TAP CHi HOA HOC T. 50(4) 414-419 THANG 8 NAM 2012

NGHIEN CU’U LY THUYET PHAN NG CUA GOC METYLIDIN VOI
BENZIN BANG PHUONG PHAP PHIEM HAM MAT D0
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!Khoa Tu nhién. Truong Cao déng Su pham Gta Lai
Khoa Héa hpe va Trung tam Khoa hoc Tinh 1odn, Truomg Pai hoc Sir pham Ha Noi
Dén Taa sogn 18-10-2011

Abstract

The mechanism for the reaction of the CH radical with benzyne (1,2-didehyd has been d
using Density Functional Theory (DFT). The potential energy surface (PES) was cxamined at the BJLYP/6
311 +4G(3d1.2p)/B3LYP/6-311++G(d,p) leve! of theory. The obtained results show that the CH + CyHa reaction has no
entrance barrier and thal the strongly exothermic channels lead to three (HC-C¢Ha) isomers. The products of this

reaction are C;H, and four different CyH; isomers. This study aims contribute |o lhc undersvandmg of the reacnon

mechanisms of the methylidyne radical with small radicals and mol

almospheres
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1. GIOI THIEU

Géc melyhdln (CH) gir vai trd quan trong trong
c4c qué trinh dét chdy hidrocacbon, _héa hoc pha khi,
qué trinh bién d6i hoa hoc khi quyen cac hanh tinh,
méi Lruong, céc sao trong khong gian, sao chdi. Phan
img cia goc metylidin véi cac phan tr hidrocacbon
no [1, 2] va khéng no [3, 4] mach hé hi¢n nay dang

in y and

duge nghién ciu nhidu ca vé ly thuyét ldn thyc
nghiém. Tuy nhién véi hidrocacbon dang vong chua
duge nghién ciru nhneu Gan day da cé mét 5o cong
trinh nghién ctru vé phén img cba goc metylidin v6i
benzen [, 6]. Trong bai bao nay ching 16i trinh bay
kél qua nghién cin co ché phan {mg cia goc
metylidin v6i benzin bing phuong phap héa hoc
lugmg ur,
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Benzin (hay cén goi la 1 2-d|deh|drobenun) c6
thé dugc hinh thanh tr hcp chét thom benzen bing
cach logi bo hai nhém thé & vi tri octo. Trong céc
hop cht chira Tién két ba binh thuémg nhu axctylen,
cdc obitan p khéng lai héa song song véi nhau dv trén
va dudi tryc phan (i, didu ndy tao didu kién téi da
cho cdc obitan chéng 1én nhau khi xen phi hinh
thanh lién két. Tuy nhién, trong benzin, c4c obitan p
dang bj bép méo dé phit hop véi lién kél ba trong h¢
théng vong, lam gidm higu qua vige chdng 1&n nhau,
nén do bén lién két gidm (béng 1). Kég  qud tinh
NBO (nalural bond orbital) vé phin trim déng gop
vao lién két cua céc obitan nguyén tir (AO) cho lhéy,
trong lién két ba C2-C3 thi lién két o duge hinh
thanh tr syr xen pha cua cac obitan lai hoa sp. Cac
lién két n hiu nhu chi do cac AO-p lao ra. Lién kéi n
trong mit héng vong bén hom lién két = con lai. Do
¢6 ban chat ve lién két ba nhu viy cho nen benzin 13
mt tac nhan 6 khi nang phan (mg rdt cao. Céc
phan img dién hinh cia benzin phu 1a phan (mg
Diels-Alder, phan img cng.

2. PHUONG PHAP TiNH

Tét ca céc tinh toan duvc thuc hién bing phan
mém Gaussian 03 [7). Céu tric hinh hec cua céc
chét déu duge t8i uu héa bing phuong phap phiém
ham mét 46 & mic B3LYP/6-311++G(d.p). Viée
tinh NBO ciing dugc thyc hién tai mic nay. Su xéc
dinh ding mjt rrgng thai chuyén nép tim duoc ngodi
vige phan tich 14n 56 dao dgng thi con duge kiém tra
thém bﬁng cach tinh toa d¢ ndi phan img (IRC).

.

