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Abstract 

The reaction mechanism of the Ethynyl radical and CHjCN has been studied by the Density Functional Theory 
(DFT) using the BHandHLYP functional in conjunction with Ihe 6-311++G(d,p and, 6-311++G(3df,2p) basis sets. The 
potential energy surface (PES) for the CjH + CH ĈN system was also established. Calculated results indicate that 
products of this reaction can be (HCCCHj + CN), (C2H2 + HjCCN), (HCCCN + CH3), (HjCCNCCH + H), (HCCNC + 
CH3), (HC(CH3)C + CN) and (H2CC+CH;CN). However, ihe formalion of (C2H2 + HjCCN), (HCCCN + CH3) and 
(HCCNC + CHj) is the most favorable. This study is a conlribution lo Ihe understanding of the reaction mechanisms of 
the ethynyl radical with many small radicals and molecules in ihe atmosphere and combustion chemistry. 

Keywords' Ethynyl radical, reaction mechanisms. Density Functional Theory, CHsCN, potential energy surface, 
reaction paths. 

1. GIOI THIEU 

Tiep tuc cac nghien cuu truac day ve phan img 
cua goc etinyl (C^H) vai cac hpp chai ton tai trong 
khi quyen [1-10], dac biet la vai cac hgp chat chira 
N, da tien hanh khao sat ca che ciia phan img giiJa 
C2H vai CH3CN. Cac san pham co the tao thanh nhu 
sau: 

HCC + CH3CN -^ C2H; + H2CCN (1) 
HCC + CH3CN -^ HCCCN + CH3 (2) 

HCC + CH3CN -^ HCCNC + CH3 (3) 
HCC + CH3CN -^ mCC + HjCCN (4) 

HCC + CH3CN -y HCCCH3 + CN (5) 
HCC + CH3CN -* HjCCNCCH + H (6) 
HCC + CH3CN -^ HC(CH3)C + CN (7) 

Tren ca so cac djnh huong phan irng nay, da ap 
dung cac tfnh toan trong hoa lugng tir de khao sat va 
danh gia kha nang xay ra ciia cac duang phan irng va 
tir do dy doan cac san pham co the ciia phan img 
giua C2H va CH3CN. 

2. PHU'ONG PHAP TINH 

Cau tnic hinh hpc ciia cac chat phan iing, cac 
chat trung gian, trgng thai chuy6n tiep va cac san 
pham deu dugc toi uu theo phuang phap phiem ham 
mat dp cr muc BHandHLYP/6-3U-H-G(d,p) [11]. 

Trong do trang thai chuyen tiep diing dugc xac thuc 
bang viec phan tich tan s6 dao dpng. Nang lugng 
diem dan dugc cai thien a mire tinh co bp ham co so 
cao hon BHandHLYP/6-311++G(3df,2p) [11]. Tir 
cac ket qua nhan dugc se thiet lap be mat the nang 
va xac djnh cac thong so nhiet dgng cua he. Tat ca 
cac tinh toan deu dugc thyc hien bang phan mem 
Gaussian 03 [12]. 

3. KET QUA VA THAO LUAN 

3.1. Goc C2H 

Goc etinyl bao gom 3 nguyen tii dugc danh so tir 
1 den 3 (theo hinh 1). Trong cac huang phan img 
neu tren, nguyen tu C2 va C3 deu c6 kha nang tan 
cong vao phan tii CH3CN. Nhiing hieu biet ve hoa 
hpc CO dien cho thay kha nang nguyen tir C ciia goc 
C2H tan cong vao phan tii CH3CN de dang han khi 
xuat hi$n electron tg- do. C2H co th§ t6n tai a hai 
dgng cau triic dien tii. Cu the la H-C=C: va H-C=C". 
Thong qua cac phuang phap tinh toan da de cap cr 
tren chung toi thu dugc cau triic da dugc toi uu hoa 
va hinh anh ve ham electron djnh vj ELF (Electronic 
Localized Function) cua chung. K8t qua dugc bieu 
dien 6 hinh 1. 

