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Abstract 

The complexes between monohalogenatcd ethanes C2H5X (X = H, F, Cl, Br) with water and hydrogen peroxide 
have been studied theoretically at both the MP2/6-311++G(d,p) and MP2/6-311++G(3df,2p) levels. The calculations 
were included the optimization of the geometries, the vibrational frequencies and IR intensities of the v(OH) and v(CH) 
vibrations along with a natural bond orbital (NBO) analysis. The complexes are formed by OH...X and CH...0 
hydrogen bonds. Blue shifts and red shifts are predicted for the v(CH) vibrations of the CH...O bonds and the i(OH) 
vibrations of the OH.. .X bonds respectively. The NBO parameters are also discussed. 

I.GICJI THIEU 

Lien kit hidro cd vai trd rdt quan trgng trong 
linh vyc hod hgc, sinh hgc va y hgc. Loai liln kit 
hidro CO dien da dugc nghiln ciiu khd ddy du ca ve 
mat ly thuyit vd thyc nghiem. Ndm 1984 Sandorfy 
[1] la ngudi dau tiln phdt hiln ra loai kit hidro cd 
nang lugng tuang duong vdi liln kit hidro cd dien, 
nhung CO nhirng thudc tinh trdi ngugc, sau nay dugc 
ggi Id lien kit hidro chuyin ddi xanh. Cho den nay 
ban chat loai liln kit hidro ndy van cdn la van de co 
nhiiu tranh cai. Vdi muc dich nghien ciiu mgt cdch 
he thong dang lien kit hidro CH...0 md nguyen tii 
cacbon d trang thdi lai hda sp, sp^, sp^ [2 7] vd 
quan trgng horn nira Id de hieu rd them ve ban chat 
lien kit hidro ddc biet Id loai lien kit hidro chuyin 
ddi xanh, chiing tdi tiep tuc tiln hdnh nghien ciiu li 
thuyit lien kit hidro ddi vdi he phiic chdt ciia 
C2H5X (X: F, Cl, Br) vdi H2O vd H2O2. 

2. PHUONG P H A P T I N H 

Viec tii uu hda cdu tnic hinh hgc cdc monome 
va phiic, gid trj tdn sd dao dgng hod trj, cudng do 
hong ngoai, ndng lugng tuang tdc silu lien hgp, 
cQng nhu dien tich trin nguyin tii, mat do electron 
tren obitan phan tii, he so obitan lai hod dugc tinh 
dua vdo md hinh sy chiim obitan lien kit thudn tuy 
(NBO) d miic li thuyit MP2/6-311++G(d,p). Nang 
lugng lien kit cd hieu chinh vdi ZPE va BSSE dugc 
tinh vdi bg hdm ca sd cao hon MP2/6-311++g 
(3df,2p). Chiing tdi dp dung phdn mim Gaussian 03 
[8] di tinh cho cdc thdng sd tren. 

3. KET QUA VA THAO LUAN 

3.1. Cau true phan tur 

Chiing tdi da xdc dinh dugc hai dang cau tnic 
bin (A, C) cho moi he CzHsX-HzO vd (:2H5X-H202. 
Hinh 1 bieu dien hinh dnh, khodng each hai nguyen 
tu cua cau tnic. 

