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Abstract

The reaction mechanism of the Propargyl radical and Hydroxyl radical has been studied by the Density Functional
Theory (DFT) using the B3LYP 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; and OH system was also established. Calculated results indicate that
products of this reaction can be (H,CCC+H,0), (HCCCH+H,0), (CH4+C,0), (HCCCHO+H,), (C,H, + HCHO),
(H,CCCO+H,) and (C,H4+CO). However, the formation of (C,H4+CO) is the most favorable.

Keywords: Reaction mechanism, propargyl radical, hydroxyl radical, density functional theory.

1. MO DAU

Gbc propargyl (CsHz) xudt hién mot cach phtc
tap trong su d6t chay nhién liéu giau hydrocacbon,
va duogc cho la c6 vai tro quan trong trong su hinh
thanh benzen va mudi than [1]. Mot cach cu thé,
phan tng tai két hop cua gbc tao thanh phan tir
benzen hoic gbc phenyl (CeHs) [1, 9]. Hai hop chat
nay thudc loai vong thom, chung duoc coi nhu la
phan tr nén cho sy hinh thanh hydrocacbon thom
nhiéu vong va mudi. Ngoai ra, C;H; ciing tham gia
vao qua trinh bién d6i héa hoc cac oxit cua nito
(NOy) mot cach nhanh chéng va co hiéu qua [6].
Thém vao 6, phan tng cua gbc propargyl voi oxi
nguyén tr (O) va véi oxi phan tir (O,) giai phong ra
ning luong, mot phan ning lwong nay kich thich
electron, do d6 lam tang thém dac tinh xanh trong sy
phat quang bang phan tng héa hoc cia nhiéu sy
chay [12, 13]. Cudi cung kha ning phén ung cao cua
C;H; cho phép nd phan mg voi céac tiéu phan co vo
dong bén vimg, ndi chung 1a san pham cudi cung
cua su dbt chay nhu H,O, CO, CO,, va N,.... Pa co
mot s6 cong trinh nghién ciu 1i thuyét va thuc
nghiém vé cac tinh chat ciia propargyl cho thiy
propargyl 1a hop chét c6 kha ning phan ung cao va
da dang [11]. Tuy nhién, chua thy céng trinh nao
cong bd két qua nghién ctru li thuyét co ché phan
g ctia gbc C3H; véi OH.
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Pé mo 1ong cac nghién ciru trudc day vé phan
g cua goc propargyl (C5H3) voi cac hop chit ton
tai trong khi quyén [7], chung t6i tiép tuc khao sat
co ché phan tng giira gbc propargyl véi gbe
hydroxyl. Trong phan mg nay, hé chit phan tng
dugc du doan bién dbi theo hai nhom phan Gng:
Chat phan tng (RA) — TS — san pham (PR); Chat
phan tmg (RA) — san pham trung gian (IS) — san
pham (PR). Trén co sé do, chung toi s& tién hanh
cac tinh toan hoa luong tir dé khao sat va danh gia
kha niang phan ng ciing nhu dy doan cac san pham
¢6 thé thu dugc trong hé phan ung C;H; + OH.

2. PHUONG PHAP TiNH

Cau triic hinh hoc clia cac chét phan tmg, cac chat
trung gian, trang thai chuyén tiép va cac san phdm
déu dugc tbi wu theo phuong phap phiém ham mat do
¢ muc B3LYP/6 311++G(3df,2p). Trong dé trang
thai chuyen tiép diing dugc xac thuc bang viéc phan
tich tan sé dao dong, toa do thuc (IRC) cua phan ting.
Ngoai ra do nhiém spin (S?) ciing dugc xem xét.
Ning luong diém don va ning luong dao dong diém
khéng cling dugc tinh & muac B3LYP/6-
311++G(3df 2p) [14]. T cac két qua nhan duorc sé
xac dinh cau trac, nang lugng, cac thong s6 nhiét
dong va thiét lap bé mat thé nang cua h¢. Céc tinh
toan dugc thuc hién trén phﬁn mém Gaussian 03 [15].
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3. KET QUA VA THAO LUAN

3.1. Du doan kha nang phan ing

Dé so bd du doan hudng phan g wu tién trong
hé C;H;3 va OH, chung t6i da tinh va phan tich ning
luong cua cac obitan phan tir (MO), mét sb két qua
duogc dua ra & bang 1.

Ap dung li thuyét obitan phan tir biéen FMO
(frontier molecular orbital) va két qua tinh & bang
cho thiy, gia tri AE nhé nhét ing v6i mic ning

Pham Van Tién va cong sy

luong LUMOB cua gbc OH va HOMOa cua gbc
C;H;. Do d6, khi phan tUng xay ra thi mat do
electron s& dich chuyén tir gdc CsH; sang gdc OH dé
bdo hoa trang thai hoa tri. Két qua nay hoan toan
phu hop véi kha nang hinh thanh lién két xich ma
trong su hinh thanh cac san phim quan trong nhit
cua phan ung trong hé nay. Hinh anh cac obitan bién
duogc biéu dién ¢ hinh 1.

