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Nghién ctru dong hoc cia phan ing giira gbc propargyl (CsHs) véi phan tir
nuéc (H20) va goc hydroxyl (OH) trong pha khi
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Tom tat

Doéng hoc phan tng gitra géc propargyl voi phan tir nwéc va goc hydroxyl dwoc nghién ctru béng /y thuyet
trang thai chuyén tiép (TST), ly thuyét trang thai chuyén tiép bién phan (VTST) va RRKM trén co sé co ché
cda ca 2 phan &ng déa duwoc nghién ctu bang phwong phap phiém ham mét do (DFT). Két qua tinh toén ch/
ra rdng hé phan rng CsHs + H20 rét khé xay ra & diéu kién thuvng (k = 4,10x10%* cm?® molecule s'é
300 K, fatm), trong khi d6 hé phén (ng CsHs + OH xdy ra rat nhanh véi hang sé téc do
k(T) = 1,39x10""T%3%xp(-26,42/T) cm® molecule”’ s phu thudc vao nhiét dé trong khoang 300-2100 K.
Ngoai ra, két qua tinh hang sé téc dé cta hé phan tmg thir hai rat phi hop véi cac két qua thue nghiém cua
Hansen va Miller (500-2100 K) ciing nhw két qué cta Eiteneer va Frenklach (1100-2100 K).

T khéa: Bong hoc phan trng, gbc propargyl, TST, nwéc, gbc hydroxyl.
Abstract

Kinetics of the reactions between propargyl radicals with water molecule and hydroxyl radical were
investigated by TST, VST and RRKM theories on the basis of the mechanisms of both reactions researched
by means of density functional theory (DFT). The calculated results show that the CsH3 + H20 reaction is
unlikely to occur at room temperature (k = 4,10x103* cm® molecule” s at 300 K, 1atm), while the
CsHs3 + OH system reacts very fast with a rate constant k(T) = 1,39x10""T%3%exp(-26,42/T) cm® molecule™
s 7 depending on the temperature in the range 300-2100 K. In addition, the results of the second reaction are
in good agreement with the experimental results of Hansen and Miller (500-2100 K) and Eiteneer, B. and

Frenklach (1100-2100 K).

Keywords: Kinetics, propargyl radical, TST, water, hydroxyl radical.

1. Mé diu

Nuéc 1a hop chét phd bién trong khi quyén va
dugc hinh thanh trong hau hét cac qué trinh dot chay
hop chét hiru co. Pa c6 nhiéu nghién ciru cia nudce
vO1 cac géc tu do nhu: CCl,, CH, C,H, CCl, C;F... [1-
3], nhung chwa c6 cong trinh nao cong bd két qua
nghién ctru 1y thuyét ciing nhu thyc nghiém phan tmg
cua géc Cs3H3 véi H>O. Do vay, viéc nghién cuu dong
hoc phan tng cua géc CsH; véi H,O khong nhimg
mé rong hiéu biét vé kha ning phan tng ciia C3Hs,
ma con gidi thich dugce sy hinh thanh cc san phim
trong qua trinh chuyén hoa gdc propargyl.

Géc tu do hydroxyl (OH) 1a mét trong nhiing
gbc dong vai trd quan trong trong phan tmg chay va
hoa hoc khi quyén. Trong khi quyén, OH anh huong
dén sy hinh thanh va phé hily ting ozon ciing nhu anh
hudng t6i nhiét do toan cau [4]. OH con la tac nhan
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oxi hoa trong khi quyén va su chay [5]. Vi vay, phan
ung cia goc OH dugc quan tAm nghién clru ca vé ly
thuyét va thyc nghiém trong nhiéu nim qua [6]. Phan
ung cia OH véi C3Hsz, mét mét xich trung gian quan
trong trong phan tng chay ctua nhién li¢u hoéa thach
va cung c6 mit trong khi quyén ciing da duoc nghién
ctru [7]. Eiteneer va Frenklach da do hang s6 toc do
cua phan ung CsH; + OH — HCO + C;H3 trong
khoang nhiét @6 1150 - 2130 K, 4p suét 0,9 - 1,9 atm,
khi tro 12 Ar, két qua cho thiy phan tng xay ra rat
nhanh véi hang s6 téc do k = 2,21x10"" cm?
molecule™! s7! [8]. Hansen va Miller [9] d3 nghién ctru
ly thuyét cho 2 phan tmg C;H; + OH — CO + CyHy
va C3Hz + OH — HCO + C,H3 trong khoang nhiét do
500 - 2100K, tinh dugc hing sé tbc do phan tmg
twong ung 1a 4,98x10'"" cm?® molecule! s! va
8,3x10'" cm? molecule! s*!. Tuy nhién chua c6 mot
nghién ctru diy du nao cho toan by cac dudng phan
g xay ra trong hé CsH; + OH. Vi vdy, can c6 su
khao sat chi tiét, diy du hon vé dong hoc cia hé phan
ung nay.
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2. Phuwong phap tinh

