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‘ DAO PONG CUA ACROLEIN
BANG PHUONG PHAP TiNH TOAN LUQONG TU AB INITIO
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Trudng Pai hoc Khoa hoc Ty nhién
(Bai nhdn ngay 01/12/1999)

TOM TAT : Myc dich ciia bai bdo a st dung phuong phdp tinh todn lugng tit ab
initio vdi bd phan mém Gaussian dé khdo sdt va gidi thich mét cdch tuong minh sy
dnh huong ciia dung méi lén cdc mode dao déng, ddc biét la cdc mode co gidn
(stretching) nhu C=0), (C=C),..Cdc két qud tinh todn nhu dj phdn cuc cia
phdn tik, sy phdn bé dién tich, sy thay ddi dé dai lién két,...dugc ding lam co sé dé
gidi thich.

1. GIGI THIEU

Acrolein (CH,CHCHO) 1a chit 16ng khéng mau dén mau vang, dudc sit
dung trong tdng hgp chdt hitu co sdn xudt dugc phidm, thudc diét cd. Theo
Foresman [3] phén ti¥ acrolein c6 cdu tric phing & hai dang trans va cis (hinh-

1).
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Hinh 1. Phin t acrolein (a) trans., (b) cis.

T. Fischer [8] da khao sdt phdn t ndy, nhung chi tinh todn va so sdnh
cudng d6 dai v(C=0) ma théi.

I1. PHUONG PHAP TiNH TOAN

S6 mode dao dong cta phin ti khdo sit s& dugc tinh todn bing phudng
phdp Iy thuyé&t nhém.
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Céc tinh todn lugng t& ab initio dugc thuc hién vdéi bd chudng trinh
Gaussian 98. C4c k&t qua tinh todn tin s6 dao dong dudc so sinh vdi két qua
thuc nghiém bing phdn mém Origin 3.0. M6 hinh Onsager truong phdn ting tu
hgp SCRF=Dipole dugc st dung khao sit anh hudng cia dung mdi 1én mét s0
mode dao ddng ciia phan ti¥ acrolein.

IL KET QUA VA THAO LUAN

IIL.1 Tinh cdc mode dao djng cd ban cia phan t& bing Iy thuy&t nhém

Theo hinh 1, tdt cd cdc nguyén ti trong phin ti acrolein ci dang trans va
cis cling ndm trong cling mit phdng. Hai dang nay chi c6 hai phin t& d6i xdng 12
E va o, do d6 ching déu thudc nhém d6i xing C,. Ap dung cong thitc Hertzberg
[7], cho ta :

A’:3m+2my-3

A :3m+my-3

N=2m + my

trong dé :

m 12 s6 bd hat nhin tuong duong khong nim trén bat cit phin ti ddi xdng
nao;

my 12 s6 hat nhan ndm trén tdt c3 cdc phin t d6i xing;

N (=8) 1a s0 nguyén ti trong phin t{.

Hinh 1 cho ta : m = 0; my = 8. Thay vao cdc cOng thic trén ta dudc :

A’ 513 A 15

K&t hgp véi bang dic bi€u clia nhém C; [6] ta ¢ bi€u dién sau :

I'(Cy) = 13A’(IR, R) + SA”’(IR, R)

Nghia Ia acrolein ¢6 13 dao dong ddi xing khong suy bi€n A’; 5 dao dong

bat d6i xitng khong suy bi€n A’’. T4t cd déu hoat dong trong phd IR 14n Raman.
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IIL2 Sy dnh hudng cda dung méi Ién phé dao dong

I11.2.1 Phé Raman tinh todn va thyc nghiém ctia acrolein.

Bédng 1 trinh bay két qua tinh todn cho phén tif acrolein bing phudng phdp
ab initio v8i cdc hé ham cd s khdc nhau. Cdc gid tri s6 séng di dugc hiéu chinh
vé6i hé s6 0.8929 [3].

Bang 1. So sdnh k&t qua tinh todn va thuc nghiém s6 séng Raman (cm™) cho
phdn t& acrolein vdi cdc hé ham co sd khdc nhau

Mode dao Thuc 3-21G 6-31G(d) 6-31G(d, p) 6-31+G(d) 6-31++G(d, p)
dong nghi€ém

1CC 157 170 155 155 154 152
$§CCCO 327 316 310 310 311 311
1CH, 564 545 546 546 545 545
8CCO 593 608 589 589 590 587
yCH 912 891 890 887 889 885
pCH, 959 1019 1001 999 1000 993
yHCCH 980 1029 1011 1009 1007 1001
wCH, 993 1062 1023 1021 1022 1018
vC-C 1158 1125 1134 1130 1136 1132
8C=C-H 1275 1281 1264 1257 1263 1256
80-C-H 1360 1376 1360 1352 1353 1346
8CH, 1420 1435 1424 1415 1421 1412
vC=C 1625 1640 1653 1650 1638 1635
vC=0 1724 1709 1798 1797 1778 1776
vCH(o) 2800 2817 2814 2792 2826 2802
v,CH, 3000 2959 2978 2958 2977 2958
vCH(B) 3028 3009 3018 3001 3017 3001
vasCH; 3103 3040 3058 3040 3057 3041
R = R = R = R = R =
0.99944  0.99953  0.99946  0.99962 0.99961

