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Abstract

The reaction mechanism of the propargyl radical (CsH;') and water (H,0) has been studied by the Density
Functional Theory (DFT) using the B3LYP functional and the aug-cc-pvtz basis set. The potential energy surface (PES)
for the C3H3 and H,O system was also established. Calculated results indicate that products of this reaction can be
(HOCH2CCH + H), (CHECCHg + OH), (CHZZCH'CHO + H), (C2H4 + HCO), (C2H5 + CO), (CHZZC:CHZ + OH),
(C;H, + CH,0H), (CHCHCHO + H,), (CHCHCHOH + H), (CH3; + CH,CO), (CH,=C=CHOH+H). However, the

formation of (CH,=C=CH, + OH) is the most favorable.
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1. MO PAU

Trong hé d6t chay hidrocacbon ciing nhu nhién
liéu hoa thach da hinh thanh cac hidrocacbon thom
da vong va goc propargyl (CsHs) dugc cho 1a co vai
trd quan trong trong qua trinh hinh thanh céc
hidrocacbon thom d6 [1]. Hién nay c6 mét s6 cong
trinh nghién ctru thuc nghiém phan ung cua CsHs
vo1 C3Hs, O, NO, [1 3]. va mot $6 cong trinh nghién
ctru 1y thuyét co ché phan tng cua goc C3Hs [4, 5]
da dugc cong bd. Cac két qua déu chi ra rang gbc
C3Hs c6 kha nang phan tng cao va da dang. Nudce la
hop chit phd bién trong khi quyén va dwoc hinh
thanh trong hau hét ciia qué trinh ddt chay cac chat
hiru co. D3 co nhiéu nghién ctru ciia nudc véi cac
gbc tu do nhu: CCl,, CH, C,H, CCI, C,F... [6-9]
nhung chua thiy cong trinh nao cong bd két qua
nghién ciru li thuyét ciing nhu thuc nghiém phan
{mg cua gbc CsHs v6i HpO. Do vay viée nghién ciru
1y thuyét co ché phan ung cua C3H; voi H,O khong
nhirg mé rong hiéu biét vé kha ning phan tng gbc
(C3Hs) ma con giai thich duge su hinh thanh cac san
pham trong qua trinh chuyén hoa tir CsHs.

2. PHUONG PHAP TINH

Céu trac hinh hoc cia cac chit phan ung, cic
chit trung gian, trang thai chuyén tiép va cic san
pham déu duoc téi uu theo phuong phap phiém ham
mat d6 ¢ mirc B3LYP/aug-cc-pvtz [10]. Trong d6

trang thai chuyen tiép ding duogc xac thuc bang viée
phan tich tan s0 dao dong, toa do thuc (IRC) cua
phan tng, tan sé dao dong va toa do thuc cia phan
img s& cho biét sy thay d6i vé céu trac hinh hoc tir
chat diu dén chét cudi, trén co s& do rat ra két luan
trang thai chuyén tiép can tim co chinh xac hay
khong. Ngoai ra do nhiém spin (s°) ciing dugc xem
xét. Niang luong diém don ciing dugc tinh v6i bd
ham co sé B3LYP/aug-cc-pvtz, day la bd ham co
tinh chinh xac do tin cdy cao. Tir cac két qua nhan
dugc s& xac dinh ciu tric, ning lwong, tinh cac
thong s nhiét dong & 298 K, ap suat 1 atm [11] va
thiét 1ap bé mat thé nang cua hé. Cac tinh toan dugc
thyc hién trén phan mém Gaussian 03 [12].

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

Dé 5o bo du doan hudng phan tng uu tién trong
hé CsHs va H,O (can cur vao gia tri nang luong
tuong ddi AE), ching toi da tinh va phan tich ning
lwong cua cac obitan phan tir (MO), mét sb két qua
duoc duara ¢ bang 1.

Ap dung li thuyét obitan phan tir biéen FMO
(frontier molecular orbital) va két qua tinh & bang
cho thdy, gia tri AE nhé nhét mg v6i mirc ning
lvong LUMOa. cia H,O vd HOMOa ctia gbc C3Hs
[14]. Do d6, khi phan ing xay ra thi mat d6 electron
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s& dich chuyén tir gbc C3H; sang phén tir H,O. Hinh  anh céc obitan bién duoc biéu dién & hinh 1.