Viéc tinh dong hoc cta 2 phan ung gitra C3H3
v6i 2 chat khac nhau (HO va OH) trong pha khi
dugc thyuc hién ¢ ap suat thuong (latm) trong khoang
nhigt do tr 300 dén 2100 K theo Iy thuyét TST,
VTST va RRKM [10]. Bong hoc phan tmg bao gom
xéac dinh hang s6 téc dd moi huong dau vao, hang SO
tbc do tao thanh timg san pham va hang s toc do
chung cta ca hé (ke). Viéc tinh hing s6 toc do (k)
theo TST st dung phin mém Chemrate [11]. Viéc
tinh £ theo VTST va RRKM duoc thyc hién boi phan
mém Variflex, trong do co su gidi quyet phuong trinh
master lién quan dén qué trinh c¢6 nhiéu budc chuyén
tiép [12]. Dbi v6i cac qué trinh khong co TS, duong
ning luong cuc tiéu (MEP) dugc biéu dién sau khi
lam kh6p véi ham Morse: E(R)=D [1 PRI Trong
do, R la gia tri can bang cua d6 dai lién két (R) trong
chu trac trang thai trung gian (IS); p la hing sb; va
D, 12 nang lugng dit gy lién két khong tinh dén gia
tri ning lugng dao dong diém khong (ZPE).

Hing s6 tbc d6 phan tng theo RRKM dugc tinh
nhu sau:

K= hQQ '[ g

Trong d6: h 1a hang s Planck; O, O, 1a ham
phan b ning luong quay, dao dong; Eo 1a nang lwong
hoat héa phan tng; J la s6 luong tir; @ 13 tan sb va
cham; G7 1a tong trang thai cua giai doan Chuyen tiép;
k(E,J) 1a hang s0 tbe d6 phan v {mg vi co dién.

(27 +1)G (E,J )e "
1+k(E J) o

(1

Phuong trinh master 1a mot tap hop cac phuong
trinh vi phén phurc tap, m6 ta qua trinh tién trién theo
thoi gian ctia ham tong mét do va cham trong mot hé:

d"l(‘)—¢+ Z > 0, (6) = ap, ()~ (ky + k) p,(0) )

trong do, & biéu dién téc d6 do duoc cua hai chét
phan tng; m 1a s6 hat dugc chon sao cho sy dong gop
ctia hat thir m 12 khong dang ké d6i v6i hang sb toc do
phan {mg ludng phan tir; ® 14 tan s va cham; ki (E)
va kio(E) 1a cac hang s6 toe d vi ¢ dién riéng cho su
phan huy va sy phan ly tr¢ lai; va Py 1a xac suat
chuyén ning lugng tir hat j dén hat i sau khi va cham.

Py=4; exp[-a(E; — E)L, j2i (3)

trong d6, o la thong s6 lién quan dén hé sb chuyén
nang luong ; 4; 1a hang s6 chuén hoéa dat dugce tr di€u
kién chuan hoa.

