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NGHIEN cUU Li THUYET CO CHE PHAN UNG GIUA C,H VA H,S

Pén Toa soan 18-12-2009
NGUYEN THI MINH HUE', TRAN QUOC TRI%, TRAN VAN TAN?
'Khoa Hod hoc va Trung tam Khoa hoc Tinh todn Truong Pai hoc Su pham Ha Noi
’Khoa Hod hoc, Truong Pai hoc Dong Thdp

ABSTRACT

The reaction mechanism of the Ethynyl radical and H,S have been studied by the Density
Functional Theory (DFT) using the B3LYP functional and the 6-311++g(d,p), 6-311++g(3df,2p)
basis sets. The potential energy surface (PES) for the C,H+H,S system was also established.
Calculated results indicate that products of this reaction can be HC(C)SH + H, H,CC + SH,
HCCSH + H, C,H, + HS. However, the formation of HCCSH + H and C,H, + HS is the most

favorable.

I - GIGI THIEU

Goc Etinyl (C,H) dugc tao thanh trong phan
ting chdy cua axetylen va c¢6 kha nang phan tng
v6i rat nhiéu chat. Cu thé n6 c6 thé phan tng véi
H,, H,0, NO, NO,, CH,, C,H,, C,H,, NH,, HCN
va CH;CN [1-10]... trong cdc moi trudng khéc
nhau nhu bau khi quyén cla trdi dit va sao hoa.
Do vay, goc etinyl da trd thanh d6i tuong nghién
cttu hdp din déi véi cdc nha héa hoc. Viéc hiéu
biét co ché phan tng cta gdc etinyl véi cac chat
khdc nhau s& mang lai nhiéu loi ich trong viéc
khong ché va diéu khién ham luong clia céc chat
gay 6 nhiém.

Hidro sunfua (H,S) 1a mot chat rat doc va c6
kha nang gay 6 nhiém moi trudng nhu hién
tugng mua axit. Hién nay van chua cé nghién
ctiu nao ca vé li thuyét va thuc nghiém vé co ché
phan tng gitta goc C,H va H,S. Do d6, trong bai
bdo nay ching to6i s€ trinh bay cac két qua tinh
toan 1i thuyét vé co ché€ phan tng gitta goc etinyl
va hidro sunfua. Hy vong ring cédc két qua ma
chiing toi vira thu duoc s& gép phan hiéu ro vé
co ché€ clia phan tng nay.

Phan tng gitta goc C,H v6i H,S c6 thé xay
ra theo nhitng huéng sau:

C,H + H,S — HCCSH + H (1)
CH + H,S — GH, + HS )
CH + H,S — H,CC + SH 3)
CH + H,S — HC(C)SH + H @)

Trén co s& cac dinh huéng phan tng nay,
chiing toi s& ti€én hanh cac tinh todn héa lugng tlr
dé khdo sit va d4nh gia kha nang x4y ra clia cdc
duong phan tUng cling nhu du doan céac san
phiam c¢6 thé ctia phan ting giita goc C,H va H,S.

11 - PHUONG PHAP TINH

Céu trdc hinh hoc cla cdc chat phan tng,
cdc chat trung gian, trang thai chuyén tié€p va
céc san phdm déu duogc t6i uu theo phuong phap
phifm ham mat d6 & mic B3LYP/6-
311++G(d,p). Trong d6 trang thdi chuyén tiép
ding dugc xéc thuc bing viéc phan tich tan so
dao dong. Nang lugng diém don duoc céi thién
tot hon & mitc tinh ¢6 bo ham co s& cao hon
B3LYP/6-311++G(3df,2p) [11-12]. Tt cdc két
qua thu dugc sé thiét 1ap bé mat thé€ nang dong
thoi cling xadc dinh cac thong sé nhiét dong cuia
hé. Tat ca cac tinh todn déu duoc thuc hién bing
viéc 4p dung phan mém Gaussian 03 [13].
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II - KET QUA VA THAO LUAN

1. Puong phan iing

C6 4 duong phan tng c6 thé xay ra d6i voi
hé GH + H.S.

