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TOM TAT: Cic phén ti tudng dGi nhd va hoic thudc cdc nhém d6i xing cao thi ¢ thé dy
dodn phd dao dong ctia n6. Trong thyc t&, trong phd do6i khi xuét hién mot s§ miii phd
ngodi dy dodn. Cu thé nhu phén tif CCl4. Phin ti nay c6 d€n 5 miii phd thay vi 4 nhit dy
tinh. V&n d& ndy cé thé dugc gidi quyét dua trén hién tugng tdch miii do cdng hudng

Fermi

GIGI THIEU

Céc phin tf trong d6i nhd va (hoic) thudc cdc nhém d6i xing cao thi c6 thé dy
do4n phd dao ddng clia né va tir d6 xdc dinh dugde ciu tric dua vao 1y thuy&t nhém [3].

Hinh 1

Trong thyc t€, trong phd d6i khi xudt hién mot s&
miii phd ngodi du dodn cia Iy thuyé&t nhém. Cy
thé trong bai bdo nay céc tdc gid s& phén ti CCly.
Phan tif ndy c6 cdu tric t& dién (hinh 1), thude
nhém diém Ty [2]. Dua vao bang dic biéu cla
nh6ém Ty va cong thiic Herzberg c6 thé tinh todn
dugc s& dao dong cd ban cda phan ti, tir d6 xdc
dinh dugc s6 miii c6 khd ning xuét hién trong
phd. Theo tinh todn, phan t¢ CCly chi ¢6 4 miii
phé Raman co bdn xudt hién [6], nhung thuc t&
lai quan s4t dugc 5. Pdy 1a van d& chinh can gidi
cjuyé’t trong bai bdo niy.Trudc day, phan ti ndy

ciing da dugc khdo sat nhung chii y&u bing phd hong ngoai [4], nhung phan ti ndy chi
c6 2 dao ddng 1a hoat dong (active) trong phd hdng ngoai (xem phén tinh todn) nén

khong c6 hién tugng nhu trén xay ra.

TINH TOAN

Cong thiic Herzberg [1] dé x4c dinh s6 dao dong cho nhém T, nhu sau :

Ay :3m +2my + mp + m3
As:3m +2my

E :6m +3mg+ my + m3
F;:9m +4my + 2m> + ms3 -1

F7 : 9m +5mg + 3m; + 2m3 + mg -1
N =24m + 12mq + 6m; + 4ms + my (s& nguyén ti).

trong dé :
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m : s8 bd hat nhan khong niim trén bét ¢t phin ttt d6i xdng nao.

mp : s& bd hat nhan nim trén tat cd cdc phin t& d6i xtng.

m, m3 : s8 b4 hat nhan Ian lugt nim trén c4c truc C,, C3 nhung khéng ndm trén
bt cif phan tlf d6i xiing nao khac ma khong tring hoan toin véi truc do.

mg : sO b hat nhan Ian Iugt ndm trén mit phdng o4 nhung khong niim trén bat cuf
phin tit d&i xting nao khic.

Trhinhl,tac6: m=0,mg=0, m=0,m3=1,my=1, N=5 (9 dao dong
thudng). Tinh todn theo cOng thitc Herzberg cho ta :

A:1,E:1,F:2

Tic 12 phan tit CCly ¢6 4 dao dong. Biéu dién nhu sau : I'(Tg) = 1A,(R) + lE(R) +
2Fy(IR, R) (ghichid : R : Raman ; IR : hong ngoai).

KET QUA VA THAO LUAN

Phd FT- Raman (FT : Fourier Transform) cia CCly (hinh 2) dugc do trén may
EQUINOX ctia Phong Phan Tich Trung Tdm — PKHH Tu nhién. Bing 1 trinh bay s6
séng cua cdc miii quan s4t dugc

Bang 1
Dao dong ! 56 s6ng (cm™") I
cdMAg e a6l o iheard T
........ vo(B) i 2198  ibiéndang
________ e i SELel gl 5
Lo g i RS L T
vy(F) ! 315.8 ! bi€n dang

Theo tinh todn trén ddng 1€ la ta chi quan sdt dudc 4 miii cd ban tuong tng vdéi 4
dao dong co bén trén, nhlmg trong thuc t€ ta lai quan sdt du’dc 5 miii phd. Trong dé hai
mii 790.1 va 762.2 cm™' rdt gan nhau.

