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Hinh 1.7: Sy khac nhau vé co ché gitra phd Raman va pho hong ngoai

Nhu ta biét, cac dich chuyén dao dong c6 thé quan séat dwoc trong vung pho IR hoac
ph6 Raman. Trong phé IR, ta c6 thé do dwoc sw hdp thu anh sang hdng ngoai do mau nhuw
|a mdt ham cla tan s6. Phan tir hdp thu ning luvong AE=hv tir ngudn IR tai moi dich
chuyén dao dong. Cwong do hdp thu IR dwoc xéac dinh bdi dinh luat Lambert -Beer:

| =1,e°

Trong do lp val lan lwot la cwdng d6 cia chum anh sang t¢i va chum anh sang truyén

qua, ¢ l1&hé sd hdp thu phan ti. Con c vad Ian lvot 1a nbng do clia mau va bé rong cla

mau.

Trong phd hdng ngoai, ngudi ta thuong vé do truyén qua phan tram(T) theo s6 séng ( v)

T(%) = l'—xlOO

0



Cha y rang T(%) khong ty 18 véi c. B6i véi viéc phan tich dinh | wong, nguoi ta thuong

sr dung dai lvgng nang sudt hap thu (A) dwoc dinh nghta nhu sau:

A:Iogll—:scd

0

Ngudn gbc phé Raman khac dang ké so voi phé IR. Trong quang phd Raman, mau
dwoc chiéu xa bdi chum laser cwong dd manh trong vung ti ngoai-kha kién (v,) va chim
anh sang tan xa thuong dwoc quan sat theo phwong vudng goc véi chim tia tdi. Anh séng
tan xa bao gdm hai loai : mot dwgc goi latan xa Rayleigh, rat manh vaco tan sé giong voi
tan s6 chum tia t6i (v, ); loai con lai dugc goi la tan xa Raman, réat yéu( L/ 10 chum tia t6i)
cotan sb la v, tv, , trong d6 v, latan s6 dao dong phén ti. Vach v, -v, duoc goi la vach
Stockes vavach v, +v,_ goi lavach phan Stockes. Do dd, trong quang phd Raman, ching ta
do tan s6 dao dong (v,,) nhu la sy dich chuyén so véi tan s6 chum tiatdi (v,). Khéc voi
phd hong ngoai, phd Raman dwgc do trong vung tir ngoai-kha kién ma & do cac vach kich
thich (laser) cling nhu cac vach Raman cung xuat hién.

Theo ly thuyét co dién, tan xa Raman cd thé dwoc giai thich nhuw sau : Cwong do dién
trwong E cua séng dién tir (chum laser) dao dong theo thoi gian ¢6 dang:

E = E,cos2nvt

Trong do, E,la bién d6 dao dong va v,latan sd laser. Néu moét phén t& hai nguy én tir
dwoc chiéu béi anh sang nay thi mét momen lwdng cuc dién sé xuat hién do cdm ng cé
dang sau: P=aE=aE,cos2tv

Trong d6 o lahdng s6 ty 18 dwoc goi 1ahé s6 phan cuc. Néu phan ti dao dong véi tan
S0 v_, thi si dich chuyén q cla hat nhan c6 dang sau :

g=(,cos2nv,t
Trong d6 q, la bién d6 dao dong. V&i bién dd dao dong nhd, o l& ham tuyén tinh theo

g. Do do, ching ta c6 thé viét :



Suyra: P=aE,cos2rvt=a,E, cosvaOt+(g—aj qE, cos2rtv,t
q

0

P =0,E, cos2rv,t + (Z—QJ 0oE, cos2rv,t.cos2rv, t
q

0
1( do
P =0,E,cos2rvt + E[@—J 0oE, [cOS27 (v, +V )t + OS2 (v, —V )t |
q o

Theo ly thuyét c6 dién, sb hang thtr nhat md td mot ludng cuc dao dong ma nd birc xa
tan s6 v,(tan xa Rayleigh); s0 hang thi hai la twong (ng v6i tdn xa Raman véi tan s6

V, +V,, (phan Stockes) va v, - v, (Stockes).
NéEu (2—2] bang khong thi s dao dong khong thé tao ra phd Raman. NG6i chung, dé co
0
phé Raman thi ty so nay phai khac khéng.

