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Nghién ctru li thuyét co’ ché va déng hoc clia phan trng giira
goc propargyl (CsHs) v&i nguyén tir hidro (H) bang
phwong phap phiém ham mat dé
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Abstract

The reaction mechanism between propargyl radical and hydrogen atom has been studied by the Density Functional
Theory (DFT) using the B3LYP functional in conjunction with the 6-311++G(3df,2p) basis set. The potential energy
surface (PES) for the C3H3 + H system has been established. Our calculations show that the C3Hs + H reaction has two
main entrance channels: H-abstraction and addition. The H-abstraction reaction pathway with relative energies
(kcal.mol™ is CsH; + H (0) — TO/P11 (12.34) — HCCCH + H, (-10.95). On the other hand, three addition reaction
pathways with relative energies (kcal.mol™) are found: C;H; + H (0) — H,CCCH, (-86.48), CsH; + H (0) — HsCCCH
(-87.46), and CsH; + H (0) — H,CCHCH (-26.37). From three intermediates above, 10 other products and many
isomers are formed. In terms of thermodynamic side, all of 11 products are possible to be produced at the investigated
condition, in which the product of (H,CCC+Hy) is the most favorable. Besides, calculation results of thermodynamics
shown that many reaction channels are very close to data of NIST.
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1. MO PAU gbc C3Hs chi 1a mot san pham trung gian kém bén
nhung lai c6 vai trd quan trong, quyét dinh co ché
Ngiy nay, cling véi sy phat trién vugt bic ciia  phan tmg va san pham tao thanh [16].
khoa hoc va cong nghé, nhiéu phan tng hoa hoc Xét vé mat cdu tao, CgHs 1a mot goe tu do con
trong pha khi da va dang dugc cac nha khoa hoc mdt electron doc than nén co6 kha nang phan g
quan tdm nghién clru ngay cang nhiéu hon. Béncanh  cao, no co thé phan tmg voi nhidu gbe ty do va phan
do, cac phan mém tinh toan héa hoc luong tir rat hiru  tir hay nguyén tir khac trong pha khi. Dac biét phan
ich trong viéc tién hanh cac nghién ctru 1y thuyét vé  tng két hop gitra goc propargyl voi nguyén tir H s&
cAu tric phan tr va kha ning phan tmg cua cac chat, cho ra mot s6 san phim dong phan cua nhau (CsHy),
gilp cho cac nha khoa hoc c6 thé tién doan vé& kha  d6 1a nhiing san pham trung gian quan trong trong
nang phan ng trude khi tién hanh thi nghiém. Trén  qua trinh diéu ché cac hop chat hydrocacbon mach
co s d6, chung ta c6 thé giam thiéu duoc rit nhiéu  thang, mach vong khac nhau [9]. Vi vay, viéc nghién
thi nghiém du thira khong can thiét, giup tiét kiém  ctru phan Gng giita gbc propargyl v6i nguyén tir H
dugc thoi gian, chi phi va nhing phat sinh khong nham x@y dung mét co ché phan ung day du cua hé
dang co. Ngoai ra, nhiéu thi nghiém doc hai, nguy la rat can thiét.

hiém, hodc diéu kién thyc té khong thé tién hanh T’rén‘thé gioi da co nhiéu cong trinh tinh toan Iy
dugc thi gio day béng con duong li thuyét co thé dé  thuyét vé co ché va dong hoc cua cac phan tng hoa
dang khac phuc dugc diéu do [14]. hoc dugce cong bo [17, 18], diéu nay cho thay viéc

