat déng réng ,n6
dwoc sir dung rong réd hon loai MTC. De-tec-to loai MTC dap tng nhanh hon va cé dé
nhay cao hon loai DTGS ,nhung n6 chi hoat dong & nhiét do nito [dng vabi gi¢i han vé
tan s6 hoat dong .Do dé nguoi tachi sir dung né vao nhirng muc dich dac biét mathoi .

V3o nhi*ng ndm 1960,viéc nghién ciu hé théng quang hoc cho quang phd Raman bét
dau dwoc cha trong . Ngudi ta s dung may don sic doi cho céc thiét bi phd Raman bai
vi n6 c6 kha nang loai trir &nh sang nhiéu manh hon may don sic rat nhiéu 1an . Sau nay ,
dé ting cwdng hon nita hiéu suét loai trir nhiéu ngudi tacon sir dung méay don sac
ba.Cling vao nhitng nam nay ,céach tir toan ky cling dadwoc sir dung dé tang hiéu suat thu
nhan anh sang tan xa Raman trong céc thiét bi Raman .

Ngay nay ,vGi sit phét trién vurot bac clia khoahoc ky thuat , ngudi ta co thé thu dugc phd
Raman bang phwong phép bién doi FT-Raman .Céc thiét bi FT-Raman dwvoc san xudt lap
ghép vai thiét bi FT-IR hay hoat dong doc lap nhu mot thiét bi FT-Raman chuyén dung.

2 .DAO DONG CUA PHAN TUY 2 NGUYENTU :

Dao dong clia phéan ttr la sy dich chuyén vi tri tvong déi gitra cac hat nhan nguyén tir
trong phan t&r d6i v&i nhau .
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Trong co hoc lvong tir s dao dong clia phan tir 2 nguyén tir dwoc xem nhw chuyén dong
cla 1 hat c6 kh6i lvgng p (dao dong diéu hoa).
Phuong trinh schrodinger ctia mét hé théng nhu thé cé dang :
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gidi phwong trinh sdng vai diéu kién y phai don tri ,hiv han lién tuc ,ta duoc :
-Nang lvgng dao dong
1 ~ 1
=hv(v+=)=hcv(v+=
E, =hv( 2) ( 2)
- Tan sb dao dong :

1 [k 1 |k
=— |= vasisong v=— |—

2n 1) 2nc\
& do v lasd lwong tir dao dong , v=0,1,2,3,...
- s0 hang dao dong :

1
G, =v(v+—
y=VVE2)

- quyticloclya: Av=+1
suy rasd song (ng vai chuyén doi hai mic dao dong : v'=G(v)-G(v") =V

vay tan s8 hép thu hodc birc xa clia phan t&r dao déng ding bang tan s6 clia dao dong ti .

3. HIEU UNG RAMAN :

Khi chiéu btrc xa dién tir hv vao mét phan tir , nang lvong cé thé bi hap thu hodc phét xa .

- Tan xa Rayleigh xuét hién lado tuvong tac clia anh sang véi nguyén ti .

- Tan xa Raman xuét hién lado twong tac clia anh sang t6i véi lién két trong phan
tr .

Dung mdy quang phd dé ghi nhan phd tan xa nguoi tathdy :

- Tan xa Rayleigh cé tan sb photon tan xa twong duong véi tan sd photon téi va co
cuong d6 manh nhét .

- Tan xa Raman c6 tan 6 tén xa khac voi tan sb photon t¢i va co cuong do yéu hon

Téan xa Raman lamat loai pho phét xa thir cap va chialam hai thanh phan : vach
stoke vavach phan stoke , trong d6 vach stoke c6 cuong dé manh hon nhiéu lan vach
phan stoke.

Nguoi tagiai thich pho tan xa Raman theo thuyét cd dién vathuyét co hoc lwgng tir .

Theo thuyét lvgng tir
Ndng lvong dao dong cla phan tir dwoc lvgng tr hodtheo hé thicc E, = hv(v+%)

MOt birc xa ¢ tan s vo chiéu birc xa mdt phan tir ,nang lwong cé thé bi hap thu hoac
phat xa .Khi nhan dugc nang lugng ,phéan tir s8 bi kich thich tir trang thé co ban [én mic
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kich thich dao dong cao hon (mtc 40),mirc nang lvong nay khong on dinh ,do dé phéan ti
lap tlrc méat ndng va quay vé mirc dao dong co ban dong thoi phat ra photon tan xa
.Photon nay c6 nang lvgng vatan so giéng véi photon téi . Bay latan xa Rayleigh la sy
va cham dan hoi gitra phan t&r va photon t6i ;lakét qua clia sw chuyén doi matrong do
mtc nang lvgng cudi cung cta phan tir chinh latrang thai nang lwvgng ban dau .

