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Methods of Material Analysis

Prof. Sir C.V. Raman

1900

History

1910

Studies on scattering of light

1920

Prediction of the Raman effect

Discovery of the Compton effect
Discovery of the Raman effect

Notions on the use of the Raman effect for chemical analyses

Double monochromator 1940

1888-1970 Raman grating spectrometer

1950

1960

Invention of the CCD

Resonance Raman spectra

First laser Raman spectra
Stimulated Raman effects
Hyper Raman spectra

Basic principles of Raman microscopy
Surface-enhanced Raman scattering

FT-Raman spectroscopy with NIR excitation
First use of CCD detectors for Raman spectroscopy
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I. HIEU UNG RAMAN

Hién tuong tan xa t6 hop xuat hién khi mgt chum tia sang bi€n doi tan s6 sau khi tan

xa bo1 cac phan tir ciia moi1 truong vat chat.
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\ Raleigh Scatter (same wavelength as incident light)
~ Raman Scatter (new wavelength)
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II. LY THUYET CUA HIEU UNG RAMAN
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- O nhiét do thuong, hau hét cac phan tir & trang thai dao dong co ban

— Vach Stokes c6 cuong d60 manh hon vach doi Stokes trong phé) tan xa dao dong.

- Trong pho tan xa quay ¢ nhiét 4o thuong ta ciing quan sat dugc cac vach doi Stokes.
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Figure 1-9 Raman spectrum of CCly (488.0 nm excitation).
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Moment ludng cuc cam Ung

Khi phan tor dugc dat trong dién truong (chum laser), no s€ bi bién dang do hat
nhan tich dién duong b1 hut vé phia cuc am va cac dién tir mang di¢n am b1 hat vé

phia cuc duong

+
—_—

—~ +

Khi d6 phan tu bi phan cuc va tao thanh mot momen ludng cuc cam tng P
P=oE
o: hé s6 phan cuc cta phan tir

Dac biét, do1 vo1 nhitng phan tir hoan toan do1 xirng c6 cung nguyén tu cling s€ bi

phan cuc.
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Cuong do dién truong E cia song dién tir (chum laser) dao dong theo thoi gian
cO dang:
E =E,cos2xv,t

Trong do: E, 1a bién do dao dong va v, la tan so laser

Khi d6: P=aE =ak,cos2zvt

Néu phan tir dao dong véi tan s6 v, thi su dich chuyén q ctia hat nhan c6 dang

q=(,cos2rv,t

0, 12 bién d6 dao dong. Vi bién d6 dao dong nho, o 1a ham tuyén tinh theo q
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—  P=ak,cos2nvt = a,E,cos2zv,t + (2—“) qE, cos 27zv,t
90

P=qa,E,cos2rv,t+ ((Zﬁj q,E, cos2rv,t.cos2zv, t
9o

P =q,E,Ccos2zv,t+ 1 [Z—aj 0oE, [cos 27 (v, +v, )t +cos 27 (v, — Vv, )t]
0

- S6 hang thu nhat mé ta su dao dong cua chinh tan sb anh sang v,, dugc goi 1a tan

xa Rayleigh.

-S6 hang thir hai trong irng cho tdn xa Raman; vach Stokes co tan sd V-V, Va

do1 Stokes co tan so vyt v,
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I11. HIEN TUQONG HUYNH QUANG TRONG PHO RAMAN

¢ Hién tuong huynh quang xay ra khi c6 su chuyén doi giira cac
muc nang luong dién tur.

¢ Anh sang huynh quang phat ra véi cuong d6 rat manh (104 lan so
vo1 cuong do cac vach Raman) va rét rong do do che phu toan bo

pho Raman.
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CACH KHAC PHUC

% P6i v6i huynh quang do tap chat trong mau gay ra — ding nguon laser cong suat

cao chiéu vao mau véi thoi gian dai, tir d6 o thé loai bo cac tap chat phat quang

Ty than mau vat la chat phat quang — thay doi budc s6ng ctia ngudn sang kich thich

< Dung k¥ thuat tao xung laser dé kich thich mau véi thoi gian ton tai ctia mot xung
laser (10-12-10-13s) rat nho so voi thoi gian ton tai ctia phan tir & trang thai kich thich
dién tir (10°8s)

Dic biét, hién nay ngudi ta dung phép bién doi Fourier c6 nguon kich thich trong

vung hong ngoai (FT-Raman)

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Nguyén tac chon loc cho phd Hong ngoai (IR) va phé Raman

Mode: Mau hinh clia mét séng lan truyén hay méot dao ddng

Quy tac chon loc

Lwdng cwc (dipole):
Dac trwng cho t/c dién dipole

= moment dipole: Moment lw&ng cuc

. . thay dbi trong qué trinh dao dong
_al * E
P=ql ¢ ———¢

D6 phan cuc (Polarizabilit,y)

