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Nghién ctru co’ ché phan trng gitra goc propargyl v&i phan tir cacbon
monoxit (CO) bang phwong phap hoa hoc lwong twr
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Abstract

The reaction mechanism of the Propargyl radical and carbon monoxide has been studied by the Density Functional
Theory (DFT) using the B3LYP functional in conjunction with the 6-311++G(3df,2p) basis sets. We used the natural
population atomic (NPA) charges analysis and MO energy of reactants to predict initial direction of the reaction. The
potential energy surface (PES) for the C3H; and CO system was also established. Our calculated results indicate that
products of this reaction can be (HCCCC + H,0), (HCCCH + HCO), (H,CCC + HCO), (r-HCCCCOH),
(HCCO+C,H,), and (CCCCHO + H,). However, the formation of (HCCO+C,H,) is the most favorable. This study is a
contribution to the understanding of the reaction mechanisms of the propargyl radical with many small radicals and

molecules in the atmosphere and combustion chemistry.
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1. MO PAU

Vé6i su phat trién khong ngimg ciia khoa hoc
cong nghé, cac phan ung quan trong trong pha khi
déu duoc ca nha khoa hoc thuc nghiém va ly thuyét
quan tdm nghién ctru. Pdc biét sy xuit hién cua
phuong phap tinh hod hoc lugng tir ciing nhu cac
phan mém tinh toan cho phép tién hanh cic nghién
ctru 1y thuyét vé ciu trac phan tir va kha ning phan
(g, gitp tién doan vé kha nang phan tng trudc khi
tién hanh thi nghiém. Nho vdy, cac phuong phap hoa
hoc lugng tir tré thanh mdt cong cu déic luc trong
viéc nghién curu, khao sat cac phan tng hoad hoc
trong cac diéu kién khac nhau ma do6i khi thuc
nghiém kho hodc khong thuc hién dugc.

Nhiéu nha khoa hoc da va dang danh sy quan
tam 16n cho cac phan (mg cta cac gbe tu do, dic biét
1a gbc propagyl C3Hs [1, 8]. Boi né 1a mot dang C3
co ban trong moi trudng cac vi sao va co vai tro
trong sy hinh thanh sin pham trong qua trinh d6t
chay nguyén nhién li€u hoa thach 1a nhirng tac nhan
gdy 6 nhiém moi truong. Ngudi ta phét hién trong
qua trinh d6t chay nay, sy hinh thanh céc
hidrocacbon thom da vong va mudi thi c6 su Xudt
hién cua gbc propargyl (CsHs) [16]. Su hinh thanh
gbc C3Hg nhu mot san pham trung gian kem bén
nhung lai ¢6 vai tro quan trong, quyét dinh co ché
phan tng va san phdm tao thanh. Trén thé gidi, da

c6 mot sd cong trinh cong bd vé phan ung cua gbe
CsHs dugc nghién clru trén co s6' thuc nghiem dién
hinh 14 phan tng giita gdc propargyl véi O(CP), C3Hs
va O.. [8]. Nghién curu ly thuyét da dua ra dugc co
ché phan tmg ciia CsH; voi phan tir O, [1]. Ge C3Hs
la mot géc tu do con mot electron ddc than nén co
kha ning phan mg cao, nd c6 thé phan tmg véi
nhiéu gbc tw do va phén tir khi. Phan tir CO c6 mit
nhiéu trong mdi trudng va 1a tac nhan giy 6 nhiém
quan trong. Do do, viéc nghién ctu phan Ung gitta
gbc propargyl va phén tir cacbon monoxit nham dua
ra duoc co ché phan tng day du 1a rit can thiét.

Trén co s& d6, chung t6i s& tién hanh cac tinh
toan hoa luong tir dé khao sat va danh gia kha ning
phan tmg ciing nhu dy doan cac san pham c6 thé thu
duoc trong h¢ phan tmg C3H;3 + CO.

