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3.7. Quang ph6 FT-Raman (Fourier Transform)
Ly do ra doi ky thuat FT-Raman:
e Tranh hién twong huynh quang vasuy giam pham chét mau do st dung kich thich trong
vung can hong ngoai.
e Do chinh xac tan s6 tot ( = trir pho).
e D0 phan giai tét hon (do cé giao thoa ké Michelson, laser Nd:YAG v6i bandwith dac biét
nho < 1cm-1).
e Laser can IR (Nd:YAG, A = 1064 nm) duoc 1am lanh bang khong khi, 6n dinh.
e B0 loc Rayleigh hiéu qua, de-tec-to nhay.
3.7.1. Nguyen tac
Trong pho quang phd Raman truyén thong, ¢ wong do dwoc do theo tan s6 hay budc séng.
Trong quang pho FT-Raman cwong do duoc do dong thai tai nhiéu buwdc song.
e Quang ph6 FT-Raman dwgc xem nhu la quang pho theo thoi gian.
e Pho nay sau do dwoc bién doi thanh phd truyén thong nhe vao phép bién déi Fourier da
duoc lap trinh trén may tinh.
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Hinh 1: a) Dang song fiddc fio bang ky thuat FT-Raman
b) Pho fia fi6dc bien foi Fourier
¢) Tong cua hai dang song cua hai tan so khac nhau fio bang RT -Raman
d) Phoi fia iddic bien fioi Fourier
3.7.2. Thiét bi
e Laser lien tuc Nd:YAG : b6oc song 1064nm, cong suat [6n 1-5 W.
e He thong giao thoa ke Michelson : thay cho lang kinh, cach to.
e De-tec-td (Detector) : DTGS (Deuterated Triglycine Sulfate), MCT (Mecury Cadmium
Telluride), PdS, Ge, InGaAs,...(tat ca déu dwgc lam lanh)
e Boiphan loc quang hoc : nhiém vu trude tién clia nd laloc cac anh sang nhiéu trong anh
sang laser kich thich vi anh sang nhi éu nay co thé lam bao hoa detector va cac bo phan dién
t&r. nhiém vu thit hai 1alam giam vach Rayleigh, vi cudng do clia négiam3 manh hon 10° [an
clia dich chuyén stokes trong phé Raman.
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Hinh 2: So d6 quang hoc cuia thiét bi Raman dién hinh
Btic xa laser kich thich duoc tap trung vao mau nhd vao thdu kinh. Anh sang tan xa tir mau
dugc thu nhan bang mot guong parabol va sau do di vao bo phan giao thoa ké kiéu Michelson.
K& dd, anh sang nay s& di qua mot chudi bd loc dién mdi (d€ loc vach rayleigh) v a dwoc hoi tu
vao detector (loai Ge) dugc 1am lanh bang nito 1ong.
U'u va khuyét diém ctia hé thong FT-Raman
Uu diém:
e  Giam hodc loai dwgc huynh quang.
e V@i ky thuat FT-Raman co thé quan sat dugc cling mét Ic toan bd pho.
e DO phéan gidi cao. Kha nang trir pho tot. Thoi gian ldy phd, ty so S/N (Signal/Noise) d woc
cai thién.
e  Kha nédng do & tan sb thap.
e  Kha nédng linh dong trong thuc nghiém.
e  Céc vach Stokes va an-Stokes dwgc thu nhan dong thoi cé thé xéac dinh d wgc nhiét do pho.
e Sk dung cad IR va Raman trong ciing mét thiét bi.
Han ché:
e Sy hép thu trong vung NIR.
e D0 nhay thdp. Khdng thé phat hién dwoc cac tap chit ham lugng ppm bang phép trir phd.
e  Cuwong do phu thuéc vao v4 :
| ~v4 doddé 1(514nm)/1(1064nm) ~ 18
e R4t kho do mau & nhiét do 16n hon 1500C vi mau sé birc xa vat den do nhiét.
3.7.3. Ung dung
a) Pho cta rhodamine ( thudc nhudm, phat huynh quang manh)
Sy phan li do nhiét va huynh quang lavén dé kho khan nhét khi nghién ctru cac loai thuéc
nhudm bang ph6é Raman loai binh thuong. Phé FT-Raman khoéng con bi anh hudng cla hién
twgng huynh quang.
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Hinh 3: Pho FT-Raman clla Rhomandine
b) Cac chat bi hap phu
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Hinh 4: Ph6 FT-Raman cua pyridine trong khoang chat xuic tac zeolit sau khi hap phu mot
lvong thira, sau d6 pyridine bi tach ra dan
c¢) Cac phan tt sinh hoc
K hong thé ghi phé bang phwrong phap quang phd Raman thong thudng déi vai cac mau vat
sinh hoc, chii yéu do ca&c mau nay phét huynh quang rat manh, ciing nhu sy phan manh vaco
phdng tan xa cao khi kich thich bang birc xa laser v ting kha kién.
Cong sudt laser duoc gitr & 200mW dé tranh 1am hw mau do nhiét
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Hinh 5: Ph6 FT-Raman (200mW, 500 scan) clia Albumin huyét thanh bo dang bot
d) Phan tich phap y cac thuéc cdm va chat n6
Quang phé Raman tan s&c thong thwong khdng dwoc stk dung rong réi trong cac phong thi
nghiém phan tich cac thudc cdm vachét no do phong cla ching cao. Phwong phap FT-Raman
gidi quyét duoc van dé nay
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Hinh 6: Ph6 FT-Raman clia (a) Semtex; (b) 1,3,5-trinitro-1,3,5-triazene (RDX)
€) Cac mau polymer