Bang 1: Gia tri nang lugng cuia HOMO va LUMO & B3LYP/aug-cc-pvtz

E (HOMO) (hatree) E (LUMO) (hatree) AE(LUMO-HOMO) (hatree)
CsH;  -0,22261 (HOMOw) -0,00742 (LUMOo) CaHa(er) — H,0() 0,31670
-0,28553 (HOMOBR) -0,10445 (LUMOBR) CHa(B)- H,0(c) 0,21967
H,0  -0,32412 (HOMOa) -0,02506(LUMO0) H,0(ct) - CaHa(ot) 0,19755
H,0(cx) - CsHa(B) 0,26047
C:H; H,0

LUMO HOMO LUMO

Hinh 1: Anh cac HOMO va LUMO ctia C3H3 va H,0

Cac hudéng phan g c6 thé xay ra ciia hé phan tmg gitta CsH; v6i H,0 dugc minh hoa trong so dd hinh 2.
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Hinh 2: So d6 co ché phan tmg giita CsH3 véi H,0
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3.2. CAu tric hinh hoc

Céu truc hinh hoc da t6i wu hoa cua hé chat phan tmg, hop chat trung gian (IS) va trang thai chuyén tiép
(TS) dugc biéu dién ¢ hinh 3.
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TS6/P3

TS2/P4
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Hinh 3: Ciu trac chat trung gian, trang thai ’chuyén tiép cta h¢ phan tng CsH; + H,0
[Do dai lién két (A), goc lién két (°), dau chim thay cho déu phéy chi phan thap phén]
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Hinh 3: Céau trac chat trung gian, trang thai ,chuyén tiép cua hé phan tmg CsH; + H,0
[Do dai lién két (A), goc lién két (°), dau chim thay cho déu phéy chi phan thap phén]
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Nghién ciru Iy thuyét phan vmg ciia goc-....
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Hinh 3: Ciu trac chat trung gian, trang thai ,chuyén tiép ctia h¢ phan tmg C3H; + H,0
[Do dai lién két (A), goc lién két (°), dau chim thay cho déu phay chi phan thap phén]

3.3. B& mat thé ning va c4c thong sé nhiét dong

Trén bé mat thé nang cua hé C;H; va H,O (hinh
4), h¢ chat tham gia phan tmg ban dau dugc ki higu
la RA, cac san pham ki hi¢u 1a P;, cac hop chit trung
gian dugc ki hiéu 1a IS;, cac trang thai chuyén tiép
dugc ki hiéu 12 i/j. Tur két qua tinh nang lugng dao
dong diém khdng va nang luong diém don xéac dinh
dugc cac mirc nang lugng tuong quan cla cac céu
tric so véi nang lugng ciia hé chat ban dau tham gia
phan img C3Hs + H,0 (RA) duge quy ude bang 0.

Tir bé mat thé nang ta nhén thay, hai con dudng
qua TS0/P6 va TS0/P7 dugc hinh thanh do goc CsH;
tach lay hidro cia phan tar nuée hinh thanh san
pham P6 (CH,=C=CH, + OH) ¢6 ning luong tuong
dbi 1a 25,0 kcal/mol va P7 (CH=C-CH; + OH) c6
nang lugng tuong ddi 1a 28,9 kcal/mol thi san pham
P6 dé duoc hinh thanh hon do c6 niang lugng tuong
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dbi thap hon va di qua phtrc chit trung gian ban dau
CO1 c¢6 nang leong rat thap 1a -0,8 Kcal/mol.

San phim P8 (CH,=C=CHOH+H) va
P9(HOCH,CCH + H) duoc hinh thanh do gdc CsHs
ldy OH cua phan tir nude qua TSO/P8 c6 hang rao
nang luong twong dbi la 52,8 kcal/mol va 56,8
kcal/mol. Trong hai san pham nay thi san pham P8
dé dugc hinh thanh hon do TS0/P8 cd ning lugng
tuong dbi thap hon TSO/P9 va san pham P8 c6 nang
luong tuong dbi 1a 38,5 kcal/mol thap hon san phdm
P9 c6 nang luong twong dbi 1a 43,7 kcal/mol.