Trong pho IR, chlng ta quan sat dwoc dich chuyén v=0—» 1 & trang thai co ban cla
dién t&. Trong phd Raman binh thuvong, vach kich thich (v,) duoc chon sao cho nang lwvgng
cta né lathap hon nhiéu so véi trang thai kich thich cla dién t&r. Dudng chdam cham mo ta
trang thai ao dé phan biét né véi trang thai kich thich thuc. Nh v ta biét, mat do phan tr &
trang thai v=0 la I6n hon rat nhiéu & trang thai v=1(dinh luat phan b6 Maxwell -
Boltzmann). Do d6, & diéu kién thwdng cac vach Stockes (S) manh hon vach phan Stockes

(A). Do ca hai déu cho thong tin giéng nhau, nén nguoi ta chi do phan pho Stockes.
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Hinh 1.8: So sanh c&c mitc nang lvong clia phd Raman thuong,
Raman cdng huédng va huynh quang céng hwéng

Tan xa Raman cong huwdng (RR) xay ra khi vach kich thich dwgc chon sao cho mic
nang luvong cta n6 nam trén vang kich thich dién k. O trang théi 16ng vatrang théi ran, cac
muc dao dong dwoc mé rong tao nén mot ving lién tuc. O trang thai khi, mét ving lién tuc
nam trén mot chudi cac muc gian doan. Sy kich thich cac v ung lién tuc nay tao thanh phd
RR 1am tdng manh ddy Raman bat ngudn tir si dich chuyén dién tir dac biét n &y. Thuét ngi
“tién cong hudng” dugc s dung khi vach kich thich (vé nang | wong) ndm gan sat véi trang
thai kich thich dién tt.

Su huynh quang cong hwéng (RF) xay ra khi phan tir duoc kich thich dén mot muc gian
doan cua trang thai kich thich dién t&r. Sy huy nh quang cdng hudng duoc quan sat thdy &

céc phan ti khi, chang han I, Brs, ...

Cubi cung, pho huynh quang dwoc quan sat thay khi phan tir & trang thai kich thich trd
vé mirc dao dong thap nhét thong qua céac dich chuyén khong blrc xa (vé trang thai trung
gian) va sau dé madi phat ra birc xa (khi dich chuyén tlr trang thai trung gi an nay vé trang
thai thdp nhét). Thoi gian séng & trang thai kich thich trong phd RR | art ngan (L 1V *g)
trong khi d6 & phd RF vaphd huynh quang la dai hon khéa nhiéu (U 1V *-10°s).
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Hinh 1.9: Phé Raman ctia CCl4 véi budc song kich thich 1064nm
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1.5. Cac théng s6 xac dinh tan s6 dao dong

1 /K

Tan s6 dao dong ctia mot phan t&r hai nguy én ttr duoc cho béi : \_/=2—C —
mc\ p

Phurong trinh trén cho ching ta thdy ring v ty 18 véi <K nhung ty 18 nghich véi /. .
PE tinh hang s6 lwc mot cach thuan tién ng woi ta viét phurong trinh trén nhw sau :
K =4n°C’o’u

O day tan s6 dao dong( quan sat duoc) da dwoc thay bdi o, dé thu dwoc hang s6 luc
chinh xac hon. Bang cach st dung don vi milidyn/A°(mdyn/A°) hay 10° (dyn/cm) cho K va

don vi khoi lvgng nguyén tir (awu) cho p , phwong trinh dugc viét lai nhu sau :

K = 4(3,14)%(3.10°)2(— ) ©? = 5,8883.10 2 >
(314 (310°) (g ok )0} o’

D6i voi HCl ta ¢ o, =2985cm™ va p=0,9799. Do d6 K=5,16.10°dyn/cm hay

5,16milidyn/A°.