3. Két qua va thao luin
3.1. Déng hoc ciia hé phan veng CsHs + H20

Dé tinh hing sb téc dd cho hé phan tng
CsHs3 + H>O, chi str dung 2 duong phan Gng c6 hang
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rao ning lugng thap hon so véi cic dudng phan g
con lai, duong thtr nhat di qua TO/P7 tao ra san pham
P7, va duong con lai di qua TO/P6 sinh ra P6. Tir bé
mit thé ning (hinh 1) nhan thiy, ca hai dudng phan
g chi di qua mot trang thai chuyén tiép duy nhat 1a
TO/P6 va TO/P7. Do d6, dé tinh hang s toc d6 cho 2
duong phan ng ndy, m6 hinh tinh toan cua thuyét
phirc chat hoat dong va thuyét RRKM da duoc st
dung thong qua phan mém Chemrate [11]. Céc thong
s6 Lennard-Jones cho cac chét phan tng can sir dung
trong qua trinh tinh todn hing sé toc do cua hai
duong phan tmg néi trén dwoc lay tir tai ligu [13],
trong d6 C;Hs 1a 0=4,76 A; &K =252 K va H,O la
0 =12,605; &K =572,4 K. Cac thong s6 cAu tric hinh
hoc (goc lién két, do dai lién két, goc nhi dién) va tan
so dao dong cua cac chét phan (g, trang thai chuyén
tiép, trang thai trung gian va cac san pham lién quan
dén 2 duong phan tmg néi trén dugc lay tir cac file dir
litu dau ra coa cac chat di tbi wu hoa ¢ mirc
B3LYP/6-311++G(3df,2p). Trong do6, tan sb 4o cua
TO/P6 va TO/P7 duge luge bo dé bao toan tong trang
thai cua phuc chét hoat dong.

Gia tri hang s toc do phan tng cia 2 duong
phan tng noi trén (ki, k2), va hiang sé toc do tong
(kwot = k1 + k2, cm® molecule™! s™') & cac nhiét do khac
nhau dugc trinh bay & bang 1. Trong d6 4 1a hing sb
toc do cua dudng phan tmg thir nhat di qua trang thai
chuyén tiép TO/P7 (27,83 kcal/mol), con k> 1a hang s6
tbc do ung voi duong phan tng thir hai di qua TO/P6
(30,70 kcal/mol).

Bang 1. Cac gia tri hang s6 toc d9, k [cm® molecule™!
s, phu thudc vao nhiét do cua phan tmg CsH; + H,O

T (K) ki ke ot
300 | 4,00x10% | 1,00x10% | 4,10x10
500 1,37x10% | 2,26x10%7 | 1,39x10%
700 | 7,65x10%2 | 2,90x10% | 7,94x10%2
900 1,08x10"° | 6,59x102' | 1,15x10°"°
1100 | 2.85x10"% | 2,36x10"° | 3,09x10°'
1300 | 2,98x10"7 | 3,09x10"% | 3,29x10°"7
1500 | 1,78x107¢ | 2,18x10"7 | 2,00x10°'
1700 | 7.32x107¢ | 1,03x10"¢ | 8,35x10°'
1900 | 2.33x10"5 | 3,63x107° | 2,69x10°'
2100 | 6,15x10"% | 1,04x10"% | 7,19x10°'

Cac héng s6 tbe dd trén s€ dugc su dung dé 1am
khép v6i biéu thirc tinh hing sb téc do k phu thudc
vao nhi¢t d6 T trong khoang nhi¢t d6 tur 300 dén
2100K theo cong thuc cua dinh luat Arrhenius [14].
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Hinh 1. B& mit thé nang chi tiét cua hé phan tng gitta C3H3 véi H,O. Néng luong (kcal/mol) dugce tinh & mirc
CCSD(T)/6-311++G(3df,2p)//B3LYP/6-311++G(3df,2p) + ZPE.
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Hinh 2. Su phu thudc cia hing s tbe do k(T) vao
nhi¢t do T trong hé CsHs + H,O.