Sy phan tich NBO ciing nhu hinh anh cua ham 
ELF thong qua tinh toan hoa hpc lupng tti cung hoan 
toan phii hgp vol quan diem co didn ve hai dgng cau 

668 



TCHH,T. 50(6), 2012 

true cua C2H. Hinh anh ve ELF cho biet sy phan bo 
chi tiet mgt d$ electron trong phan tii. Ro rang, mat 
dp electron chua tham gia lien ket (electron rieng) 
tren nguyen tii C3 a cau true H-C=C: la Ion hon (2 
electron rieng) doi vcri cau true H-C=C" (I eletron 
rieng). Mat khac neu xem xet mgt dp electron giira 2 
nguyen tii C2 va C3 (cac electron lien ket) cua H-

Nguyen Thf Minh Hu4 va cgng sir 

C=C: vai lien kSt bpi 2,5 la thap han cau true 
H-C=C' voi lien ket bpi 3. Cuoi ciing, neu so sanh ve 
dp ben cua hai cau triic nay thi theo tfnh toan ciia 
chung toi miic dp ch^nh l^ch nang lugng giira hai 
cau true khoang 8,9 kj/mol va gia tri nay ciing hoan 
toan phii hgp vai thyc te la trang thai co ban ciia goc 
etinyl ung voi cau true H-C^C\ 

E L F 

H - C = C : 

W®S®W 
1.0 0.8 0.6 0.4 0.2 0.0 

Hinh T. Hai dgng clu triic electron va gia in ELF tuang ung ciia goc C2H 

3.2. Du'O'ng phan irng 

Co 7 dutmg phan irng co the xay ra doi vai h? C2H + CH3CN: 

n C ( C H 3 ) C + C N 

( P R 7 ) 

HjCC + CHjCN 
(PR4) 

(TSI) 
IICCH + CHjCN -•-

( P R l ) t ' ' 
IICC + CH3CN -

(RA) 

( T S 3 b ) 
^ HCCNCCH3 , , , . , *• 

(3a) (3b) 
^^^' (IS3a) 

(TS6b) 

HCCNC+CH3 
(PR3) 

HCCC <( 

( 6b ) ( 

HCCNC(H)CH2 
(IS6b) 

I ICCCN+CH3 
(PR2) 

[ I iCCNCCH + H 
(PR6) 

Hinh 2: Ca che ciia phan img giira C2H voi CH3CN 

Du&ng phdn irng J: Cac chit ban dau qua trang vao nguyen tii C lien ket vai N ciia CH3CN, khoang 
thai chuy6n tilp TSI d€ tgo thanh san pham PRl. each C-C a day la 2,303 A. Hang rao nang lugng 
Khoang each C-H trong trang thai chuyen tiep TSI ciia giai doan nay hkng 3,6 kJ/mol. Sau khi vugt qua 
irng voi sy chuyin H tir CHjCN sang HCC la 1,685 giai dogn nay, he chat tao ra san pham trung gian 
A. Hang rao nang lugng ciia phan iing nay la 4,2 IS2a, tir day chuyin qua trang thai chuyen tiep TS2b 
(j/mol, de tgo ra san pham, khoang each C-C a day la 

i&«WMg/7/ifl«H'«g 2.-Trong duong phan irng nay, 2,194A va nang lugng tuang d6i ciia TS2b la -83 
he chit phan iing trai qua hai hai trgng thai chuyen kJ/mol. 
tiip (TS2a,TS2b) va mpt san phSm trung gian (IS2a) Duang phan ung 3: Giong vai duang phan irng 
de tgo ra san phim PR2. Trang thai chuyen tiep 2, a duang phan irng nay, cac chat ban dau qua trang 
TS2a dugc tgo thanh do sy tSn cong ciia nhom HCC thai chuyen tilp TS3a chuyin thanh chat trung gian 
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IS3a. Trang thai chuyen tiep TS3a dugc tgo thanh do 
sy tdn cong ciia g6c HCC vao nguyen tii N ciia 
CH3CN, khoang each C-N a day la 1,877 A. Hang 
rao nang lupng ciia giai dogn nay la 9,0 kJ/mol. Tir 
chat trung gian IS3a, h? trai qua trang thai chuyen 
tilp TS3b chuyen thanh san pham PR3. Trgng thai 
chuyin tiep TS3b dupc tgo thanh do sy tdch nh6m 
CH3 ra khoi IS3a, khoang each C-C a day la 2,267 
A. Nang lugng tuong doi CLiaTS3b la -14,0 kJ/mol. 