2. PHUONG PHAP TiNH

Cau triic hinh hoc cta cac chat phan tng, cic chat
trung gian, trang thai chuyén tiép va cac san phdm
déu duoc tdi wu theo phuong phap phiém ham mat do
¢ muc B3LYP/6-311++G(3df,2p) [14]. Trong do
trang thai chuyen tiép ding duoc xac thuc bang viéc
phan tich tin sé dao dong, toa d6 thuc (IRC) cua phan
tmg. Tir cac két qua nhan dugc s€ xac dinh cau truc,
nang lugng, cac thong ) nhiét dong va thiét lap bé
mit thé nang cua hé. Cac tinh toan dugc thuc hién
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trén phin mém Gaussian 09 [15]. Bén canh d6 ching
toi su dung thém phuong phéap phan tich obitan phan
tir (NBO) dé xac dinh mat do dién tich cling nhu ning
luong cac MO phan tir chit tham gia phan (mg.

3. KET QUA VA THAO LUAN
3.1. Du doan kha nang phan ing

Bing phuong phap phan tich obitan phan tur
NBO (natural bond orbital) cho cac chat tham gia
phéan ung phan ta CO va géc C3Hj; ta xac dinh duoc
nang lugng cua MO phan tir va mat do electron trén
tig nguyén tir. Tir day ta c6 thé du doan ban dau
huéng phan tng uu tién trong hé CsH; va CO. Tu
cac gia tri nang luong cua cac obitan phan td (MO)
ta xét muc chénh l€ch nang lugng ciia cac MO bién,
két quéa thu dwoc & bang 1.

Ap dung 1i thuyét obitan phan tir bién FMO
(frontier molecular orbital) va két qua tinh & bang
cho thiy, gia tri AE nho nhat Gng véi mirc ning
lwong LUMO cua CO va HOMOa cua géc CsHa.
Do do, khi phan tng xay ra thi mat do electron s&
dich chuyén tir gbc C3H; sang phan tir CO dé bio
hoa trang thai hoa tri. Két qua nay hoan toan phu
hop véi kha ning hinh thanh lién két xich ma trong
su hinh thanh cic san phidm quan trong nhét cua
phan ung trong hé nay.

Bén canh d6, hudng xdy ra cac phan tng chinh
¢6 thé duge du doan qua két qua phén tich dién tich
clia céc chat tham gia phan (ng.

Bang 1: Gia tri mat do dién tich trén tung nguyén tir
NBO/B3LYP/6-311++g(3df,2p)

Nguyén tr | Pién tich | Nguyén tir | DPién tich
C(1) -0,172 H(2) 0,224
C(3) -0,099 o) -0,490
C(4) -0,350 C 0,490

Tir két qua & bang 1 nhan thay, khi phan tir CO
tan cong vao gdc C3H; thi dau C sé tan cong vao do
nguyén tir O ¢6 d6 am dién 16n, mat do dién tich cao
nhu viy nd rat kho dé nhan electron tir géc CsHa.
Bén canh d0, nguyén tir C (CO) tich dién duong, cac
nguyén tir C (C3Hs) déu tich dién 4m nhu vay nén

Ngé Tuan Cuong va cong su

khi hinh thanh lién két phén tir CO s€ nhan dién tich
tir gbc C3Hs, diéu nay phu hop véi két qua phan tich
O trén. Mat khac, gia tri chénh 1éch dién tich cho
thiy phan tr CO dé dang tin cong vao nguyén tir
C(4) va C(1) do méat do dién tich kha 16n. Tur hinh 1
ta nhan théy su phan bd mét do electron ciia cac
HOMO va LUMO hoan toan khop véi cac két qua
phan tich ¢ trén. Tir day ching t6i c6 thé dy doan
cac huong phan tng chinh, khao sat nghién ctu va
xéc dinh dugc bé mit thé ning cta hé nhu sau:

3 2 Ci—H =< C==o0
H/C C H
Hinh 1: Dy doan huéng phan ng chinh cua hé
phan tng goc CsH; va CO
C3H;

HOMO LUMO

Hinh 2: Hinh 4nh cac HOMO va LUMO cua C3H;
va CO

3.2. Céu triic hinh hoc va bé mit thé ning

Trén bé mit thé ning cua hé CsH; va CO (hinh
3), hé chat tham gia gia phan (mg ban dau ki hiéu la
RA; 7 san pham tao thanh dugc ky hiéu 1a Py (x =
1+7); ¢6 10 cdu tric cyc tiéu trung gian duoc ky
hiéu 1a I, (y = 1-8) va 11 céu trac trang thai chuyén
tiép dwoc ky hidu 1a x/y, v6i x, y 1a cac cuc tiéu, san
pham va phtrc twong tmg.