Ap dung céch tinh trén cho céc phan t& hai nguyén tir ta sé co két qua trong bang. Xem
bang ta cd nhan xét rang trong 4 chudi hop chét thi tin sd sé giam tir trén xudng dudi. Tuy

nhién, nguyén nhan ctia sw dich chuyén tan s6 1a khac nhau ddi véi moi tredng hop.

H,>HD > D, lado khéi lugng rat gon ting dan, trong khi hiang s lvc khong bi anh

hwdng béi su thay thé dong vi.

HF > HCl > HBr > HI la do hang s6 lyc giam dan (nguyén nhan lavi lién két yéu dan),

trong khi khoi lvong rit gon khéng doi.

F,>Cl, >Br,>1, lado hang s6 lvc giam dan (nguyén nhan la do lién két yéu dan), khdi

lvgng rat gon tang dan (vi phan tér nang hon).
Cubi cing N, >CO>NO>0, lado hang s6 lvc giam dan.

Tuy nhién, can cha y rang hang s6 luc 16n khong ¢ nghta | alién két sé manh hon, do

hang s6 luc 1a do cong ctia hd thé gan vi tri can bang.

aty
dq g—0

Trong khi do luc lién két (nang luvong phan ly) duoc xac dinh béi do sau ho thé (D) .

Do dé, khi K 1én cé nghta la hd thé sé nhon hon & day (d6 cong 16n), nhwng diéu nay

khdng c6 nghia la ho thé sé sau hon. Vidu :
HF HCI HBr HI

K (mdyn/A°) 9,65 > 5,16 > 4,12 > 312

e

(kcal/mol)

134,6 > 103,2 > 87,5 > 71,4

Tuy nhién,



FZ C|2 Brz |2
K (mdyn/A°) 4,45 > 3,19 > 2,46 > 1,76

De
(kcal/moal)

37,8 < 58 > 46,1 > 36,1

Khi khao sat mot s6 lugng 16n cac hop chit ta sé thdy quan hé gilta hang s6 luc va ning

lvgng phan ly sé khong tuan theo quy luat nhat dinh.
1.6. Dao dong cla phan t& nhiéu nguy én té

Trong cac phan tir hai nguyén tlr, st dao dong chi xay ra doc theo cac mai li én két gilra
cac hat nhan. Trong phan tlr nhiéu nguyén tl, tinh hinh sé phirc tap hon béi vi tat ca cac hat
nhan déu thuc hién dao déng diu hoa clia chinh nd. Tuy nhién, ching ta co thé cho rang
tat ca cac dao dong phirc tap déu cé thé d wgc mo ta nhw la sy chong chap cta nhiéu “ dao

dong chuén tac” doc 1ap vai nhau.

DE cd thé hinh dung vé cac dao dong chuén tac, ching ta h &y xé mdt md hinh co hoc
clia phan tir CO,. O' day c4c nguyén ti C va O duoc xem nhu nhitng hon bi cé trong luong
twong (ng véi trong lwgng nguyén tlr clia ching, va cac hon bi dugc ndi voi nhau boi cac
10 X0 ¢d luc céng riéng twong tng voi hang s6 luc cia cac lién két. Gia st rang lién két C-
O duwoc kéo dan rava sau dé dwoc tha ra mot cach dong thoi. Cac hon bi sé di chuyén qua
lai doc theo phwong lién két. Bay 1a mot trong nhitng dao dong chuén tac ctia mé hinh nay
va dwoc goi la dao ddng hoéa tri ddi xirng. Trong phan ti CO , thuc, tan s6 clia dao dong nay
lav,=1,340cm™. K& dé, ching ta kéo d&n mot lién két C-O vanén mot lién két C-O con lai
va sau do tha ra mot cach dong thoi. Day ciing l1a mot dao dong chuén tic va dwoc goi la
dao dong hoéa tri phi doi xing. Trong phan t&¢r CO, thuc, tan s6 cla dao dong nay la
v3=2,350cm™. Cubi cuing, ta xét trwdng hop ba qua béng dwoc dich chuyén theo phuong

vubng goc v6i nhau va sau dé dugc tha mot cach dong thoi. Bay la loai th ba clia dao



dong chudn tac va dwoc goi l1a dao déng bién dang d6i xding. Trong phan tir CO , thuc, tan

sd clia dao dong nay lav,=667cm™.

