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1.1. LOCH SO QUANG PHO HOC RAMAN:

Nam 1982, Chandrasekhra Venkata Raman kham pha ra hien t66ng
ma sau nay no fiddc mang ten ong bang nhding dung cu fio phoirat tho so.
Ong sd dung anh sang mat trdi lam nguon thu va kinh vien v ong lam
colector thu nhan anh sang tan xa, con detector la iioi mat cua ong. Ngay
nay, chung ta goi la hien t60ng tan xa Raman.

Theo fia phat trien cua khoa hoc ky thuat, ng60i ta tap trung phat
trien cho nguon kich thich. Trd6c tien, ng6oi ta sé dung cac loai fien cua
cac nguyen to nho helium, bismuth, chi, kem,...fie lam nguon kich thich,
nhong thoc te khong fiap 6ng fiddic yeu cau vi cédng fio fien qua yeu. Vao
nhdng nam 1930, ngddi ta bat flau so duing fien thuy ngan cho pho Raman.
Vi du, ng6di ta thiet ket mot he thong gom 4 fien thuy ngan bao quanh ong
Raman.

Vi s6 phat minh ra laser (nam 1962), ng6ai ta fia nghien cou so
dung mot so loai laser khac nhau fie lam nguon kich thich cho tan xa
Raman. Cac loai laser iddc so dung phoi bien thdi fio la: laser Ar* (351, -
514,5 nm), K r* (337,4 - 676,4 nm) va gan fay nhat la laser ran Nd-YAG
(1.064 nm). Voi nguon kich thich bang laser Nd-YAG, hien t66ng huynh
quang do cac dich chuyen fien t6/ (ma no co the che pho Raman) se fi66c
loai tr& mot cach fiang ke.

Khoi fiau fiel ghi nhan pho Raman ngddi ta dung cac kinh anh, sau
fio vao flau nhéing nam 1950 ng6di ta dung nhan quang fiien. Hien nay,
trong cac thiet bo FT-IR va FT-Raman hien fiai ngdoi ta thodng sé dung
mot trong hai loai detector chu yeu la DTGS (deuterated triglycine
sulfate) va MTC (mecury cadmiumtelluride). NE -TEC-TO loai DTGS
hoat fiong. O nhiet fio phong, co khoang tan soi hoat fiong rong, no fivéc
s6 dung rong rai hon loai MTC. DE-TEC-TO loai MTC fiap 6ng nhanh
hon va col fio nhay cao hén loai DTGS, nhéng no chz hoat fiong fid 6c 6
nhiet Ao nitd long va bo gidi han ve tan so hoat fiong. Do fio ng6di ta che
sO duing no vao nhdng muc fiich fiac biet ma thoi

Vao nhdng nam 1960, viec nghien cou he thong quang hoc cho
quang pho Raman bat fiau fio 6c chu trong. Ngo6i ta s dung may fidn sac




fioi cho cac thiet bo phot Raman b6i vi no co kha nang loai trd anh sang
nhieu manh hén may fién sac fioi rat nhieu lan. Sau nay, fie tang c6dng
hon nda hieu suat loai tro anh sang nhieu ngddi ta con s6 dung may fién
sac ba. Cung vao nhdng nam nay, cach td toan ky cung fia fi6 ¢ s6 dung
fie tang hieu suat thu nhan anh sang tan xa Raman trong cac thiet bo
quang pho Raman.

Ngay nay, vOi sd phat trien vo0t bac cua khoa hoc ky thuat, ngodi
ta co the thu fiddc phol Ra man bang phddng phap bien fioi Fourier (goi tat
la FT-Raman). Cac thiet bo FT-Raman fiddc san xuat lap ghep voi thiet bo
FT-IR hay hoat fiong fioc lap nhé mot thiet bo FT-Raman chuyen dung.