Co ché cong H-OH vao vao cachon C1 va C3
cua goc C3Hs qua cac TSO0/8 (+65,1 kcal/mol) tao
thanh hop chit trung gian 1S8 (+8,5 kcal/mol), roi
qua c&c TS8/P9; TS8/P10, TS8/P5 va TS8/P11 thi
con duong qua TS8/P5 c6 niang lugng tuong dbi
thip nhat nén vé mat dong hoc thi thir ty san pham
uu tién la P5 > P9 > P10 > P11.
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Trong céc con duong cong H-OH vao cacbon
C2 va C1 cua gbc C3H; qua TS0/4 (+51,4 keal/mol);
vao cacbon C2 va C3 cua goc CsH; qua
TS0/1(+52,5 kcal/mol); vao cacbon C1 va C2 cua
gdc C3H5 qua TS0/7(+54,6 kcal/mol); thi con duong
qua TS0/4— 1S4 — TS4/5 — IS5 — TS5/P2 tao ra
san pham P2 (CH; + CH,CO) la d& hinh thanh nhat
vé mit dong hoc do TS0/4 cd ning lugng twong doi

Tran Hitu Hung va cong sy

thip nhit. Con duong qua TSO/1 va TS0/7 hinh
thanh nén céc san pham P1 (C,Hs + CO) (-20,2
kcal/mol); P3(C,H,; + HCO) (-3,73 kal/mol); va P4
(CH,=CHCHO + H) (13,8 kcal/mol) thi thir ty uvu
tién P3 > P1 > P4.

Céc thong sé nhiét dong hoc cua cac duong
phan @mg dugc tinh bang phuong phap phiém ham
mat do va gia tri ciia chung dugc trinh bay ¢ bang 2.
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Hinh 4: Bé& mit thé nang ctia hé phan mg gitra C3H; voi H,0

Bdng 2: Gia tri nang luong cac thong s6 nhiét dong hoc cua hé C3H; voi H,O 6298 K, latm

0
Puong phan tmg AGO(kImol) | AS°(Umol.K) | AHC(ki/mol) (Thﬁ?ng’é”;‘;')[ls]
P1(C,Hs + CO) 87,86 +6,04 86,05 88,6+ 2
P2(CHs + CH,CO) 24,35 +3,69 23,58
P3 (C,H, + HCO) 18,42 +0.81 18,17
P4 (CH,=CHCHO + H) +71.48 55,09 +55,04
P5(C,H, + CH,0H) +106,34 1,53 +105,88 11222
P6 (CH,=C=CH, + OH) |  +114,47 15,85 +100.74 122+ 4
P7 (CH=CCHs + OH) +123.62 13,82 +119.49 12743
P8 (CH,=C=CHOH+H) |  +173.41 46,30 +150.60
P9 (HOCH,CCH + H) +195.21 47,90 180,92
P10 (CHCHCHO + Hy) | +346.49 26,53 +338.57
P11 (CHCHCHOH + H) | +358,62 51,71 343,19
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Két qua tinh & bang 2 cho thidy vé& mit nhiét
dong hoc thi cac phan tng hinh thanh san pham theo
thu tu vu tién: P1 > P2 > P3 > P4 > P5 > P6 > P7 >
P8 > P9> P10 > P11. Qua so sanh chung toi thay két

qua tinh toan AH (2)98 cua 4 duong phan ung P1, P5,

P6 va P7 kha sat thuc nghiém. Tir d6 co thé két luan
nhitng két qua tinh toan theo 1y thuyét s dung
phuong phap B3LYP vaoi bd ham aug-cc-pvtz la
dang tin cay.

4. KET LUAN

D3 t6i uu héa duge cac cac cau trac hinh hoc cua
chat phan tng, hop chat trung gian, trang thai
chuyén tiép va cac chat san phdm cua hé phan tmg
CsH; voi H,O bang phuong phap phlem ham mat do
B3LYP v6i bo ham aug-cc-pvtz. Da thiét 1ap duoc
bé mat thé niang, giai thich co ché phan tng cua hé
va tinh toan dugc cac thong s6 nhiét dong ctia 11 san
pham. Tir d6 cho thdy 11 san phim déu c6 thé duoc
tao thanh trong d6 san phém P6 (CHg—C CH, +
OH) di qua phuce chat trung gian CO1 1a d& duoc tao
thanh nhat vé& mit ning lugng.
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