Dudng phdn ung 4: Gi6ng vdi duang phan img 
1 day la phan iing mpt giai dogn, cac chat ban dau 
qua trang thai chuyen tilp TS4 chuyen thanh san 
pham PR4. Tr^ng thai chuyen tiep TS4 dupc tgo 
thanh do sy chuyen nguyen tir H ciia CH3CN sang 
nguyen tu C2 trong WCC. Cac khoang each C-H 
trong TS4 lan lugt la 1,315 va 1,375 A. Hang rao 
nang lugng ciia phan iing nay la 76,3 kJ/mol. 

Duaitg phdn ung 5' Tucmg ty phan ung 1 va 4, 
Phan img 5 cung la phan img mpt giai doan. O day, 
nhom CN ciia CHjCN dupc thay the bang nhom 
HCC. De tao ra san pham PR5 cac chat phan irng 
phai trai qua trang thai chuyen tiep TS5 a do co sy 
phan cat lien ket C-C va hinh thanh nen lien ket 
C-C mm trong phan tir hydrocacbon khong no. Cac 
khoang each C-C trong trang thai chuyen tiep TS5 
lan lugt la 1,792 va 1,786 A. Hang rao nang luong 
ciia phan ling nay la 174,0 kJ/mol. 

Duang phdn ung 6 Day la duong phan img 
phiic tap nhat trong he chat phan ung nay, no bao 
gom ba giai doan. Giai doan 1, giong nhu giai doan 
1 ciia duong phan iing 3. Giai doan 2, chat trung 
gian IS3a qua trang thai chuyen tiep TS6b chuyen 
thanh chat trung gian IS6c. Trang thai chuyen tiep 
TS6b dupc tao thanh do su chuyen nguyen tii H cua 
nhom CH3 sang nguyen tir C lien ke trong IS6a, cac 
khoang each C-H a day lan lugt la 1,314 va 1,412 A, 
goc CHC la 61,2°. Nang lugng tuang doi cua giai 
dogn nay la 45,0 kJ/mo!. C) giai dogn 3, chat trung 
gian IS6c qua trang thai chuyen liep TS6c thanh san 
pham PR6. Trang thai chuyen tiep TS6c dugc Igo 
thanh do sy tach nguyen tir H ciia nhom CH hen ket 
vdi N ra khoi IS6c, khoang each C-H d day la 
1,942A, Nang lugng tuong doi ciia TS6c la 85,4 
kj/mol. 

Dudng phdn ung 7: Phan img 7 la phan img 
mpt giai doan, cac chat ban dau qua trang thai 
chuyen tiep TS7 chuyen thanh san pham PR7. Trang 
thai chuyen tiep TS7 dugc tao thanh do nguyen tir 
C2 trong HCC tan cong vao nguyen tii C ciia nhom 
CH3 trong CHsCN ddng thdi hen kit C-C ciia 
CH3CN se bi dirt ra. Cac khoang each C-C trong 
TS7 lan lugt la 1,810 va 1,979 A. Hang rao nang 
lugng ciia phan img nay la 306,2 kj/mol. 

Nghien cuu li thuyet cachi... 

Cau tnic d5 t6i uu hda doi vdi cac chat trung 
gian va trgng thai chuyin ciia cac qud trinh tren dupc 
dua ra d hinh 3. 

cac dudng phan iing mo td d tren dupc trinh bay 
chi tiet tren be m§t the nSng d hinh 4. 

