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Abstract 
The mechanism for the reaction of the CH radical with benzyne (1.2-didehydrobenzene) has been mvesligated 

using Density Functional Theory (DFT). The potential energy surface (PES) was examined at the B3LYP/6-
311 ++G(3df.2p)//B3LYP/6-311 ++G(d,p) level of theory. The obtained results show that the CH + CM* reaction has no 
entrance banier and thai the sUongly exothemiic channels lead lo three [HC-C6H4] isomers. The products of this 
reaction are C2H2 and four different CsHj isomers. This study aims contribute lo the understanding of the reaction 
mechanisms of the methylidyne radical wiih small radicals and molecules in combustion chemislry and exlraten'eslrial 
atmospheres 

Keywords: Density Functional Theory, benzyne. 

I.GIOITHIEU 

Gdc metylidin (CH) giu vai trd quan trgng trong 
cdc qua trinh ddt chdy hidrocacbon, hda hpc pha khi, 
qud trinh biln ddi hda hgc khi quyin cdc hanh tinh, 
moi trudng cac sao trong khdng gian, sao chdi. Phdn 
img ciia gdc metylidin vdi cdc phan tir hidrocacbon 
no [1, 2] vd khdng no [3, 4] m îch hd hi?n nay dang 

dugc nghien cim nhieu ca ve ly thuyet Idn thyc 
nghi?m. Tuy nhien vdi hidrocacbon d^ng vdng chua 
dugc nghien ciru nhieu. Gan day da cd mgt sd cdng 
trinh nghiSn cuu ve phdn img ciia goc metylidin vdi 
benzen [5, 6]. Trong bai bao ndy chiing tdi trinh bdy 
kit qud nghien ciru ca che phdn iing ciia goc 
metylidin vdi benzin bdng phuang phdp hda hpc 
lugng tir. 

Bdng 1: Hinh hgc phdn tir C6H4 

Hinh hoc phan tCr benzin (khoang each linh iheo (A), 
nhom diem doi xmig Cs) 

Lien k^t C2^C3 

Hinh dang xen phu 

Nang lugng MO lien 
ket (hatree) 

% dong gdp AO-s C2 

% dong gop AO-s C3 

% dong gop AO-p C2 

% ddng gop AO-p C3 

Lien kel a 

-0,807 

50,43 

50,43 

49,51 

49,5: 

Lien kel 71 Irong mat ! Lien ket j i trong mdt plidng 
phSng vdng [ vuong goc vai m^l phang vong 

"̂ K*" 
^-4 

i :* -0,311 

0.67 

0.67 

99,24 

99,24 

-0,279 

0 

0 

99,90 

99,90 
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Benzin (hay cdn ggi Id 1,2-didehidrobenzen) cd 
the dugc hinh thdnh tir hgp chdt tham benzen bfing 
each lo^i bd hai nhdm thi d vj tri octo. Trong cdc 
hgp chdt chira lien kit ba binh thuong nhu axetylen, 
cdc obitan p khdng lai hda song song vdi nhau d tren 
vd dudi true phan tu, dieu ndy t̂ io dieu ki^n toi da 
cho cdc obitan chdng 16n nhau khi xen phii hinh 
thanh Hen kit. Tuy nhien, trong benzin, cdc obitan p 
dang bj bdp meo dl phii hgp vdi liSn kit ba trong h? 
thong vdng, 1dm giam hi?u qud vi?c ch^ng len nhau, 
nfin dg bin lien ket gidm (bdng 1). Ket qud tinh 
NBO (natural bond orbital) vl ph^n trfim ddng gdp 
vao li8n kit ciia cac obitan nguySn tir (AO) cho thdy, 
trong \\%n kit ba C2-C3 thi lifin kit a dugc hinh 
thdnh tir s\[ xen phii ciia cdc obitan lai hda sp. Cdc 
lien kit n hdu nhu chi do cdc AO-p I90 ra. Lien kit TU 
trong m|t phdng vdn^ bin hon Hen kit n cdn Igi. Do 
cd ban chat ve lien kel ba nhu vdy cho nSn benzin Id 
mgt tdc nhan cd khd ndng phdn img rat cao. Cdc 
phdn img diln hinh ciia benzin nhu Id phdn img 
Diels-Alder, phdn ling cgng. 