Huynh quang lamot vén dé phién toai trong viéc nghi én ctru cac polymer. Phurong phap
FT-Raman da khac phuc duoc tinh trang nay
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Hinh 7: Phd FT- Raman clia
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f) Axit uric trong soi niéu
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Hinh 8: Phd FT-Raman cla axit uric

3.8 K§ thuat quang phd micro-raman

Trong nhitng ndm gan day, viéc 1ap dat kinh hién vi quang hoc, de -tec-to CCD (charge-
coupled device), bo dong tiéu, hé thong soi quang hoc,... dalam tang dang ké kha nang phan
tich clia phwong phap quang ph6 Raman.

K ¥ thuat khéng pha mau nay co thé (tng dung cho viéc phan tich cac mau & bt ct
trang thai nao : khi, 16ng, dung dich, ran.

DT nhién, micro-Raman va micro-IR ca hai déu la quang pho dao dong, nhwng vé mat
k¥ thuat, micro-Raman c6 mot vai tinh chat riéng, nhu sau :

- C6 kha ndng nghién ctru @ vung tan so thap (< 400 cm™). Hau hét c4c vat lidu rén co
tan s6 dao dong dac trwng nam trong vung nay;

- D6 phan giai khong gian gi¢i han ctia micro-Raman vao c& 1pum x 1um, trong khi dé
ctia micro-IR vao ¢ 20 um x 20 um.

- K¥ thuat Raman dé dang st dung cho cac dung dich nwéc hodc cac mdi trwong sinh
hoc, trong khi d6 trong ph6é hdng ngoai, n wéc sé hap thu rat manh va do rong dinh pho rat [on.

- Céc dinh phd Raman néi chung hep hon cac dinh hép thu IR va phd Raman do phan
gidi tét hon.

3.8.1 Nguyén tac cta kj thuat quang phé micro-Raman



Mot quang phd ké micro-Raman duoc tao thanh bang cach lap dat hé kinh hién vi
guang hoc v&i mot quang pho ké Raman. B0 khuéch dai ctia hé khéng can Ién h on 100 lan khi
dd phan giai c& 1um, va khi do dai song cla laser kich thich nam trong ving 0.3 — 0.7 um
(300 — 700 nm).

Tir d6, bat cir phan tir nao co kich thude Idn hon 1pum trong mau déu co thé duoc kich
thich bdi hé micro-Raman va do d6 cé thé ghi dwoc pho déq trung clia nd6 ma khéng bi anh
hudng bdi moi truong xung quanh vagiong y nhu phé clia mau thuan khiét cé kich thuéc 16n
trong phd Raman truyén thong.

