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Abstract 

The existence of C-H S, S-H-X bonds and rcd-shirting of C-H bond in five cyclic complexes between CiHjXOt 
F. Cl, BrjandHjS were found and studied using both the MP2/6-31 H^+G(d,p) and M P2/6-311++G(3df,2p) levels of 
theory. The calculations included the prediction of the geometries, vibrational frequencies and IR intensities of the 
v(SH) and v(CH) vibrations along with a natural bond orbilal (NDO) analysis when HjS interacts with CiHjX. Binding 
energies of complexes are in the range of-8.09 to -9.83 kJ moi'. The obtained results show that the complexe between 
CiHjBr and H;S is the most stable while the C1H5F -H..S complex is the least stable. Red-shifting hydrogen bond exists 
in these complexes. 

Keywords- Complexes between CjHjX (X: F, Cl, Br) and ll^S, Red-shifting hydrogen bond. MP2/6-31I++G(d4)) 
and MP2/6-31 l++G(3df,2p). 

I.MCJDAU 

Lien ket hidro cd vai trd rat quan trpng trong 
ITnh vuc hoa hoc, sinh hpc va y hpc. Day la lo^i lien 
ket cd tuong tac tucmg ddi yeu nhung chiem uu the 
trong viec hinh thanh cSu true phan tu va tinh the, 
vdi su tham gia ciia mpt chit cho proton A-H va 
chat nh^n proton B (thdng thudng A, B la nhO'ng 
phan tu cd dp am di?n Idn). 

Lo^i lien ket hidro cd dien da dupe nghien ciiu . 
kha day du ca ve m^t ly thuyet va thirc nghi?m. Day 
la loai lien ket hidro chuyen ddi dd (Red-shining) 
cua tan sd dao dpng hoa trj A-H dS dupe Pauling 
dua ra va td dd dupe nghien cuu rpng rSi ca vc Iy 
thuyet va th\rc nghi?m de giai thich cho ban chat cua 
tuong tac. Ban chat ciia chung la do tucmg tac iTnh 
dien quyet dinh. Thupc tinh tieu bieu cua logi Iicn 
kat hidro nay la: Khi lien ket hidro hinh thanh, dp 
dai Hen ket A-H dai hem (kem ben hem), tan so dao 
ddng hoa tri lien ket A-H giam \a cudng dp hong 
ngoai tuong ung tang so vdi monome ban dau. 

Nam 1980 Sandorfy [I, 2] la ngudi dau tien phat 
hien ra lo^i ket hidro cd nang \\ic^g tucmg ducmg 
vdi lien ket hidro eo dien, nhung cd nhirng thupc 
tinh trai ngupc, sau nay dupe gpi la lien ket hidro 
chuy6n ddi xanh. Khi lien ket hidro hinh thanh, cd 
su rut ng^n lien ket A-H, tang tan so dao dpng hoa 
trj va (thudng) giam cudng dp hdng ngoai tuang 
ung so vdi monome ban dau. Sir phat hi?n nay ddi 
hdi cac nha hoa hpc phai dat lai cau hdi v6 van de 
ban chat cCia lien kk hidro. Nam 1988, Hobza va 

cpng s\r dS th^rc hien nghien cuu ly thuyet dau tien 
ve Io?i lien ket hidro mdi nay [3]. Sau nhieu tranh 
c3i cQa cac nha khoa hpc thupc cac nhdm nghien 
cuu khic nhau d3 thong nhat gpi lo^i lien ket nay la 
Iicn ket hidro chuyen ddi xanh (Blue-shifting) Voi 
hang lo9t ket qua nghien cuu ca ve l> thuyet va 
thyrc nghi?m cho ihay, ban chat cua lien ket hidro 
chuyen ddi xanh khdng chi don thuan do yeu to 
tmh di?n quyet djnh ma cdn cd cac yeu to quan 
trpng hem chi phoi. "icu td nao chi phoi va anh 
hudng nhu the nao ddi \<j\ lien ket hidro chuyen 
ddi \anh la van de ma ckc nha khoa hpc can quan 
tam va giai quyet. 

Da hiSu rd hem \<5 hai loai lien ket hidro tren 
(liC-n ket hidro chuyen dai xanh va lien ket hidro 
chuyen ddi do) chiJng tdi tien hanh nghien ciiru su 
tucmg tac mo phuc giii'a dan xuat monohatogen ciia 
etan vdi H^S. 