Tuy nhién ,c6 mdt sb phan tir nhdy vé mirc nang lwvgng cao hon (murc kich thich)khong
phai [a mirc co bdn mala mic v =1 .Photon tén xa trong truong hop nay c6 nang lvgng
nhd hon photon kich thich va cho mot vach stoke trong phd Raman .

Theo co hoc lwvgng tir , sy thay ddi cho phép trong sd liong tir dao dong véi sy chuyén
tiép Ramanla Av=+1 d6i véi mdt dao dong diéu hoa.

Ngoai ra, khi phéan tir khdi dau & trang thai kich thich v =1 ,hap thu nang lvgng photon
t6i vanhay |én mic nang lvgng khong on dinh cao hon . Khi phan tl tré vé trang théi co
ban v =0, phé& ramot photon tan xa lam xuét hién vach Anti stoke trong ph6 Raman.
Nhu vay, tan xa Raman lakét qua clia sy va cham khéng dan hoi gitta cac phan tir va
photon téi , mahau qua chuyén doi l1a phét ra cac bic xa c6 tan s6 (v, +Vv,) dugc xéc dinh
bdi quy tac loc lwa trong co hoc lugng tir (Av = +1). Tén xa stoke |akét qua clia chuyén
doi matrang thai nang lvgng cudi cung cao hon trang thai nang luvgng ban dau mét luong
AE, (Iahiéu ndng luvgng gilra hai mirc dao dong ctia phén tir ) vado do tan sb cta vach
stoke lavo-vy, .Nguoc lai ,néu trang tha cudi cung clia phéan tich kich thich thap hon trang
tha nang lvong ban dau mét lwvgng AE, cho vach phan stoke voi tan sd votv,, .

V=2
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M AT w b
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b, T &‘E’Iv
- E1.w=0

Stoke phan  Rayleigh d ich chuyén dién t
Stoke (phét anh sang huynh quang)
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hinh 1:sw chuyén doi cac mirc nang lwong

HAPTHU |TAN XA
Khéng dan hoi Dan hoi Khéng dan hoi
AE, >0 AE,=0 AE, <0
Vi=V%—V vV, =V, v, =V, 4V,
V=1 hv,
------ hv, hv, hv,
hVV hV0
V=0

Hinh 2 : md hinh tém tat si chuyén doi cac mirc nang luvong dao dong

DE giai thich cwdng dod vach stoke manh hon nhiéu lan cuong do vach anti-stoke (6 nhiét
do binh thuong ), ngudi ta dwa vao dinh luat phan bé Boltzmann -Maxwell.

AE,
N = N, exp(— —
o exp( T

Biéu thirc trén cho thdy hau hét cic phan tir déu & trang thai co ban (trang thai nang
lvong cdp khéng)mot <6 it phan tir & trang thai nang lvong cao hon .
TU d6, nguoi tathiét 1ap duoc ty 1€ chinh xac cudng dd gilta 2 vach la:

I v+v) (__E,

Anti —stoke — (

I Soke

4. SO SANH GI A PHO HONG NGOAI (IR)VA RAMAN

Quang pho Raman va hong ngoai déu dwa trén tan s6 dao dong ,song ca hai k¥ thuat déu
c6 nhirng vu khuyét diém khéc nhau .
®Céc quy tac loc lra khéc nhau rd rét gitta hai loai ph6 .mdt dao dong co thé 1a hoat
dong Raman hay hong ngoai hoac ca hai .Céac dao dong ddi x(rng toan phan (hoac phan tt
c6 ddi xtng tam ) ludn la hoat ddong Raman .
O Mot SO dao dong yéu trong quang phd hong ngoai nhung lai manh trong Raman va
nguoc lai .Trir mot sO chat dac biét thdng thuong :

-Dao dong manh trong phé Raman néu lién két cong hoatri .

- Dao dong manh trong IR néu lién kétion .
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® Céc phép do ty 1é phan cuc trong phd Raman cho thong tin vé doi xrng trong mot dao
dong throng trong dung dich —Quang phd hdng ngoai khdng co dac tinh nay .

®Trong quang phd Raman chi can mdt mau dién tich nhd 1a cé thé nhan dwoc phd . Bay
lamot thuan lgi rat 16n so voi quang pho hong ngoai

®Quang phd Raman rét thuan loi khi khao st cac mau phéan tich trong nttoc ,vi nuéc co
tan xa Raman rét yéu ,trong khi nuéc cho pho hong ngoai manh .