Hinh 20 minh hoa so d6 quang hoc cla thiét bi micro-Raman Spex Micramate.

Trong treong hop nay, nguoi ta thuong st dung de-tec-to la 6ng nhan quang duoc lam
lanh va hé thdng dém pho-ton dé cé dugc do nhay cao vatiéng 6n thap.

Camera
Man hinh
mdy tinh

Liang kinh
quay

E Khe di vao

B}\ quang pho ké (8)
—

Pi€m quan sit (7) ——»
Bo loc B§ tich chiim (6)

Laser (5)

bén
chi€u(4)

U Vat kinh (3)

Pé& giit miu (1)

bén
chi€u (2)

Hinh 9 So d6 quang hoc clia quang pho ké micro -Raman Spex Micramate

3.8.2 Kh& nang &rng dung

3.8.2.1 Khao sat duoc liéu

Céc loai thudc, giéng nhu cac vat liéu khong thuan nhét, 1a sy tron 1an cla rat nhiéu

hat. Duoi kinh hién vi cac thanh phan clia thudc sé xuat hién véi nhitng hinh dang khac nhau,
rdt kho phan biét vai nhau. Ky thuat micro-Raman cé thé ghi cac pho dao dong déc trung cua
moi hat va phan dinh duoc ching, nhwng véi diéu kién 1a hat phai 16n hon 1um. Hinh 21 va
hinh 22 laanh quang hoc va ph6 micro-Raman ctia thudc AZT.

3.8.2.2 Ung dung sinh hoc



Té bao gan bi viém. C6 thé (rng dung k¥ thuat micro-Raman dé khao sat cac té bao
gan bi viém. Noi chung, céc la cat sinh hoc dwoc cat bang thiét bi vi phau khong bi phat
huynh quang voi laser kha kién. Viéc ghi phé Raman ciia cac v ing khéc nhau trén 14 cat 1a
kha dé dang, xac dinh duoc sy thay d6i so véi té bao khde va chi ra sy tich tu do sy qua liéu
thudc (hinh 23).

Hinh 10 Anh quang hoc ctia thuéc AZT
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Hinh 11 Phd micro-Raman cla thudoc AZT

Céc té bao bi ung thu. Trong nhitng nam gan day, nguoi ta da tim thdy cac hat xanh
duong (blue) trong khdi u va cac co quan, bd phan bi ung thu nhu phoi, bang quang, budng tring.
Phd micro-Raman cong hudng cua cac hat xanh ciing giéng nhau, doc 1a p véi ngudn gbc cla ung
thr (hinh 23). M6t loat cac hat khac c6 mau xanh luc (green) cling d&a dwoc tim thdy. Phd Raman
clia chiing kéc véi phd Raman cla céc hat xanh d wong néi trén nhung né ciling giong nhau déi véi
bat ky mau té bao ung thu nao.

Bang cach st dung phuong phap huynh quang tia X, c6 thé dé dang xéac dinh rang kim loai
trong phic xanh dwong va phirc xanh luc la dong. Luong dong trong cac hat nay lalén hon muoi
lan trong cac mau té bao khoe. D& xac dinh phan hitu co cla cac phirc xanh nguoi ta da téng hop
céc phtic bang céach st dung mudi dong v a céac nucleotide, axit amin, phenolat, vv. DU chwa dv oc



xéac dinh that ré rang, nhung viéc phan tich ph6 da chi ra rang trong phirc xanh duong c6 hién
dién ctia mot s6 nucleotide vaaxit amin chira lwu huynh. Tir do, nguoi ta c6 thé suy ra rang cac li-
gang nucleotide c6 thé latlr cdu tric xoan DNA va cac doan cysteine (C3H,O,NS) tlr cac protein.

