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Tém tit: Nghién ctru ly thuyét nay trinh bay chi tiét co ché, tinh chit nhiét dong va dong hoc phan
ung cua goc metyl voi metanol. Cac tinh toan dugc thuc hién dua trén ly thuyet obitan phan tur

bang cach st dung cac phuong phap CCSD(T)/B3LYP/6 -311++G(3df,2p) két hop véi ly
thuyet trang thai chuyen tlep bién doi (VTST) Két qua cho thdy, trong khoang nhiét do
300K dén 2000K, ¢ ap sudt 760 Torr, biéu thirc hing sd toc do ctia cac phan tmg CH; + CH;0H —
CH4+ CH,OH (a), CH;+ CH;0H — CH,+ CH;0 (b) va CH; + CH;OH — H+ CH30CH; (c) lan

luot 1a: k(T)(@) = 2,146x1027.T* exp(-33,47[k)/mol/RT); k(T)(b) =

2,583x1027.T*32 exp(-

29,56[kJ/mol]/RT); k(T)(c) = 1,025x102.T>!6.exp(-186,84[kJ/mol]/RT). Khi nhiét d6 trén 730K,
qua trinh tach nguyén tir H wu tién xdy ra ¢ vi tri nhom -CH3 trong phan tr metanol, nhung ¢ du6i
730K, qua trinh tdch nguyén tit H & vi tri nhém -OH lai chiém wu thé hon.

Tuwr khoa: BDong hoc, metyl, metanol, ab initio.

1. Pit van dé

Gbc metyl (CHs) 1a mot trong nhitng phan
tr hoat dong dwoc nghién ctru nhiéu trong cac
quéa trinh d6t chay. Ching gan nhu khong bi
phan huy khi & nhiét d6 cao, day l1a diém khéc
biét so v6i cac gbe ankyl khac [1, 2]. Metanol
(CH;0H) c6 thé dugc st dung nhu mot loai
nhién lidu thay thé co tac dong gy 6 nhiém
thip hon so véi cac ngudn nhién li¢u phé bién
hién nay va cé thé duoc san xuét tir con duong
sinh hoa vi vy céac phan Uing cua metanol dugc
nghién ctru rat rong rdi [3-6]. Phan Gng cua goc
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metyl voi metanol da dugc nghién ctru rt nhiéu
ké ca vé thyc nghiém 14n 1y thuyét [7-12]. Phan
mg nay tuan theo co ché tach bac 2 qua hai
hudng:

CH; + CH3;0H — CH4+ CH,OH (Rl)

CH; + CH3;0H — CH4+CH;0 (R2)

Két qua thuc nghiém dong hoc cua phan
tmg R1 lan dau tién dugc cong bd bai Shannon
va cong sy nam 1963. Theo do, b::ing k¥ thuat
phan tich phd khéi, ¢ nhiét d6 406-472K,
Shannon tim thiy biéu thic téc d6 k=3,99x10-
B3 [ecm*/molecule s].e#*48 [/moleIRT 7] Nzm
1987, hiang s6 téc do cua phan tng nay duoc
Tsang tong két lai qua biéu thiuc k=1,12x10"
15 [cm3/molecule S] (T/298 K)3’1°.e'29’°2 [kJ/mole]/RT
trong pham vi 300-2500K [13]. Gan day nht,
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vao nam 2013, van dé nay mot lan nita duoc
nhom cua Peukert nghién ctru lai bang ky thuat
phé UV-vis va tim thly k= 9,62x10"
12 [em*/molecule s].¢6%!7 W/molIRT trono khoang
nhiét do 1138-1270K [10]. Két qua nay co su
sai khac dang ké so voi két qua cua Tsang va
cic két qua tinh 1y thuyét truée do6 cua
Jodkowski khi sir dung phwong phap hdon hop
Gaussian-2 (G2), phuong phap nhiéu loan MP2,
MP4 véi bd ham co s¢ 6-31G** [8]. Trong
nghién ctu nay, bang cac phuong phap ly
thuyet ab-initio voi bd ham co s¢ 16n hon rat
nhiéu, chung t6i khao sat diy du hon cac duong
phan tmg ddng thoi cling xac dinh hing sb toc
d6 cta hé phan Uing nay, qua do6 kha nang xay ra
ciia mdi phan tng khi nhiét do thay ddi ciing
duoc xem xét.