C'H,C® HC*HO

Tt bang 1 ta thdy ring s6 ddi phd xuat hién trong phd Raman ciia acrolein
phi hgp vdi két qua tinh todn bing 1§ thuyé&t nhém (18 dai).
Hé s6 tuong quan R tng v6i hé ham co sd 6-31+G(d) 12 ¢6 gid tri 16n nhat

(0.99962). Nhu vay, chon hé ham nay d€ tinh todn cho phan ti dang khio sit
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¢6 kha ning dem lai két qué t3t nha't. PSi v6i phan ti khdc thi hé ham cd sd t5i
uu c6 thé khac, ching han nhv 6-31G hay 3-21G,... [7].

Phé tinh todn vdi hé ham cd s 6-31+G(d) (hinh 2, trén) dugc md phdng
bang chudng trinh dudc chiing t6i vi€t trén phin mém MATLAB 5.2. Phd thuc
nghiém (dudi) dugc do bdng quang phd k& FT-Raman Bruker c4n hdng ngoai.

Hinh 2 cho thdy ring hai dang phd mé phéng va thyc nghiém 13 tudng
déng vdi nhau. O viing tdn s6 thap 900-1500 cm™ (viing dao ddng bi€n dang
CH,), cdc ddi tuong ng gan nhu trung nhau. Tuy nhién, cdc dai dao dong co
gian v(C=0), v(C=C) clia phd tinh todn c6 hoi dich vé phia tin s& cao. C4c dai
dao dong dong co gidn ddi xing, bat d6i xting ciia CH, CH, & viing 3000 cm™ 12
tring nhau kh4 t6t, mac ddu cudng do clia phd tinh todn cé hoi nhd hon chiit it.

Mot s6 dai phd & viing tin sd thadp (mode dao dong xodn) khong xuit hién
do cudng dd qua y€u va bi nhiéu che phd.

M6 ta cdc mode dao dong (cdt ddu tién clia bang 1) dugc xdc dinh bing
cdc toa dd chudn tic c6 dugc két qua tir tinh todn ab initio vdi phdm mém
Gaussian 98.

Tat cd toa do Z trong bang dinh huéng chuidn (standard orentiation).cﬁa
cdc nguyén tif trong phan acrolein déu bing khéng. Piéu dé khing dinh thém

rang phan ti khdo sit c6 cdu tric phing [8].
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Hinh 2. So sdnh phd Raman tinh todn va quan sét clia acrolein
(tré€n) tinh todn, (dudi) thuc nghiém (vdi laser kich thich 1064 nm)

I11.2.2 Anh hudng cia dung méi 1én phé dao dong clia phén ti acrolein

111.2.2.1 Momen lu@ng cyc va sy phin b dién tich

K&t qud tinh todn ciing cho thdy ring ciing c6 su phin bd lai dién tich &
cdc nguyén t trong phan ti khdo sdt khi ting d6 phdn cuc dung mdi. Nhung

téng Mulliken vAn bing khong. K&t qua dudge trinh bay trong bang 3.
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Béng 3 : Phin bd dién tich trong phén tit acrolein c6 14p va trong
dung mdi 1-propanol

Phan b dién tich
S& thi ty nguyén t Nguyén tir

trong matrdn Z Phén tf c6 lap Trong dung mdi
1-Propanol
1 C -0.066082 -0.105465
) C 0.139715 0.151519
3 H 0.254017 0.248518
4 C -0.469506 -0.434799
5 H 0.178792 0.192335
6 0 -0.478423 -0.527233
7 H 0.225864 0.245691
8 H 0.215623 0.229434

Momen ludng cuc ciia phén tit acrolein ting din theo do phin cuc ciia dung
mdi, tir 3.7319 Debye ddi v6i phan tit ¢6 14p dén 4.7832 Debye trong dung moi 1-
Propanol (bdng 2). Nguyén nhén 1a do khi ting ddn d6 phén cuc s& 1am thay ddi su
phén bd dién tich trong phén t ch4t tan acrolein theo chidu hudng 1am ting phan
cuc ctia n6, cu thé 1a phia bén C4 cang dudng con bén 06 cang 4m (bdng 3). Ttc
1a ¢6 sy tuong tdc gitta momen ludng cuc ciia dung méi va momen luGng cyc cla
chit tan. Ngoai ra, chidu dai phén tf (R; + Ry + Rg) ciing ting chit it. T4t ci
nhitng di€u ndy tit nhién s& lAm cho momen ludng cyc ting.