Su phu thudc cua k vao T dbi voi timg dudng
phan (g duoc biéu dién ¢ hinh 2. Két qua & bang 1
cho thiy, ca hai duong phan tmg déu c6 hang sd toc
d6 rat nho ¢ nhiét d6 thuong, ching té hé phan tng
rat kho xay ra & didu kién nay, diéu d6 hoan toan phu
hop vai su phén tich vé ning lugng & trén. Khi nhiét
do tang, sy déng gbdp cua 2 dudng nay tang lén, do
nhiét d6 cao gitp cac chat phan tmg dé dang hon
trong viéc vuot qua cac hang rao nang luong TO/P6
va TO/P7. Ngoai ra, duong phan mg thir nhat c6 hang
s6 toc d6 k; 16n hon so vé6i hiang s tbe do k» cua
duong th hai, diéu nay hoan toan phu hop vi dudng
phan tng k; di qua trang thai chuyén tiép TO/P7

52

(2783 keal/mol) thip hon hén so véi dudng thir hai
khi di qua trang thai chuyén tiép TO/P6
(30,7 kcal/mol).

Chinh vi thé, sy dong gop clia duong phan tng
thir hai vao hang sb toc do chung cua ca hé 1a khong
dang ké ¢ vung nhiét d6 thap (dudi 500 K). Do do,
néu khao sat h¢ ¢ ving nhiét do nay thi khong can
tinh dén duong phan tmg ndi trén. Con & ving nhiét
dd cao hon (trén 500 K) thi sy dong gop cua ca 2
duong phan tng d6 1a dang ké trong viéc tao ra san
pham P6 va P7.

3.2. Déng hoc ciia hé phdn vng CsH; + OH

3.2.1. Hang sé toc do cia qud trinh C;H; + OH —
IS1 va CsH; + OH — 182

Bé& mit thé nang cua phan ung cho thdy ca 2 qua
trinh déu vao C;H; + OH — CH,=C=CH-OH (IS1)
va C3H; + OH — HO-CH,-C=CH (IS2) déu khong
¢6 trang thai chuyén tiép. Dé giai quyét kho khan nay,
phuong phép cai bién duoc ap dung trén co s& nang
luong tu do cuc dai (AGimax). Trudce tién quét bé mat
thé niang dbi voi sy tin cong ciia nhém OH vao vi tri
C & hai ddu mach cua C;H; dé tim duong ning luong
cyc tiéu bang cac phuong phap khac nhau. Khodng
cach C;-O trong trang thai trung gian IS1 dugc thay
d6i tir vi tri can bang 1,38A dén khoang cach phén ly
7,38A v6i budc nhdy 0,1A. Twong tu nhu vay,
khoang cach Cs;-O trong trang thai trung gian IS2
dugc thay doi tir vi tri cAn bang 1,43A dén khoang
cach phan ly 7,43 A véi bude nhay 0,1A.
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Céac thong s6 hinh hoc khac dugc t6i vu tai mdi
khoang cach Ci-O va C3-O. Pdi véi mdi clu tric
dugc tbi wu theo phuong phap B3LYP/6-
311++G(3df,2p), s& dugc tinh 3N - 7 tan sé dao dong
va gradient twong Ung. Pé dat dugc do tin cdy cao
hon, ning lugng diém don dugc tinh theo phuong
phap CCSD(T)/6-311++G(3df,2p) cho mdi ciu tric
hinh hoc di duoc t6i wu v6i nhitng diém xung quanh
vi tri ¢6 nang luong tu do cuc dai.

Ngoai ra, thé niang Morse, E(R) = Dc[l-exp(-
B(R-R.))]?, cing dugc st dung dé l1am khép véi thé
nang tinh dugc & mirc B3LYP/6-311++G(3df,2p).