Puong phdn ting 1: Tt cdc chat phan dng
ban dAu, ching tuong tdc véi nhau tao ra phic
tién phan tng Col, tir phiic nay hé chét trai qua
trang thdi chuyén ti€p TSI dé chuyén thanh san
phdm PR1. Trang thdi chuyén ti€p TSI duogc
hinh thanh do su cong nguyén tit S cia H,S vao
nguyén ti C lién két v6i nguyén ta C cia GGH
déng thoi voi su cat nguyén to¢ H cta H,S.
Khoang cich C-S va S-H trong TSI lan lugt 1a
1,965 va 1,604 A. Cic gid tri vé khoang céch
nay phll hop véi cau tric trang thdi chuyén ti€p.
Hang rao nang lugng cua giai doan nay la 5,1
kJ/mol.

Puong phdn ving 2: T phuc tién phan ting
Col qua trang thdi chuyén ti€p TS2 chuyén
thanh san phdm PR2. Trang thdi chuyén tiép
TS2 dugc hinh thanh do su chuyén nguyén tit H
ctia H,S sang nguyén tir C lién két véi C ctia goc

C,H. Khoang cich cua lién két C-H va S-H
trong TS2 lan luot Ia 1,794 va 1,390 A. Hang
rao nang lugng cia phan dng nay la 23,8
kJ/mol.

Puong phdn ting 3: Tt cdc chat ban dau RA
qua trang thai chuyén tiép TS3 chuyén thanh san
phim PR3. Trang thdi chuyén tiép TS3 duoc
hinh thanh do su chuyén nguyén tr H cta H,S
dén nguyén tir C lién két v6i H cha goc CH.
Khoang cdch C-H va S-H trong TS3 lan luot 1a
1,443 va 1,515 A. Hang rao nang lugng cho
phan ung nay 1a 19,1 kJ/mol.

Puong phdn ting 4: Cic chat ban dau RA
qua trang thdi chuyén ti€p TS4 chuyén thanh
phitic Co2, phitic Co2 sau d6 chuyén thanh sin
phdm PR4. Trang thdi chuyén ti€p TS4 dugc
hinh thanh do su cong nguyén ti S vao C lién
két v6i H cta goc C,H dong thoi véi su cit
nguyén to¢ H cta H,S. Khoang cach S-H trong
TS4 12 2,456 A, Hang rao nang luong ciia phan
tng 1a 91,2 kJ/mol.

CAu tric hinh hoc cla céac phic va cic trang
thai chuyén tiép dugc qua biéu dién & hinh 2.

HCCSH + H SH + H2CC
(PR1) (PR3)
(TSl)T(l) (3)|(TS3)
(TS2) (TS4)
C,H, + HS T Col <«———— CH+H,S —> Co2 —> HC(C)SH+H

(PR2) (RA)

(PR4)

Hinh 1: Co ch€ cta phan tng giita C,H va H,S
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Hinh 2: Cau tric hinh hoc clia c4c phic va trang théi chuyén tiép
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Cic dudng phan tng mo ta & trén duoc cu thé hda trong bé mat thé nang & hinh 3.
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Hinh 3: Bé mat th€ nang ctia phan ting gitta goc C,H va H,S

Gi4 tri cu thé vé hang rao nang lugng clia
cdc dudng phan tng cling da dugc tinh, két qua
duoc thé hién & bang 1.

Bdng I: Hang rao nang lugng cta cac phan ting

Phan tng 1 2 3 4

Hang rao nang

lugng, kJ/mol 511238

19,1 | 91,2

Trén co s bé mit thé nang vira thiét 1ap va
bang cdc gid tri hang rao nang luong cla cic
phan tng cho thay huéng phan tng 1 la c6 kha
nang xay ra nhat vi ¢6 hang rao nang lugng thap
nhét trong cdc duong phan dng (5,1 kJ/mol).
Nhung diéu quan trong 1a tit ca cac chat trung
gian, trang thdi chuyén ti€p va san phim déu
thap hon rit nhiéu so vdi chét phan ting (ning
lugng tuwong doi cua TSI c6 gia tri la -40,7
kJ/mol) nén dudng phan ung 1 1a rat dé dang
xay ra. Tuong tu huéng phan tng 2 ciing xay ra
rat thuan loi, cu thé niang luong tuong doi clia
TS2 bang -22 kJ/mol. Ngoai ra ca hai huéng 1
va 2 déu duoc hé trg theo huéng thuan loi do su
tao ra phic tién phan ting lam cho qud trinh tao
san pham s& dé dang hon [8].