2. Phuong phap tinh toan

Pé thuc hién céc tinh toan hoa lugng tir,
phuong phip phiém ham mat d6 lai hoa
(B3LYP) st dung ham trao doi 3 thong sb ciia
Becke [14-16] va ham tuong quan ctiia Yang va
cong su [17] két hop voi bd ham co s& 6-
311++G(3df,2p) [18] dugc dung dé t6i wu hinh
hoc cta cac cdu triic chit phan tng, trang thai
chuyén tiép va san phdm. Tan sb dao dong, gia
tri hi¢u chinh cac dai lugng nhiét dong cua cac
cAu tric cling dugc tinh tai muc nay va dugc
diéu chinh béi thira s6 0,9679 [19]. Bé c¢6 duoc
cac gia tri ning lugng diém don chinh x4c hon
chung t6i sit dung phuong phap tuong tac chum
CCSD(T)/6-311++G(3d,2p) bing cach dung

cac hinh hoc cua cac cAu trac da t6i uu ¢ trén
[20]. Céc tinh toan dugc sit dung bang chuong
trinh GAUSSIAN 09 [21]. Sy phu thudc cia
hang s tdc d6 vao nhiét do & ap suat 760 Torr
dugc tinh toan bang 1y thuyét trang thai chuyén
tiép bién d6i (VTST) c6 su diéu chinh hiéu mg
duong hdm Eckart [22].

3. Két qua va théo ludn
3.1. Bé mat thé nang va enthalpy ciia phdn g

C6 3 trang thai chuyén tiép dwoc tim thiy
cho qua trinh gbc metyl tan cong vao phén tur
metanol. Hinh hoc cta 3 cdu triic chuyén tiép
nay duogc thé hién trén hinh 1. Phan tng R1 qua
TS-k; (13,60 kcal/mol). Phan ung R2 qua TS-k,
(12,9 kcal/mol). Nhu véy, hang rao nang lugng
cua qua trinh tach nguyén t& H trong phan tu
metanol ¢ vi tri nhém OH cé sy giam nhe so
vOi qua trinh tach nguyén to H ¢ vi tri nhom
CHs. Cac gia tri nang lugng tuwong quan cua
chung t6i tinh duoc trén bé mit thé ning & hinh
2 ¢6 sy giam nhe khong dang ké so véi két qua
tinh cua Jodkowski. Ngoai ra, chiing toi con tim
thay mdt phan tmg c6 co ché thé khac, khi do
gdc metyl s& tan cong vao thay thé nguyén tu H
trong nhém —OH ciia phan tr metanol dé hinh
thanh san phim dimetyl ete:

CH; + CH3;0H — H + CH30CH; (R3)

Tuy nhién, phan tng thé R3 qua TS-k; c6
hang rao ning lugng rat cao (47,61 kcal/mol),
chimg t6 R3 rat kho xay ra.

Hinh 1. Hinh hoc céc cAu tric chuyén tiép t6i wu theo phuong phap B3LYP/6-311++G(3df,2p).
Do dai lién két tinh theo (A), goc lién két tinh theo (°).
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Ning luong Gibbs, enthalpy chuén cua cac
phan tmg thé hién ¢ bang 1. Mic du phan tng
R1 c6 hang rao nang luong 16n hon phan tng
R2 nhung nang lugng Gibbs cuia R1 lai am hon
nhiéu so v6i R2. Diéu nay chimg té trong phan
tmg cua gbc metyl vao metanol co su canh
tranh cua qua trinh tach nguyén tir H ¢ vi tri -
OH véi vi tri -CH; trong phan tir CH;OH. Két
qua tinh enthalpy cho céc phan ing cua chung
t6i co su phu hop rat tét khi so sanh vé6i két qua

tinh tir nhiét hinh thanh cua cac chét ctia nhém
tac gia Goos, Burcat, va Ruscic [23], ching té
cac phuong phap ma chung t6i lya chon 1a dang
tin cay.

Duy nhat ning lugng Gibbs ciia phan {mg
R3 c¢o6 gid tri duong 16n (23,32 kcal/mol) nén
kha ning xay ra phan tmg R3 & diéu kién chuén
la khong thuén lgi vé mat nhiét dong. Diéu nay
phu hop voi hang rao nang lugng cua phan ung
R3 rét 16n nhu d3 phan tich & trén.
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0o AT 1.0
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Hinh 2. B& mit thé nang PES (kcal. mol!) ctia phan ing CH; + CH3OH tinh tai CCSD(T)/B3LYP/6-
311++G(3d,2p). Gia tri in nghiéng dugc tham khao tur tai licu [8].

3.2. Hang s6 toc do

Biéu thire hing sb téc do dudi dang 3 thong
sd cua ca phan ung R1, R2 va R3 duoc trinh
bay trong bang 1. Gia tri hang s6 toc do trong
pham vi nhiét @6 1138-1270K ma nhom tac gia
Peukert dd khao sat duoc chung t6i tinh toan dé
so sanh thé hién trén bang 2. Dé khao sat su
phu thudc cua hing sb tbc do6 phan tmg vao
nhiét d6 chung t6i xdy dung duong biéu biéu
dién su phu thudc cia logk vao 1000/T, Kkét qua
thé hién trén hinh 3.