C&K’T\g

Hinh 1.10: Chuyén dong cla cac nguyén tir trong dao dong chuén tic ctia CO,

Bay gi0 gia sir rang ta ding mdt cai blda danh vao mo hinh co hoc nay thi no sé thuc
hién mot chuyén dong vo cung phic tap khong gidng véi nhitng dao dong chuén tac d &
duoc dé cap trén. Tuy nhién, néu chuyén dong phtc tap nay dwoc ghi bang mot camera
hoat nghiém v&i tan s6 hoat nghiém bang vai tan s6 dao dong chuén tic thi ching ta sé
thdy dwoc titng dao dong gidng hét nhu cac dao dong chuén tac dugc mo ta trong hinh.
Trong thuc t€, camera hoat nghiém dwoc thay thé bang cac thiét bi do phé IR hay Raman
ma no chi phat hién duoc mot dao dong chuén tdc ma thdi. Do moi nguyén tir c6 chuyén
dong theo ba phwong (x,y,z) phan t& N ¢6 3N bac tv do chuyén dong. Tuy nhi én, 3N bac tuw
do nay |a bao gdm 6 bac tv do bt ngudn tir chuyén dong tinh tién cta to an bd phan tir theo
3 phwong va tir chuyén dong quay ctia toan bd phan t& xung quanh ba truc quay chinh, ma
chang di qua khoi tam clia phan ttr. Do d6, bac dao dong tv do 1 a3N-6. D6i voi cac phan tir
thang thi bac dao dong tu do 1& 3N-5 vi khéng c6 sy quay ctia phan ti quay quanh truc cla
no. Trong trudng hop phan t¢ CO,, ching ta co 3x3-5=4 dao dong chuén tic. Can chi y
rdng Vv, Va Vap, €O cling tan s6 dao dong, chi khac nhau vé phuong dao dong va mot cép dao

dong nhu thé duoc goi la dao dong suy bién bac hai.
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Hinh 1.11: Cac dao déng chuén tic ctia CO»

Céc dao dong twong duong theo bat ci¢ phwong nao cling co thé duoc mo ta bdi sw két
hop tuyén tinh clia v, Va va,. Hinh sau minh hoa ba dao dong chuén téc ctia phan tr H ,0.
Céac dao dong chuén tic sé duoc khao sat vé mat ly thuyét trong phan tiép theo. Néu chiing
ta chon cac “toa do chuén tac” Q,, Q,, Qs tuan tw cho cac dao dong chudn tic v 4, Vy, V3

trong hinh 1.12 thi s lién hé toa do chufn tac vatoa do Descartes (q1,0p, ..) nhwr sau :

Q= Ban + Blez .
q, = BZlQl + BzzQz +

Do d6, cac mé hinh dao dong chuén tic c6 thé dwoc biéu dién theo toa dd Descartes néu

nhw s6 hang Bj; duoc xac dinh.

Co H,0 cm™’
{

va(As) /\ 3657
z

ST N

*

valAy) A 1585

N e

v4(B.) /\ 3756



Hinh 1.12: Cac mode dao dong chuén tac clia H,O

1.7 Céc nguyén t&c chon loc cho phé Hong ngoai v a phé Raman

Pé xac dinh mot dao dong | a hoat dong hong ngoai (IR) hay hoat dong Raman, cac
quy tic chon loc duoc st dung cho tirng loai dao dong chuén tac (normal vibration). Do
ngudn gdc clia phd HONg ngoai va phd Raman khac nhau dang ké nén nguyén tic chon loc
cta chung ciing khac nhau. Theo co hoc lvgng ttr, mét dao dong hoat ddng Hong ngoai néu
moment luvdng cuc (dipole moment) bi thay d6i trong sudt qua tr inh dao dong va dao dong
dé duoc goi lahoat ddong Raman néu dd phan cuc (polarizability) bi thay ddi trong subt qu &
trinh dao dong.