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

E (HOMO) (V) E (LUMO) (V) AE(LUMO-HOMO) (V)
CsH; | -6,065 (HOMOw) -0,100 (LUMOo) CsHa(e) - CO 10,42
-7,772 (HOMOB) -2,849 (LUMOB) CaHs(B) - CO 7,678
co -10,527 -1,093 CO - C3Hs(av) 4,972
CO - C3Hy(p) 6,679
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Hinh 3: B& mit thé ning cua hé phan mg giita CsHz voi CO

Két qua tinh ning luong dao dong diém khong
va nang luong diém don gilp ta xac dinh dugc cac
mirc ning lugng twong quan cua cic cau tric so voi
mirc nang lugng ctia hé chat tham gia phan (mg ban
dau CsH3+CO (RA) dugc qui ude bang 0.

Tur két qua khdo sat ¢ trén, ta nhén thdy phan tir
CO tin cong goc CsHs tai Cy va C; thdng qua hai
trang thadi chuyén tiép tuong ung TSO/1 (7,4
kcal/mol) va TS0/5 (6,6 kcal/mol) hinh thanh cac
hop chat trung gian IS1 va ISS5. Trong céu tric
TS0/1, lién két gitra nguyén tir C ctia CO va Cj clia
C;3H3 dang duoc hinh thanh véi khoang cach 2,017
A duogc rat ngin dang ké trong IS1 voi do dai lién
két 1a 1,540 A. Tuong ty, khoang cach lién két trong
IS5 13 1,333 A ngin hon dang ké tso vé6i IS1, tuong
1'm2g v6i nguyén tir C tham gia lién két lai hoa sp® va
sp°.

Tir IS1, ¢6 nhiéu con duong khac nhau hinh
thanh cac san phdm. San phim P4 véi ciu triic vong
ba canh va P1 (H,0+ C4H) duoc tao ra thong qua
trang thai chuyén tiép TS1/2 vé6i ning lugng tuong
dbi 74,1 kcal/mol tuong tmg v6i qua trinh mot
nguyén tir H di chuyén tir C3 sang O hinh thanh hop
chit trung gian 1S2 (23,9 kcal/mol). Tir I2 thong qua
hai qué trinh khac nhau hinh thanh hai san pham P1
(H,O+HC,) va P4 (vong -CH-CH-COH) tuong ung
véi nang lugng tuong quan la 73,3 kcal/mol va 47,0

kcal/mol. Qua trinh nguyén tir H lién két v6i C3 dich
chuyén sang nguyén tir O dong thoi dut lién két C4-
O qua TS2/P1 tao P1 c6 hang rao ning luong 68,3
kcal/mol. Trong khi d6, 30,1 kcal/mol 1a hang rao
cuia qua trinh déng vong ba.

Ngoai ra, trang thai chuyén tiép TS1/3 (40,7
kcal/mol) 1a quéa trinh nguyén tir H di chuyén tir
nguyén tir C3 sang C4, véi do dai lién két C3-H va
C4-H 1a 1,445 A va 1,301 A. Khi hop chit trung
gian I3 hinh thanh dong thoi giai phéng ra ning
luong 10,0 kcal/mol. Tur day, xdy ra qua trinh xoay
céu hinh chuyén tir dang trans sang dang cis théng
qua TS3/7 v6i hang rao nang lugng khé thap -11,0
kcal/mol. Hop chit IS7 hinh thanh Vo1 nang luong
tuong quan -8,2 kcal/mol. Qua trinh cit dut truc tiép
lién két C3- C4 tao thanh goc CHO va phén tu
CHCCH (P2) can mot nang lugng 16n 90,7 keal/mol.
San pham nay cing co thé tao ra tir IS3 tuong tur
IS7, nhung vé mat nang lugng qua trinh hinh thanh
géc HCO nay khong thuan lgi. Nhu vdy, vdi cac
duong phan ung di qua IS1 hinh thanh nén bén san
phim khac nhau P1, P2 va P4. Xét v& mit ning
lwong, tir bé mit phan tmg cho thiy san phim P4
thuan loi hon ca.