2. PHUONG PHAP TINH 

Tdt ca cdc linh todn dugc thuc hi?n bfing phdn 
mim Gaussian 03 [7]. Cdu true hinh hgc ciia cdc 
chdt deu dugc tdi uu hda bdng phuang phdp philm 
ham mat dp d mire B3LYP/6-311-i-i-G(d,p). Viec 
tinh NBO cung dugc thyrc hien tai mire nay. Su xdc 
djnh dung m^t trang thai chuyln tiep tim dugc ngodi 
viec phan tich tdn sd dao dpng thi cdn dugc kiem tra 
them bdng each tinh ipa do npi phdn ung (IRC). 

Nguyen Huu Thg vd cgng su 

Ndng lugng diem don dugc tinh theo phuang phdp 
B3LYP/6-311++G(3df,2p) (bdng 2). Phuang phdp 
B3LYP dugc lira chpn dl thgc hi?n tinh todn tdi uu 
hinh hpc bdi cac kit qua ciia cdc nghien ciru trudc 
day thu dugc theo phuang phdp ndy trong vi?c tdi 
uu hoa hinh hpc vd xdc dinh tin so dao dpng cac 
d6ng phan vd cdc trang thai chuyln tilp Id rat lot [8-
10]. Ket qua thu dugc se cho ph^p ihiet l§p bl mfit 
the nfing day dii vd tir dd hilt dugc thir tvr uu lien ciia 
mdi dudng phdn irng, Ngoai ra biln thien entanpi, 
thi dfing nhi?t dfing dp ciia mdi hudng tgo san pham 
d dilu ki?n nhi?t dp 298 K, dp suat 1 aim cung dugc 
linh todn [11] vd thdo luan chi tilt. 

3. KET QUA VA THAO LUAN 

Tren bl mji ihl nfing ciia h? CH+CtH^ (hinh 1) 
cd 6 sdn phdm dugc ky hi?u Id P, (x = 1-5-6). 23 chdt 
trung gian dugc ky hi?u Id 1, (y = U23) vd 27 cau 
iriic trang thai chuyln tilp (TS) dugc ky hi?u Id x/y 
vdi X. y tuong img Id cdc cue lieu P, hay Î . Tir ket 
qua tinh nfing lugng dao dpng dilm khong vd nfing 
lugng dilm dan xdc djnh dugc nfing lugng luang ddi 
vdi mire nfing lugng cua he chdt tham gia phan img 
ban ddu CH-1-C6H4 (Po) dugc qui udc bdng 0. Hinh 
hpc cua mgt sd cdu triic lien quan trong h? dugc xay 
di^g d hinh 2. Gia trj tdn sd dao dgng ciia mgt so TS 
dugc the hien d bang 3 cho thdy cac cdu triic TS deu 
cd 1 gia tri tdn s6 dao dpng am duy nhdt. Dilu nay 
gdp phdn chimg td hinh hpc ciia cdc TS ma chiing 
tdi da xac djnh dugc la diing. 

ITmh 1. Bl mfit thi ndng (PES) h§ phdn img CH+C6H4 
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Tir PES hinh 1 ta nh^n thdy c6 thi c6 6 duirng ph4n {rng Di+De sau ih tao ra cSc sdn phIm tdch tir 

u, Ha-«.l,/lr 

U, H , - , , , | , i ?5_^ , , J« . , , . 62_^ l , : 

- Pi 0,H2-CH t Hi 

0 , 

IJ4 

Ds 

Us 

P i r * l j 

fo-«-lj 

Po-»lj 

Po—13 

3/13, 

3/4 , 

3/13, 

3/13, 

, 3 l 5 ^ , „ » i l i . , „ ! = i E l . p , „„.C,H^C,H: 

. i n 6 ^ , , . M 1 I > , „ ™ l , P , ,.C,H,*CiH, 

13/16 . , 16/19. , 18/20 , 20/21 , 21/23, . ^^/Pj. ., , - „ . ^ „ 
13 * • HB ^-lig ••liO ^ ' z t ^ ' 2 3 ^ f̂ S /-t-sMs + C iH i 

13/16 . , 16/19. . 19/20. . 20/21. . 21/22. , ?2^?i^ p. „ . r u * r u 
13 ^ liB »-liB " - I j o »-l21 * - '23 ^^*-P8D-C5H3 + C2H2 