1.2. CAC NON VI NANG LOONG VA PHO PHAN TO

Hinh 1.1 minh hoa soi truyen theo ph66ng z cua bdc xa song fiien to
phan cdc. No bao gom thanh phan fiien E (ph66ng z) va thanh phan t6 H
(phoong ).
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Hinh 1.1 Birc xa dién tir phan cuc phing
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Hai thanh phan nay vuong goc v i nhau. Chung ta chz xet fien thanh
phan fiilen do cac hien t66ing fiddc fie cap trong giao trinh khong lien he
fien hien td60ing to. Co0Ng fol fiien tréong (E) tai thoi fiiem t Ad6c cho bai :

E = E, cos2nvt (I-1)
trong fio E, la bien o va v la tan so cua béc xa.

Khoang cach gi6a hai fiiem cung pha cua hai song ke tiep nhau
fiGoC goi la "bodc song”, ky hieu la 7. NON vo fio cua » la: A
(angstrom), nm (nanometer), mu (milimicron) va cm. Sdi lien he
gida cac Adn vo nay noht') sau:

(LA=10°cm=10"nm=10"mu)



(I-2)
. Tan so: A (Hz, s™) so 166ng song trong quang fAiddng ma anh sang
truyen fi6OC trong mot giay.
Vv = € ¢vantocanh sang (c= 3.10" cm/s).

A
« Sosong: Y (cm™) fddc fionh nghta:
. Y, hay _
V= V=CV
C

Nho fia fiddc fiei cap 6 tren, so song v vatan so v la hai thong so
khac nhau, tuy nhien hai thong so nay thé6ng iddc dung mot cach lan lon.
Vi du ngd6i ta hay noi: "sél dich chuyen tan so 30 cm™ " (fiang le phai noi
s6/ doch chuyen so song 30 cm ™.

Neu mot phan t6 t06ng tac voi mot trodng fien td thi co the se co
sO truyen nang 166ng cua trédng cho phan to khi fileu kien Bohr ve tan soi
A66c thoa man, toc la :

C ~ (1-7)
AE =hv= hx: hcv
trong io A E la hieu sonang 166ng gida hai trang thai 1606ng t6; h la hang
so planck (h = 6.62 x 10%erg s) va ¢ la van toc anh sang. Do fio, ¥ ty le
vOi nang 166ng dich chuyen.
Gia so rang: AE=E,-E (1-8)

trong fio E; va E; lan 160t la nang 166ng cua trang thai kich thich va trang
thai cd ban. Phan td hap thu nang 166ng A E khi no fiddc kich thich td E,
len .E, va bdc xa ra nang 166ng AE khi no fi6dc giai phong to E, ve E;.
S6 dung (1-7) va (1-8) ta fi6oc :
AE =E, - E, =hcv (1-9)

E, . E,

hép thu AR bue xa

El ' : : EI’



Non vi cua E: J, erg, cal, eV

1 erg=10-7 J; 1calo = 4,18J; 1eV=1,6.10-19 J.

A E phu thuoc nguon goc cua sé/ dich chuyen. Trong giao trinh nay chung
ta chz quan tam fien soi dich chuyen dao fiong ma chung co the quan sat
fAdoc trong vung hong ngoai (IR) hoac pho Raman. Nhdng dich chuyen
nay xuat hien trong vung 10* ~ 10? cm™* va chung fiédc tao ra do sé dao
fiong cua cac hat nhan cau tao nen phan to.

Nho se fiddc trinh bay sau, pho Raman quan hei rat mat thiet voi cac
dich chuyen fiien t6. Do fio, chung ta can phai biet sé' lien he gida cac
trang thai fien t0 va dao fiong. Mat khac, pho dao filong cua cac phan t6
nho 0 trang thai khi the' hien nhding cau truc quay tinh te.. Cho nen, chung
ta cung can phai biet sl lien he gida cac trang thai dao fion g va quay.
Hinh 1-3 mo ta ba loai dich chuyen cua phan té hai nguyen t@.