Trong thuc té cac nucleotide lién két véi kim loai la do s pha vé cau tric binh thwong clia
cdu tric xodn. Nguoi ta suy luan ra mdt co ché gay bénh ung thw nhu sau: khi ham lwong kim loai
dd cao trong vung 1an can cac nucleotide clia cac cau tric xodn binh thwong, thi cac phirc xanh
duong c6 kha ning hinh thanh bdi sw tach mdt vai nucleotide tir cdu tric binh thuong, dan dén su
mét mét, sai hong cac bd ma chira thong tin va do d6 dan dén sw phat trién réi loan, khong binh
thwong. Co ché gay bénh ung thw nay co thé gilp cac nha nghién ctru dong duoc hoc ché ra loai
thudc “giai doc” ma khi dwa thudc nay vao no co thé tach thanh phan kim loai ra khdi phirc xanh
dwong va phuc hdi cau tric binh thuong cho céc td chire bi bénh.

Co ché nay cling cd thé gilp ta giai thich sy phan (ng cé tinh chon lva ciia mot loai thudc
ch6ng ung thu: thubc sé pha hly cac phirc xanh d wong trong té bao ung thw nhung khong lam tén
thuong cac té bao khae, tirc la cac té bao khong chira kim loai.
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Hinh 12 Ph6 micro-Raman clia té bao gan bi viém

Hinh 13 Hat xanh trong dich ung thw phoi
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Hinh 14 Phd micro-Raman clia cac hat xanh trong cac té bao ung thw

3.8.2.3 Khao sat vat liéu

K thuat micro-Raman c6 kha nang phan tich cau trdc, xac dinh sv dinh h wéng tinh thé
clia cac bé mat va cac 16p phu; phat hién sy sai hdng, tinh khéng dong nhét, gradien clia vat
liéu khoi; xéac dinh tinh chat, th anh phan cla cac vat liéu,...Sau day lamot s6 vi du dién hinh.

a) Khao sat Fullerene Cg

Hinh 15 Fullerene Cg

Phan ti fullerene Cg (sau day goi tat 1a Cgo) O tinh d6i xtng cao, thudc nhom déi xing
dac biét I (hinh 26). Tinh toan bang Iy thuyét nhom d6i vai mot C e 0 1ap cho két qua la 174
mode dao dong chuén tac duoc biéu dién nhu sau :

LCuin(ln) = 2Ag + 3F1g + 4F, + 6Gy + 8Hg + A, + 4Fy, + 5F5, + 6G, + 7TH,,.



K&t hop biéu dién trén vai bang dic biéu clia nhom 1y, co thé thdy rang chi co 42 mode 1a
hoat dong Raman (2A,, 8H,) va 12 mode la hoat dong IR (4F ;). Nhu vay, cd thé du doan trong
ph6 Raman ctia Cg phai xuat hién 10 dinh phd bao gdm 2 dinh khong suy bién A ; va 8 dinh suy
bién bac ndm Hy.

Phé Raman ctia Fullerene C ¢ (hinh 27) duoc ghi bang quang ph6 ké micro-Raman Dilor
LABRAM. D& tranh cho mau khai bi pha hiy, phé Raman d voc ghi & cong sudt laser rét thap (9
uW), thoi gian do vira phai (90 s), d6 tich tu 1on (90 Ian).

1464

Cudng dé Raman

429
491
- 77
1689

o
| .
1/~ 267
1420
1569

-— 770

- 1097

=~ 1240

T T T T T T T
200 400 GIX) 8O0 1000 1200 1400 1600 1800

st - 1
SO séng (cm )

Hinh 16 Phé micro-Raman ctia Cg trong viing 250-1600 cm™
b) Khdo sat hop chéat phat quang Gadolinium Phospha te GdPO,

b.1 Ghi phd micro-Raman

Céc phd micro-Raman dugc ghi trén DILOR LABRAM (Trung tdm Khoahoc Vat liéu, Ha
ndi) v&i nguon laser kich thich la He-Ne bu¢c séng 632,8 nm hoat dong 6 15 mW v a de-tec-to
CCD; va trén quang pho ké micro-Raman OMARS 89 (Pai hoc Bordeaux I, Phap) véi ngudn
laser ion Argon Spectra-Physics 2061 bwdc séng 514,5 nm va laser He-Ne budc song 632,8 nm
hoat dong & cong suat 400 mW vavéi de-tec-to CCD. D6 phan giai ca hai may a3 cm™.
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Hinh 17 Phé micro-Raman cta GdPO,