Viéc nghién ctru li thuyét huéng vao phan tng  nghién ctru bang con duong 1y thuyét rat c6 tinh kha
clia cac goc tu do, trong d6 c6 gbc propagyl CsHs,  thi, né khong nhimg kiém dinh lai nhimg két qua
dang 1a mot xu hudéng méi [1, 8]. Trong ty nhién, thyc nghiém ma con dinh hudéng cho nghién ciru
gbc propagyl dugc hinh thanh trong qué trinh dét thuc nghiém dwoc d& dang va chinh xac hon [20].
chay cac nhién liéu, dic biét 1a cic nhién lidu chira  Nhing thanh cong cia nhiéu nghién ciru 1y thuyét
nhiéu chat béo [4, 5]. Bang su phan tich cho thdy, truéc ddy s& la tién dé va 1a co s¢ khoa hoc viing
gbc propargyl (CsHs) va cac hidrocacbon thom da  chic cho viéc nghién ctru va tinh toan 1y thuyét cho
vong nhu benzene, naphtalen, ... déu xuét hién trong  hé phan ung giitra C3H; vdi nguyén tu H.
qué trinh ddt chay cac nhién liéu noi trén [16]. Tuy Két qua nghién ciru 1y thuyét trén co so két qua
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thuc nghiém di co [9] vé co ché phan ng ctia hé
C3Hs+H duogc trinh bay chi tiét trong bai bao nay.

2. PHUONG PHAP TiNH

Bang viéc st dung phuong phap phiém ham mat
d6 ¢ muc BSLYP/6 -311++G(3df,2p) [14], ching tbi
da toi wu cAu triic hinh hoc cua cac chét phan ung, cic
chit trung gian, trang thai chuyén tiép va cac san
phém cua hé phan ung CsH; + H. Trong do6 trang thai
chuyen tiép dung duoc xac thuc bang viéc phan tich
tan s6 dao dong, toa d¢ thyuc (IRC) ctia phan tmg. Bén
canh d6, nang luong diém don cua tat ca cac chat déu
dugc tinh ¢ mic CCSD(T)/6-311++G(3df,2p)//
BBLYP/6 311++G(3df 2p). Nang lugng tuong quan
ciia mdi cdu trr duoc hiéu chinh d6i v6i cac ning
luong dao dong diém khong. Cac budc khong co
hang rao ning luong dugc kiém tra bang tha tuc tinh
dudng cong thé ning & cung mirc 1y thuyét doc theo
toa d0 phan tng tir trang thai can bang v&i budc nhay
0,1 A. Céc céu tir im thay dugc tién hanh phan tich
tan sb dao dong dé tim ra sy phu hop cua céu tric. Tur
cac két qua nhan dugc sé xac dinh cAu truc, nang
lugng, cac thong s6 nhiét dong va thiét lap bé mit thé
nang ctia hé. Hang s6 toc do phan tmg dugc tinh & ap
suét thuong (1 atm) trong khoang nhiét do tir 300 K
dén 2000 K theo 1y thuyét RRKM, tng véi cong thirc
tinh hing s6 téc do nhu sau:
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1 (23 +DG"(E, J)e ek
‘0= 0.0, hQ,Q, E{ % 1+k(E,J)/ @ @

Trong d6: k(T) 1a hang sb téc do phan ung, h 1a hing
s6 Planck; Q;, Q, 1a ham phan bd ning luong quay,
dao dong; Ey la nang luwong hoat hoa cua phan tng; J
1a sb luong ti; o la tan sd va cham; k(E,J) 1a héng )
toc do phan tmg vi c6 dién. Viéc tinh hang sb toc do
theo RRKM [29] duoc thyc hién bang viéc giai cac
phuong trinh master bai phan mém Chemrate [28] va
Variflex [30]. Céac tinh todn hoa hoc lugng tor dugc
thuc hién trén phdn mém Gaussian 09 [15].

3. KET QUA VA THAO LUAN
3.1. Céu trdc hinh hec va bé mjt thé ning

Trén bé mit thé nang cua hé C3Hz + H (hinh 1),
hé chat tham gia gia phan ung ban dau ki hiéu la
RA; 11 san pham tao thanh dugc ky hiéu 1a Py (x = 1
dén 11); ¢6 13 cau tric cuc tiéu trung gian dugc ky
hiculal, (y=1 dén 13) va 18 cau truc trang thai
chuyen tlep duoc ky hiéu 1a Ta/b, vdi a, b 1a cac cuc
tiéu, chat phan mg hodc san pham phan img.