Budc dau tien trong phdn img ciia g6c metylidin 
vdi cdc phdn tii nhd hidrocacbon deu tfio hgp chSt 
trung gian khdng thdng qua hdng rdo nfing lugng [ I. 
4], D I hinh thdnh cdc sdn phIm P|-*-P6, giai dogn diu 
lien theo ca chi cpng cd thi tgo ra ba hgp chat trung 
gian I|. Il ho^c Ij md khdng qua trgng thdi chuyen 
tilp. Dieu ndy hodn todn tuong d6ng vdi cdc phdn 
img ciia goc metylidin vdi hidrocacbon cd lien ket 
ddi CjHs, lien kit ba CjH; dd dugc nghien ciru trudc 
dd)' [4, 12]. I| (-125,29 kcal/mol) cd nfing lugng 
thdp hon nhieu so vdi h (-81,23 kcal/mol vd I3 
(-85,35 kcal/mol). I| cd cdu iriic phdng vd doi xung. 
goc metylidin gdn vdo dong thdi 2 nguyen tir C 
mang lien ket ba ciia benzin. I2 cung cd cau true 

1/2 (O) 
line 

dgng phdng dugc tgo ra tu qud trinh gdn gdc 
metylidin vdo 1 nguvSn tu C mang tien ket ba ciia 
benzin. Cdn h cd cau true khdng phdng dugc hinh 
thdnh do sg gdn kit g6c metylidin vdo d6ng thdi 2 
nguyen tir C bSn cgnh lien ket ba ciia benzin. Mgt d$ 
electron Ircn nguySn tir C ciia goc CH linh theo 
B3LYP/6-3ll++G(3df,2p) Id 5.958; cung tren 
nguyen tir C ndy nhung d trong I|, I2 vd Ij lan lugt la 
6,171; 6.090; 6,145. Mdt dp electron tdng len, chung 
td goc metylidin Id phan tir nhgn electron khi hinh 
thdnh lien kit trong qud trinh gdc metylidin tdn cdng 
vao phdn tir benzin. Gi&a I, va Ii ton tai mgt trgng 
thdi chuyln tilp TS 1/2. Ndng lugng tuang doi cua 
TS 1/2 cao hon I2 khodng rdt nhd 1,75 kcal/mol. 

h{C,) /-C5H3(C^) Ar/c/0-C5H3(O) 

i.4i6'''''Ar^«ifi 

b-C^,(C„) 

l i n s j .iDQS 

Hinh 2: Hinh hoc v^ nhom diem ddi xiing mOt so chdt trung gian, TS va sSn phSm. 
DO dii lien ket (A), goc lien ket (°) 

Dudng phan ling Di tao thinh san pham Pi phii t̂ io thinh P: phii qua TS I2/P2 (10,26 kcal/mol), cic 
qua TS 10/Pi (19,86 kcal/mol), ditimg phin ung D: gii trj nSng luqrag tirong d6i niy dIu IcSm hon nhiSu 
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so vol he cac chit tham gia phan img ban diu PB kh6 xay ra. 
(CH-l-CsHO, nSn cic duimg phin ling Di vi Dj rit 

Nguyen Hiru Tho vd cong su 

Bang2- Gii trj nang liii?ng dao dong dilm kh6ng ZPE (hatree), nSng lugrng dilm don SP (hartree), 
nSng lupng tuong d6i E (kcal/mol) cua mot s6 cau triic 

Cku true 

CH 
CsH, 

II 
I2 
I3 
1/2 
2/5 

15/Pj 
22fl's 
23/P5 

CiHj+crc-CsHj (Pj) 
CiH^+t-CH, (P,) 
C2H2+/-CsHi(P5) 
CjH2+6-C5H3(P6) 

ZPE 

0,006427 
0,074829 
0,090113 
0,089045 
0,088441 
0,08772 

0,084462 
0,081993 
0,079695 
0,07923 
0,0793 

0,075826 
0.0769 

0,077216 

SP 
B3LYP 

-38,495897 
-230,9893753 
-269,6935585 
-269,6222964 
-269,6282735 
-269,6182164 
-269,560535 

-269,4901143 
-269,5645423 
-269,5712624 
-269,5102577 
-269,5417011 
-269,5979622 
-269,5892983 

E 
B3LYP 

-125,29 
-81,23 
-85,35 
-79,48 
-45,27 
-2,59 

-50,68 
-55,18 
-16,87 
-38,71 
-73,35 
-67,72 

Dudng phdn ling D.| tgo ra P4 chi can vugt qua 
cac TS 3/4, 4/16, 16/17 va 17/Pj dIu cd nSng lugng 
tuong ddi thap ban ddng kl cdc chdt phdn ling ban 
ddu Po nen cd the dg dodn Pj la sdn phdm dugc tao 
ra kha de dang tir h? phan ung tren. Qud trinh tao 
thanh P3 khi qua TS I5/P3 (-2,59 kcal/mol) cd nfing 
lugng cao ban so vdi cdc TS khi tao P4. Sdn phdm 

P4 Igi c6 nfing lugng thdp hon P3, nen c6 the kit lugn 
P4 dugc hinh thanh thugn Igi han P3. Su tao thdnh 
cdc sdn pham Ps vd P^ deu cdn phai di qua cac TS cd 
nfing lugng luong ddi thdp hon cdc chit phdn img 
ban dau kha nhilu, cdc san phdm Ps va Fe lai la 
nhung sdn phdm cd nfing lugng thip nhdt nen chiing 
Cling Id nhimg san pham de dugc sinh ra. 