Cac phiic tren dugc tao ra bdi cdc lien kit hidro 
X...H va cdc liln kit 0...H. Khodng cdch ciia cdc 
lien kit nay deu nhd thua tdng ban kinh Van der 
Waals ciia hai nguyen tir. Cdc cdu tnic deu cd cdc 
gdc lien kit lien phan tii nhd thua 180°, dieu ndy 
chiing td CO sy tuong tac xen phu tdt giira hai phan 
tii vd phiic thu dugc Id cdc phurc bin. Xem xlt phiic 
tao thanh cua C2H6 vdi H2O vd H2O2 cho thay 
khodng each H3 cua C2H6 den O trong phiic vdi H2O 
nhd han khoang cdch ndy trong phiic vdi H2O2. Khi 
thay mgt nguyen tii H trong phan tii C2H6 bdng 
nguyen td halogen X thi cdc phiic tao thdnh A-I, A-
II deu dugc lam bin hon bdi tao them liln kit liln 
phan tii X...H va khodng cdch lien kit tang dan tir 
phiic chiia flo den phiic chiia brom, dieu nay hoan 
toan phii hgp vdi sy tang bdn kinh nguyin tii va sy 
gidm dien tich am tir F din Br. Khodng each X...H 
trong cac phiic vdi H2O ldn ban trong phirc vdi 
H2O2 tuong ling. Vi du, doi vdi phiic A-I cua C2H5F 
khoang each F ...H la 2,007 A, vdi phiic A-II thi 
khodng cdch nay lai la 1.900 A. Cac phiic C dugc 
hinh thdnh nhd cdc lien kit hidro 0...H. Ddi vdi 
phirc C-I, khodng each O (0H)...H(CH3) trong 
phiic C-I gidm dan tir phiic flo din phiic brom vd 
khodng cdch lien kit O (0H)...H (CH2X) tang ddn 
tir phiic chiia F den phuc chiia Br. Tuy nhien, trong 
phiic C-II thi Lien kit O (0H)...H (CH3) tang ddn va 
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ngugc lai khodng each lien kit O (0H)...H(CH2X) 2. NSng lugng lien ket 
lai gidm. Nhu vdy kit qua thu dugc cd thi ndi rdng , . . ., T/ n 
kha ndng cho proton ciia H.O nhd thua so vdi H2O2 Ket qud ndng lugng liln kit tao phuc (kJ/mol) 
vd nhdn xet nay hodn todn phii hgp vdi kit qud tinh theo mirc ly thuylt MP2/6-311++G(3df,2p), 
Chung tdi da cdng bd trudc day trudc ddy [4- 7] hi^u chinh vdi ZPE vd BSSE ciia he C2H5X vai H2O 

va I I.1O2 dugc dua ra d bang 1. 
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Hinh 1: Cdc dang phirc bin cua C2H5X vdi H;0 va H;0; 

* (a) vdi nguyin tii so 3 Id (F); (b) 3 la (Cl); (c) 3 Id (Br) 

Bdng 1: Ndng lugng liln kit (kJ/mol) dugc hieu chinh vdi ZPE vd BSSE (trong ngoac) 

AE 

A-I 

A-II 

C-I 

C-II 

C2H5F-H2O 

-14,2(-11,3) 

C2H5CI-H2O 

-13,5(-10,3) 

C:H5Br-H20 

-13,1(-10,5) 

C2H6-H2O2: -6,2 (-3,8) 

-5,5(-3,8) -6,3(-4,5) -6,3(-4,5) 

C2H.F-H2O2 C2H5CI-H2O2 C2H5Br-H202 

C^Hft-H.O:-0,01(0,89) 

21.2 (-16,5) 

-7,8 (-5,2) 

-20,6 (-15,5) 

-8,8 (-5,7) 

-19,9 (-15,8) 

-8,9 (-6,0) 

Kit qua d bang 1 cho thdy ndng lugng tuomg tdc Mirc do chinh lech ndy trong cac phiic A-II vd C-II 
tao phiic bin cd gid trj gidm theo trat ty: A-Il > A-1 nhiiu hom, tir 13,4 din 11,8 kJ/mol. Ben canh do, 
> C-II > C-I vd giam ddn tir phirc chira F din Br, khi xem xlt cdc phiic A-II thi nang lugng tuomg tdc 
trong dd cdc phiic dang A ludn bin hom cdc phirc tao phiic cua C2H5F vdi H2O2 ldn nhat 
dang C. Phuc A-I va C-I dugc tao tii cac monome (-21,2 kJ/mol), vd phiic ciia C2H5Br vdi H2O2 la nho 
ban ddu nhu nhau nhung ndng lugng liln kit cua nhdt (-19,9 kJ/mol). Ta cd the ndi rang khi hinh 
phuc A-I ldn hom C-I khodng 6,8 din 8,7 kJ/mol. thdnh phiic thi khd ndng nhan proton cua F ldn han 
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Br. Nhu vdy, mdi liln he vi khodng cdch liln kit 
liln phan tii trong phiic cdng nit ngdn thi ndng lugng 
tuomg tdc phdn tii tao phiic cdng ldn, tuomg quan 
nay dugc thi hiln qua phuang trinh (1): 