Céc duong phan tmg c6 hang rao nang lugng cao
(hinh 1) s& dugc luge bo bdt, vi sy dong gop cua
ching vao san pham phan tng la khong dang ké.
Céac duong phan Gng con lai (hinh 2) s€ duoc s
dung dé tinh dong hoc cua phan tmg.
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Hinh 1: Bé mit thé nang chi tiét ctia hé phan tng gitta CsH3 voi H
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Hinh 2: Cac duong phan ung chinh ctia hé phan tng CsH; + H

3.2. Phan tich cdc duong phan ing

Két qua tinh nang luong dao dong diém khong
va nang luong diém don gitp ta xac dinh dugc cac
muc nang lugng tuong quan cia cac chu tric so véi
mirc nang luong ctia hé chat tham gia phan tng ban
dau C3Hs+H (RA) duoc qui wée bang 0.

Tir bé mit thé niang (PES) nhén thdy, gitta gdc
CsHs va nguyén tir H c6 thé xay ra phan (g theo
hudng tach nguyén to H cta géc C3H3 hoac theo
hudng cong hop hai chét v6i nhau.

3.1. Phéan ung theo hwéng tach nguyén tir H

Chi c¢6 duy nhat mot kha nang tach nguyén tir H
tir gbc propargyl HoC(1y=C(2=CzH. Khi nguyén tir H
tan cong vao dau cua gdc propargyl thong qua trang
thai chuyén tiép TO/P11 c6 hang rao ning luong la
12,34 kcal/mol s& hinh thanh san pham tryc tiép 1a
P11 (HCCCH + H,) trng v6i nang luong tuong quan
-10,95 kcal/mol. Trong cau trac TO/P11, nguyén tir
H gin véi nguyén tir cacbon thir nhat (C;) cua gdc
propargyl dang bi tach ra ing v&i chiéu dai lién két
la 1,30 A, hai nguyén tor H tu do dang dan hinh
thanh lién két & khoang cach 0,96 A, khoang cach
nay s& duge rat ngan xudng con 0,74 A trong san
pham cta phan tir Hy. Sau khi nguyén tir H thir nhat
duoc tach ra, goc lién két tao boi nguyén td¢ H con
lai v6i hai nguyén tir cacbon lién k& n6 £HC,C, da
c6 sy thay doi nhe tir 120,87° 18n 128,41°, dong thoi
goc lién két ZHC5C, ciing c6 su thay ddi dang ké tir
180° xubng con 128,29°; trong khi dé goc lién két
£C4C,C;5 ciing duoc bé cong vé goc 164,61°. Nhiing
thay d6i d6 hoan toan pht hop véi cau trac cia phan
tir san pham HCCCH, vi trong phan tr ndy con 2
electron tir do chua tham gia lién két, chiing c6 thé &
2 orbital khac nhau hodc trén cung mdt orbital cua 2
nguyén tir cacbon C; va C; [18]. Nhu viy, néu xét
theo khia canh nang luong thi kha nang tach, di qua
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trang thai chuyén tiép TO/P11 (12,34 keal/mol), s&
kho khin hon so véi da sb truong hop phan ung két
hop gitta C3Hs v6i H. Tuy nhién, néu dung trén
phuong dién nhiét dong hoc thi san pham P11
(-10,95 kcal/mol) dugc tao ra theo kha nang tach lai
bén viing hon so véi nhiéu san phiam dugc tao ra
theo hudng cong hop.