Hoat dong hdng ngoai clia cac phan t& nhd cd thé d woc xac dinh bang bang viéc
khao sat mode clia dao dong chuén tac (mode chuédn tic). Dao dong cta phan tir gom 2
nguyén tir dong cuwc la khéng hoat dong hong ngoai, con dao dong cutia phan tlr gom 2

nguyén t&r di cuc la hoat dong héng ngoai. Vi du:
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Hinh 1-11: C4c mode dao ddng chudn tac cla phan tr CO, (+ va — ky hiéu twong (rng cho cac
dao dong ti va lui theo huéng vudng géc véi mat phang gidy

Phan t&r CO, gdm 3 nguyén ttr. Dao dong cla phan tlr CO, co thé phan tich thanh 3
dao dong chuén tac, mbi dao dong chuén tac cd mot tan s6 ri éng. Trong do, dao dong

chuén tac tan sd v, la khéng hoat dong Hong ngoai (vi & dao dong clia 2 nguyén tir dong



cwc, moment lwdng cuc khong thay doi trong sudt qua tr inh dao dong), con dao dong chuan
tac thn s6 v, va vz la hoat ddong Hong ngoai (vi ladao dong clia 2 nguyén tir di cuc, moment
lwvdng cuc thay doi trong su6t qua trinh dao dong) (Hinh 1-11). Twong tw, phan t&r H,O
cling gdbm 3 nguyén ti, c6 thé phan tich thanh 3 dao déng chuén tac vy, v, va vz, ca 3 dao
dong chudn tac nay déu la hoat dong Hong ngoai (Hinh 1-13).

+q q=0 -q

Vi

Vo

V3

Hinh 1-13: Sy thay d6i moment ludng cuc ctia phan t&r H,O trong sudt méi qua trinh dao dong
chuén tac

Dé khao sat hoat dong Raman, truwdc hét chiing ta hdy xét ban chat clia do phan cuc
a. Khi phan tir dwgc dat trong dién truong (chum laser), nd sé bi bién dang do hat nhan tich
dién dwong bi hat vé phia cwc am va cac dién tir mang dién am bi hat vé phia cwe d vong
(Hinh 1-14).
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Hinh 1-14: Sy phan cuc cia mot phan t&r gdbm hai nguy én tir dwgi tac dong cla dién treong

S phén tach dién tich nhuw vay sé tao nén mdt momen lwdng cwc cam ng P duwoc
cho bai:
P=0aE (1-45)
Trong céc phan tr thuc su, P va E la nhitng vector 3 thanh phan theo 3 phuwong x, v,
z nén biéu thirc (1.7.1) can duoc viét lai:
P =oE,+a, E +a,E,
P, =a,E +a,E +a,E,  (1-46)

P,=a,E, +ocZyEy +aE,

Néu viét du¢i dang ma tran:

P, Oy Oy Oy [ Ey
Pl=la, a, a,|E, (2-47)
Pl oy a, o,l|E,
Oy Oy, ocxz_
Matran |a, o, o, | dwgc goi la matran tensor phan cwc. Trong tdn xa Raman
O, O, O,

thudng, tensor nay 1a déi xing, tic 1a ayy = Oy, Oy, = Ox VA 0y, = 0. Theo co hoc lugng
tlr, dao dong s lahoat dong Raman néu mot trong cac th anh phan cua tensor phan cuc bién
ddi trong sudt qua trinh dao dong.