Céc huéng phan tng c6 thé xay ra ciia hé phan
g gitra C3H; v6i OH duogc minh hoa chi tiét trong
so d6 hinh 2.

Bang 1: Gia tri nang lugng cia HOMO va LUMO ¢ B3LYP/6-311++G(3df,2p)

E (HOMO) (eV) E (LUMO) (eV) AE(LUMO-HOMO) (eV)
C;H; | -0,22287 (HOMOo) -0,00369 (LUMOo) C;Hs(o0) - OH(a) 0,35326
-0,28559 (HOMOB) -0,10470 (LUMOB) C;Hs(o) - OH(P) 0,32729
OH | -0,35695 (HOMOa-pi) | -0,01727(LUMOa-sg) | C;Hs(B) - OH(o) 0,25225
-0,33098(HOMOB) -0,18522(LUMOB) C;Hy(B) - OH(B) 0,22628

OH(a) - CsHi() 0,2056
OH(a) - C;Hs(P) 0,27287
OH(B) - C;Hy(o) 0,03765
OH(B) - C;H3(B) 0,10037
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Hinh I: Hinh anh cac HOMO va LUMO cua C;H; va OH

TSl
— > H,C-C-CH-OH —|
Il TS6

> H,C=CH-CHO
I5

——=——>H,C=C=C + H,0, PRI

59 Gt + HCHO, PRS

C3H, + OH

!

TS33

>
TS14

HC-CH=CH-OH
19

> GHy+ PR4
TS21 %—JCZ 4 €0
TS22

I H3C-%-I:CO ~Ts0 H,C=C=CO +H, PR7

& A

TS15 |TSl3
=CH-C-OH— -CC- +
T’ H,C: (ii‘[ C-OH WH}C IC6C OH W CH4+C,0 PR3

W C,H;+CO PR4

W HC-C-CTHO + H; PR6

TS18

T em——
TS2

HoC

L——— HC-C-CH,-OH —
o2 TS3

&7

18

H
C-OH —5—77>

HCCCH + H,Q PR2

C

AN
o7 I | SCHOH —=— CoHy + HCHO, PRS

HC™ 110

Hinh 2: So db chi tiét co ché phan tmg giita C;H; véi OH
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3.2. Céu triic hinh hgc va bé mit thé ning

Céu trac hinh hoc da t6i wu hoa cua hé chét phan tung, hop chit trung gian (IS) va trang thai chuyén tiép
(TS) dugc biéu dien ¢ hinh 3.

782 783

187 S8

@

1388 1251

TS89 7512 TS13

1339 7 1303
1338

1.25‘,2"\1\.;324

“‘~~,1.989 112.18
222 ST

TS514 TS15 TS16

Hinh 3: Cau trac Chét trung gian, trang thai chgyén tiép cua h¢ phan tmg C3H; + OH
[D6 dai lién két (A), goc lién két (°), ddu cham thay cho du phay chi phan thap phan] (Xem tiép trang sau)
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Pham Van Tién va cong sy
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184
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Hinh 3: Cau tric chat trung gian, trang théti’chuyén tiép cua h¢ phan img C3H; + OH
[Do dai lién két (A), goc lién két (°), ddu cham thay cho ddu phay chi phan thap phan]
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B& mat thé niang biéu dién ning luong twong dbi
clia cac chat phan ung (RA), trang thai chuyén tiép
(TS), cac chit trung gian (IS) va cic san pham (PR)
duoc dua ra ¢ hinh 4.

Tir bé mit thé ning ta nhan thiy, hai san pham
trung gian IS1 va IS2, ¢6 ning luong tuong dbi 1a
-322 kJ/mol va -300 kJ/mol, déu d& dang dugc hinh
thanh do hé chat phan tng 1a hai gbc tu do c6 ning
lugng hoat hoa cao.

San pham d& hinh thanh nhat, san phim P4
(C,H4 + CO), duoc tao ra thong qua hai con duong.
Ca hai con dudng nay déu bat ngudn tir hop chat
trung gian IS1, trong d6 con duong thir nhat di qua
cac trang thai chuyén tiép TS6 va TS21 c6 ning

luong twong ddi twong tng 1a -134 kJ/mol va -71
kJ/mol, ca hai gi tri ning lwong nay déu rat thip so
v6i hé chit RA; con duong thir hai di qua céc trang

Nghién ciru Ii thuyét co ché phan img...

thai chuyén tiép TS33 va TS8 co6 ning luong twong
d6i tuong tmg 1a -94 kJ/mol va 12 kJ/mol. Nhu vay,
trong hai con duong tao thanh san pham P4 déu co
kha ning xdy ra, trong d6 tién trinh tao thanh san
pham thong qua con duong thir nhat s& thuan loi hon
vé mit nang luong.