Mit khac, khi phan tir tin cong vao C1 hinh
thanh hop chét trung gian IS5 (-5,7 kcal/mol) véi
hang rao 6,6 kcal/mol. Géc lién két <C2C1C4 ¢c6 gia
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tri 120,98° phu hop véi su lai héa sp® ctia nguyén tir
Ci. Xuat phat tir IS5, vuot qua cic hang rio ning
luong khac nhau ta thu duoc hop chét trung gian IS6
va IS8. Nguyén tar H but khoi lién két C3-H hinh
thanh lién két méi C4-H thong qua TS5/6 voi ning
lugng twong quan 36,3 kcal/mol tao thanh IS6. Qua
trinh nay téa ra mot nhiét luong nho céd gia tri 1,7
kcal/mol. Tir IS6, hai nguyén tir H lién két tryc tiép
v6i nguyén ta Cl dong thoi but ra va hinh thanh
kién két H-H qua trang thai chuyén tiép TS6/P7
(83,3 kcal/mol). Trong cdu tric TS6/P7, khoang
cach lién két C1-H va C2-H twong tng 14 1,376 A va
1,814 A, lién két bi kéo dai kha 16n so v6i d6 dai
trong hop chat trung gian IS6 (1,082 A). Pong thoi
lién két H-H duoc rit ngan dang ké voi gia tri 0,833
A. Khi hinh thanh lién két H-H va tao ra phan ti H,
qua trinh vuot qua hang rao cé nang lugng kha 16n
90,7 kcal/mol. Bén canh dé san pham P7 co ning
lugng twong quan la 75,0 kcal/mol. Qué trinh hinh
thanh san pham P7, can vuot qua hang rao ning
luong 16n, dong thoi 1a phan ung thu nhiét. Dé so
sanh v&i qua trinh trén, ta Xét qua trinh tr IS5
nguyén tir H di chuyén tir C3 sang C2 hinh thanh
IS8 (4,6 kcal/mol). Qua trinh trén can cung cip mot
nang lugng c6 gia tri 10,3 kecal/mol va vuot qua
TS5/8 (43,4 kcal/mol). Trong TS5/8, lién két C3-H
bi kéo dai ra tir 1,083 A trong IS5 1én 1,322 A, dong
thoi khoang cach H-C2 duoc rit ngan con 1,261 A.

CsH3 1S1

1S5

Ngé Tuan Cuong va cong su

Khi lién két C3-H dit han va hinh thanh lién két moi
C2-H ta thu dugc IS8. Hop chat trung gian IS9 dugc
hinh thanh qua qua trinh quay cu hinh cia IS8. Hai
nguyén t¢ H1 va H3 ¢ dang cis trong 1S8 (4,6
kcal/mol) quay sang dang trans trong 1S9 (3,2
kcal/mol). Khi lién két C2-C1 bi pha véi hang rao
nang luong 31,5 kcal/mol théng qua trang thai
chuyén tiép TS9/10. Mot lién két yéu giita phan tir
C,H, va gbc HCCO dugc hinh thanh trong hop chat
trung gian 110 v&i nang luong tuong quan 30,7
kcal/mol. Khi giai phong hoan toan phén tir C;H,
can cung cap mot nhiét lugng 6,9 kcal/mol. San
pham P5 thu duoc kha thuan loi vé mit nang luong.
Nhiét luong cung cap thip nhét trong bé mit phan
ung.

