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Abstract

The reaction mechanism of the Ethynyl radical and propanenitrile has been studied by the Density Functional
Theory (DFT) using the BHandHLYP functional in conjunction with the 6-311++G(d,p) and 6-311++G(3df,2p) basis
sets. The potential energy surface (PES) for the C;H+C,HsCN system was also established. Calculated results indicate
that products of this reaction can be (HCCH + CH,CH,CN), (HCCCH;+H,CCN), (HCCH+CH;CHCN),
(H,CC +CH,CH,CN), (H,CC + CH;CHCN), (HCCNCCH,CH; + CN), (HCCNCCH, + CH3), (HCCNC + CH;CH,) and
(HCCCN + CH;CH;). However, the formation of (HCCH + CH;CHCN), (HCCH + CH,CH,CN) and (HCCCN +
CH;CH,) is the most favorable. This study is a contribution to the understanding of the reaction mechanisms of the
ethynyl radical with many small radicals and molecules in the atmosphere and combustion chemistry.

1. MO DAU

Tiép tuc cac nghién ciru trude day vé phan tmg
cua géc etinyl (C;H) voi cac hop chat ton tai trong
khi quyén [1 - 14], bai bdo nay s€ trinh bay cac két
quéa nghién ctru vé co ché phan (g giita gdc etinyl
v6i propanenitrile (C,HsCN). Trong qua trinh khao
sat co ché ciia phan tng nay, chiing t6i di tham khao
két qua nghién ciru ctia Zeng-Xia Zhao va cic cong
su [12]. Trong d6 voi phan tod C,HsCN, nhom
nghién ctru chi khdo sat phan ung tach nguyén tir
hidro ¢ vi tri a (H,) va vi tri B (Hg) twong tng véi
huéng phan ung (PR1) va (PR2) dudi day. Do vay,
viée tiép tuc khao sat mot cach day du hon co ché
phan tng cua hé¢ C,H + C,HsCN 1a hét stre cn thiét.

2. PHUONG PHAP TINH

Cau trac hinh hoc cua cac chat phan ung, céc

Y

chat trung gian, trang thai chuyén tiép va cac san
pham déu duoc tdi vu theo phuong phap phiém ham
mat d6 & mic BHandHLYP/6-311++g(d,p). Trong
d6 trang thai chuyén tiép dung duoc xac dinh bang
viéc phan tich tin s6 dao dong. Ning luong diém
don duoc cai thién & muc tinh ¢6 by ham co so cao
hon BHandHLYP/6-311++g(3df,2p) [15, 16]. Tu
cac két qua nhan dugc s€ xac dinh cac thong s6 nhiét
dong va thiét 1ap bé mit thé ning cua hé. Céc tinh
toan dugc tién hanh trén phan mém Gaussian 03
[16].

3. KET QUA VA THAO LUAN
3.1. Ciu triic hinh hoc va bé mit thé ning

~ €69 duodng phan tmg dugc khao sat va mé ta chi
tiét trong hinh 1 dudi day.

Hinh 1: Co ché cta phan tng giita C,H va C,HsCN
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CAu tric hinh hoc dé t6i wu hoa cua san pham trung gian (IS) va trang thai chuyén tiép (TS) duogc
trinh bay ¢ hinh 2.
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Hinh 2: Cu trac hinh hoc cta IS va TS [D§ dai lién két (A), goc lién két (°),
dau cham thay cho dau phay chi phan thap phan]

Puwong phan vmg 1: Phan tng 1 1a phan tng tich  chuyén tiép TSI tao san phém PRI. Khoang cach
nguyén tir hidro ¢ nhom CH; (Hg) trong phan t¢  C-H trong trang thai chuyén tiép TS1 ung véi su
C,HsCN, cac chat phan ung trai qua trang thai chuyén H tir C,HsCN sang HCC 1a 1,760 A va hang
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rao nang lugng cua phan tng nay 1a 3,0 kJ/mol.