Trong tredng hop cac phén tir nhd, ching ta dé d ang nhan biét do phan cuc cé thay
ddi hay khong trong qué trinh dao dong. Hay xét cac phan tlr 2 nguyén tir nhv H, va céc

phan t&r thang hang nhu CO,. D4m may dién ti cla ching ¢ hinh dang giéng nhu qua dua



hau bi gidn ravaco tiét dién tron. Trong cac phan tlr nay, cac dién ti bi phan cuc nhiéu (a
l6n) doc theo mai lién két hda hoc hon la theo phuong vudng goc véi nd. Néu ching ta vé

a; tir khoi tdm theo tat ca cac phwong (x, y, z) thi ching ta sé thu dugc mot mat khdi 3

chiéu. Théng thwong, nguoi ta vé ithay vi o; va goi hinh thé 3 chiéu nay la elipsoid

Jer
phén circ. Hinh 1-15 mo ta sv bién doi ctia mot ellipsoid trong qua trinh dao dong cuia phan

ttr CO,.

+q q=0 ~q
O——C—0O O—C—C 0—C-0
V4 @ @
Oo——C—0 O—C—0O O—C—O
V3 @
C O O
o~ O o) 0 ~c

__C_
« €7 i 3
Hinh 1-15: Su thay ddi cla céac ellipsoid phan cuc trong sudt qua tr inh dao dong ctia phan tir CO,
Dua vao ellipsoid phan cuc, c6 thé xéac dinh dao dong | a hoat dong Raman néu nhuw

kich thwdc, hinh dang hodc huéng clia nd thay d6i trong qua trinh dao dong chuén tac.

Trong dao déng tan so v,, kich thwédc cua ellipsoid bi thay ddi, cac thanh phan trén dwong



chéo ayy, 0yy Va 0, thay d6i mot cach dong thoi. Do d6, dao dong n ay la hoat dong Raman.
Trong dao dong tan s6 vs, mac du kich thwéc cla ellipsoid bi bién d6i trong qué trinh dao
dong, nhung cac ellipsoid tai vi tri cuc tri clia do dich chuyén (+q va—q) co kich thwdc
bang nhau. Do dé, dao déng nay khéng phai 1a hoat ddong Raman. Sy khac nhau gitra v, va

V3 dwge mo ta trong hinh 1-16.

J J
+q q=0 -q +q g=0 -q
(do/dq), = 0 (do/dg), =0

Hinh 1-16: Sy khac nhau gil*ta dao déng v, vavs trong phan tir CO,

O day, hoat dong Raman dwoc xéac dinh bdi hé s6 goc gan vi tri can béng (d—a] .
0

dq
Trong dao dong tan s6 v,, hinh dang cua ellipsoid la hinh cau tai hai cdu hinh cuc tri. Hai
hinh cau tai hai cau hinh cwc tri nay giéng hét nhau vé hinh dang va kich thuéc. Do d6, dao

dong v, khdng phai 1a hoat déng Raman.
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Hinh 1-17: Sy thay d6i cla céac ellipsoid phan cuc trong sudt qué trinh dao dong chudn tac clia

phan t& H,0

Hinh 1-17 mé ta su thay d6i ellipsoid phan cuc trong qua trinh dao dong chudn tac

clia phan ttr H,0O. Dao ddng v, clia n6 la hoat ddng Raman gidng nhu dao dong v, clia CO..

Dao dong v, cling la hoat ddng Raman do hinh dang cua ellipsoid 1a khéac nhau tai +q va -

. Dao dong v cling la hoat dong Raman béi vi huéng cua ellipsoid ciing thay dbi trong

qué trinh dao dong do mot s6 hang ndm ngoai dwong chéo (trong trwong hop nay 1a ay,)

thay dai.