Mic du huéng phan tng 3 chi xay ra theo
mot giai doan don gian nhung hang rao nang
lugng cla phan tng nay kha cao (19,1 kJ/mol)

nén san phdm PR3 khé dugc tao ra so véi 2 san
phidm PR1 va PR2. Huéng phan tng 4 v6i hang
rao nang lugng 91,2 kJ/mol 1a khé xay ra nhat.
Hon nita, nang luong cta céac ciu tir TS4, Co2,
va PR4 déu rat cao. Tir day c6 thé néi ring
huéng phan ung 4 thuc sy kho khan.

NG6i tém lai, kha nang xay ra clia cac duong
phan ting c6 thé sip xép theo thit tu gidm din
nhu sau: phan tng 1 > phan ting 2 > phan tng 3
> phan tng 4.

Nhu vay, dua vao bé mit thé€ niang c6 thé
thdy rang phan ung gitta goc C,H va H,S xay ra
don gian hon so véi cac hé ching toi nghién ctu
gan day. Tuy nhién, trong nghién ctu nay cé
mot diéu rat méi so véi cdc nghién ciiu trude &
ché vé kha nang dong thoi cong tach xay ra sau
giai doan hinh thanh phic tién phan tng Col
thuan loi hon rit nhiéu so véi qud trinh goc C,H
lay nguyén t& hidro trong tdc nhan tuong tac
chita H dé tao ra san phdm C,H,. Ngoai ra, mot
diéu Ii thd khdac dugc phat hién & nghién ciu
nay khdc véi cdc nghién ciu trude day & chd la
viéc cét nguyén tr H ctia hé phan tng thi budc
ddu tién 12 phin Gng cong dé hinh thanh chat
trung gian sau dé méi dén giai doan cit nguyén
tir H. Con doi v6i he CH + H,S, su cong va cit
dién ra dong thoi, nghia 12 khong c6 giai doan
phan tng cong cua 2 chét phan dng. Chinh diéu
nay da lam don gian co ch€ cua phan tng ctua
goc C,H véi H,S.
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2. Tan s6 dao dong, entapy, entropy va nang
luong tu do Gibbs

Céc két qua tinh dugc cho thdy tit ca céc
trang thai chuyén tiép déu xuat hién mot tan s6
do. Tir két qua cua cdc phép tinh tan so, céc
tham s6 nhiét dong hoc & diéu kién tiéu chuin
(298K va latm) [14] cta cdc phan ting dugc xac
dinh & bang 2.

Bdng 2: Thong s6 nhiét dong hoc cla
cac phan tng

Dudng AH0298,pm AGO298,pm ASO298,pm
phan tng | kJ/mol kJ/mol | J/mol.K
1 -62,3 -50,6 -44.5
2 -40,8 -36,1 -24.4
3 -14,5 -17,7 -2,5
4 +98.5 +111,6 -43,9

Céc s6 liéu vé nhiét dong hoc & trén cho
thay bién thién thé ding 4ap-ddng nhiét cla
huéng phan tng 4 1a duong (+111,6 kJ/mol) nén
huéng phan ting nay s& khong cé kha nang xay
ra vé mat nhiét dong hoc. Tréi lai, cd 3 huéng
phan tng 1, 2, 3 con lai déu c6 bién thién thé
dang 4p - dang nhiét am (-50.,6, -36,1, -17,7
kJ/mol). Nghia 1a ca 3 huéng phan ting 1,2 va 3
déu ¢6 kha nang xay ra vé mit nhiét dong hoc.
Nhiét phan tGng cua cidc huéng phan tng 1, 2, 3
va 4 duoc du dodn 14n luot 1a -62,3, -40,8, -14,5
va +98,5 kJ/mol.