3.2. Phan ing theo hwéng cong hop.

Gbc C3Hs va nguyén tir H co thé cong hop truc
tiép v6i nhau theo 3 hudng khic nhau ma khong
thong qua trang thai chuyén tiép nao dé tao thanh
cac san pham trung gian IS1, I1S2 va 1S3 ¢6 ning
luong twong quan tuwong ung la -86,48 kcal/mol,
-86,46 kcal/mol va -26,37 kcal/mol. Trong d6, IS1
¢c6 céu trac 1a H,C=C=CH, (propadiene) dugc tao ra
do sy tin cong cua nguyén ti H vido nguyén tir
cachon Cj cuia gbc propargyl. Twong tu nhu vy, IS2
va 1S3 ¢6 ciu triic twong g 1a HsC-CCH (propyne)
va H,C=CHCH dugc hinh thanh khi nguyén tir H tan
cOng vao vi tri tuong Gng cia 2 nguyén tir cacbon C;
va C,. Trong 3 cAu trac néu trén thi IS1 (-86,48
kcal/mol) va 1S2 (-87,46 kcal/mol) 1 2 cdu trac bén
virng nhat do phén tir ¢6 tinh ddi xing cao, trong khi
d6 1S3 (-26,37 kcal/mol) c6 tinh d6i xtng giam dang
ké va & 1S3 ¢con co 2 electron tu do chwa tham gia
lién két, nén nang lugong tu:ong quan cua ciu truc
nay cao hon hin so véi IS1 va 1S2. Tur IS3 c6 rat
nhiéu duong khac nhau di ra san pham, trong d6 da
phan cac dudng phan tmg déu phai trai qua cac hang
rao niang luong rit cao. Cu thé, duong phan tng thir
nhit di qua trang thai chuyén tiép T3/4(1) hodc
T3/4(2), c6 nang lugng tuong Gmg 1a 50,14 va 49,31
kcal/mol, dé tao ra san pham trung gian 1S4 (27,34
kcal/mol). Tir IS4 bang viéc tach hai gbc tu do CH
va CH,, khong thong qua trang thai chuyén tiép, co
thé hinh thanh 2 san pham P6 (C,H; + CH) va P7
(H,CC + CH,). Tuy nhién, hai san phim nay ciing c6
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Hinh 3: Céu trac cta cac chat trung gian, trang thai chuyén tiép cua hé phan tmg C3H; + H
[P0 dai lién két (A), goc lién két (°)]
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nang lugng rit cao nén kém bén vé mit nhiét dong.
Pudng phan tng thir 2 di qua trang thai chuyén tiép
T3/P2 (20,95 kcal/mol) s& hinh thanh san pham P2
(C;H, + CH) ung voi mirc nang lugng 12,41
kcal/mol. Puong phan tng thir 3 khong di qua trang
thai trung gian ndo, ma hinh thanh tryc tiép ra san
pham P6. Puong phan tmg con lai di qua trang thai
trung gian IS5 va IS6 tng voi 2 trang thai chuyén
tiép co nang lugng thap T3/5 (-25,97 kcal/mol) va
T5/6 (-9,11 kcal/mol); tir IS5 tuy phai trai qua trang
thai chuyén tiép co hang rio nang luong cao T5/P5
(19,86 kcal/mol), nhung san phim tao ra 1a P5
(CsHa-cyc + Hy) lai c6 ndng luong thip nhat (-16,72
kcal/mol) so v6i cdc san pham con lai. Vi vy, day la
san phdm bén vimng nhét xét trén quan diém cua
nhi¢t dong hoc; ngoai ra, bang viée tach nguyén tr H
thi IS5 ciing ¢ thé tryc tiép tao ra san phim P10
(CsHs-cyc + H). Tir IS6, ciing ¢6 thé hinh thanh ra 2
san pham 1a P4 (H,CCC + H,) va P9 (CsHs-cyc +
H). C6 thé thdy, san phdm P4 (-3,22 kcal/mol) bén
viing hon san pham P9 (40,31 kcal/mol), nhung dé
tao ra P4 thi IS6 phai trdi qua hang rao nang lugng
cao 68,61 kcal/mol, trong khi d6 san phé?im P9 lai
dugc tao ra tryc tiép tir [S6 bang viéc tach nguyén tir
H. Nhu vay, c6 thé thdy rang & ca 2 duong phan ting
tao thanh P9 va P10, H d6ng vai tré nhu chat xuc tac
cua phan ung.