Fnms
22 32

Nguyén Hiru Tho va cng swe

Ning lugng diém don dugc tinh theo phuong phép
B3LYP/6-31 IHG(ZdFZp) (bang 2). Phuong phép
B3LYP dugc lya chon dé lhuc hién tinh ton 16i wu
hinh hoc bdi cac két qua cua cic nghién ciu lrudrc
day thu dugc theo phucmg phép ndy trong vi¢c 16i
uu hoa hinh hoc va xic dinh lﬁn 56 dao don chc
dong phan VA che trang thai chuyén ncp 1a rét lgl (8-
10]. Ké1 qua thu duge s& cho phép thiét 1gp bé mat
lhe nang dAy d va tir d6 biét duge thir ty uu tién cia
mbi dudng phén (mg. Ngoi ra bién thién entanpi,
thé ding nhi¢t ding 4p cia mdi huéng tao san pham
& didu kign nhigt d§ 298 K, ép suél 1 atm cling dugc
tinh todn [11] va thao luan chi tiét,

3. KET QUA VA THAO LUAN

Trén bé mat thé néing cia h¢ CH+CgH, (hinh 1)
cb 6 san pham dugc ky higu 13 P, (x = 126), 23 chax
trung gian dugc ky hucu 131, (y = 1+23) va 27 cdu
wric trang thai chuyén tiép (TS) duge ky hi¢u la x!y
véi x. y tuong umg la céc cyc tiéu P, hay 1,. Tir két
qua tinh ning {ugng dao déng diém khong va nang
lugng diém don xac djnh dugc néng lugmg tuong 4di
véi mirc ning lugng cla hé¢ chét tham gia phan (mg
ban diu CH+C6H4 (Py) duge qui uéc bing 0. Hinh
hoc coa mét so § chu lruc lién quan trong hé dugc xdy
dymg & hinh 2. Gi4 tri tan s& dao déng clia mot s6TS
dugc thé hlen <] bang 3 cho thy céc cdu tric TS déu
c6 | gid tri tn sb dao dong 4m duy nhit. Diéu nay
8Op phan chimg t& hinh hoc cua cac TS ma ching
161 da x4c dinh dugc la ding,

ws m,

§ar s
B icpec,
Faag CHrers

Il

Hinh 1. B& m3t thé ning (PES) h¢ phan tmg CH+CgHs
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Nghién ctru ly thuyét phan img ciia géc...

Tir PES hinh | ta nhn théy cé thé c6 6 dudng phin img D,+Dg sau dé tao ra céc san phim téch tir

P)~Pg:
Uy r g e SO T T
O Poomiyly 25wy SOy 67 718
Dy Py ly M3y I3, A5 1Sy
Dy Poomly B4, A6, 1607, 7P
Dy Powly 313, 1308 T8N0, 1920
Us Poomty 13 308 189 10020

Budc dAu tién trong phan (mg cta gbc metylidin
véi cdc phan wr nhé hidrocacbon déu 130 hop chét
trung gian khong thong qua hang rao nang lugng |1,
4]. D¢ hinh thanh cc san pham P,+Pg, giai doan ddu
lién theo co ché cong cb Ihé tao ra ba hgp chit trung
gian Iy, [, hodic 1; ma khong qua trang thai chuyén
1iép. Diéu nay hoan 10dn tuong déng véi cac phan
img cia goc metylidin v&i hidrocacbon c6 lién két
d6i C3Hs. lién két ba CyH, da duge nghién clru truéc
day [d, 12). 1, (-125,29 kcal/mol) c6 ning luong
thap hon nhieu so véi I, (-8l.23. kcal/mol va 1,
(-85,35 keal/mol). I, ¢ cdu tric phing va doi ximg,
goc metylidin gin vao dong thdi 2 nguyén tr C
mang lién két ba cua benzin. 1, cing ¢é cau tric

12(C)

2/5(C))

o 1, 210

b = g ——lp —— () —= |y3

10
I1p ——# Py CaHpCH + H,

8/9 o 1712

4
12Pay b, e CH,

Py xiclo-CgHy* CaHy

P4 1-CgHy + CpHy

23/P

AN 2023, 2T e by 1 CHy + CoHy

o 2220, 8122, 2P0 by cyeCoty

dgng phing dugc tao ra tir qué trinh gin gbe
metylidin vdo | nguyén tr C mang lién ket ba cia
benzin. Con Iy ¢b cau tric khong phing duge hinh
thanh do sy gdn két gbc metylidin vao ddng thoi 2
nguyén r C bén canh lién két ba cta benzin. Mat d§
clectron trén nguyén tir C cua géc CH tinh theo
B3LYP/6-311++G(3df,2p) 1A 5958; cing trén
nguyén tr C ndy nhung & trong 1, Ty va 1, I4n lugt 1a
6,171; 6,090, 6,145, Mat d¢ clectron tang |én, chimg
1o gbe metylidin 1a phan tr nhan clectron khi hinh
thanh lién két trong qua trinh goc metylidin tin cong
vao phan wr benzin. Gitra I, va I, 160 12i mjt trang
thdi chuyén tiép TS 1/2. Nang lugng twong doi cia
TS 172 cao hon I; khoang rat nho 1,75 keal/mol.