San pham P5 (C,H, + HCHO) c6 thé dugc hinh
thanh tir san pham trung gian IS1 va IS2. Tur IS1 qua
cac trang thai chuyén tiép TS6 va TS9 co ning
lwong twong dbi 1an luot bang -134 kJ/mol va -37
kJ/mol, rét thép so vGi hé chét RA. Trong khi do,
IS2 di qua céc trang thai chuyén tiép TS3, TS24 va
TS26 c6 ning luong tuong ddi twong tmg bang 50
kJ/mol, 100 kJ/mol va 95 kJ/mol. Két qua trén cho
thay su tao thanh san phan P5 tir IS1 13 thuan loi hon
so voi IS2.

Tir IS2 va IS9 qua céc trang thai chuyén tiép
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Hinh 4: B& mat thé ning cua hé phan tng giita C;H; véi OH

TS18 va TS25 tao nén san pham P6 (HCCCHO +
H,). Nang luong twong ddi cua cac trang thai chuyén
tiép nay tuong tmg bang 71 kJ/mol, -28 kJ/mol va
ning lugng tuong dbi ciia P6 1a -237 kJ/mol. Céc gia
tri nang lugng twong dbi ciia cac trang thai chuyén
tiép cho thiy sy tao thanh P6 tir IS9 1a thuan loi hon
so voi di tu IS2.

Tir IS1 qua trang thai chuyén tiép TS15 (30
kJ/mol) co thé tao ra san pham P7 (H,CCCO + H,),
tuy nhién tir IS1 ciing c6 thé di qua céac trang thai
chuyén tiép TS33 (-94 kJ/mol), TS12 (-7 kJ/mol),
TS13 (-70 kJ/mol) va TS20 (-3 kJ/mol) dé tao thanh
san phdm P7. Nhu vy, trong hai con dudng tao
thanh san pham P7, con dudng thir hai di qua nhiéu
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giai doan hon nhung lai thuan lgi hon vé mit nang
luong.

Tir I1S6 qua trang thai chuyén tiép TS16 (241
kJ/mol) ¢6 thé hinh thanh nén san pham P3, tuy
nhién san pham nay khé tao thanh do c6 hang rao
ning luong rét cao.

Ca hai san pham P1 (H,CCC + H,0) va P2
(HCCCH + H,0) déu c6 sy xuat hién cua phan tir
H,0. Trong do, san pham P1 di tir IS (-322 kJ/mol)

Pham Van Tién va cong su

qua trang thai chuyén tiép TSI c6 hang rao ning
luong 1a -23 kJ/mol, con san pham P2 di tir IS2
(-300 kJ/mol) qua trang thai chuyén tiép TS2 c6
hang rio nang luong 1a -11 kJ/mol. Két qua nay cho
théy su tao thanh san phém P2 la thuan loi hon so
Vv6i sy tao thanh san pham P1.

Céc thong sd nhiét dong hoc ciia cac dudng phan
tmg duoc tinh bang phuong phap phiém ham mat do
va gia tri cua chung dugc trinh bay ¢ bang 2.

Bdng 2: Gia tri nang lugng cac thong sb nhiét dong hoc cua hé C;H; voi OH

Puong phan ing AG®, kJ/mol AS®, J/mol.K AHC, kJ/mol (Thf;’gﬁij éﬁll‘))l[ 6]
P1 (H,CCC + H,0) 259,06 22,89 258,20
P2 (HCCCH + H,0) -102,19 -59,23 84,54
P3 (CH, + C,0) 29534 7,85 293,00
P4 (C,H, + CO) -416,6 3,83 417,74
P5 (C,H, + HCHO) 246,45 7,45 2248,67 24544
P6 (HCCCHO + H,) -228,59 26,38 236,45
P7 (H,CCCO + H,) 251,37 26,38 259,23 2613

Két qua tinh & bang 2 cho thé}(, vé mit nhiét
dong hoc thi cac phan ung ¢ trén déu c6 kha ning
xay ra. Thir ty uu tién nhu sau: P4 >P7>P5>P6 >
P2 > P3 > P1. Qua so sanh chung t6i thay ket qua
tinh toan AH %, ctia 2 duong phan tmg Ps va P; kha
sat thuc nghiém. Tu do 9(’) thé két luan nhitng két
qua tinh toan theo 1y thuyét thu dugc 1a dang tin cdy.

4. KET LUAN

Ap dung phuong phap phiém ham mat d ching
t6i da t6i wu hoa duge cac ciu trac hinh hoc cta chét
phan tmg, hop chit trung gian, trang thai chuyén tiép
va san pham cua hé phan Gng gitta C;H; voi OH. Pa
thiét lap duoc bé mit thé nang va giai thich co ché
phan tmg cta hé va tir d6 cho thay trong 7 nhém san
pham tir P1 dén P7 déu c6 thé d& dang dugc tao thanh.
Vé mit nhiét dong hoc, trong 7 nhém san phérn cua hé
phan mg nay déu c6 kha ning xay ra duoc ¢ diéu kién
tiéu chuan va thr ty wu tién cac phan g theo trat tu
P4 > P7 > P5 > P6 > P2 > P3 > P1. Két qua nghién
ctru nay c6 thé 1am tai liéu tham khao cho cac nha
hoa hoc thye nghiém hodc 1am dau vao cho céc tinh
toan li thuyét vé sau.
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