Tu IS1, ¢ duy nhat mot con duong hinh thanh
nén san pham P4. Tuy nhién, ddy la huéng phan tng
thuén loi nhit v& mit ning lwong, vi né chi phai di
qua mot trang thai chuyén tiép co ning luong thap
T1/P4 (5,93 kcal/mol). Tir san pham trung gian IS2,
c6 rat nhiéu duong dan dén cic trang thai trung gian
khic va cic san pham khac nhau. Trong d6, hai
dudng phan ung di qua 2 trang thai chuyén tiép
twong ung la T2/1 (1,75 kcal/mol) va T2/3 (-4,59
kcal/mol) dé hinh thanh ra 2 ciu tric dbng phan
tuong ung 1a IS1 va IS3. Nhu vay, su chuyén d6i
giita 3 cau tric dong phan IS1, IS2 va IS3 1a kha dé
dang vi hang rao ning lugng giira chung 1 kha thap.
Diéu d6 cho thay, sy xuat hién cua ca 3 dong phan
nay trong hé phan ung C3H;z + H 1a hoan toan hop 1i.
Bén canh d6, 2 dudng phan tmg khac dan tir IS2 qua
hai trang thai chuyén tiép T2/P1 (13,18 kcal/mol) va
T2/P4 (39,73 kcal/mol) dé hinh thanh nén 2 san
pham khéac nhau 1a P1 va P4. Néu so véi 2 duong
phéan ung sinh ra P1 tir IS1 va IS3 thi duong phan
ung sinh ra P1 tr IS2 1a thuan lgi hon vé mit nang
luong. Trong khi d6, san pham P4 hinh thanh tir IS2
lai khé hon so véi viée sinh ra tir IS1, vi hang rao
ning lugng qua trang thai chuyén tiép T1/P4 (5,93
kcal/mol) thiap hon nhiéu so voi hang rao ning
luong di qua trang thai chuyén tiép T2/P4 (39,73
kcal/mol). Mit khac, tir IS2 hai san pham P3 (CH; +
CCH) va P8 (HsCC + CH) c6 thé dugc hinh thanh
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ma khong thong qua trang thai chuyén tiép nao. Tuy
nhién, hai san pham nay kha kém bén vé& mit nhiét
dong vi ching co nang lugng rat cao, twong ung la
35,35 kcal/mol va 124,01 kcal/mol. Trong d6, san
pham P8 1a san phdm kho tao ra nhit so voi tat ca
cac san pham khéc cua toan hé.

Néu nhu 9 dudng thuc nghiém [19] tao ra 4 san
pham P1, P2, P4 va P11, thi bé mat thé ning cua hé
CsHs + H tinh theo 1y thuyét (hinh 1) ¢6 thém nhiéu
duong phan tng khac. Cac duong phan rng nay tao
ra cc san pham nhu P3, P5, P6, P7, P8, P9 va P10.
Nhu véy, so voi thue nghiém thi trong nghién ctru
nay ching t6i da tao ra dugc tat ca 11 san pham,
nhiéu hon 7 san pham so véi thuc nghiém. Tuy
nhién, nhitng san pham nay déu c6 ning luong rat
cao. Piéu d6 chung to rang, nhimng san pham do6 rat
kho tao ra & didu kién thuong va kém bén vimg vé
mat nhiét dong hoc.

Nhu vdy, voi hé phan tng gitta gbc CsHs va
nguyén tir H ta thu dwoc 11 san pham khac nhau. Tir
bé mit thé ning cho thiy, cac qué trinh hinh thanh
san phém P4, P5 va P11 1a nhiing qua trinh tda nhiét,
con lai déu 1a thu nhiét. Trong d6, san pham P5 c¢6
ning luong twong quan bé nhét, bén viing nhét vé
mat nhiét dong. Tuy nhién, san pham P4 lai 1a san
pham wu tién nhat v€ mat nang luong.