2. PHLTONG PHAP NGHIEN CUU 

Vice toi tru cau iriic hinh hpc eac monome va 
phuc hay tinh tan sd dao dpng hoa tri, cudng dp pho 
hong ngo^i, n3ng lupng tuang tac sieu lien hop, 
cung nhu di?n tich tren nguyen tir, mat dp electron 
tren obitan phan td, h? so obitan lai hoa dup^ tinh 
d\ra vao md hinh s\r ehiem obitan lien ket thuSntuy 
(NBO) theo phuang phap MP2/6-311-H-G((l,p); 
NSng lugng tuang tac tgo phirc dugc hieu chinh Wn 
ZPE va BSSE [4] va dugc tinh vdi bp ham co sdcao 
han MP2/6-311++G(3df,2p). Tat ca cac thdng* 
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tren d^u dugc tinh todn b ^ g p h ^ m^m Gaussian 
2003 [5,6]. 

3. K £ T Q U A V A THAO LUAN 

3.1. Cku true vk nSng lirgrng liSn k^t 

Khi khdo sdt s\r tuong tdc cua cdc monome 
CzHjX (X: F,CI,Br ) vdi H2S chung tdi thu dugc 5 
d^ng phtjc ben cd c4u triic hinh hpc nhu sau: 

Day la nhung d ^ g phuc phdc t^p, dupe dvr dodn 
tao bdi hai logi Hen ket hidro S-H XvdC-H S. Ch4t 
CjHjX vira la chat cho proton vira Id chat nhgn 
proton khi tuong tdc v<yi HjS. Vai trd Id ch^t nhgn 
proton trong lien ket S-H X vd Id eh4t cho proton 
trong lien ket C-H S. K.k qud tinh todn cau true d 
miie Ii thuyet MP2/6-311++G(d,p) cua h? phuc 
C2H5X vdi H2S cho thay khi hinh thdnh lien ket 
hidro ed sî  thay ddi ve dd ddi lien ket trong cd hai 
eau tir tgo phirc. 

Dp tidi lien k^t C5-X trong ca 3 phiic d^u tdng, 
dp dai S-H deu tang trong cd 5 phiic. Trong dd dp 
ddi ciia hen kk SI0-H8 (cd H tham gia vdo lien ket 
hidro) ed dp tang Idn hon (tir 1,6 d6n 1,9 mA), cdn 
cdc lien ket SI0-H9 cd dp tang nhd han (0,3 den 0,5 
mA). Dieu nay chiing td cac lien ket S-H trong phuc 
yeu hon so vdi trong monome ban dau. Khi hinh 

Nguyen Thi Minh Hu4 vd cgng stf 

thdnh phiic, do dnh hudng ciia nguySn tut X, cdc lien 
kk S-H bi tdc dOng vd k6o ddi ra, lien ket S10-H8 bj 
tdc dOng trvrc ti^p nen ddi ra nhieu nhat. Sî  ddi ra 
cua lien k^t S10-H8 ndy phti hpp vdi d$c diem 
thudng thSy ciia lien ket hidro chuyen rdi dd. 

Tix bdng so Ii?u cho thay, tuang iing vdi sv 
gidm dkn dg rut ngdn lien ket theo chieu F, CI, Br, 
dp b^n lien ket X H8-S10 ciing gidm dan. Dieu ndy 
tk phii hpp vdi chi^u gidm dan dp am di?n tir flo 
d^n brdm. Lien ket X H8-SI0 cdng ben thi lien ket 
C5-X edng b; k^o ddi, s\r k^o dan ciia lien ket C5-X 
gidm tir phiic chtia F (6,6 mA) den phirc chira Br 
(4,0 mA) thi dp ben ciia lien ket X...H8-S10 cung 
gidm dan. Theo ket qud tinh todn, cdc gdc lien ket 
(X11H8S10) Idn han 90" vd nhd ban 180°. D ik 
ndy giup cho s\r xen phii tot hem giira cac obitan 
tham gia lien ket vd ldm cho dp ben cua phiic tang 
Ien [7]. Nang lugng tien ket cdng am thi phuc cang 
ben. Do dd, theo gid trj ndng lugng lien ket thi phiic 
C2HsBr-H2S (B) Id ben nhat phirc CjHsBr-HjS (B) 
Id k^m ben nhat, Chiing tdi da du doan kha nang 
tuong tdc cua CIH2 vd C5H6 ed the se manh hon 
khi thay thS nguyen tu S trong H2S bdng mpt 
nguyen tir khdc am di?n hem, ddng thai cung du 
doan tan sd dao dpng hod tri cua lien ket ndy se 
chuyen ddi ve vung xanh, 

^ - - • % "'i* *^:J 

He phirc CjHsF voi H;S 

(B) 