Déi véi phan tmg R1, két qua ciia chiing t6i
c6 gia tri rat gan voi két qua thuc nghiém cua
Peukert va c6 su giam nhe so voi két qua cua
Tsang. Nhin chung 1a két qua tinh 1y thuyét cua
chung t6i phu hop tot voi két qua cia Peukert
va Tsang. Két qua tinh cua ching t6i 1a tot hon
rat nhidu so voi két qua tinh trudc ddy cua
nhém Jodkowski. Trén dd thi & hinh 3a, cac
duong thang biéu dién sy phu thudc cua logk
vao 1000/T cua chung toi rat gan véi cac duong
ctia Peukert va Tsang nhung rét tach biét so véi
dudng biéu dién cua Jodkowski.
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Bang 1. Biéu thirc hing sb toc do, nang lugng Gibbs va enthalpi ctia cac phan ting
5 S 0 AH? kcal/mol
Phan Hang s6 toc d6 (cm® mol' s™) AG 2ok . Z,QSK ( ) 5
ung (kcal/mol) ba tinh Tham khao [23]
R1 k1=2,146x1027.T4%* exp(-33,47[kJ/mol]/RT) -7,92 8,33 8,92
R2 k2=2,583x1027 T2 exp(-29,56[kJ/mol]/RT) -0,07 0,74 0,17
R3  k3=1,025x10"3.T>1%.exp(-186,84[kJ/mol]/RT) 23,32 20,04 21,10
(@) faa linr;v | R
4304 e : +#§:ﬁ: I?:] o 136 o_ ®) :iodukowski 2
e P s S,
3.2 -1‘.1_77_'». -13.8 .-
-13.44 -14.0
X -13.64 E’ 142
E P
-13.84 144
-14.0 -14.6

0.78 O.éO 0}82 0.:54 0.]86 U,IBB
1000/T (K)
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Hinh 3. Su phu thugc cua logk vao 1000/T tai ap suét 760 Torr cua phan ung CH3 + CH;OH — CH4+ CH,OH
(a) va CH3 + CH30H — CH4+ CH30 (b)

Nhu ¢ trén da phan tich, phan rng R2 mac
du c6 hang rao ning luong thip hon phan tng
R1 nhung lai c6 nang lugng Gibbs duong hon
va két qua tinh ciing cho thdy R2 c¢6 hang sb toc
do6 phan ung nhé hon. So vé6i két qua thuc
nghiém ciia Peukert va Tsang thi két qua tinh
clia chung t6i cho gia tri hang s6 toc do phan
mg R2 16n hon. Tuy nhién, nhiing két qua nay
van c6 su phu hop tot hon nhiéu so voi két qua
ctia nhom Jodkowski.

Trong cac cong trinh dd cong bd trude day,
duong phan tmg R3 chua duoc xac dinh. C6 thé
do R3 ¢6 hang s6 téc d6 phan mg rat nho. Tai
300K, k; = 1,81.10* cm?*mol™' s! va tai 2000K
thi k3 = 3,57x107'® cm® mol ! s!. R rang 13 kha
ning xay ra phan tmg R3 1a rit kém. Phan tng
ctia gbc metyl vao metanol uu tién xay ra theo
R1vaR2.

Bang 2. Hang s6 toc d6 (cm® mol™' s™') ctia phan tmg CH; + CH3;OH — CHs+ CHOH da tinh trong pham vi
1138-1270 K va gié trj tham khéo tinh theo 1§ thuyét [8] va thuc nghiém [10], [13]

CH; + CH;0H — CHs+ CH20H CH; + CH;0H — CHa+ CH;O
T(X)
Da tinh 8] [10] [13] Da tinh 8] [10] [13]