- M = 4.6461.6 0.l3lr(,H...O)(H...X) 

(R^ = 0,943) (1) 

3. Biln thien dg dai lien ket, tan so dao dgng 

Dl thu dugc kit qud chinh xdc ban khi tinh tdn 
si dao ddng hda trj vd cudng do phd hong ngoai cho 
cdc liln kit CH, chiing tdi thay cdc nguyin tii H ldn 
can bdng cdc ddng vj Doteri. Kit qua cho thdy ddi 
vdi cdc phiic A-II, dg ddi liln kit C1H7, C4H2 (H2, 
H7 tryc tiip tham gia liln kit hidro) diu bj nit ngdn 
vd nit ngan nhilu nhdt Id C1H7 cua phiic flo (1,7 
mA). Cdc liln kit CX, 0H9 bj keo ddi, liln kit CX 
keo ddi tir 9,7 (Br) -16 mA (F) vd 0H9 (H9 cung Id 
nguyin tii tryc tilp tham gia liln kit hidro) tii 4,6 
mA (F) din 5,0 mA (Br). Nhu vdy khi hinh thdnh 
phiic, do dnh hudng cua nguyin tir X, liln kit OH vd 
CH(X) bj tdc ddng nhiiu hom so vdi hai lien kit CH 
con lai. Theo quan dilm cua Karpfen and Kryachko 
[11, 12], nlu nhu liln kit ldn can bj keo ddi (trong 
tiudng hgp nay Id liln kit CX, OH) thi dnh hudng 
tidi chilu se Idm nit ngan liln kit C1H7, C4H2. Liln 
kit C1H7 (phiic cua F) nit ngan nhiiu nhdt thi tdn sd 
dao ddng hod trj tang ldn nhat (27 cm'). Ngoai ra 
liln kit C1H5 (H5 khdng tiirc tiip tham gia liln kit 
hidro) cua cdc phiic A-II ciing nit ngan ddng kl so 
vdi C1H7 vd C4H2. Kit qua ciing tuomg ty nhu cdc 
he md chiing tdi da nghiln ciiu trudc ddy [4 7]. 
Theo Hobza [13] day Id sy khdc bilt cua liln kit 
chuyen ddi xanh so vdi liln kit hidro tilu chudn. 
Ngodi ta, kit qua cdng cho thdy liln kit 0-H cd 
nhiimg biln ddi vl do ddi vd tdn sd dao ddng tuomg 
tu nhung theo chilu hudng ngugc lai. 

Tilp tuc phdn tich sd lieu cho cac phiic A-I, C-I 
va C-II chiing tdi ciing nhdn thdy cd sy biln ddi 
tuomg ty nhu tren vdi phirc A-II. Trong phiic C-II 
(H5 tryc tilp tham gia liln kit hidro), khi do ddi liln 
kit nit ngdn tir 1,4 mA din 2,5 mA thi tdn sd dao 
ddng hod tri tang tir 16 cm"' din 38 cm"' vd cudng 
do hdng ngoai gidm trong khoang 3-13 km/mol. Sy 
tuomg quan giiia cdc biln thiln Av vd Ar cua liln kit 
CH va 0H9 (0H9 cua ca 4 dang phiic) dugc dua ra 
d cdc phuomg trinh sau: 

Av(0-H9) = -19,528 Ar(0-H9) + 9,214 
R̂  = 0,9801 (2) 

Av(CH)(A-I,A-II) = -15,754 Ar(CH) + 1,9826 
R^ = 0,9365 (3) 

Av(CH)(C-I,C-Il) = -20,714 Ar(CH5) - 12,548 
R^ = 0,9872 (4) 

4. Phan tfch so lilu NBO 

Nghien cuu ly thuyit su tuong tdc... 