, Vi ba IR, L2
I\MR ERS Rarnan . Ngoa, Tia X Tlﬂ. ']'
: ' khi ki¢n
10 10°? 1 10° 10* 109 108 10"
;’ (cm“']
} | 1 ] | ] ! J
10 107 | 102 (o* 108 108 10°'°
A (cm)
{ ] | ] | | | J
Ix10t 3xin 3x10" 3x10"7 Ixlo™ Bl Ix10" ax 1™
v (Hz)

Hinh 1-2 Don vi néng lugng ciia cac ving khac cta phd séng dién tir.



Bang 1-2 Cic ving phé va ngudn gbc cla né.

Loai pho

Vung phé

Nguén géc

(NMR)

(V, em™)
Iria 109 108 |SY¥ s&p x€p lai clia cde hat co ban
Y trong hat nhan.
Su chuyén mic nang lugng ciia cac
Tia X 10°- 10° ldién t& bén trong cta nguyén tu,
phén tir.

% e : St chuyén mc ning lugng cua cédc
Tu - kh . o o = g A L L
kié,:llgoal 4 10°- 10* dién tu héa tri cua nguyén tu va

phan tir.
Raman va héng 10°- 102 Sut chuyén mic dao déng (thay d6i
ngoai cdu hinh). '
Vi séng 10°-1  [Su dich chuyé&n cie mic quay.
Céng hud : o . g .
N 'iigdiénlllzig? 1-102 Su dich chuyén giita cdc miic spin
(§SR) ' (thay déi sy dinh huéng).
Cong huéng tir : .
he?t rglha"m . 102 - 10 Su dich chuyén giita cdc mic spin

hat nhan trong tir trugng.
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Hinh 1-3 Cac mifc néng lugng cia phan ti hai nguyén tir

1.3. DAO NONG CUA PHAN TO HAI NGUYEN TO:
Chung ta xet s0 dao fiong cua mot phan té hai nguyen tdé ma trong
fo hai nguyen t6 A66c noi voi nhau bdi mot lien ket hoa hoc.



O fay, m; vam, lan 166t la khoi 166ng nguyen to 1 va nguyen to 2;
r,var, la khoang cach té khoi tam fien cac nguyen td 6 0 xet.

Do fio, r; + r, la khoang cach can bang; x; va x, la fio dich chuyen
lan 166t cua nguyen t6 1 va nguyen td 2 tinh t6 vo tri can bang. Do s6 bao
toan khoi tam, can phai co cac moi lien hei sau:

mir{=mol,
m; (r]_ +X1)=m2 (I’2+X2)

Ket hop hai phddng trinh tren lai ta AdOC:

X1=(M2/my)X; hay Xp=(mi/my)x; (1-12)

Theo ly thuyet coi fiien, lien ket hoa hoc noi tren fiydc xem nho la
mot lo xo tuan theo fionh luat Hook ma trong fio 16¢ hoi phuc f iddc moita
dodi dang sau:

F=-K(X1+X,) (1-13)

Trong o K la hang so: 16c va dau trd cha ra rang phodng cua l6ic va
phédng doch chuyen la ngédc chieu nhau.

T6(1-12) va (1-13) ta co:
F=-KX,(m;+m,)/m;=-Kx;(m;+m,)/m,
Phdbng trinh chuyen fiong Newton cho cac nguyen t6 co dang :

d2
m, dt)z(l =-Kx,(m;+m,)/m,
d?x
dt22 =-Kx,(m,+m,)/m,
mm,_d  d ) =K, +X,)
m, +m, dt?