Bdng3: Tdn sddao dgng cua cac mpt sd TS dmuc B3LYP/6-3I lG(d,p) 

Ciutruc 

1/2 

2/5 

I5/P3 

23/P5 

22/P5 

Tan so dao dong, cm"' 

-540,6; 183,1; 372,6; 418,3; 468,4; 584,6; 629,0; 690,8; 757,9; 786,1; 841,5; 875,7; 939,9; 
960,2; 996,9; 1011,2; 1116,1; 1172,0; 1207,2; 1293,3; 1338,7; 1436,5; 1455,2; 1561,7; 
1630,7; 3090,5; 3152,0; 3170,6; 3176,3; 3187,5 

-1465,7; 158,4; 291,2; 411,3; 452,9; 557,8; 594,1; 631,0; 764,5; 831,4; 881,6; 909,2; 955,5; 
968,2; 1000,3; 1043,9; 1125,0; 1160,9; 1168,1; 1239,2; 1335,4; 1387,7; 1460,1; 1534,1; 
1594,7; 2130,4; 2975,5; 3155,0; 3170,0; 3187,2 

-610,8; 58,9; 113,8; 165,3; 255,8; 381,2; 516,0; 550,7; 566,7; 652,2; 711,1; 750,5; 767,3; 
794,0; 873,3; 917,5; 949,6; 1017,4; 1050,3; 1109,3; 1222,6; 1312,0; 1461,7; 1571,5; 1837,4; 
3177,7; 3194,3; 3234,4; 3338,4; 3439,8 

-685,7; 40,9; 79,2; 151,6; 190,2; 240,6; 306,0; 354,2; 440,2; 510,4; 533,6; 536,6; 629,3; 
664,7; 750,3; 765,3; 795,4; 799,3; 912,2; 1013,7; 1348,4; 1480,6; 1807,8; 1957,5; 2030,1; 
3121,1; 3201,0; 3336,5; 3340,6; 3440,7 

-650,0; 39,9; 70,0; 146,6; 154,3; 263,5; 362,7; 403,3; 449,9; 538,8; 591,1; 609,9; 647,9; 
677,9; 685,5; 745,2; 767,0; 781,2; 889,8; 967,5; 1159,9; 1392,7; 1808,9; 1949,1; 2147,6; 
3127,6; 3341,6; 3343,9; 3445,0; 3473,7 

Mpt dieu dang chii y Id sdn pham P3 -̂  Fe chira 
cac ddng phan ciia C5H3. Hif n tgi cdc dong phdn ciia 
C5H3 ndm trong cdc hgp ch^t dgng CjHx dang dugc 
nghien ciiu nhilu, chiing dugc quan sdt thdy nhilu 

trong nggn Ida ciia cac hidrocacbon giau nhien lieu 
[13-15]. Cdc sdn pham ddng phan CsHj dugc tim 
thay ngodi dang mach thdng (Line) /-CsHj, dang 
(Bent) ft-CjHs va dgng vdng 3 canh (Trigonal) 
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/-CsHj dd dugc tim thav trong h§ nhifin li§u 
benzen/oxi [13] cdn tim thay dgng xiclo 5 cgnh cyc-
C5H3 irong sdn phdm Pj. Dilu ndy gdp phiin Idm 

NghiSn cihi ly thuyit phdn ung cua gSc... 

phong phii thfim vl cdc dgng t6n tgi ciia CsHx trong 
hg nhi£n li$u. 

Bdng 4: Gid trj AH298. AGjgg (kcal/mol) vd AS298(cal/mol.K) 

CH+C,,Hi-> 

-> 
-> 
-» 
-> 
-> 

Phin irng 

C,,HrCII+ll! 

CsH+CHj 

C:H:+jicfo-CiH] 

CiHi+z-CHj 

C2H;+/-CiHj 

CiHi+i-CsHj 

(P|) 

(P2) 

(Pj) 

(l'.i) 

(P.) 