Tren quan diem thuyet trgng thai chuyen tiep ciia 
dpng hda hpc, ket hgp vdi cac so li?u thu dugc tir be 
m$t the nSng cho thay cac phan irng khd cd kha nang 
xay ra ve m^t dpng hpc la phan iing 4, 5, 6 va 7. Dac 
bii;t la dudng phan img 7 hau nhu khdng co kha 
nang xay ra vi hang rao nSng lugng hogt hda qua cao 
(306,2 kJ/mol). Cac phan irng 1, 2 va 3 la nhiing 
phan img cd kha nang xay ra han ca (hang rao nang 
lupng va nang lugng tuang doi ciia cac trang thai 
chuyen tiep, san pham trung gian va san phan cuoi 
cung deu thap). Mpt each tuang doi (xet tren be mat 
thi nang), thu ty uu tien kha nang xay ra phan ung 
ciia C2H vdi CH3CN cho cac san pham khac nhau 
dugc thi hi^n trong trgt ty sau: Phan ung 2 > phan 
irng I > phan img 3 > phan iing 4 > phan img 6 > 
phan img 5 > phan irng 7. 

3.3. Entanpy, entropy va nang lugng tur do 

Ket qua tinh toan cac tham sd nhiet dpng d dieu 
kicn chuan cho thay bien thien the dang nhi?t - dang 
ap ciia cac dudng phan iing 1, 2, 3, 4 deu cd gia tri 
am. Dieu nay chung td rang cac qua trinh nay deu co 
the tu xay ra. Trai lai, phan img 5, 6 va 7 cd bien 
thien the dang ap-dang nhiet duang nen cac phan 
ling nay se khdng cd kha nang ty xay ra ve mgt nhi?t 
dpng luc hpc. Mac khac hudng phan iing 4 co kha 
nang xay ra ve mat nhiet dpng hpc nhung lai kho 
xay ra ve mat dpng hpc vi hang rao nang lupng kha 
cao (76,3 kJ/mol). Nhu vay, phan iing giiira Ĉ H va 
CH3CN SC CO 3 liudng chii yeu la hudng 1 tao san 
phdm PRl (HCCH+CH.CN), hudng 2 tao san pham 
PR2 (HCCCN+CH3) va hudng 3 tgo ra san phdm 

PR3 (HCCNC+CH3). Cac thdng tin thyc 
nghiem dupc cong bo gan day nhat da da xac nhan 
vipc tao thanh 2 san phdm PRl va PR2 [13]. Cung 
theo lai liQu nay, bien thien entanpy ciia phan img 1 
va 2 idn lugt la -180,0 va -150,0 kJ/mol, nlu so sanh 
cac gia trj thyc nghi?m nay vdi cac gia trj bien thien 
entanpy chimg toi tinh dugc la -172,4 va -137,9 
kJ/mol se thay rang cac kit qua tinh dugc la kha phii 
hgp vdi thyc nghi?m. Tuy nhien van chua cd thong 
tin thyc nghiam nao [14] xac nhgn vi^c cd the hinh 
thanh san phdm PR3 theo dudng phan iing 3 mac dii 
ket qua tinh dugc da chiing td cd kha nang tgo thanh 
san pham nay. Hy vpng rang vdi ket qua thu dugc co 
the giiip cac nha thyc nghipm tham khao d6 cd the 
chirng minh sy tao ra san pham PR3 trong phan ung 
C2H + CH3CN. 
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TSI 

^grO,-

Nguyin Thj Minh Hu$ va cQngSif 

IS2a 
1,057 

r 1182 

1.U76 ^ 

/fi«;, i : cdu tnic chdt trung gian va trgng thai chuyin tilp cua C2H + CH3CN 

! 

'"' 9TS3a 

B5 4 

- • , ; T S 6 C 

b 

HC|CH3)C<-CN 

6 i H?CGNCCH*H 

3.1 HCCCH3 'CH 

.9.6H2CC*CHZCH 

- 4 3 H C C N C * c m 

. - U l HCCCN 

, .174HCCH* 

+ CH3 

CH2CN 

Hinh 4: B6 mat the nang cua phan img giua CzH va CH,CN 
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Mpt van de khac cung can dugc quan tam la so 
sanh kha nSng phan umg giua C2H vdi H C N va 
CH3CN. Cac ket qua tinh toan li thuyet ciia chung 
tdi cho thay phan iing gtra C2H vdi H C N va CHsCN 
d l u cd th i tao ra san pham H C C H . Tuy nhien, vdi 
hang rao nang lugng t u a n g iing la la 43,0 kJ/mol [9] 
va 4,2 kJ/mol thi phan img giira CjH vdi CH3CN 
thuan lgi hon nhieu. 