Noa khai niem khoi 166ng rut gon K = va fio dich chuyen

g =X + X, vao pt (1-17) ta ficdc:



Nghiem cua pt vi phan nay la:
g=0,9n(2rv.t + o)
Trong fiol g, la fio dich chuyen cdic fiai; ¢ lahang soi pha, phu thuoc
vao fiieu kien ban fiau; v, la tan so dao fiong fi6oc cho boi:

v - 1K (1-20)
2n \ p
* Thenang V: (1-21)
_ 1 2 2 2 2 2
. V_EKq =21 °v,"nug,” sin“(2nv t +o)
« Nong nang T:
1 (dq)’
T =_“(_qj = o 2Vozlvlqo2 CoS” (2nV,t +¢)
2\ dt
» Nang l60ng E:

E=V+T=2r%_ug,” = const

Hinh 1.4 Bigu 6 thé ning cda mgt dao dong tir didu hoa

Ta nhan thay: E= T tai g=0 va E=V tai g= +q,. Ng00i ta goi he!
thong dao fiong nay la dao fiong to fiieu hoa.

Trong ¢6 hoc 160ng t6, s6/ dao fiong cua phan té hai nguyen td co
the AGGc xem nho la chuyen fiong cua mot hat fi6n le co khoi 166ng p va
the nang cua no fi6dc mo ta boi (1-21), Phodng trinh Schrodinger cua mot
he thong nho the coidang nho sau:



dyy 8ru 1
dg? (E_EKqZ}V:O 429

Giai (1-24) vai fiieu kien phai la fidn tro, hdu han, lien tuc thi cac gia tro

rieng Addc cho boi:
1 ~ 1
E,=hvn+=|=hcv| n+=
2 2

Vi tan so dao fiong:

1 |K
V=_T—1— (1-26)
2n \ p
So song: G i 5
2nc |

Trong fio, n la so 166ng té dao fiong, n= 0, 1, 2, 3,...
Cac ham rieng to6ng 6ng la:

/ 1/4 )
Vn= %e—aq Hn(\/a)

Trong fio, & = 2m+/uK /h =4 *uv/h va Hn(\/@) la fia thoc
Hermite bac n.

Can chu 'y rang tan so theo ¢ hoc 166ng t6 (1-26) giong het voi
tan soi theo quan fliem coi fiien (1-20). Tuy nhien, co mot vai fiiem
khac nhau fiang l6u y gida hai quan fiiem coi fiien va 166ing to.

Mot la, theo quan fiiem coi fiien thi nang 166ng E = 0 khi g = 0.
Trong c0 hoc 166ng t6 trang thai nang 166ng tha p nhat (n = 0) co
nang 166ng la %hv (naing 166ng fiiem khong) (xem

hinh 1-3) ma no la ket qua cua nguyen ly bat fionh Heisenberg.
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Hink 1.5 Ham sdng (trdi) va cdc phén h§ xac sust (phal) ela dao ding i didu hoa

Hai la, nang 166ing cua mot dao fiong t&l fiieu hoa col the thay
fioi mot cach lien tuc trong c6 hoc co fiien. Trong c¢6 hoc 166ing to

nang 160N chz co the thay fioi theo fidn v hv.
Ba la, trong ¢6 hoc co fiien, sé dao fiong chz gidi h an trong parabol

vi T se am khi |d > |d,| (xem hinh 1-4). Trong cd hoc 166ng t6, xac suat
tim thay q ben ngoai parabol la khac khong (do hieu 6ng fi6éng ham)
(hinh 1-5).

Ning hegng

Khodng cdch gifa cc hat nhiin

Hinh 1.6
Budng cong thé nadng cia mit phan tif hai nguyén tir. Budng lién nét 13 the Marse
{gan gidng thye 1€). Duiing dift nét 12 th& parabol cia dao dong t& didu héa. D, 13
ndng lugng phan ly Iy thuyét va D, 13 ndng lygng phan |y quang phi.



Noi voi mot dao fiong t6 fiieu hoa, khoang cach gidia 2 moc
lien tiep luon bang nhau va bang hv. Trong thoc te, fiieu nay
khong hoan toan fiung foi vbi phan to bdi vi the nang cua no
khong co dang hoan toan parabol ma mot cach gan fiung A66c
mo ta boi ham the Morse, col dang sau:

V =D, (1-e"?