®D0i vbi cac hop chat hit am vacéc hop chat nhay khong khi ,cho vao 6ng thuy tinh nit
kin r6i thu ph6 Raman ,trong pho hong ngoai thi 6ng thuy tinh hap thu bic xa hdng
ngoai.

5. MOT VAI NHUOC BIEM CUA PHO RAMAN

®D¢ quan sat duoc phd tdn xa Raman ,nguoi taphai sir dung ngudn laser cong suéat 16n .
Diéu nay co thé tao nén s ndng cuc bd (I1am chay méau )va s quang phan ly , dic biét
voi phd Raman cong hudng mad do tan 6 laser dwoc diéu chinh vao ving hap thu clia
phan ti .

® Mot sO hop chét phét huynh quang khi chiéu bang birc xa laser .

®Thu phd quay va pho dao dong —quay véi do phan giai cao trong phd Raman kho hon
trong phd hdng ngoai .Ly do la phd Raman dugc quan sét trong ving tr ngaoai ,kha kién
mad nhitng ving nay rat khé thu duoc phd co do phan giai cao .Trong nhirng nam gan
day ,nguoi tabat dau s dung céac cac loai laser hdng ngoai (hodc can hdng ngoai )lam
nguon kich thich tan xa Raman .

®Thiét bi quang phd Raman dat tién hon phd hong ngoai .

6. Hién tvong huynh quang

Khi hiéu 'ng Raman dugc khdm pha ,phd Raman da dwoc nghién clw phét trién thanh
phép phan tich quan trong . Nhung thirc t ,mau phan tich (hoic tap chét )co thé hap thu
chum laser va phét ra dnh sang huynh quang xuat hién trong phd va pho Raman s& bi mot
dai huynh quang rong va manh che khuét .

cudng do clia n6 cd thé 16n hon 10* [an tin hiéu Raman ,cé thé 1am phong phd Raman cao
hon binh thuong .

Hién twgng huynh quang xay rakhi c6 sir chuyén doi cac mikc nang lvgng dién ti .
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Hinh 3 : md hinh chuyén doi mirc nang lwgng dién te

DE khéc phuc vén dé nay ,nguoi ta dua ranhiéu phrong phép khéac nhau trong nhiéu
trwong hop :

®NEu huynh quang do tap chét trong mau hodc mang mau sam ,ding ngudn laser cong
sudt 16n ,chiéu vao mau trong thoi gian dai co thé loai bd céc tap chét phat huynh quang
(nén pho duoc ha xudng ).

®Néu ty than mau vat phét huynh quang , khi d6 co sy hip thu ngudn kich thich laser va
phét ra dnh sang huynh quang .L Uc dé ,nguoi ta thay doi budc sdng ngudn kich thich dé
thay doi do dich chuyén tan so .

®Djc biét , hién nay nguwoi tadung phép bién doi FT-Raman . V§i phuong phap nay s
dung ngudn kich thich laser hong ngoai . Trong viing budc séng nay it xay rasy chuyén
doi mirc nang lwong dién tir , tie la it xay rahién twong huynh quang .

7.0Quang ph6 FT-Raman
Gioi thiéu

DGi véi phd Raman thuong cd 3 van dé :

- Pho Raman bi chelap bdi phd huynh quang .

- B0 chinh x&c vé tan so rat kém .

- Do phén gidi khdng cao.
Dé khéc phuc céc vén deé trén ,ngudi ta dwa ra phuong phdp FT-Raman . DUng ngudn
laser ran Nd :YAG lam ngudn kich thich phd Raman vathuc hién dugc giao tiép voi cac
b6 phan Raman véi céac thiét bi clia phé FT-IR . K thuat nay da duoc Chantry va Gebbie
dua ralan dau tién vao nam 1964 , nhing do thiéu s phét trién vé ky thuat nén 20 nam
sau ky thaut nay moi duoc &p dung réng réi .
Céc hang noi tiéng trén thé gidi ché tao cac méay FT-Raman nhu :
Bomem,Bruker,Digilab,Nicolet,Perkin-Elmer da co nhitng phan mém hién dai twong (*ng
Nguyén tac :

Trong pho Raman thwong , cuong do anh sang phu thudc theo tan so hodc budc song .
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Trong phd FT-Raman do cuong do anh sang dong thoi tai nhiéu bwéc song c6 nghia lata
xem nhu pho phu thudc vao thoi gian .Pho nay sau dé dwoc bién ddi thanh phd Raman
nho' vao phép bién doi Fourier daduwoc lap trinh trén may tinh .