(PB) 

AH2q8 

19,04 

-20,17 

-16,52 

-37,43 

-72,16 

-66,70 

AG298 

19,74 

-22,45 

-14,88 

-38,01 

-71,93 

-66,59 

AS2M 

-2,35 

7,65 

-5,50 

1,95 

-0,77 

-0,37 

Ket qua tinh biln ihifin entanpi, Ihl ddng nhi§t 
dfing dp tgi 298K vd 1 atm ciia m5i hudng tgo sdn 
phdm d bdng 4 cho thIy chi cd dudng phdn ung D| 
tgo ra Pi cd biln thien entanpi (AH) vd thi ddng 
nhiet dfing dp (AG) duong, cdc dudng phdn irng cdn 
Igi deu cho AH vd AG dm. Ket qud ndy gdp phan 
khfing djnh Igi ket lugn d tren Id qud trinh tgo ra sdn 
phdm P| la r^l khd, Dudng D4 tgo san pham Pj cd 
AH va AG dm hon so vdi khi tgo P3 nen ket lugn P̂  
dugc hinh thdnh thugn Igi hon P3 d tren la hodn todn 
diing. Ps va Ps Id nhimg sdn phdm dugc hinh thdnh 
deu cd AH va AG dm nhat nen chung cung Id nhimg 
sdn phdm uu lien ban so vdi Pi vd P2, phii hgp vdi 

vi§c phdn tich bl mdt thi ndng d trSn. 
Chiing tdi dd Iga chpn 2 phdn img tgo ra P4, P( 

dl khdo sdt sg biln ddi cdc thdng s6 nhi^t dpng trgn 
trong khodng nhi§t dO 50-1000 K vl P4. Ps Id nhChig 
sdn pham cd ndng lugng cd nfing lugng rat thap. S\f 
tgo thdnh chiing dIu di qua cdc TS cd ndng lugng 
luang doi thap hon nhilu cdc chat phdn img ban diu, 
Kel qud tren bdng 5 cho thay d khodng nhi?l dO ndy, 
cdc phdn img tgo P4 vd Pb cd AH, AG dIu dm, AS 
dIu duong thudn Igi cho phdn img xay ra. Gia trj AG 
gidm dan, AS tdng dan khi nhi^t dp tdng chung to 
cdc phdn ling ndy thugn Igi hem khi nhi?t dg idng 
dan. 

Bang 5. Gia tri AH, AG (kcal/mol), AS(cal/mol.K)dcic nhi?tdo ciia 2 phan img 

CH + CBHI -^ l-CjHj + C2H2 (P.) 

T(K.) 

50 

100 

300 

400 

500 

600 

700 

1000 

AH 

-37,86 

-37,72 

-36,69 

-36,14 

-35,69 

-35,35 

-35,09 

-34,70 

AO 

-38,24 

-38,67 

-41,16 

-42,73 

-44,43 

-46,21 

-48,04 

-53,68 

AS 

7,66 

9,47 

14,87 

16,46 

17,48 

18,11 

18,50 

18,99 

CH + CBHI -+ i)-C,H, + CjH; (Ps) 

T(K) 

50 

100 

300 

400 

SOO 

600 

700 

1000 

AH 

-66,87 

-66,81 

-65,97 

-65,43 

-64,98 

-64,65 

-64,42 

-64,09 

AG 

-67,25 

-67,65 

-69,73 

-71,07 

-72,54 

-74,08 

-75,67 

-80,57 

AS 

7,54 

8,34 

12,56 

14,12 

15,11 

15,72 

16,08 

16,48 

Benzin Id mgt ch^t cd khd ndng phdn img cao do 
si; t6n tgi ciia cac lien kit n trong liSn kit ba kim 
ben ban so vdi cdc lien kit 7i trong lien kit ba ciia 
cac chat mach hd thdng thuong. Phdn ung ciia goc 
metylidin vdi benzin d giai doan dau xdy ra theo ca 
che cpng khdng thdng qua trgng thai chuyen tilp. 
Cac sdn phdm CsHj + C2H2 Id sdn pham tdch h ^ 1̂  

nhat cua h§ phdn img ndy. CsHs t6n tgi 4 dgng dong 
phan khdc nhau. /-CsHj vd b-dWy cd ndng lugng 
ch€nh l?ch khdng ddng kl va thap hon nhilu so vdi 
/-C5H3 vd cyc-CsHj. Cdc phdn ung tgo san pham tdch : 
ciia h§ CH+CeHt cd xu hudng thugn Igi hon khî  
nhi^t d$ tdng. \ 

L6i cam on: Trdn trgng cam on Nafosted Vi$t Nam 
tdi tr<? cho cdng trinh ndy thong qua di tdi, ma sS 
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