Khi xlt do dai liln kit C4H2, C1H7, C1H5 vd 
OH9 cua cdc phiic A-II cho kit qud cd sy thay ddi 
mat do diln tich dm trin nguyin tir C4 (Aq < 0) vd 
H2 (Aq > 0) ddn din do phdn cyc liln kit C4H2 tang 
vd gia tri ndy tdng ddn tii phiic chiia flo din phiic 
chiia brom. Mat dg electron trin obitan phdn liln kit 
a*(C4H2) tdng tir 0,1 me din 0,3 me vd diiu nay 
khdng thudn Igi cho vile nit ngdn liln kit C4H2 vd 
tan sd dao dgn^ hod trj chuyin ddi xanh. d ddy, 
chiing tdi cho rdng nguyin nhdn nit ngdn liln kit 
C4H2 phu thugc vdo hai yiu td: Sy tang % dac tinh 
s ciia nguyin tir C4 (0,3%) vd dg phdn cyc liln kit 
C4H2. Mat khdc ndng lugng silu liln hgp 
LP(0)->(C4H2) cd gid tri tir 0,9 kcal.mol"' din 1 
kcal/mol da gdp phdn ldm bin phiic tao thdnh. Mat 
do electron trin obitan phdn liln kit a*(ClH7) gidm 
ddn tii 1,7 din 0,6 me, vd gid tri % dac tinh s tang 
0,4 0,6% tir phiic flo din phiic brom, cd hai yiu td 
nay diu thuan lgi cho vile nit ngdn do ddi liln kit vd 
tdn sd dao ddng chuyin ddi xanh. Liln kit C1H5 
ciing cho kit qua tuomg ty nhu vdi C1H7. Kit qua 
phdn tich ndy hodn todn phii hgp vdi quan diim cua 
Hobza [13, 14], cu thi sy phdn bo lai mat do 
electron din cdc nguyin tii d xa hom ciing Id nguyin 
nhdn dan din sy nit ngdn liln kit C-H. Ddi vdi liln 
kit 0H9, sy klo ddi cua liln kit 0H9 kim theo la sy 
gidm tdn sd dao ddng hod tri vd cudng do phd tang. 
Phdn tich kit qud cho thdy mat do electron trin 
obitan phdn liln kit a*(011H9) tang manh tir 9,1 
me din 11 me vd Id nguyin nhdn lam cho liln kit 
OH cd tan sd dao ddng chuyin dd. 

Do ddi liln kit C4H6 va C1H5 tiong phiic C-II 
diu nit ngdn vdi tdn sd dao ddng hod tri tang vd 
cudng do phd hdng ngoai gidm. Kit qud thu dugc 
cho thdy ylu td mat do election trin obitan phdn liln 
kit a*(C4H6), cung khdng thudn Igi cho vile nit 
ngdn liln kit, ddng thdi % dac tinh s cua C4 tang 
khdng dang kl khodng 0,5% (phiic flo), 0,2% (phiic 
clo) vd ddc bilt phiic cua brom thi gid tri nay gdn 
nhu khdng thay ddi. Chiing tdi cho rang sy thay ddi 
mat do diln tich dm tiln nguyin tii C4 (Aq < 0) vd 
H6, H5 (Aq > 0) lai Id nguyin nhdn chinh ddn din sy 
CO lai cua liln kit, dilu ndy hodn todn phii hgp vdi 
qui tdc Bent [15] vd ngodi ra gid tri % dac tinh s 
Cling thudn lgi cho sy thay ddi ndy. So sdnh phiic A-
II vdi C-II thi phiic A-II bin hom. Cy thi, nang 
lugng tuomg tdc silu lien hgp LP(X)->(H9-011) 
trong phiic A-II trong khodng 26,3 - 29,9 kcal/mol 
vd nang lugng silu liln hgp LP(0)^(CH) trong 
phiic C-II chi vdo khodng 3,8 din 7,7 kcal/mol. Cdc 
phiic diu cd gia trj EDT < 0,01 me, phu hgp vdi kit 
ludn ciia Hobza cho loai liln kit hidro chuyin ddi 
xanh. 