V@i ky thuat FT-Raman , ta co thé quan sé duoc cung mat Itc toan bo phd .Trong trirong
hop nay , d6 phan gidi , d6 chinh xac vé tan sb va dac biét &nh hwdng clia huynh quang
duoc cai thién rt nhiéu so vai phd Raman tan sic théng thudong.

Uu khuyét diém cla FT-Raman:

Uu diém khuyét diém :
- Giam hodc loai trir anh séng huynh - Hap thu trong ving can héng ngoai
guang - D0 nhay thap
- Do phén giai cao - Khong thé phét hién dwoc tap chat
- Hiéu suét cao. ham lwong thdp bang phép trir pho .
- Kha nang linh dong trong thirc - cuwong dé kich thich phu thudc vao
nghiém. Al
- Céc vach stoke va phan stoke duoc - Khé khan trong viéc nghién ctru
thu nhan mot cach dong thoi . mau & nhiét d cao hon 150°C vi
- Khé nang cung cép thong tin & tan khi d6 mau bi bao phii bdi mot 16p
s thap . den do nhiét .
- s dung cho IR va Raman trén cling
mot thiét bi
- Ly twdng cho céc chat hitu co .
- Dé s dung.
Thiét bi

Ph6 FT-Raman clia phan t& dwoc do bang quang phd ké EQUINOX 55 dwoc két ndi vai
bd phan Raman FRA-106/S clia hang Bruker M tai phong phan tich trung tam clia
truong Bai Hoc Khoa Hoc Ty Nhién Thanh Phd H6 Chi Minh . Thiét bi nay khong dung
bd phan céch tir ma sir dung hé théng giao thoa ké Michelson véi cac ham bién doi toan
hoc Fourier dé xt ly pho .

Nguon sang kich thich laloai laser lién tuc Nd :Y AG c6 buéc séng 1.064 nm , cong suat
0-2000mW . V &i nguon laser can hong ngoai nay lam tin hiéu Raman gidm 16 lan so véi
laser kha kién c6 buéc séng 514,5nm , vi tiét dién tan xa ty 1& voi v* . Duing buéc séng
nay (can hdng ngoai )co wu diém |a co thé khic phuc dugc hién twong huynh quang do
dich chuyén dién ti lam che khuéat pho tan xa Raman can khao sét .

Detecto dwgc st dung trong thiét bi laloai DTGS.

Mot bd phan loc quang hoc trong thiét bi FT-Raman dé loc anh sang nhiéu tir ngudn laser
, dong thoi dé lam gidm manh vach Rayleigh (c6 cuwong do bang 10° 1an cuong do vach
stoke).

Phuwong phap ghi pho

Quang pho ké FT-Raman duoc diéu khién bang may vi tinh nho vao céc chuong trinh da
duoc 18p trinh san trén méy , quaphan mém OPUS version 3.0 . Sau khi ddt mau vao gia
d& trong budng mau , phé clia mau dang quan sét dwoc hién thi trén man hinh vi tinh .
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Mot thiét bi ngoai vi gan lién v&i pho ké cho phép digu khién vi tri clia mau sao cho cac
mi pho t6i wu nhat .

Chom tialaser ngudn téi budng chira mau va hoi tu lai trén mau . Anh sang tan xa Raman
tlr mau duoc guong parabol thu nhan vadi quamot module loc , sau do di vao giao thoa
ké Michelson .

Ngudn birc xa sau khi di qua cong vao ving hong ngoai va hwéng tdi bo tach chim .
Trong trvong hop ly twdng , ngudn birc xa nay & truyén mot nira blrc xa va phan xa nira
con lai . Nra phan xa sau khi di quamat khoang L , s8¢ dén gwong ¢ dinh M , sau do tré
vé b0 tach chum mot 1an nira . Nira bitrc xa chuyén tiép cling di quamat quang L .tuy
nhién guvong M2 clia giao thoaké cé thé dich chuyén doc theo truc quang . Sau d6 chiing
duoc téi két hop lai & bd téch chum . Chim tianay duoc diéu bién bang sv dich chuyén
cla guong , sau d6 héi tu hoan toan trén detecto .

Nhu vay , cuvong do 1(x) c6 thé do dwgc nhw lamdt ham sd clia siy dich chuyén x clia s
dich chuyén gwong M2 & khodng céch (L) . Sy bién doi toan hoc Fourier dwoc thuc hién
trén may vi tinh . Céc phd do dwoc lvu vao may tinh dwéi dang sb dé st dung .

So do khoi ciia quang pho ké EQUINOX 55
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