Trong d6, R 1a khoang cach Ci-O hoac C;-O
gitta C ctia C3H; véi O ctia OH; R, = 1,38A ddi véi
IS1 va 1,43A @di vé6i IS2 (gia tri can bang cua R).
Déi véi 181, gia tri B x4c dinh duoc 1a 1,346A" va

=30966,36 cm™ 1a nang lugng dit gdy lién két C-
O kcal/mol, khéng tinh dén ning luong diém khong
(ZPE); tuong tu dbi véi 182, gia tri f va D, tuong ung
1a 1,419 A va 29958,61 cm™. Tir thé ning Morse,
momen quan tinh va cac tan s dao dong tinh duogc,
cho phép xéac dinh AG. Chung t6i tim kiém gia tri cuc
dai AG?,, & cic nhiét do khac nhau tir 300 dén
2100K. St dung gia tri cuc dai cua AG% ., s& thu
duoc hing sb téc d6 VTST, ko va ko, twong tmg cho
su két hop C;Hs + OH — CH,=C=CH-OH (IS1) va
C;H; + OH — HO-CH,-C=CH (IS2). Két qua &
bang 2.

3.2.2. Hang sérwtérc dg cho co ché phan iing C;H; +
OH — san pham

Nhu da phan tich ¢ trén, cac duong phan ung
tao ra cac san phém PR1, PR2, PR4, PRS5, PR6 va
PRS 14 nhitng duong phan (g thuan loi vé mit ning
luwong so voi cac duong con lai. Chinh vi vay, cac
dudng phan tmg nay sé dugc sir dung dé tinh hang sb
tbc d6 phan ung (hinh 3).

PRS
" S.THCHO

%, -108.01

p—7}
CHTCO

Hinh 3. Cac duong phan ung chinh cua h¢ C;Hs +
OH. Nang lugng (kcal/mol) dugc tinh & muc
CCSD(T)/6-311++G(3df,2p)//B3LYP/6-
311++G(3df,2p) + ZPE.
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Khi tinh toan hang s toc d cho giai doan nay,
cdu trac ung v6i AGY,. s& duge sir dung 1am trang
thai chuyén tiép cua cac budc CsH; + OH —> IS1 va
CsH; + OH — IS2. Do gia tri AG%,., dit gifra cac
chu trac tinh duoc, nén cic tan sb dao dong va
momen quén tinh dugc ngoai suy mot cach tuyén tinh
giita cac diém d6. Cac thong s Lennard-Jone dbi voi
C3Hs: 0 = 4,76A; /K = 252K va cac gia tri L-J nay
cia OH: o = 2,75A; ¢/K = 80 K [13]. Cac thong sb
L-J cta tat ca cac trang thai trung gian dwoc tinh dua
trén két qua quét bé mit thé nang su va cham cuia khi
hiém Ar véi cac chét trung gian.

Puong ning lugng cuc tiéu biéu dién qua trinh
dut gay khong c6 trang thai chuyén tiép CH,CHCHO
— C,H; + HCO dat dugc bang viée tinh toan dudng
cong thé ning doc theo toa do phan tmg cua lién két
C-C trong trang thai chuyén tiép IS5. Trong do, do
dai lién két C-C dwogc kéo dai tir gia tri can bing
1,47A dén 8,47A véi bude nhay 0,1A va cac thong sd
khac dugc tdi uru hoan toan. Puong cong dut giy nay
dugc 1am khép véi thé ning Morse dugc sir dung dé
tinh gan dung duong nang luong cuc tiéu doi voi
trang thai chuyén tiép cai blen trong sy tinh toan tdc
dd phan tmg. Céac thong s6 thu dugc nhu sau:
D.=32051,5 cm™; f=1,159A"; R, = 1,47A.

Céc duong phan ung lién quan dén sy dich
chuyén hodc tich nguyén tir H ciing nhu lién két C-C
s& dugc tinh dén hiéu tng duong ham Eckart trong
viéc tinh toan hang s6 téc d6 phan mg. Hang sb tdc
do cua tl‘mg du(‘mg phan tmg (k,, k,, k3, ky, ks, k¢) Va
hang s6 toc do tong (k= k, + ky + ks + ky + ks + k) ©
cac nhiét d¢ khac nhau duoc trinh bay ¢ bang 3.2.4b.
Trong do, ki 1a hing s toc d cua duong RA — IS1
— IS5 — PR4; k»: RA — IS1 — IS5 — PRS; k3t RA
— IS1 — IS5 — PRS; k4t RA — IS1 — PR6; ks: RA
— IS1 — PRI va ks: RA — IS2 — PR2.