Céac thong s6 nhiét dong hoc cua cac duong phan
{mg duoc tinh bang phuong phap phiém ham mat do
va gia tri ciia chiing dugc trinh bay & bang 1. Trong
d6 hiéu mg nhiét ciia mot s6 phan mg ciing duoc so
sanh voi cac két qua tinh toan tir s§ lidu ctia NIST
[3], cu thé 1a *HCCCH (817,972+62,7 ki/mol), C,H,
(227,4 kJ/mol), CCH (568,522+4,0 kJ/mol), H
(217,998+0,001 kJ/mol), C3H; (346-349+8 kJ/mol,
352,2+1,0 kJ/mol), CH; (146,7£0,3 kJ/mol),
HCCCH (751,668+62,7 kJ/mol), CH, (390,4
kJ/mol), CH (595,8 kJ/mol), C,H; (296,58+0,92
kJ/mol), C3H,-cyc (476,976 kd/mol), H,CC (414,788
kJ/mol) [20-27].

Béng s6 lidu chi ra ring AH 298 ctia nhiéu duong
phan tng kha sat thyc nghiém. Tir d6 co thé thiy
nhing két qua tinh todn theo 1y thuyét thu dugc la
dang tin cdy. San pham P5 c6 gia tri hiéu ing nhiét
thép nhét. Nhu vay, vé mat nhiét dong no thuan loi
hon ca, diéu nay phii hgp vdi két qua phan tich tir bé
mit thé nang & trén.

3.3. Phin tich két qua tinh dong hoc

Tu bé mit thé ning rat gon (hinh 2) cho théy,
trong s 3 dudng phan g thi ¢6 2 duong phan (ng
khong c6 trang thai chuyén tiép & giai doan dau tién
d6 1a RA — 1S1 va RA — 1S2. Do d6, dé tinh dong
hoc cho 2 dudng phan tng nay, trude hét ching toi
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ap dung phuong phap bién phan (variational
method) bang cach quét bé mit thé ning dbi véi su
tan céng cua nguyén t¢ H vao C; va Cs trong
HCCCH, d¢ tim duong niang luong cuc tiéu
(minimun energy path — MEP). Ngoai ra, ching toi
sir dung thé niang Morse dé lam khop véi thé nang
tinh dwoc & mac B3LYP/6 — 311++G(3df,2p). Bé
tinh hang s6 toc d cho 2 duong phan ung noi trén
can phai c6 cac thong s Lennard-Jones. Cac thdng
s6 nay ddi véi CsHs 1a 6 = 4,76 A; e/K = 252 K va
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cua H la o = 2,05; ¢/K = 145 K [6]. Céc thong sd L-J
clia tat ca cac trang thai trung gian dwoc liy gin
dung bang nhau va xac dinh theo cac cong thirc tir
[7]. Duong phan tng thr 3, RA — P11, chi ¢ duy
nhat mot giai doan chuyén tiép (TO/Pll) nén vige
tinh dong hoc duogc thuc hién bang phan mém
Chemrate [28]. Gia tri hang s toc do phan tng ctia
3 duong phan ung no6i trén (k1, k2, k3) va hang sd
téc do téng (ktot = k1+k2+k3, cm*.molecule™.s™) &
cac nhiét d6 khac nhau duogc trinh bay ¢ bang 2.

Badng I: Gia tri cac thong s6 nhiét dong hoc ctia hé¢ C3H; voi H

o AG® AS? AFC AFP
Pudng phin img (kealimol) | (calimol.K) | (kcal/mol) | (kcal/mol) [3]

P1 (HCCCH + Hy) 751 3,57 855 8.12+1
P2 (C,H, + CHy) 10,28 7.76 12,53 12,14+0,4
P3 (CHs + CCH) 32,52 11,39 35,82 35,42+0,4
P4 (H,CCC + H,) 3,32 1,95 2,75
P5 (CsHy-cyc + Hy) 716,61 0,39 16,72 19,1243
P6 (C,Hs + CH) 73,50 10,12 76,42 77,7641
P7 (H,CC + CH,) 51,73 11,76 55,14 56,0241
P8 (HsCC + CH) 120,92 10,82 124,05
P9 (CsHy-cyc + H) 39,02 0,05 39,90
P10 (CHCHCH-cyc + H) 31,12 20,22 31,05
P11 CHCCCH + H,) 6,29 8,62 3,80 323105