He pluk C;H,CI vol H;S 

•ĝ  y» /^.-vf 
(A) IB) 

He phiic CiHjBr vdi HjS 

Hinh I: Ciu tnic dang phirc ben ciia C2H5X vdi H2S 

3.2. Tan s6 dao dpng hoa tri va cudng do pho nhdm khac lan can. De thudn Igi cho viec so sdnh 
hong ngoai tdn so dao dpng hoa trj ctia nhdm A-H (cd H tham 

gia tao lien ket hidro), chiing tdi thay the cac nguyen 
Vi tan sd dao ddng hoa tri vd cudng do pho hdng tir H khac bSng ddng vi D (Dateri) d trong phirc va 

ngoai --" - -iia cac monome ban dau. Cac gid Iri sd dao dpng hod tri va 
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cudng dO pho hing ngo?i dupe chi ra 6 bing 2. 
Ket qui nghiSn citu tr6n bing 2 cho IhSy, trong 

ci nSm phdc, litcmg umg v6i s\f kio dii li6n kk S10-
H8 la tan so dao dOng hoi trj ciia SI0-118 giim vi 
cufmg dp ph6 hong ngo(ii lironn ing tSng. VJy liCn 
ket hidro S10-H8 X thupc loji li£n ket hidro chuyen 
rdi do. 

XU moi lien h? gitta bi^n thien iSn s6 dao d^ng 
hoi trj vi bien thien dO dii lien ket S10-H8 ta c6 

Nghien cuu ly thuyel .Jir tucmg tdc... 

phirong trinh: 
Av(S10H8)--23,185Ar(S-H) +25,814 vi 

( R ' = 0,9298) (I) 
Phirong trinh (1) c6 h$ s6 g6c §m chirng td s;[ 

thay d6i tin s6 dao d$ng hoi trj ti 1$ nghich viSi i|i 
thay dSi do dii li£n ket. L^i cd h$ s6 tirong quan lin 
nSn gitta sif thay d6i vc l5n s6 dao dpng hoi trj vJ s/ 
thay d6i v^ do dii lien k^t S10-H8 c6 m6i nimt( 
tuy^n tinh tot. 

Bdng 1: Bien thien dp dii lien ket X...11-S Irong cic phirc vi nSng lupng lien kcl (kJ moV) dupe hi;u chinb 
vdi ZPE vi BSSP. ciia cic phirc 

CjHiX 

X H8-S10(A) 

AE + ZPE 

AE + ZPE+BSSE 

Ar(C5-X) (mA) 

C;H,F 

2,301 

-8,090 

-0,760 

6,6 

CiilsCKA) 

2,820 

-9,160 

-0,620 

4,0 

C,1I,CI(D) 

2,788 

-8,920 

-0,030 

4,4 

C,H,Br(A) 

2,987 

-8,810 

-1,100 

4.1 

C2H,Br(B) 

2,975 

-9,830 

-2,250 

4,5 

Bang 2: Bien thien dp ddi lien ket Ar (mA), tan so dao dpng A v(cm'') vd cudng dg phd hong ngogi A/ 
(km moi') ciia cdc phirc h? C2H5X vdi H2S 

C2H5X 

Ar(S10-H8) 

Av(S10H8) 

A/(S10H8) 

CiHsF 

1,60 

-10,15 

12,55 

CiHiCI (A) 

1,70 

-13,66 

3,85 

CiHiCl (B) 

1,60 

-12,82 

3,82 

C;H5Br(A) C:H;Br(B) 

1,80 

-16,18 

3,38 

1,90 

-17,97 

3,70 

3.3. Phan tich so lieu NBO 

De gidi thich rd han vl s\f keo ddi hay nit ngdn 
ciia cac lien ket khi cd qua trinh hinh thdnh phuc, 
chiing tdi tien hdnh phan tich NBO. Trong phan ndy, 
chdng tdi mudn xem xet s\r thay ddi cdc tham so 
NBO giiJa cac phuc vd cac monome ban dau. 