Két qua ¢ bang 3.2.4b cho thdy, ¢ nhiét do
thudng cac dudng phan ung tao ra cc san phim PRI,
PR2 va PR6 c6 hang sb tbc do phan {Ung kha nho so
v6i cac duong phan tng tao ra san pham PR4, PR5 va
PRS. Diéu nay phu hop véi bé mat thé nang do chiing
phai trai qua cac trang thai chuyén tiép kha cao -2,78,
-599 va -6,62 kcal/mol so v&i dudong ki
(-19,68 kcal/mol). Khi nhiét do phan ung tang, su
dong gop cua cac duong phan ung déu ting 1én, do
nhiét do6 cao gitp cac chat phan tng dé& dang hon
trong viéc vuot qua hang rao nang lugng. Puong
phan tng & va duong phan img ks c6 hing sb toc do
cao hon cic dudong con lai, phi hop v6i bé mat thé
nang, vi ki la dudng c6 hang rao nang luong thap
nhit, con k» 1a dudng tao ra san pham PRS khong
thong qua trang thai chuyén tiép ¢ giai doan cudi.

Bong thoi ki va ka co gia tri gan nhau, phu hop
voi két qua phan tich ¢ trén vé kha nang canh tranh
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cua san phém PR4 va PRS8. Mat khac, héng s6 toc do
trung binh cua k va k> thu dugc trong khoang nhiét
do 500 - 2100 K c6 gia tri twong tng 1a 6,66x107! va
6,62x107"" cm? molecule™! s™! phu hop kha t6t so voi
cac gia tri tinh dugc ciia Hansen va Miller [9], tuong
tng 1a 4,8x10°"" va 8,3x10"'! cm? molecule™! s”\. Hon
nira hing s6 toc do k» trong khoang nhiét do 1100 -
2100 K ¢6 gia tri 6,92x10'! ¢m? molecule™ s™! cling
phu hop tdt véi gia tri do dugc béng thuc nghiém cua
Eiteneer, B. va Frenklach, M 1a 2,21x10"! cm?
molecule! s [8]. Didu d6 cho thiy cac két qua tinh
toan dugc bang Iy thuyét 1a dang tin cay.

Pé khao sat su phu thudc cua hiang sé toc do
phan tmg & vao nhiét do T, phuong trinh cai bién
Arrhenius s€ dugc st dung dudi dang k(1) =
A.T".exp(-B/T), trong d6 A, B va n 1a cic thira sd can
xac dinh, voi B = E/R. Béng viéc st dung ph?m mém
Origin v6i céc dir liéu dAu vao 1a cac gia tri k va nhiét
d6 T tuong Ung, sau khi dugc lam khdp véi duong
cong dong hoc k(T), cac gia tri dau ra thu duoc nhu
sau: 4 = 1,39x10""; B=26,42 va n =0,35; do d6 biéu
thirc hing sb tong cong kit phu thude vao T co dang:

KT) = 1,39x10"T%%exp(-26,42/T) cm?® molecule™ s
1

-10 4

-11 4

-12 4

—=—k1: RA—>PR4|"
134 —e—k2:RA-->PR8
|| —&—k3: RA—->PR5
—v— k4: RA--> PR6
144 k5: RA > PR1
|| —<4—k6:RA-—>PR2
—»— ktot
-15 T T T T T T T T T T T T T T 1
0.0 0.5 1.0 1.5 20 25 3.0 35

1000(K)/T

Log(k, cm’ molecule™ s™)
(A

Hinh 4. Sy phu thudc cua hang sé toc d6 k(T) vao
nhiét dg trong hé phan ung CsH; + OH.