Trén co s& bién thién the dang dp-dang nhiét
ctia RA, Col, Co2 va céc trang thai chuyén tiép,
cdc hing s6 t6c do cla cdc phan ung ciing da
duoc tinh todn theo 1i thuyét trang thdi chuyén
ti€p ctia dong héa hoc theo cong thuc:

AG™
(kT
h
Trong do:
k 12 hing s6 t6c do cua phan tng;
kg = 1,38 10> J/K 1a hing s6 Boltzman;
T la nhiét do tuyét d6i cua phan tng, trong
nghién ctu nay T = 298 K;
h =6,625 10™* J.s 1a hang s6 Planck;
R = 8,314 J/mol.K 1a hing s6 khi Ii tudng;
AG™ 1a bién thién ham thé ding 4p-dang nhiét
tlr chat phan tng dén trang thdi chuyén tiép.
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K&t qua tinh dugc trinh bay trong bang 3.

Phin 1 2 3 4
tng
k| 1,5.10°]3,6.10° | 2,3.10° | 8.4.10™

Céc gid tri vé hing s6 toc do cua cdc phan
ting cling cho thdy t6c do ctia phan tng 1 1a 16n
nhat (1,5x10%), ti€p dén 12 phan tng 3 (2,3x10%),
tiép tuc 12 phan tng 2 (3,6x10%) va cudi cling la
phén tng 4 (8,4x10™*). G day, huéng phan tng
2 lai ¢6 t6c do thap hon huéng phan tdng 3. Su
déo ngugc gitta kha nang xay ra cac phan ing 2
va 3 (dua vao bé mit thé niang) va toc do cua cdc
phan ung nay (dua vao hing s6 toc do cla giai
doan quyét dinh t6c do phan dng) 1a hoan toan
chap nhan dugc néu chid y dén su gan ding ban
ddu cta Ii thuyét trang thdi chuyén ti€p.

VI - KET LUAN

Vé mat dong hoc, chiing toi da x4y dung cdc
dudng phéan tng trén bé mit thé nang cta hé C,H
+ H,S. Céc két qua tinh dugc cho thdy kha nang
xay ra cua cdc duong phan ting nhu sau: Phan tng
1 > phan tng 2 > phan tng 3 > phan tng 4.

Cac két qua tinh duogc cho thdy trong 4 phan
ting, chi ¢6 phan ting 4 1a khong c¢6 kha nang xay
ra con céc huéng phan ting con lai déu c6 kha
nang xay ra. Trong d6, kha nang xdy ra hudng
phan tng 1 tao san phdm PR1 (HCCSH + H) va
huéng phan tng 2 tao san phdm PR2 (C,H, + HS)
12 16n nhét.

Diéu rit méi so v6i cac nghién ciu trude
day 1a vé kha nang dong thoi cong tich xdy ra
sau giai doan hinh thanh tién phtc chédt phan
ting Col thuan lgi hon rat nhiéu so véi giai doan
goc CH 1dy nguyén tir hidro trong tdc nhan
tuong tic chtta H dé tao ra san phim C,H,.
Ngoai ra mot diéu 1i thd khdc duoc phat hién 1a
d6i v6i phan tng trude day viéc cit nguyén tit H
ctia hé phan ung thi buéc dau tién 1a phan tng
cong dé hinh thanh chét trung gian sau d6 méi
dén giai doan cit nguyén tir H. Con doi véi he
CH + H,S, su cong va cat dién ra dong thoi,
nghia la khong c6 giai doan phan tng cong cta



2 chét phan dng. Chinh diéu nay da lam don 6.
gian co ché cua phan ting cua goc C,H vé6i H,S.

Céc thong s6 cdu tric, nhiét dong kém theo
ciling dugc nghién citu chi tiét theo 1y thuyét phi€m
ham mat do6 B3LYP v6i cac bo ham co sG 6-
311++g(d,p) va 6-311++g(3df,2p). 7.

Trdn trong cam on du dn TRIG da tai tro
cho céng trinh nay thong qua dé tai, ma sé
SPHN-08-261-TRIG. 3.
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