I (Cr)

Hinh 2: Hinh hoc va nhém diém d6i ximg mét s chét trung gian, TS va san phém.
D dai lién két (A), goc lién két ()

Pudng phan img Dy tao thanh san phdm Py phai
qua TS 10/P, (19,86 kcal/mol), dudng phén img D,

tao thanh P, phai qua TS 12/P, (10,26 kcal/mol), cdc
gi4 tri nang lugng tuong déi ndy déu lén hon nhiu
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s0 véi hé cdc chht tham gia phan img ban ddu P,
(CH+C4H,), nén céic dudmg phan tng D, va D, rét

Nguyén Hiru Tho va céng sw
khé xay ra.

Bdng 2 Gid trj nng lugng dao déng diém khong ZPE (hatrec), nang lugng diém don SP (hartree),
néng lugng tuong ddi E (kcal/mol) cia mdt sé cau tric

. . SP E
Chu triac ZPE BILYP BILYP

CH 0,006427 -38.495897

CeHa 0.074829 -230,9893753
1 0,090113 -269,6935585 -125,29
2 0,089045 -269,6222964 -81,23
L 0,088441 -269,6282735 -85.35
172 0.08772 -269,6182164 -79,48
25 0.084462 -269,560535 -45.27
15/Py 0.081993 -269.4901143 -2,59
22/Ps 0.079695 -269,5645423 _-50,68
23/Py 0.07923 -269.5712624 -55,18
CiHy+eye-CsHy (Py) 0,0793 -269,5102577 -16,87
CyHy+-CsH, (Py) 0.075826 -269,5417011 -38,71
CyHy+-CsHy(Ps) 0.0769 -269,5979622 -73,35
CoHy+b-CsHi(Ps) 0.077216 -269,5892983 67,72

Budmg phan (mg D, tao ra Py chi can vugt qua
cac TS 3/4, 4/16, 16/17 va 17/P, déu ¢6 ning lugng
tuong doi thap hon déng ké cac chdl phan img ban
dau Py nén c6 thé dy doan P, 12 san phdm dugc tao
ra khé dé dang tir hé phan tmg trén. Qua trinh 1a0
thanh Py khi qua TS 15/P; (-2,59 kcal/mol) cé ning
lugng cao hon so vai céc TS khi tao P,. San phim

P 13i ¢6 nang lugng lhép hon Py, nén cé thé két lugn
Py dugc hinh thanh thuan lgi hon Py. Su tao thanh
céc san pham Py va P déu cin phai di qua céc TS ¢6
nang lugng tuong ddi thap hon cac cht phan img
ban dau kha nhiéu, cic san phdm Ps va Pg lai la
nhing san phdm c6 ndng lugng thdp nhét nén ching
ciing 14 nhimg san phim dé duoc sinh ra.

Bang 3 Tin sb dao dong cua chc mot s6 TS & mic BILYP/6-311G(d,p)

Céu triac Tén sé dao dgng, 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;
12 960,2; 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;
2/5 968,2; 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;
15/Py 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;
23/Ps 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;
22/P¢ 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

Mt diéu déng chi y la sén phém Py + P chira
céc ddng phin ciia CsHs. Hién tai céc ddng phan clia
CsH; nim trong céc hop chét deng CsHy dang dugc
nghién ciru nhéu, ching dugc quan sét thdy nhiéu

trong ngon lira ciia cic hidrocacbon giau nhién liéu
[13-15). C4c san phim ddng phan CsH; dugc tim
thdy ngodi dang mach thing (Line) 1-CsHy, dang
(Bent) b-CsH; va dang vong 3 canh (Trigonal)
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-CsHy da duge tim thdy trong h¢ nhién ligu
benzen/oxi [I3] cdn tim thay dang xiclo 5 conh cyc-
CiHy trong san phim Py. Didu ndy gép phén 1am

Bang 4: Gid tr) AHyos, AGjos

Nghién ctru ly thuyét phdn img ciia gle...

phong phi thém v cac dang t8n tai cha CsH, trong
h¢ nhién ligu.