Bang 2: Gia tri cac héng s6 toc do cua hé C3Hz + H

T (K) ki k2 k3 Kot

300 |1.09.E-17|6.19E-22|3.29E-21 |1.09E-17

500 |4.52E-15|1.51E-17|3.28E-17 |4.54E-15

800 |1.44E-13|4.68E-15|7.72E-15 |1.49E-13

1200 |7.51E-13|1.17E-13|2.11E-13 |8.68E-13

1500 |1.46E-12|4.66E-13|8.92E-13 |1.93E-12

1800 |2.40E-12|1.25E-12|2.48E-12 |3.65E-12

2000 |3.16E-12|2.11E-12|4.28E-12 |5.27E-12

107 —=8— k3:RA-->T0/P11-->P11

a2 —e— K2RA-->12-->T2/P1->P1

x, K1L:RA->I1-->T1/P4-->P4
14 s, e, [ v K(to=ki+k2+k3
AN
-16 N ~_

5 N

-22
-24
]
-26
T T T
4

log(k, cm®.molecule™s™)

-28

1000K/T

Hinh 4: Hang s6 toc do k phu thudc vao nhiét do T
cua hé phan tng C;H; + H
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Két qua & bang 2 va hinh 4 cho thy, dudng
phan tmg thir 2 va thir 3 c6 hang s toc do k2, k3 rat
nhd ¢ nhiét d§ thuong. Khi nhiét do tang, sy dong
gop cua 2 duong nay tang 1én, do nhiét dd cao gitp
céc chat phan (mg dé dang hon trong viéc vuot qua
c&c hang rao nang lugng T2/P1 va TO/P11. Trong
khi d6, duong phan tng thir nhat c6 hing sb toc do
k1 16n hon rat nhiéu so véi k2 va k3 & nhiét do
thuong, didu nay hoan toan phu hop vi dudng phan
{mg k2 va k3 phai di qua cac trang thai chuyén tiép
kh& cao tuong tng la (13,18 kcal/mol) va (12,34
kcal/mol) so voi duong thir nhat (5,93 kcal/mol).
Chinh vi thé, su dong gop cua 2 duong phan Gmg thir
2 va 3 vao hang s6 toc do chung cua ca hé 1a khong
dang ké & ving nhiét do thap (300-800 K). Do do,
néu khao sat hé ¢ ving nhiét do nay thi khong can
tinh dén 2 duong phan tng noi trén. Con & vlng
nhiét d¢ cao hon (trén 800 K) thi sy dong goép cua 2
duong phan tng no lai cé gia tri trong viéc tao ra san
phim P1 va P11.

4. KET LUAN

Béng viéc ap dung phuwong phap phiém ham mat
d6 chung t6i da tdi wu hoéa duoc cac chu trac hinh
hoc cua chat phan tng, hop chét trung gian, trang
thai chuyén tiép va san pham cuia hé phan ung giita
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gbc CsHs v6i nguyén tir H. Tir cc gia tri nang lugng
thu duoc di thiét 1ap bé mat thé nang va giai thich co
ché phan tmg cho hé nghién ctru. Két qua tir bé mat
thé ning cho thay duong phan mg tao san pham P8
1a khé xay ra nhat va dudng phan tng tao thanh san
pham P4 13 thuan loi nhat vé mit nang lugng.

Ngoai ra, két qua tinh toan vé nhiét dong hoc cho
thdy mot s6 duong phan Gmg c6 hiéu Gmg nhiét rat
pht hop véi nhitng sb liéu da dugc cong bd va trong
s6 11 nhém san pham tir P1 dén P11, c6 3 nhom san
pham P4, P5 va P11 déu c6 AG < 0 va trong d6 san
phdm P5 1a thuan lgi nhat, diéu nay hoan toan phu
hop v6i két qua vé mat dong hoc & trén.

Két qua tinh dong hoc ciing thu duoc cac gia tri
hang sb toc d6 phu hop trong khoang nhiét d¢ tir 300
dén 2000 K. Nhiing gia tri nay dugc biéu dién chung
bang phuong trinh Arrhenius c¢6 dang nhu sau: k(T)
=4,68.10™.T%% exp(-3879,87/T) [cm*/mol.s].
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