Tir ket qud bdng 3 eho thay, Cd ŝ r sdp xep lai 
mat dp e tren cac nguyen tii ciia hai cau tu tgo phuc. 
Dieu nay the hien d s\r thay doi di^n lich cua cac 
nguyen tii khi cd ŝ r hinh thanh phire (Aq # 0). De 
giai thich su thay ddi dp ddi cdc lien ket, trong phan 
ndy chiing tdi quan tam chinh vdo sir thay ddi mgt dp 
e tren obitan phdn lien ket vd % d$e tinh s tren 
obitan lai hod ciia nguyen tir C trong lien ket tuong 
ling. Khi hinh thanh phirc cd s\r gidm % d$c tinh s 
tren obitan lai hod ciia S trong cd nam phiic vd mgt 
dp e tren obitan phan lien ket tang. Sir gidm % ddc 
tinh s vd mat dp e tren obitan phdn lien ket tdng lam 
cho lien ket SI0-H8 bj keo dai ra. Ket qua Id dp dai 
lien ket S10-H8 trong ca nam phirc deu tang, tuang 
irng Id sir gidm tan so dao dpng hoa tri va sir tang 
cudng dp phd hong ngoai. Sir keo ddi ciia lien ket 
S10-H8 rat phii hgp vdi chuyen tan so dao dpng hod 
tri sang vimg do. 

Khi hinh thanh phuc C2H5X-H2S, chung tdi thay 

mgt dp electron tren obitan phan lien ket o*(S10H8) 
tdng Ien (lir 2,89 den 3,41 mt^) va gidm djc tinhs 
ciia S(SI0H8). Muc dp tdng mgt dp electron tren 
o*(SIDH8) nhin chung Id giam khi di tir phiic 
C.HjF-H.S den CiHjBr-H.S va mirc dp gidm dfc 
tinh s cua S tdng khi di tir phuc C2H5F-H1S den 
CiHiBr-HiS. Ket qua nay hodn todn phii hgp vdidO 
dan lien ket SI0-H8 gidm dan tir phiic C2H5F-H2S 
den CnHsBr-H^S. Yeu to dnh hudng tryc tiep den ŝ i 
thay ddi so electron trong obitan phdn lien ket 
o*(SI0H8) Id do ndng lugng sieu lien hgp ngoai 
phan tu cua cjp ddi ehua chia ciia X toi obitan phan 
lien ket a*(S 10H8). Ndng lugng sieu lien hgp cua X 
tdi H8-S10 gidm dan khi X di tir F den Br, do do dp 
dan lien ket S10-H8 cung gidm dan theo quy luat do. 
Xet moi lien hp giu:a biln thien mat dp electron tr6n 
obitan phdn lien ket a*(S10H8) vdi ndng lupng sieu 
lien hgp ngogi phan tu cua cap electron chua chia 
cua X chuyen mat dp sang lien ket SI0-H8 vd nang 
lugng sieu li^n hgp eua cap electron chua chia ciia S 
chuyen mat dp sang phan tu C2HsX ta cd phircmg 
trinh: 

Aa*(SI0H8) = -0,6Ix^+ l,52x + 2,42 (2) 
R^= 0,956 

Trong dd: 
X = (E: I LPX-»a*(sioH8))- (E: I LPS -»a*(CH))-
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Mat khdc do tuang tae vdi phdn tir H2S dd ldm 
cho cdc lien ket C-H trong phan tir C2H5X bj nit 
ngdn vd lien ket C5-X dugc keo ddi ra. Ket qud 
nghien ciru ndy cua chung tdi hodn todn phii hgp vdi 
CO chS NIR. 

Theo [8] de ed lien ket hidro chuyin ddi xanh thi 
gid trj EDT nhd han 0,01 e, cdn neu gid trj EDT ldn 
hon 0,OIe thi phdc tgo thdnh thu$c logi lien kit 
hidro chuyin ddi dd. Vdi so Ii?u md chiing tdi tinh 
dugc d tren cho thay cac gid trj EDT diu nhd hon 
0,01 e.( 10 m e"). Do dd gia trj nay chua phdi td yeu to 
quylt dinh dl cd thi xdc djnh logi lien kit hidro 
chuyen ddi xanh hay dd nhu theo quan diem eiia 
Hobza va mpt so tdc gid khdc. 

Vdi lien ket C5-X, trong cd ndm phirc deu cd sir 
tang % ddc tinh s tren obitan lat hod ciia C5 d lien 
kit C5-X, dp tdng Ion nhat d C2H5Br-H2S (B) 
(0,68%) va nhd nhat d C2H5F-H2S (0,45%). Mgt dp e 
tren obitan phdn lien kit ciia C5-X cung tdng (nhd 
nhat la 0,61 me doi vdi C2H5CI-H2S (A), Idn nhat Id 
1,16 me" doi vdi phuc C2H5F-H2S ) ldm cho lien kit 

Nguyen Thf Minh Hu? vd cgng sy 

C5-X bj k^o ddi ra. Kit qud cho thay ede li€n kit 
C5-X trong phiic deu bj k^o ddi ra. Nhu v|iy, yeu to 
m|it dp e tren obitan phdn lien kit eua C5-X tdng lam 
cho dp ddi Ii6n kit C5-X tdng Ien, liSn kit C5-F bj 
k^o ddn nhieu nh^t (6,6 mA), hai lifin kit C5-CI vd 
C5-Br cd dg ddn tuang ducmg nhau (khodng 4 mA). 