Dac trwng cho sy phan b6 D6 phan cuc

dam may e trong phan t (hay z. ' e n
nguyén tir) thay doi trong qua trinh dao dong
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Phé
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Cha y:

- Phan tir cia 2 nguyén tir giong nhau nhu Cl,, N, va H,...bi phan cyc trong qua

trinh dao ddng d61 xirng — cac mode nay la Raman active (xuat hi¢n)

- Dao ddng ctia phan tir gdbm 2 nguyén tir dong cuc 1a khong hoat dong hong ngoai,

con dao dong cua phan tir gdm 2 nguyén tir di cuc 1a hoat dong hong ngoai.
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MOT VAI Vi DU:

Vd1: Dao ddéng cua phan t&r nwéc

+q q=0 -9

Figure 1-13 Change in dipole moment for H,O molecule during each normal vibration.
Ci 3 dao dong déu 1a hoat dong hong ngoai
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Vd2: Dao déng cua phan t CO,
Symmetric Stretching of CO,

v;=1340cm?  TH_c=h

No change in dipole moment — IR inactive
Change in polarizability — Raman active

Asymmetric Stretching of CO2

v,=2350 cm?  “o=3=3

g

Change so much in dipole moment — IR active
Non-change in polarizability — Raman inactive
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Vd3: Dao déng cua phan t CS,

Symmetric Stretching of CS,

No change in dipole moment — non-IR activity
Change in polarizability — Raman activity
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Asymmetric Stretching of CS,

Change so much in dipole moment — IR activity
Non-change in polarizability — Raman inactivity
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Bending of CS,

Change so much in dipole moment — IR activity
Non-change in polarizability — Raman inactivity
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Phé tan xa dao dong

Oui tac lwa chon:

Néu xét phan tr nhw mau dao déng diéu hoa: Av = +1
Phé tan xa quan séat dwoc c6 do dich chuyén Av dung bang so

séng dao dong v,, trong pho hap thu hong ngoai

Néu xét phan tr nhw mau dao ddng khdng diéu hoa:
Av =4%1,1+2,+£3,...= &g
Tuy nhién, thuc té rat khé quan sat dwoc cac hoa ba vi cwong

do rat yéu.
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Phé tan xa quay

Qui tac Iya chon:
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Phd tan xa dao ddng quay

Qui tac lya chon: Av = +1 va Aj = +2

S6 song tmg vai dich chuyén dao dong quay:
Av=T'-T"=G(V)-G(vV")+F,()-FU"

Av=Av,+B,j'(j+1) ~ B,j"(j"+1)

AVy 13 d6 dich chuyén cua dao dong thuan tay (khi j’=j"=0)
-Khi Aj=+2 ta c6 nhiing vach tao thanh nhanh S

Av = Av, +6B, + (5B, —B.)j+ (B, —=B.)J’
(=0, 1,2.,3,...)

-Khi Aj=-2 ta c6 nhiing vach tao thanh nhanh O
Av, =Av,+2B,—(3B, +B,)j+(B,—B,)j’

(G=2,3,...)
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IV. PHO TAN XA TO HOP VOI PHUONG PHAP BiEN BDOI FOURIER
(FT-RAMAN)

Uu diém cua pho FT-Raman
- Loai bé dugc huynh quang (vi A, trong IR)

- Pho ¢6 do phan giai cao

Nouvyén tic:

Trong pho Raman: ghi pho theo tan s6 hoic budc song

- Ph6 FT-Raman duoc thu mét cach déng thoi tai nhiéu buéce song phu thudc theo
tho1 gian.

- Pho nay s& duoc bién d6i thanh phé Raman thong thudng nho phép bién doi Fourier

dugc 1ap trinh san.
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Phd ghi bang ky thuat FT-Raman

Phd sau khi thuwc hién bién déi Fourier

. @0
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Simplified Raman spectrometer layout

CCD detector

Spectrograph
grating

~| | ¢

Macro beam mirror

Laser and
line filter

Beam

I O splitier I | / Mirrors

Microscope Notch _ .
Sample |, . filter Adjustable entrance slit

1. Excitation source (Laser).
2. Sample illumination system and light collection optics.

3. Wavelength selector (Filter or Spectrophotometer).
4. Detector (Photodiode array, CCD or PMT)
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_aser Sources

Source Wavelength (nm)
Art 488.0, 514.5
Kr+ 530.9, 647.1
He: Ne 632.8
Ti: AL,O, (cw) 720-1000
Diode (InGaAs) 785, 830
Nd:YAG 1064
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