Duong phan vmg 2: Tuong tu phan Gng 1, phan
ung 2 la phan ung tach nguyén tir hdro. Nguyén tir
hydro trong phan tng nay dugc tach tir nhém CH,
(Hy) tao ra san pham C,H,. Pé tao ra san pham cac
chat phan Ung trai qua trang thai chuyen tlep TS2,
khoang cach C-H trong trang thai chuyén tiép TS2 1a
1,829 A va hang rao ning luong ctia phan (g nay la
2,5 kJ/mol.

Puong phan ung 3: Phan Gng 3 ciing la phan
Ung tach nguyén tir Hp, nhung khac vo6i phan ung 1
nguyén tir Hy trong phan tng nay lién két véi Cl
trong goc CZH Céc chat phan ung trai qua trang
thai chuyén tiép TS3 tao san pham PR3. Khoang
cach C-H trong trang thai chuyén tiép TS3 1a 1,265A
va 1,428 day la nhiing khoang cach ung voéi su
chuén bi hinh thanh lién két C1-H cta gbc etinyl va
su phan li lién két C-H cia nhom CH;. Hang rao
nang lugng cua phan ing nay 1a 58,0 kJ/mol.

Duong phan ung 4: Trong phan ung 4 nguyén tu
H, duoc tach ra tao lién két véi C1 tao ra mot san
pham twong ty trong phan tng 3 (CH,C). Dé 6 san
pham PR4, cic chét phan mg phai di qua trang thai
chuyén tiép TS4. Khoang cach C-H trong trang thai
chuyén tiép TS4 tng v&i sy phan cit va hinh thanh
lién két C — H 1a 1,345A va 1,340A. Hang rao ning
luong cua phén ung nay la 44,9 kJ/mol.

Trong s6 bbn phan mg tach truc tlep nguyén tu
hydro, thtr tu wu tién xay ra duyoc sip xép theo trat
tu: phan tng 2 > phan ung 1 > phan ng 4 > phan
g 3. Két qua nay cho thiy, phan mg tach nguyén
tir H, dé hon so véi nguyén tu Hy dleu nay cé thé
dugc giai thich do do bén cao hon cua gbc bac hai so
voi goc bac mot.

Puong phan ieng 5: Phan g 5 1 phan tmg thé
mot giai doan. Trong phan tmg nay, gbc CH,CN cua
CH;CH,CN duoc thay thé bing gbc HCC tao san
pham 1a mot hydrocacbon khong no lién két ba, cac
khoang cach C-C trong trang thai chuyén tiép TS5
lan luot 1a 1,948 va 1,847 A 1a nhiing khoang cach
phu hop véi lién két C-C sip dwoc hinh thanh va
chuan bi cit dit hoan toan. Hang rao ning luong cia
phan tng nay 1a 104,7 kJ/mol.

Duong phan irng 6: Phan ung 6 la mot phan tng
thé, trong d6 nhém CN duoc thay thé bang nhom
C,H. Khoang cach C-C trong trang thai chuyen tiép
TS6 lan luot 12 1,798 va 1,801 A tuong ng chuan bi
hinh thanh lién két C-C méi gitra géc C,H va gbc
C,Hs va cét dat lién két C-C véi gbe CN. Hang rao
nang lugng cta TS6 1a 180,9 kJ/mol.

Duong phan ing 7: Phan Gmg 7 la phan tmg hai
giai doan. O giai doan thir nhét, cac chat phan tng
qua trang thai chuyén tiép TS7 tao san pham trung
gian IS1. Trang thai chuyén tiép TS7 duoc hinh
thanh do su cong gbc C,H qua nguyén tir C3 vio
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nguyén tit N cua C,HsCN, khoang cach C-N ¢ day la
1,874 A. Hang rao ning lugng cua giai doan nay la
8,8 kJ/mol. Giai doan hai ctia phan ung dugc xuat
phat tir IS1 trai qua trang thai chuyén tiép TS1/7 dé
tao ra san phdm PR7. Trang thai chuyén tiép TS1/7
duoc hinh thanh do su phén cit lién két C - C cia
IS1 tao thanh gdc CHs, khoang C-C & day 1a 2,282A
va hang rao nang luong cua qua trinh nay 1a 13,8
kJ/mol.