Ngoai ra, phan tir CO c¢6 thé hinh thanh mét lién
két yéu v&i gbe CsHs khi hinh thanh hop chét trung
gian IS4. Tir cAu trac IS4 ta nhan thiy khoang cach
lién két C4-H1 kha xa 2,743 A. Tir day, hinh thanh
co ché chén tach khi nguyén tir H1 bat khoi lién két
C1-H1 thi hai lién két C4- H1 va C4-C1 dugc hinh
thanh dong thoi trong TS4/6. Thong qua TS4/6, 1S6
duoc hinh thanh, qué trinh na‘ly giéi phong mot nang
luong 2,0 keal/mol. Ttr IS6, giai phong gdc HCO va
CH,CC (P3) tuong tmg qua trinh cit dut lién két C3-
C4, dong thoi can cung cdp mot lwong nhiét 82,7
kcal/mol.

1S2 1S3

1S7

Hinh 4: Céu trac chat trung gian, trang thai chuyén tiép cua hé phan img CsH; + CO
[Do dai lién két (A), goc lién két (°)]
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Hinh 4: Céu trac chat trung gian, trang thai chuyén tiép cua hé phan img CsH; + CO
[Do dai lién két (A), goc lién két (9)]

Nhu vdy, v6i hé¢ phan ung gitra géc‘C3H3 Vé} ndng ta nhan thdy, hau hét cac qua trinh hinh thanh
phén tir CO ta thu dugc 6 san pham. T bé mat thé san pham déu thu nhi¢t. Trong do, san pham PS5
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(CoH, +CHCO) c6 néng lugng twong quan bé nhit,
san pham uu tién nhat. Bén canh d6 cic san pham
cat dut truc tiép lién két thuong co ning luong cao
do lién két C-C bén virng tuong tng P2 va P3.

Tir céc tinh toan ta co két qua thong sd nhiét
dong cua hé phan tng dugc hi€u chinh & nhiét do
298 K bang 3. Dua vao cic thong sd nay, ta nhan
thdy cic qué trinh hinh thanh san pham déu 1a qua
trinh thu nhiét. San phém P5 c6 gid tri hiéu ung
nhiét thép nhét. Nhu vay, vé mat nhi¢t dong no
thudn loi hon ca, diéu nay phu hop vé6i két qua phan
tich tir bé mit thé ning.

Bdng 3: Gia tri cac thong s6 nhiét dong hoc cia hé

CsHs v6i CO
Buong phan tng AR’ AG?
(kcal/mol) | (kcal/mol)
P1 (HCCCC + H,0) 72,38 72,66
P2 (HCCCH + CHO) 88,08 86,52
P3 (H,CCC + CHO) 80,68 79,31
P4 (v-HCCHCOH) 50,83 61,86
P5 (C,H, + CHCO) 35,75 36,55
P6 (CCCCHO + H,) 81,02 82,31

4. KET LUAN

Bang viéc sir dung phuong phap phiém ham mat
do B3LYP/6-311++G(3df,2p) ching t6i da tbi wu
hod dugc céac cau tric va xac dinh dugc nang lugng
ctia chit phan Gng, hop chat trung gian, trang thai
chuyén tiép va san pham cta hé phan tmg C3H; va
CO. ba xac dinh dugc phan tr CO tn cong thuan
loi hon vao nguyén tir C1, hinh thanh hop chét IS5,
tir day thu dugc cac san pham co nang luong thap va
hang rao ning luong twong tng thip hon. Két qua
cho thiy huéng phan tng nay duoc wu tién hon.

Két qua tir bé mat thé nang ciing nhu cac gia tri
nhiét dong lyc hoc tinh dugc cho théy huéng tao
thanh san phdm P5 (HCCH + CHCO) la thu4n loi
nhit vé mit nang lugng. Ngoai ra, duong phan tng
tao san pham P2 (HCCCH + CHO) la kh¢ xay ra do
qué trinh hinh thanh san phim can cung cdp ning
lugng 16n.
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