4. K E T LUAN 

I. Da thiet Igp dugc be m^t th i nang day dii cua 
phan ling CiH + CH3CN, tir ket qua thu dugc cho thdy 
kha nang xay ra ciia cac dudng phan img nhu sau: 
dudng phan irng 2 > dudng phan img I > dudng 
phan img 3 > dudng phan iing 4 > dudng phan ung 6 
> dudng phan ung 5 > dudng phan iing 7. Trong dd, 
kha nang xay ra dudng phan img 1 tao san pham PRl 
(HCCH + CHjCN), dudng phan ting 2 tgo thanh san 
phdm PR2 (HCCCN + CH3) va dudng phan ung 3 tao 
thanh san pham PR3 ( H C C N C + CH3) la thuan lgi 
hon ca. 

2. Cac tham sd cau tnic cung nhu cac tham so nhi?t 
dpng cung dupc tinh toan va phan tich. Ve c a ban, cac 
thong tin thu dugc tir cac phep tinh li thuyet la phii hpp 
vdi thyc nghi?m. 

TAI LIEU T H A M K H A O 

1 R. Sumathi and M. T. Nguyen, J . Phys. Chem. A, 
102,8013(1998). 

i.. Bemiy Ceursters, Hue Minh Thi Nguyen, Jozef 

Peelers, and Minh Tho Nguyen. Chemical Physics, 

Nghien cim li thuyet ca chi... 

262(2-3), 243-252 (2000). 

3. Benny Ceusters, Hue Minh Thi Nguyen, Jozef 
Peelers, and Minh Tho Nguyen. Chemical Physics 
Letters, 329(5-6), 412-420 (2000). 

4. B. Ceursters, Hue Minh Thi Nguyen, M. T. Nguyen, 
J. Peelers, and L. Vereecken. Physical Chemistry-
Chemical Physics, 3 . 3070-3074 (2001). 

5. Jozef Peelers, Beimy Ceursters, Hue Minh Thi 
Nguyen and Minh Tho Nguyen. Journal of Chemical 
Physics, 116. 3700-3709 (2002). 

6. Shaun A. Carl, Hue Minh Thi Nguyen, Minh Tho 
Nguyen, and Jozef Peelers. Journal of Chemical 
Physics, 118(24), 10996-11008(2003). 

7. Hue Minh Thi Nguyen, Asit K. Chandra, Jozef 
Peelers, and Minh Tho Nguyen. Journal of Physical 
Chemistry A, 108(3), 484-489 (2004). 

8. Shaun A. Carl, Hue Minh Thi Nguyen, Rehab 
Ibrahim M. Elsamra, Minh Tho Nguyen, and Jozef 
Peelers. Journal of Chemical Physics, 122, 114307 
(2005). 

9. Trdn Quoc Tri, Nguyen Thj Minh Hu?, Tran VSn 
Tan, Tran Thanh Hue. Tap chi Hoa hpc, 47(6A), 
394-399 (2009). 

10. Nguyen Thi Minh Hu0, Tran Quoc Trj, Tran VSn 
Tan, Tap chi Hoa hpc, da gui dSng 2009. 

11. Frank Jensen, Introduction lo Computational 
Chemistry, Second edition, John Wiley & Sons, Ltd 
(2007). 

12. M. J. Frisch, G. W. Trucks, H. B. Schlegel, ..., J. A, 
Pople, Gaussian, Inc , Pittsburgh PA, Ray J. 
Hoobler, Stephen R. Leone. Journal of Geophysical 
research, 102(E12), 28,717- 28,723. (1997). 

13. http://cccbdb.nist.gov/ 

Lien he: Nguyen T h i M i n h H u e 
Bp mon Hda ly, Khoa Hda hpc, 
Trudng Dgi hpc Su phgm Ha Npi 
Sd 136 Xuan Thiiy, Cau Giay, Ha Npi. 
Email: huegau@yahoo.com. 

672 

http://cccbdb.nist.gov/
mailto:huegau@yahoo.com