11.2.2.2 Céc dao dfng co gian vC=0, vC=C

S8 séng ciia dao dong co gidn vC=0 gidm khi hing s§ dién moi ting (hinh
3). Biéu nay c6 thé gidi thich nhy sau. Trong phén tif acrolein ¢6 nhém hiit dién
tit C=0 va ndi doi ti€p cdch C=C nén s& x4y ra hiéu ting lién hgp 4m (2, 5, 6].
Nhom C=0 hit dign t © clia n8i C=C v& phia minh lam cho phin t c6 cuc, tao

nén momen ludng cyc hudng tif nguyén ti oxy dén nguyén tit carbon.

©) ©
CH2=/C;*— CH=0 =—-—» CH,—CH=CH—O0

Hi€u ing nay tao nén sy phan b& lai dién t&, din d&n mat d6 dién t¥ ndi
d6i C=0 gidm di. Di€u ndy din dén ndi d6i ndy y&u di, titc hiing s6 luc giam va
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do d6 tdn s dao dong gidm theo cdng thic v= E}—F , trong d6 v 12 tin
mc\ p

56, K 12 hing s6 Iuc, p 12 khéi lugng rdt gon va c 12 vén toc dnh séng [4].

Cudrig dé Raman (a. u)

=0) [em']

S& séng VC

0 /] 4 6 8 10 12 14 16 18 20

Hing s6 dién mdi

Hinh 3. Sy phu thudc ctia s& séng, cudng d6 Raman ctia ddi co gidn v(C=0) vao
hing s& dién mdi cda dung moi
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Khi hé 58 phan cuc ciia dung mdi ting, tidc 13 dién trudng ngoai cang Ién, thi
s€ lam tdng su phdn cuc clia phdn td. Ngoai ra, k&t hgp véi lién két hydro kiu

R-X-H..O=C-R;

trong d6 X 12 O hodc N, s& lam cho 1ién két C=0 cang y&u di. Piéu niy gidi
thich sy gidm héng s3 luc, gidm tdn s§ dao dong, ting momen ludng cyc céia phan
tit (bdng 3). Gidi thich tuong ty cho trudng hop dao ddng co gidn v(C=C).

Cudng d9 Raman ciia ddi co gidn v(C=0) ting theo hiing s6 dién m6i clia
dung mdi. Chiing t6i cho ring ¢6 sy ting cudng do nhu trén 1a do sy ting do bi€n
thi€n d¢ phdn c.@tc do két qud tuong tdc cda chat tan va dung méi. Cudng do dai
nay & dang trans manh gip 4,8 1an so véi & dang cis do c6 su tudng tdc lién hgp
gilta lién ket C=0 va lién k&t C=0 trong dang trans con & dang cis thi khong c6
tuong tdc nay do cdu hinh khong gian khdc nhau [8].

D¢ dai lién két cda cdc nhém C-H néi chung khéng bi dnh hudng khi thay
d6i hiing s6 dién moi cla dung moi. DY dai lién k€t C-C ngdn lai, c4c lién két
C=C, C=0 ting theo hing s dién moi (bang 3). O ddy ngudi ta néi lién k&t don
C-C ¢6 tinh d6i, lién k€& d6i C=C, C=0 c¢6 tinh don [1,2].

1L KET LUAN

Bing phuong phép tinh todn ab initio chiing ta ¢6 thé€ gidi thich dugc mot
cdch cdn ké nguyén nhan cda sy dich chuyén phd do do phan cuc ciia dung moi.
Nhin bi€t dudc mét cdach tudng minh sy thay ddi do dai lién két, phén lai dién
tich,.ma trudc ddy ching ta khong thé biét dugc khi chi dwa trén phd thu’c
nghiém.

Mic dau vé mit dinh lugng, céc k&t qua tinh todn 1y thuy&t chwa hoin toin
phu hdp vdi thuc nghiém, nhung trong mdt pham vi nio dé thi ¢6 thé xem céc két
qua thu duge bang phudng phép trén 1a déng tin cdy 6 thé st dung dé dénh gi4

dinh tinh m{t s& tinh cha't lién quan.
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Tuy nhién, phudng phdp ab initio khdng tinh dugc do rong dai phé va riéng
mo hinh Onsager di ¢6 1gi thé 12 tinh todn nhanh, k&t qua khé t6t nhung chi 4p
dung dudc cho cic phin ti cé d6 phan cuc 16n (ti¥ 3 Debye trd 1€n).
STUDYING THE INLUENCE OF SOLVENTS ON THE VIBRATIONAL

PECTRUM OF ACROLEIN BY AB INITIO CALCULATIONS
Huynh Thanh Dat — Duong Ai Phuong — Nguyen Van Den

ABSTRACT: In the paper, the influence of solvents on the vibrational spectrum of
acrolein will be investigated using ab initio calculations by program Gaussian 98 at
6-31+G(d) level with model Onsager SCRF = Dipole. It was found that these results
of the calculation can explain parently the shifts of bands due to the polarizability
especially for  C=0), UC=C) stretching ones. The FT-Raman spectrum of acrolein
has also been recorded for comparison.
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