Trong fio D, larnang 166ng phan ly. Neu phddng trinh
Schrodinger fid6ic giai voi ham the Morse nay thi cac gia tro
rieng sel co dang:

E, = hco,(n+1/2) - hey w,(n+1/2)* +...  (1-30)
Trong fiow, la so song hieu chenh cho tinh phi fileu hoa var x .o,
la fio: phi fiieu hoa. Phéong trinh (1-30) cac méc nang 166ng cua
dao flong t6 phi fileu hoa khong con cach fieu nhau nda, khoang
cach gida cac moc giam khi n tang (xem hinh 1 -6).

BANG 1-3 trinh bay cac so lieu hieu chenh phi fiileu hoa cho mot so
phan to hai nguyen to. Noi voi cac phan t6/ 1n thi sd hieu chanh se phoc
tap hén.

Theo ¢ hoc 166ing to, fioi vOi mot dao fiong td, cac dich chuyen chz
co the xay ra khi chung thoa man fiieu kien A n = + 1. Tuy nhien, fioi voi
dao fiong phi fileu hoa thi cac dich chuyen thoa man An=+2, +3,...
(cac hoa tan) cung khoi xay ra . Trong cac dich chuyen thoaman an=+1
thi doch chuyen éng vdi n =0 <=> 1 (fiédc goi dich chuyen c6 ban) sel xuat
hien rat manh trong vung pho! hong ngoai (IR) va pho Ra man. Nieu nay
co the fivdc giai thich bang fionh luat phan bo Maxwell - Boltzmann. Ninh
luat nay cho rang ty so gida mat o cua trang thai n = 1 va trang thai n =0
co dang nho sau:




Bang 1-8 Su lién hé giita tAn s6 dao dong, khoi lugng rit
gon va hing s6 luc.

Phén t&| V quan sit (cm?) |a, (cm™)|p (d.v.kLn.t) K(mdyn/A)
H, 4160 4395 | 05041 5,73
HD 3.623 3817 | 10,6719 5,77
D, 2.994 3.118 | 1,0074 5,77
HF 3.962 3.139 | 0,9573 9,65
HCI 2.886 2.989 | 0,9799 5,16
HBr 2.558 2.650 |  0,9956 4,12
HI 2.233 2310 | 1,002 4,12
F, 892 . 913 9,5023 4,45
Cl, 546 565 | 17,4814 3,19
Br, 319 323 | 39,958 2,46
I, 213 215 | 63,466 1,76
N, 2.331 2.360 7,004 22,9
Co 2.145 2270 6,8584 19,0
NO 1.877 1.904 |  7,4688 15,8
0, - 1.555 1.580 8,000 11,8

Trong lo A E la hieu so nan g 100ng gida hai trang thai, k la hang
so Botlzmann va T la nhiet fio tuyet fioi.
Do AE = E, — E, = hcV nen ty so nay cang nho khi ¥ cang 16n. O
nhiet Aol phong (T=300 K) thi:
kT=1,38 x 10™*° (erg/ K) 300(K)= 4,14 x 10™(erg).
n=1

Do fio, neu v =4.160 cm™ (phan td H,) thi P =2,19.10°. Vi the,
n=0

hau het cac phan té fieu 6 trang thai n=0. Neu v =213 cm™ (phan to 1,)



thi ty so nay la 0,36. Toc la khoang 27% soi phan t6 I, la & trang thai n=1 &
nhiet fio phong. Trong trédng hdp nay, dich chuyen n =1 =>n= 2 co the
quan sat fiddic 6 tan so thap hdn mot chut so vdi tan so cua dich chuyen c6
ban nhéng voi c6ding fio rat yeu (do mat fio: 6 moc n=1 th6ong rat thap).
Dich chuyen nho the (khong xuat phat t& méc n=0) fi6dc goi la “dai nong”
(hot band) vi no co khuynh h6dng xuat hien 6 nhiet fio cao.