b.2 Ph6 Raman clia GdPO,

Hinh 28 |a phd micro-Raman ctia GdPO, trong viing 150 — 1200 cm™. Trong viing 350-
1200 cm™ hién dién 8 dinh phd c6 cuong do tir trung binh dén manh. Céc dinh n&y c6 ngudn
gdc tir ion PO¥ (thudc nhém déi xing diém Tg). Ving trén 1200 cm™ hau nhu khong c6 dinh
phd nado. Trong hinh 2-36, ngoai dinh v, c6 ddi xtng A; & s6 séng 979 cm™, con ¢6 sau dinh
gom 397, 418, 469, 624, 1034 va 1064 cmt ma chidng dugc hinh thanh tir sy tach doi cla ba
dinh pho: mot dinh suy bién bac hai E va hai dinh suy bién bac ba F, do s giam déi xtng tlr
T4 Xubng D,g. Binh 1085 cm™ c6 thé 1a do hoa tan hay s két két hop ctia dao dong c o ban cé
tan s6 thap. Co thé khéng dinh v, = 418 cm™ thudc d6i xitng A, va vz = 397 cm™ thudc dbi
x(rng B, badi 1€, khi so sanh phd Raman ctia GdPO, va phd IR cla tac gia Agrawal cho thay
hai dinh ph6 nay chi xuat hién trong phd Raman nhuwng khong xuét hién trong phd IR. Diéu
nay phl hop vai két qué tinh toan ly thuyét nhdm & chd A ; va B, déu bi cdm trong hong
ngoai. Cac dinh trong viing phé tan s6 thap 200-350 cm™ lién quan dén hién twong tao cau ndi
Gd-O.

3.8.3 Gidi han clia phwong phap quang phd micro-Raman

Bén canh nhitng wu thé nhw d& néu trén, k¥ thuat quang phd micro-Raman con c6 mot
s gi¢i han nhé can duoc khac phuc:

(1) Sw héi tu manh btrc xa laser t¢i qua vat kinh cGa kinh hién vi s& dan dén su tap
trung nang lwong laser trén moét vang rat nhod. DE tranh sy pha hiy mau do ca hiéu tng nhiét
va hiéu (rng quang héa can phai st dung laser c6 nang | vgng thap. Vi thé, can phai tang viéc
thu nhan tin hiéu va s dung vat kinh c6 goc khéi rong v akhoang lam viéc ngan.

(2) Khi chum anh sang t¢i va anh sang tan xa di qua hé quang hoc, dac biét khi di qua
vat kinh ctia kinh hién vi, phd Raman hodc ph6 huynh quang clia vat liéu ché tao va t kinh sé
xuét hién va chdng chip Ién phé Raman clia mau khao sat, nhét | a khi khao sat cac bé mét co
d6 phan xa cao. DT nhién, moi vat kinh c6 phd Raman va phé huynh quang riéng cla né.



Ky thuat dong tiéu (confocal)

Hé thong dong tiéu (confocal, hinh 29) chi cho phd chi yéu tai diém hdi tu, do dé co
thé loai trir dwoc phd clia vat kinh hay clia nhitng bd phan khac. Ngo ai ra, ciing can luu y rang
ky thuat dong tiéu cling cho phép khao sat phd Raman theo do sau. Trong dé O la ctra trap;
F1, F2 la tiéu diém; M laguong ban ma; S lamau.

Toém lai, quang phd ké micro-Raman véi do phan giai khong gian c& 1 um x 1um, rat
tién loi cho viéc khao sat nhitng mau vat khong dong nhét hay nhitng mau vat co kich th wéc
nhd. Kha nang phan tich ctia nd rat rong r &, cé thé ng dung & nhiéu linh vuc. Nhitng thong
tin thu dwoc tir phan tt, tham chi dwdi phan t& sé gilp suy ra dwgc co ché hoat dong hay phan
trng clia mot s6 qua trinh.

Laser

Hinh 18. So d6 nguyén tic mot hé dong tiéu