1.8 So sdnh phd Raman va phd Hong ngoai

Méc du phé Raman va phd Hong ngoai c6 kha nang cung cép thong tin vé cac tan s6
dao déng theo cach twong tw nhau, nhitng mdi cai déu c6 nhitng wu diém va nhitng nhwoc
diém riéng:
- Nguyén téc chon loc clia phd Raman va phd IR khac nhau dang ké. Do do, mot s6 dao
dong nay chi la Raman thi mot sd khac chi la Hong ngoai, tirc 1a mdt dao dong cd thé la
Raman hay Hong ngoai. Tuy nhién, cdc dao dong hoan toan déi xing thi lubn lubn la
Raman
- M6t vai dao dong von yéu trong phd Hong ngoai lai manh trong phé Raman. Vi du nh v
cac dao dong hda tri (stretching) clacac lienkétC=C,C=C,P=P,S -SvaC - S. Nai
chung, dao dé6ng Raman la manh néu nhu lién két la héa tri, va dao déng Hong ngoai la
manh néu lién két laion (O — H, N — H). D6i véi lién két hoa tri thi ty s6 cuong do tuong
ddi cla cac dao dong hoéa tri clia cac lienkét C=C, C=C, C - C trong phd Raman a3 : 2
: 1. Dao dong bién dang (bending) ndi chung | ayéu hon dao déng hda tri trong phé Raman.
- Viéc do ty s6 khir phan cuc cung cdp cho chlng ta thong tin dang t in cdy vé su doi xing
clia dao dong thuong trong dung dich. Ching ta khong thé thu d woc thong tin nhw thé tir
ph6 HBng ngoai clia dung dich ma & dé phan tir dinh huéng mot cach ngau nhién.
- Str dung Raman cong hwdng dé tang cwong dao dong clia nhdm mang mau trong phan ti.
Diéu nay dac biét c6 lgi trong viéc nghién clru dao dong cla cac phan t sinh hoc chira cac
nhém mang mau.
- Do dwong kinh ctia chum laser thuong lanhé (1 — 2mm) nén chi can mot lvgng mau nho
la co thé thu dwgc phd Raman. Bay lalgi diém so véi phd Hong ngoai trong trueong hop ta
chi ¢an mot lugng nhd mau (vi du nhu cac chét dong vi)
- Nudc la chdt tan xa Raman yéu, nén phd Raman clia cac mau trong dung dich nwéc sé bi
it anh hwdng béi pho dao dong ctia nwéc. Do do, phd Raman rét ly tudng dé nghién clru cac
hop chét sinh hoc trong dung dich nwéc. Nguwoc lai, phd Hong ngoai bi anh hwdng nhiéu

b&i sw hap thu rat manh cla nuwéc.



- C6 thé thu duoc phd Raman clia cac hop chat hit 4m hodc nhay khi bang cach dat mau
vao mot 6ng thay tinh sau do bit kin lai. Tron g pho Hong ngoai, diéu nay khong thé thuc
hién dwoc vi 6ng thay tinh hdp thu manh bic xa hdng ngoai.
- VUing phéd clia phd Raman tir 50 — 4000cm™, do d6 dé ghi hét ving phd ta khong can phai
thay ddi cac chi tiét quang hoc. Nguwoc lai, viing phé Hong ngoai rat rong, do do, can phai
thay d6i cac chi tiét quang hoc (céach tlr, bo tach ch Um tia, kinh loc, detector,...) méi cé thé
ghi hét viing phd Hong ngoai.

Bén canh nhi*tng wu thé ndi trén so vai phd Hong ngoai, phd Raman ciling c6 mot so
nhuoc diém sau:
- DE quan sat dwoc sy tan xa Raman yéu ta phai str dung ngudn laser c¢d cong suéat Ién.
Diéu nay c6 thé tao nén sy nung nau cuc bd hay s quang phan ly, dac biét trong nghi én
clru phé Raman cong hwdng ma & do tan so laser duoc diéu chinh vao ving hap thu clia
phan tt.
- M6t vai hgp chat sé phat huynh quang khi chiéu v ao ching chum laser.
- Thu phd quay va phd dao dong — quay véi do phan giai cao trong phd Raman khé hon la
trong pho HOng ngoai. Bai vi phd Raman dwgc quan sat trong vung tér ngoai — kha kién,
nhung trong vung nay rat khé thu dugc pho c6 do phan giai cao.
- Thiét bi Raman hién dai dat tién hon nhiéu so véi thiét bi FT-IR.

Quang phé Raman va quang phé Hong ngoai cd thé (ng dung cho tat ca cac trang
thai ran, 16ng, khi vadung dich. Trong khi d6, nhiéu xa tia X chi co thé (ng dung cho trang
théi tinh thé. Con cong hudng tir hat nhan (NMR) chi (ng dung phan 16n cho mau & dang

dung dich.