Diéu niy dugc gidi thich biing hn_aul’n’ng suy bi€n ngiu nhién hay con dudc goi 1a
cdng hudng Fermi. Hién tugng nay dudc tém tit nhu sau : :

Hai mic dao ddng clia ciing trang théi dién tif thudc cdc dao dong khdc nhau (hay
két hop ctia cdc dao dong) c6 thé c6 miic ning lugng gin triing nhau, dugc goi 1a suy
bi€n ngdu nhién. Hai mic dao dong niy c6 thé nhidu loan 14n nhau va lic d6 c6 su
“tr6n” hai ham riéng clia hai mdc ndy. Ta ¢ nguyén tic quan trong cho sy nhiéu loan
gita hai mic dao dong : “Sy nhiéu loan (cong hudng Fermi) chi c6 thé x4y ra giita cdc
mtfc ¢6 ciing loai d6i xing”.

Tit béng 1, ta nhén thdy : tAn s& t hdp vi(A1) + va(F) =777.3 cm™ niim gitta hai
mili vo = 790.1 cm™ va vg =762.2 cm™. Tit céc dit kién ta c6 thé dy dodn ring mii dao
dong co ban v;3(F;) nim trong khodng giita hai miii v vd vg. Nhung do coéng hudng
Fermi, dao dong td hgp vi(A;) + va(F2) vdi dao déng va(F;) nhidu loan 13n nhau 1Am cho
miii v4 dich chuyén v& phia s§ séng ting (tic 13 v,) va miii t8 hdp vy + v, dich chuyén
ve phia s& séng gidm (tic 13 vg).
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Hai dao dong v3 va v; + v4 ¢6 khd ndng nhi€u loan 14n nhau vi ching thod man
nguyén tdc néu trén. Thyc vay :

Loai d6i xiing cia v3 la F;

Loai xing cia td hgp vi+v4la A @ F=F

C6 nghia 1a hai dao dong nay c¢6 ddi xing cung loai véi nhau va do do gay nhiéu
loan 14n nhau.

KET LUAN

S& dung hiéu ing cong hudng Fermi, cdc tdc gid da gidi thich dudc sy tdch mii
phd mot cdch hdp 1y. Su dich chuyén do nhi&u loan nhiéu hay it phu thudc vao cdc muc
ban diu nim gin hay xa nhau tic 12 do & nhé hay 16n (xem phu luc). T két qué trén,
bing cdch xem v; 12 trung binh cong ciia va va v ta ¢6 thé hoan chinh bdng s& séng cia
cdc miii cd ban cia CCly nhu sau (bdng 2) :

Béng 2
Dao dong s0 song (cm™")
PRI, /T I 4615 ihéawti
___________ voB) | ...2198 ibiéndang |
___________ ¥ ;.(f_z)---;___...-_._-_7_?.6_.2--._._1?}9@_51.a_rzg.____-___
vi(Fy) | 315.8 | bién dang

Qua thuc nghiém chiing tdi thdy ring nhiéu phan tf chéng han nhu : CO,, CS;,
CH4, CD4, C2H4, CzHﬁ, CzDa, CH3-CECH, CH3-CEC-CH3, CHClj, CH3OH, C6H5CHO,...
c6 phd Raman ma trong d6 mot (hay nhiéu) miii phé bi tdch thanh hai do higu ¥ng cong
hudng Fermi.

PHU LUC

Niang lugng nhidu loan dudc tinh theo cong thic [5] :

2
E=E.+ _§+]_‘{V_'1|_
== 2 5

trong d6 :
E, = %(Ef + Eg)  trung binh hai mifc ndng lugng chwa nhiéu loan.
= Ep - E"rJ - hiéu s& hai mifc nang lugng chua bi nhi€u loan.
Wy = I\uﬂW\podr . phin t& ma trén cda ham nhi€u loan W, trong d6 ham

nhiZu loan W ¢c6 ngudn gdc tif cic s6 hang phi diéu hoa cla thé ning ; \yn vaﬂyo la

ham riéng gan ding zerd cia hai miic dao dong nhi&u loan 14n nhau.
ham riéng clia hai trang thdi sau khi nhigu loan ¢6 dang :



Journal of Science & Technology Development. Vol 2, No 1-1999

yn =ayp - by?
Y = bqu + aq;io

vai

il | oo

1
1/4|Wni ]2 +8% +§ o 1f4|Wni |2 $84 = P
24w, | + 82 2J4W,, > + 82

néu 8 =0 ta c6 sy trdn 50/50 ; néu S rat 1on yp — wQ va y; - wio

a=

rrHE FERMI RESONANCE PHENOMENON ON RAMAN SPECTRUM
Huynh Thanh Dat - Nguyen Van Den - Duong Ai Phuong

ABSTRACT: When a molecule is relatively small and/or belongs to a point group
relatively high symmetry, it is possible to predict exactly its vibrational spectrum. Sometimes
there are differences between the prediction and the experiment. Raman spectrum of carbon

tetrachloride is an example. This spectrum has 5 peaks instead of 4 . It is possible to resolve
this problem basing on the Fermi resonance phenomenon.
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