DPuong phan ung 8: Pay ciing 1a phan tng hai
giai doan, giai doan mot ciia phan Gng 8 cling la giai
mot ciia phan mg 7. Giai doan hai dyoc bat dau tir
ISlqua trang thai chuyén tiép TS1/8 tao thanh san
phiam PR8. Trang thai chuyén tiép TS1/8 dugc hinh
thanh do sy phan cit lién két C-C trong IS1 dé tao
ra goc C,Hs, khoang C-C ¢ day 1a 2,260A va hang
rdo nang luong cia sy hinh thanh san pham PRS 1a -
23,7 kJ/mol.

DPuong phan wng 9. Tuong tu phdn tng 7, giai
doan mot cua phan Gng 9 1a phan tng cong. O giai
doan nay, hé cic chat phan ung di qua trang thai
chuyén tiép TS8 hinh thanh nén san pham trung gian
IS2. Trang thai chuyén tiép TS8 dugc hinh thanh do
sy tin cong cua nguyén tir C3 cua géc C,H vao
nguyén tir C lién két ba véi N ciia C,HsCN, khoéng
cach C-C & day 1a 2,317A. Hang rao ning lugng cia
giai doan nay la 3,0 kJ/mol. Giai doan hai cta phan
g dugc xuat phat tir IS2 qua trang thai chuyén tiép
TS2/9 d hinh thanh san pham PRY. Trang thai
chuyén tiép TS2/9 duogc hinh thanh do sy phan cit
lién két C-C, khoang C-C & trang thai chuan bi phan
cit 14 2,189 A va hang rao ning lugng ciia TS2/9 1a
-91,1 kJ/mol.

Nang luong cua cac chat phan tng, trang thai
chuyén tiép va cac chat trung gian trong bé mit thé
nang, dugc trinh bay ¢ hinh 3.

T bé mat thé niang cta phan tng co thé thiy
kha nang xay ra cia cac duong phan Ung la kha
phuc tap. V& mat dong hoc, sy tao thanh cac san
pham PR3, PR5, PR6, véi cac gia tri hang rao ning
lugng tuong ung 1a 58,0; 104,7 va 180,9 kJ/mol la
nhiing phan ung kho xay ra. Trai lai, su tao thanh
cac san phém PR1, PR2, PRY lai rat dé& xay ra vi
hang rao nang luong cua cac dudng phan tng nay
rat thdp va thip nhit trén bé mat thé niang. Cac
duong phan tng tao thanh cic san pham PR7, PR8
12 nhitng phan tng c6 giai doan dau gidng nhau
nhung & giai doan tiép theo ching khac nhau vé
hang rao ning lugng cua cac trang thai chuyén tiép,
két qua 1a sy hinh thanh san phdm 1a PR8 Ia thuan
loi hon PRO.

Nhu vay, trong cac duong phan ung gitta C,H va
C,H;sCN, moi sy quan tdm déu hudng téi phan tng
1, 2 va 9 vi day la nhiing phan ing c6 kha nang xay
ra nhat Ngoai ra cac phan ng 7 va 8 ciing la nhimng
phan ng nhiéu trién vong.
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Hinh 3: B& mit thé nang ctia phan tng gitta C,H va C,HsCN