1.9 Ty s6 khir phan cuc (Depolarization Ratio)
Ty s6 khi* phan cuc clia phd Raman cung cép thong tin quan trong vé si d6i xing

clia dao dong, né khong thé thiéu trong viéc giai doan cac dai pho.
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Hinh 1-18: Birc xa tir mau theo hwéng y véi anh sang phan cuc phang, vector dién tr wong theo
hwéng z

Hinh 1-18 mo ta mot hé thdng dung dé do ty s khir phan cuc. Mot phan tir d woc dat
& gbc toa d9. Chiéu vao mau theo phuong y mot séng phan cuc phang cd vector dién
trudng dao dong trong mat phang yz (E,). Néu ta quan sat birc xa tan xa tir phuong x va do
cac cwdng do theo cac phuong vy (1,) va phuong z (1,) bang cach dung kinh phan tich thi ty
s0 khir phén cuc p, dwoc dinh nghta:

R

Xét mot phan ti t& dién, chang han nhw CCl, dwoc chiéu bdi 4nh sang phan cuc
thang E,. Khi do, luvdng cwe cdm (rng cling dao dong trong mét phang yx. N&u phan tir thuc
hién mot dao dong d6i xing ho an toan thi ellipsoid luén c6 dang hinh cau, tirc 1a phan tr bi
phan cuc nhu nhau theo moi phuong. Dudi diéu kién nhu thé, 1y, = 0 do lu@ng cuc phét ra
birc xa lubn bi gitr chit trong mat phéng yz, do d6 Pp = 0. Mot dao dong nhu thé goi la bi
phan cuc (dwoc viét tat 1ap). Trong chét 16ng hay dung dich, cac phan ti d voc dinh huéng
mdt cach ngau nhién. Nhwng két luan nay van con ding vi elipsoid phan cuc ludn 1a hinh

cau trong dao dong doi xrng to an phan.



Néu phan t&r thuc hién mot dao dong khong ddi xirng ho an toan, thi ellipsoid phan
cuc sé thay dbi hinh dang clia né trong sudt qua trinh dao dong. Khi dé lvdng cuc cam tng
S8 16n nhéat doc theo phwong phan cuc Ién nhét, tic 1a doc theo phuwong cla cac truc phu
clia ellipsoid. Do céac truc nay dinh hwéng mot cach ngau nhién trong céc chét 16ng va dung
madi cho nén moment lwdng cuc cam ng ciing sé dinh hwdng mot cach ngau nhién. Trong
treong hop nay, p, # 0 va dao dugc goi labi khir phan cuc (viét tat 1adp). Tl tinh toan ly

thuyét, ta co:

Py = (149
Trong do:
0° =3 (a0, ta,)
0° =3[ (@t ) 4 (0 =0 )+ 0t )
#2 (o) oy S+ o )]
0= @y -, ) + (@, ¢ om0,

Trong tdn xa Raman thwong, g% = 0 vi tensor phan cuc la d6i xing. Vi vay, (1-49)
tré thanh:

30°

=——  (1-50
109° +4g° ( )

Pp

DG6i v6i dao dong d6i xing hoan toan, g° > 0vag®= 0, vivay 0 < p, < g (bi phan

cwc). DEi v6i dao dong d6i xing mot phan, g° = 0 vag® > 0, vi vay p, = 0 (bi khit phan

Ccue)
Trong tan xa Raman cdng huéng (g° # 0), c6 thé c6 p, > %. Vi du, néu o,y = -0y Va

céc phan tir con lai ndm ngoai dudng chéo bang 0, g° = g° = 0 vag? # 0. Khi d6 (1-49) cho

tap, . Diéu nay dugc goi la phan cuc di thudng hay nghich (viét tat 1a ap hay ip).



Trong phd Raman cdng hudng cla metallopophyrins sé& xudt hién dao dong phan cuc (A 1),

khtr phan cuc (B g vaByg) vadi thwong (Agg).