Sir thay doi dg ddi cdc lien kit C-H vd S-H 
khdng tham gia tgo lifin kit hidro trong phiic cung 
dugc gidi thich tuang tv nhu vdi Ii8n kit CI-H2, 
C5-H6 vd SI0-H8. Sir thay doi dp ddi cdc lien kit 
ndy tuang dong vdi s\f thay doi dp ddi cua ede Ii6n 
kit C1-H2, C5-H6 vd S10-H8 trong phdc chat, Ii do 
d day Id vi di^n tfch khdng chi dugc chuyin den 
obitan phdn lien ket ciia cdc lien ket trirc tiip tham 
gia tgo lien kit hidro md chuyin din tat cd cdc lien 
kit khdc trong phdn tu tgo phiic. 

Qua phdn tich tren, chiing toi kit lugn, lien kit 
hidro X H8-SI0 dugc hinh thdnh trong h? phiie 
C2H5X ( X: F. CI, Br) vdi H2S la logi lien kit hidro 
chuyen ddi dd. Dp ben ciia phirc tang tir C2H5F-H2S 
din C2H5Br- H2S (B). 

Bdng 3: Biln thien dp dai lien kit S10-H8 (mA), mgt dp electron trong obitan phdn lien kit a ' 
(SI0-H8Xme'), ndng lugng sieu lien hgp(LP: kcal moi''), % ddc tinh s ciia nguyen tu S trong lien ket 

S10-H8 cua cdc h? phuc giifa HjS vd C2HSX 

CjHsX 

Ar(S10-H8)(mA) 

Aq(X)(me) 

Aq(S10)(mc) 

Aq(H8)(mc) 

Ao»(S10H8)(me) 

Ao* (CSX) 

A%s{S10H8) 

AE ELPX -> o*,cH) (kcal.mol') 

E S LPX —» a*(sioHS) (kcal.moi"') 

E E LPS -> o'icii) 

Av(S10H8)(cm') 

AI (SH8)(km moi') 

EDT(C2HiX->H2S)(mc) 

C2H5F 

1,6 

-10,22 

-27,65 

27,17 

3,30 

1,16 

-1,5 

-1,6 

1,74 

0,21 

-10,15 

12,55 

2,51 

C2H5CI (A) 

1,7 

-9,99 

-17,68 

-0,08 

2,89 

0,61 

-0,93 

-0,77 

1,16 

0,77 

-13,66 

3,85 

1,78 

CiHjCI (B) 

1,6 

-9,04 

-20,87 

16,16 

3,41 

1,02 

-0,97 

-1,47 

1,44 

0,33 

-12,82 

3,82 

3,54 

C2H5Br (A) 

1,8 

-11,86 

-17,69 

15,45 

2,93 

0,76 

-0,89 

-1,07 

1,12 

0,76 

-16,18 

3,38 

1,16 

C2H5Br(B) 

1,9 

-11,82 

-21,86 

15,31 

3,16 

1,02 

-0,90 

-1,13 

1,18 

0,43 

-17,97 

3,70 

3,06 

4. KET LUAN 

Bang phucmg phap tinh todn sd dyng hda hpc 
lugng tit, chung tdi da xae dinh dugc 5 cau tnic vdng 
ben ciia cdc phire giua C2H5X vdi H2S (X: F, CI, Br) 
vdi nang lugng Uen kit trong khoang -8,09 din -9,83 
kJ/moI vd cd s\f ton tai edc lien ket hidro chuyen ddi 
do trong ede h? phdc nay. 

Sir thay doi dO ddi cde lien ket C-X vd S-H trong 
cac phV 'tif""' -̂ 5 Airmi- niii fhi'fh thnno niia SIT thay 

doi % dac tinh s va mgt dp electron tren obitan phan 
lien kit o*(S-H) vd phan lien kit o* tren cac nguyen 
tii cacbon cua cdc lien ket nay trong cac phiirc so vdi 
cdc monome ban ddu. 

Su chuyen ddi dd eiia lien ket hidro phy thupc 
chu yiu vao do phdn eye cua lien kit A-H. Sy thay 
doi nguyen tu H trong phan tii etan bang cdc nguyen 
tir ciia cac nguyen to halogen la cho ndng lugng 
tuang tdc cua chiing vdi chdt nhgn proton tdng len 
dan din phiic tao thanh dugc ben hod. 
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