3.2. Nhiét dong hoc ciia sy hinh thanh san phim

Két qua tinh toan cac thong sd nhiét dong ¢ diéu
kién chuan cho thiy bién thién thé dang ap-ding
nhiét cua cic phan tng tao thanh san phim PRI,
PR2, PR4, PR5, PR7, PR8 va PR9 déu c6 gia tri am,
diéu nay cho thdy cac phan mg nay hoan toan c6 thé
xay ra. Cac phan tng tao nén san pham PR3 va PR6
c6 bién thién thé ding nhiét ddng 4p dwong nén cac
duong phan tng nay khong thé xay ra. Mot dai
lwong nhiét dong khac can dugc quan tim vi nd gan
lién voi thue nghiém 1a bién thién entanpy ctia phan
tmg. Két qua tinh dugc cho thiy bién thién entanpy
cua phan ung tao PR1, PR2, PR9 tuong ung la -
134,8; -181,8; -143,3 kJ/mol. Hién nay chung toi
van chua tim dugc bat ki thong tin thyc nghi€ém nao
lién quan dén bién thién entanpy cia cac phan tng
nay [17], hy vong rang s& c6 su phu hop tbt giita két
qua tinh 1i thuyét voi nhitng gia tri thuc nghiém s&
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tim ra trong mot ngay gan ddy. Mt khac, khi so
sanh két qua tinh cua ching t6i v6i két qua tham
khao ¢ [12] vé bién thién entanpi cua phan tng tao
thanh san phim PR1(-141,3 kJ/mol) va san phiam
PR2 (-189,6 kJ/mol) cho thdy c6 sy pht hop tot voi
nhau.

3.3. Mt s6 diém chung vé co ché phan tng giira
C2H véi R-CN

Vé co ban, san pham chinh cua phan tng giita
C,H voi R-CN (R=H, CHj;, C,Hs) duoc du doan co
thé 1a C,H, va HCCCN, ngoai cac san phém trén
phan tmg con c¢6 kha ning tao thanh nhiéu san pham
khac nhung nhin chung déy 13 nhiing san pham dé
tao thanh nhat. Nhén xét nay dugc rut ra trén co so
céc tinh toan vé hang rao ning luong va bién thién
entanpy cua phan ung tao thanh cac san pham nay
duoc tong két & bang dudi day.
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Bdang 4: Hang rao nang luong va bién thién entanpy ctia cac phan tmg tao thanh san pham
C,H, va HCCCN [9, 11]

Chét phan tng HCN CH;CN C,HsCN

Hang rao nang

lugng (kJ/mol) 39,5 4,4 6,0 5,0 2,5 3,0
AH%04 (kJ/mol) -10,2 -105,9 -164,8 -133,3 -181,8 -143,4

Céc s liéu & bang 4 cho thiy dbi véi viée tao
thanh san phim HCCCN tir cac chat phan tng khac
nhau, hang rao ning lugng bién ddi khong theo qui
luat. Diéu nay la hoan toan co thé chép nhan duoc vi
con dudng dé tao ra san phan nay tir cac chét phan
ung khac nhau 1a khac nhau. Trai lai, phan tng tao
ra san pham C,H, 1 phan mg mot giai doan nén gia
tri hang rao nang lugng umg voi sy tao thanh san
pham nay cua cac chat phan tmg khac nhau 1a khac
nhau nhung cé qu1 luat. O day, hang rao néng lugng
tao C,H, giam dan tir HCN (39,5) dén CH;CN 4.4
va cudi cung 1a C,HsCN (2,5). Nhu vay, su gia ting
vé dd 16n cua gbe hidrocacbon trong R-CN d3 lam
giam hang rao nang lugng ctia phan ung tach H tao
ra san phém C,H..

4. KET LUAN

Ap dung phuong phéap hoa hoc luong tir va phan
mém tinh toan, chung t6i da thiét 1ap duoc bé mat thé
ning cua hé phan tmg C,H + C,HsCN. Két qua cho
thdy kha ning xay ra duong phan tng 2 tao san phim
PR2 (HCCH + CH;CHCN), duong phan ung 9 tao
thanh san pham PR9 (HCCCN + CH;CH,) va dudng
phan ung 1 tao thanh san phim PRI (HCCH +
CH,CH,CN) 14 thuén loi hon ca. Gia tri bién thién
entanpy cia phan Ung cac phan Uing nay tuong ung
la -142,39, -189,58, -148,12 klJ/mol. Ngoai ra, cac
thong s6 cu truc, nhiét dong kém theo cling dugc xac
dinh va thao lun chi tiét.

Tran trong cam on Nafosted Viét Nam tai tro
cho cong trinh nay thong qua dé tai co ma so
104.03.2010.29.
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