1138 1,01x10™  4,94x10%  1,13x10™%  1,34x10™  748x10"5  1,10x10  2,14x10'5 3,32 10715
1150 1,10x10™  536x10  121x10™  143x10™  8,10x1075  1,19x10™  227x10'5  3,54x 10715
1175 131x10™  6,34x10  139x10™%  1,63x10™  9,53x105  1,39x 104 2,58x105  4,04x 10°'5
1200 1,55x10™  7,46x107  1,59x10%  1,86x10™  111x10™%  1,62x10  291x10"5  4,59x 10°'5
1225 18210 8,75x107*  1,81x10™  2,12x10™  130x10™  1,87x10  326x10'5  5,19x 10715
1250 2,13x10™  1,02x1073  2,05x10™%  2,40x10™  1,50x10™4  2,16x10  3,64x10'5  5.85x 10715
1270 241x10™  1,15x103  226x10™*  2,64x10™  1,69x10™*  241x10  397x1015 642 1071
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D4 thi biéu dién su phan bd san phim trong
khoang nhiét 36 300-2000K duogc thé hién trén
hinh 4. Ching ta nhan thiy rit r ham luong
san phdm phan tng R3 1a H + CH;0CH; chiém
ty 16 khong dang ké. Pang chi y 1a ¢ khoang
nhiét d6 dudi 730K thi san phdm ctia phan mg
R2 s€ uu tién nhung ¢ nhiét do tr 730-2000K
thi san phim CH4 + CH,OH cua phan umg R1
lai chiém wu thé. RS rang 1a biéu thic hing sb
toc do ctia R1 va R2 tir bang 1 cho thay, k; va k>
ddng bién voi nhiét do T. Gia tri cua k; ting
theo nhiét d0 nhanh hon £, boi s6 mii cua T
trong thira s6 trude mil va gia tri tuyét dbi cua
s0 mil ¢ exp(-Eo/RT) trong bleu thirc cua £; déu
16n hon cua k; twong Gmg. Didu nay din dén hé
qua la khi tang nhiét do, gia tri cia k; s€ tang
nhanh hon, dén mét lic nao dé (730K) s& 16n
hon k; va san phidm cua R1 s& nhiéu hon R2
mic du lac dau it.
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Hinh 4. Sy phu thudc ciia ham lugng san phém vao
nhiét do.

4. Két luan

Bing cach s dung cac phwong phap tinh
hoéa lugng tir ab initio ¢6 do chinh xac cao
CCSD(T)/B3LYP/6-311++G(3df,2p), cac
dudng phan tmg tach va thé nguyén tir H trong
phan tir metanol ctia phan ing CH;+CH3;0H da
dugc khao sat diy du. Hang s6 toc do tinh theo
ly thuyét VTST va enthalpy va ciia cic phan
ung cling dugc xac dinh va so sanh véi cac dir
kién thuc nghiém. Cac két qua cho thdy cac
duong phan tmg tach déu dé xay ra hon rat

nhidu so v6i dudong phan tng thé. Trong phan
tir metanol, su tach nguyén tir H ¢ vi tri nhdém —
CH3 1a nhanh hon & vi tri nhém —OH & pham vi
nhiét do khao sat. Biéu thirc hang sb téc do
dang ba thong sd cho cac phan ung CHj
+CH;3;0H tuong ung theo sy tao thanh cac san
pham CH,OH, CH;0 va CH;-O-CH; ¢ 4p suat
760 Torr lan luot 14 k;=2,146x1027.T*%* exp(-
33,47[kJ/mol/RT);  k»=2,583x10%7.T** exp(-
29,56[kJ/mol/RT);  k3=1,025x102.T>16 exp(-
186,84[kJ/mol/RT). B¢ hinh thanh san pham
CHa, thi su tach nguyén to H ¢ vi tri OH trong
phan t&r metanol chi chiém wu thé & nhiét do
dudi 730K, con sy tach nguyén tod H & vi tri
nhém - CH; s& chiém wu thé & trén 730K.
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Kinetics of the Reaction of Methyl Radical with Methanol

Nguyen Huu Tho, Nguyen Xuan Sang

Saigon University, 273 An Duong Vuong, Ward 3, District 5, Ho Chi Minh City, Vietnam

Abstract: This work studied theoretically in details the mechanism, kinetics and thermochemistry
of reactions of methyl radical with methanol. The theoretical study was carried out by ab initio
molecular orbital theory based on CCSD(T)/B3LYP/6-311++G(3df,2p) methods in conjunction
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variational transition state theory (VTST). Calculated results showed that, in the temperature range
from 300K to 2000K, and the pressure at 760 Torr, temperature dependent rate constants of the
reactions were:

CH; + CH;OH — CHy+ CH,OH  K(T) = 2.146x10?7. T+ exp(-33.47[kJ/mol/RT),
CHs+ CH;OH — CHs+ CH;O0  K(T) = 2.583x10%7.T*52.exp(-29.56[kJ/mol/RT),
CH; + CH;OH — H+ CH;OCH:  K(T) = 1.025x10%.T>1% exp(-186.84[kJ/mol/RT)

When the reaction temperature is above 730 K, the abstraction process of H in —CHj; group of
methanol will occur faster. The abstraction process of H in —OH group dominates when the reaction
temperature is below 730 K.
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