Bang 2. Gia tri cuc dai AG ., Ung véi d6 dai lién két C-O va hang sb toc do phan tng cho C;H; + OH — 1S

va C3H; + OH — IS2 dugc tinh theo 1y thuyét VTST

T d (Ci-O AGmax ko AGHmax koa
(K) ( (A)) (kcal/mol) (cm*molecule's™) d(C-0) (A (kcal/mol) (cm®molecule’s™)
300 | 2,17 2,33 5,20x10°10 221 2,30 4,91x1010
500 2,15 -3,43 5,48x10710 2,19 -3,38 5,20x10710
700 | 2,12 -4,45 5,94x10-10 2,16 4,41 5,75x10°10
900 2,08 -5,42 6,45x10710 2,12 -5,42 6,43x10710
1100 | 2,03 -6,36 6,97x10°10 2,07 -6,32 6,85x10°10
1300 1,98 -7,20 7,31x10710 2,02 -7,17 7,23x10710
1500 | 1,94 -8,03 7,67x1010 1,97 7,97 7,51x10°10
1700 1,91 -8,81 7,98x10710 1,94 -8,77 7,89x10710
1900 | 1,87 -9,59 8,34x10710 1,90 29,44 8,01x10710
2100 1,82 -10,4 8,76x1010 1,85 -10,2 8,42x1010

Bang 3. Hing s6 téc do, k [cm® molecule™ s'], ciia mot s6 dudng phan tng & trong hé C;Hs + OH

T (K) ky ky ks ka ks ke kiot
300 | 5,27x10°1' | 5.21x10°! 5,33x10712 3,28x1074 | 3,09x10°14 2,77x10°15 1,10x10-1°
500 | 5,63x101! | 5,56x1071 7,24x1012 5,35x1013 5,22x1013 8,41x1014 1,20x10°10
700 | 6,10x10'" | 6,06x10°!! 1,12x10°11 2,23x10°12 | 2,08x10712 4,36x10°13 1,38x10°10
900 | 6,48x101! | 6,41x10!! 1,61x10°! 3,47x1012 | 3,39x1012 8,58x1013 1,53x10°10
1100 | 6,72x107"" | 6,66x10°!! 2,03x10°!! 3,89x10712 | 3,81x10712 1,15x10-12 1,63x10°1°
1300 | 6,86x10!! | 6,83x10°!! 2,42x1011 4,02x10"2 | 3,99x10-12 1,36x10°12 1,70x10°10
1500 | 6,97x107" | 6,94x10°!! 2,83x10°!! 4,41x102 | 4,37x10°12 1,57x10-12 1,78x10-1°
1700 | 7,03x10! | 7,00x10°! 3,25x101 4,62x10"2 | 4,55x1012 1,78x10°12 1,84x10°10
1900 | 7,07x107" | 7,03x10°!! 3,59x10°!! 4,86x10712 | 4,80x10712 2,02x10-12 1,89x10-1°
2100 | 7,12x107" | 7,05x10°!! 4,18x10!! 5,12x10712 | 5,06x10°12 2,16x10-12 1,96x10-1°
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4. Két luan

Bing viéc sir dung 1y thuyét TST, VTST va
RRKM, hing s tbc do cho cac dwong phan tng
chinh trong 2 h¢ C;Hs + H>O va C3Hs + OH da dugc
tinh toan trong diéu kién p=1 atm va 7=300-2100K.
Két qua tinh dong hoc cho thay, hé phan mg giita
gbc propargyl voi phan tir nudc xay ra rat cham, &
nhiét d6 thuong (7 = 300K) hang s6 toc do chi la k =
4,10x10** cm? molecule! s'. Két qua nay hoan toan
phil hop véi su phén tich v& bé mit thé nang do cac
duong phan tung trong hé CsHs + H,O phai trai qua
nhitng hang rao ning lugng rit cao, thip nhit ciing 1a
27,83 kcal/mol (hinh 1). Trong khi d6, phan ung gitia
gbc propargyl v6i gbc hydroxyl lai xay ra rt nhanh
(k=1,10x10"° cm?® molecule! s, T=300K). Ngoai ra
két qua tinh dong hoc cho hé phan tmg thir hai rat phu
hop véi két qua thuc nghiém ctia 2 nhém tac gia 1a
Hansen va Miller (500 - 2100K) [9] va Eiteneer, B.
va Frenklach, M (1100 - 2100K) [8].
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