Kit qud thu dugc ddi vdi phiic A-I vd C-I ciing 
tuomg tu nhu phiic A-II vd C-Il nhimg cdc biln thiln 
it hom. Vi dy: su gidm mat do electron tren obitan 
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phdn hen kit cua C1H5, C1H7 d phirc flo vdi H2O2 
la -1,5 me va -1,7 me thi d phirc vdi H2O Id 1,3 me. 
Gid trj % dac tinh s trong phiic vdi H2O2 la 0,2%) va 
0,4%) thi phirc vdi H2O la 0,2%). Di ldm rd ban moi 
lien he giura dg ddi lien kit vdi giira phdn tram ddc 
tinh s vd mat do electron tren olsitan phdn lien kit, 
chiing tdi thiit lap dugc mgt so phuang trinh ddc 
tnmg sau: 

Ar(0H9)(AC) = 0,4912% As(0-H9) -0,4889 
R̂  = 0,9525 (5) 

Ar(CH),c-ic-ii) = -1,3619% As (CH) -1,1836 
R̂  = 0,9563 (6) 

Ar(CH)(A-iA.ii) = -0,1051% A s(CH) +0,0878 
R̂  = 0,9723 (7) 

Ar(CH)(A.!) = 1,2917 A a* (CH) +0,625 
R̂  = 9,17 (8) 

4. KET LUAN 

Do ddi liln kit CH trong cd 4 dang phiic diu bj 
nit ngdn vd ldm tang tdn sd dao ddng hda trj tuomg 
ling (liln kit hidro chuyin ddi xanh). 

- Do ddi liln kit 0H9 trong cd 4 dang phiic deu 
bj klo ddi vd ldm gidm tdn sd dao 

ddng hod tri tuomg iing (liln kit hidro chuyin 
ddi dd). 

- Nang lugng liln kit gidm ddn theo tiat ty: A-II 
> A-I > C-II > C-I. 

- Da thilt lap dugc phuomg tiinh chi mdi liln he 
giira biln thiln do ddi liln kit 0-H, C-H vdi sy thay 
ddi tdn sd dao ddng hda trj tuomg iimg vdi cdc liln 
kit ndy. Ngodi ra cdn thilt lap dugc tuomg quan giiira 
bien thiln do ddi liln kit C-H, 0-H vd sy thay ddi 
mat do electron d obitan phdn liln kit a* ciing nhu 
% ddc tinh s tiln nguyin tir cacbon tiong cdc dang 
phiic. 

Kit qud phdn tich NBO cho thdy ylu td quyit 
djnh cho lien kit hidro chuyin ddi xanh cua he ndy 
chii ylu do sy tdng phdn frdm ddc tinh s vd sy gidm 
mat do electron trin oitan phdn liln kit (ngoai trir 
doi vdi a*(C4H2) ciia phiic A-II). Cdc gid trj EDT 
diu < 0,01e phii hgp vdi kit ludn ciia Hobza khi xem 
ddy la mdt trong cdc yiu to diing phdn loai lien kit 
hidro. 

Phgm Ngpc Diip va cdng su 

Ngodi ra dnh hudng tac dgng trai chilu theo co 
chi NIR, sy thay ddi dg dai cua lien kit lan cdn 
(CX) lam cho lien kit CH nit-ngdn ciing hodn toan 
phu hgp. 

Trdn trpng cdm on Bp khoa hpc vd Cdng nghe 
mdi trudng vd Nafosted Viit Nam tdi trgr cho cdng 
trinh ndy thdng qua di tdi, md sd B2009-17-193 vd 
104.03.142.09. 
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