(kcal/mol) vA AS;g(cal/mol.K)

\ Phin irng Allyog AGm 8Sis
\ CH+CHio> | Catty-ClIH Ly ) 19,04 19.74 235
- | CeHHCH, ") 20,17 2245 7,65
- | Cilyhiclo-CyH, (Py) 416,52 -14,88 -5,50
- | CoHpH-CyH, (Py) 37,43 -38.01 1,95
S | CiHy-C4H, Py 12,16 471,93 -0,77
S [ CyHy+b-CoH, (Py) -66,70 66,59 -0,37

Két qua tinh bién thién entanpi, hé ding nhiét
dhg ép 1ai 298K va | atm cia mdi hudng tao san
phim & bang 4 cho thiy chi c6 dutmg phan ung D,
tao ra Py ¢6 bién thién entanpi (AH) va thé dang
nhigt déng ap (AG) duong, cac dubng phan {mg con
lai déu cho AH va AG am. Két qua ndy gép phan
khAng dinh lai két luan & rén 14 qué trinh tgo ra san
phim P, la rdt kho, Dudmg Dy tao san pham P, co
AH va AG am hon so véi khi tao Py nén két lugn P,
dugc hinh thanh thuan lgi hon Py & trén la hodn toan
ding. Pq va Pg 14 nhimg sdn pham dugc hinh thanh
déu ¢ AH va AG am nhét nén ching cuing 13 nhimg
san phim L (ién hom so véi Py va P, phu hop véi

vige phan tich b& mt thé nang & wrén.

Chung 18i da lya chon 2 phan (mg tao ra Py, P
a4 Khao sét sy bién ddi cac thang s6 nhiét dong trén
trong khodng nhiét d¢ 50-1000 K vi Py, P. 1a nthg
san phdm cé ning luqng ¢6 nang lugng rét lhap Sy
tg0 thanh ching déu di qua cic TS c6 nang lugng
wwong ddi thap hon nhidu cic chit phan img ban dau.
Két qué trén bang S cho thay & khodng nhiét d¢ ndy,
c4c phan (mg 130 Py va Py c6 AH, AG déu am, AS
déu ducrng thuén lgi cho phan img xay ra. Gia i AG
giam ddn, AS tang dan khi nhiét d9 1ang chimg &
cac phan tmg ndy thuan lgi hon khi nhi¢t d¢ 1ang
dan.

Bang 5. Gid trj AH, AG (kcal/mol), AS (cal/mol.K) & céc nhiét d¢ cua 2 phan img

CH + CoHy > -C4Hy + CyH, (P)) CH + CyHy = b-CsHy + C3H, (Pe)
T(K) AH AG S T(K) AH AG as
50 -37,86 -38,24 7,66 50 66,87 -67.25 7,54
100 371,72 -38,67 9,47 100 -66,81 -67,65 8,34
300 -36,69 -41,16 14,87 300 -65,97 -69,73 12,56
400 -36,14 42,73 16,46 400 -65,43 -71,07 14,12
500 -35,69 -44,43 17,48 500 -64,98 72,54 15,11
600 -35,35 46,21 18,11 600 -64,65 -74,08 15,72
700 435,09 -48,04 18,50 700 -64,42 -75.67 16,08
1000 | -34,70 -53,68 18,99 1000 | -64,09 -80,57 16,48
4. KET LUAN nhét ciia hé phan img nay. CsH tn tai 4 dang déng

Benzin 14 mdt chat ¢4 kha nang phan img cao do
sy ton tai cva cdc lién két n trong lién két ba kém
bén hon so véi cac lién két © trong lién két ba cua
c4c chit mach hd thong lhubng Phén {mg cua géc
metyhdm véi benzin & giai doan dau xdy ra theo co
ché cong khong théng qua trang thai chuyén llep
Chc san phim CsH; + C;H, 1a san pham téch hop 1y

phdn khac nhau. /-CsHj va b—CgH; cb néng Tugng
chénh léch khéng déng ké va thap hon nhleu so véi
1-CsHy v cye-CsH;. Céce phan (mg tao san pham téch
cia hé CH+CgHy c6 xu huéng thugn lgi hon khl
nhiét d§ tang. :

Ldi cim om: Tvdn frong cam om Nafoslefi Viét Nam
tai trg cho céng trinh ndy théng qua dé 1ai, ma
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