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Tom tit: Cac dudng phan tng cua gdc metyl véi propanol-2 (i-C;H,OH) duoc nghién ciru bang 1y
thuyét phiém ham mat do tai mic B3LYP/6-311++G(3df,2p). C6 bay dudng phan tng dé hinh
thanh bay hdn hop san pham: CH, + (CH5),COH, CH, + (CH;),CHO, CH, + CH;CHOHCH,,
CH30H + CH3;CHCHj3, C;Hg + CH;CHOH, (CH5),CH-O-CHs + H, (CH5)sCH + OH. Két qua phan
tich thong s6 nhiét dong va duong phan tmg cho thdy khi metan c6 thé duoc tao ra tir ba duong
phan ung khac nhau. Sy tach nguyén tir H tir vi tri cacbon bac 2 trong phan tir propanol-2 1a hudng

vu tién nhat cia hé phan mg nay.

Tir khéa: Metyl, propanol-2, B3LYP, trang thai chuyén tiép.

1. Pit van dé

Trong héa hoc cla cac qua trinh dot chay
cac hop chét hitu co, gbc tw do metyl (CHs) la
mot trong nhitng phan tir hoat dong duoc
nghién ctru rong radi. Sy khac biét gitra géc tur
do metyl voi cac gbe tu do ankyl khac 1a kha
nang it bi phan huy & nhiét d6 cao [1-3]. Tuong
tu nhu etanol (C,HsOH), cic ddng phan cua
propanol (Cs;H;OH) ciing ¢ thé duoc tong hop
tr con dudng sinh khdi va st dung nhu mot loai
nhién liéu sinh hoc [4-6]. Gan day, viéc can
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thiét phai han ché su gia ting cua cac khi giy
hiéu mg nha kinh d6i v6i méi truong da thic
day cac nghién ctru vé qué trinh d6t nhién liéu
tai tao. Mot s6 két qua nghién ciru cho thdy viée
sir dung ancol 1am nhién liéu ciing c6 thé anh
huong dén stic khoe con nguoi boi cac san
pham phu 1 andehit [7, 8]. Phan tng cua gc tu
do metyl véi metanol, etanol dd dugc nghién
ctru nhidu, ddy du ca vé 1y thuyét va thuc
nghiém [9-14], nhung voi propanol-2 con rat
han ché. Cho dén thoi diém nay, qua khao sat,
chung t6i chi tim thiy mot nghién ciru thuc
nghiém tor nam 1968 cua P. Gray vaA. A.
Herod. O d9, céc tac gia da dua ra hing s tbc
dd cua phan tng tao thanh CH,4 trong pham vi
nhiét d6 135-250°C [15]. Tuy viy, co ché chi
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tiét cua hé phéan ng nay van chua duoc dé cap,
ngoai metan con c6 cac san pham nao khéc co
thé sinh ra khong van chua dugc hiéu day du.
Trong nghién ciru 1y thuyet nay, chung t6i sé€
lam sang to nhitng vin d¢ trén thong qua viée
khao sat ddy du cac duong phan Ung gilia gbe
metyl va propanol-2 bang phwong phap nghién
ctru 1y thuyét phiém ham mat do.

2. Phuong phap tinh toan

Trong cac phép tinh hoa luwong tir bang
phuong phap phiém ham mat d9, phiém ham lai
ghép dung ham trao dbi ba thong sb ciia Becke
va ham tuong quan cua Yang véi cong su [16-
19] két hop v6i bd ham co so Pople duoc st
dung trong cac tinh toan nay [20]. Tat ca cac
céu trac hinh hoc cia chat tham gia, trang thai
chuyén tiép (TS) va chat san pham déu dugc tdi
vu tai mic B3LYP/6-311++G(3df,2p). Tan sb
dao dong, gia tri hiéu chinh cac dai lugng nhiét
dong cua cac cau trac ciling dugc tinh tai muc
nay va dugc diéu chinh boi thira s6 0,9679 [21].
Céac TS déu dam bao phai c6 mot gia tri tin s6
dao dong 4m. Ngoai ra, dé kiém tra tinh phu
hop ciia cau trac TS ddi v6i qué trinh tao ra san

hién. Tpén b@ cac tinh toan trén duogc thuc hién
trén phan mém GAUSSIAN 09 [22].

3. Két qua va thao luin

Khi phén tir propanol-2 bi tan cong bai gbc
tu do metyl thi mot nguyén tir H s€ bi tach khdi
phan tir propanol-2 két hop véi gbc metyl tao
thanh metan. Sy tach mot nguyén tir H nay co
thé xdy ra & ba vi tri khac nhau. Néu tach tir
nguyén ti C bac 2 trong propanol-2 ta c6 phan
mg Ry, néu tach tir nhém hydroxyl —OH ta c6
phan tng R,, va sy tach nguyén tir H tr nguyén
tr C bac 1 ta c6 phan ing Rs. Néu nhom tach ra
tr phan tir propanol-2 1a nhém hydroxyl s€ cho
phan tmg R, véi san phdm 1a metanol. Nhom
metyl trong phan ti propanol-2 c¢6 kha ning
tach ra s& cho ta san pham etan trong phan g
Rs. Ngoai cac phan ung tach R;+Rs duge néu &
trén, hé phan Gng cia gbc tu do metyl va
propanol-2 ciing c6 thé ton tai cic dudng phan
tmg thé. Néu gbc tu do metyl thé vao vi tri
nguyén tir H trong nhém hydroxyl —OH ta dugc
duong phan ng Re tao ra metyl isopropyl ete,
va néu gbc ty do metyl thé vio ca nhom
hydroxyl —OH ta duoc san pham 1a isobutan

pham, viéc tinh toan toa do ndi phan tmg (IRC - trong dudng phan ung R;.
Intrinsic Reaction Coordinate) ciing duoc thuc
CH3 + i'C3H7OH — TSl — CH4 + (CH3)2COH (R]_)
CH3 + i'C3H7OH — TSZ — CH4 + (CH3)2CHO (Rg)

CH3 + i-CgH7OH — TS3 - CH4 + CH3CH(OH)CH2 (Rg)
CH3 + i'C3H7OH - TS4 — CH3OH + (CH3)2CH (R4)

CH3 + i-CgH7OH — TSs — CzHG + CH3CHOH (R5)
CH3 + i'C3H7OH — TSG — CH30CH(CH3)2 +H (Re)
CH3 + i'C3H7OH — TS7 — (CH3)3CH + OH (R7)

3.1. Cdu triic hinh hoc

Nhu trén di phan tich, cac TS déu duoc
ching t6i kiém tra sy chinh xac bang viéc phan
tich IRC va tin sé dao dong. Piéu nay duoc
minh hoa qua TS; ¢ bang 1. R6 rang TS, chi c6
1 gla tri tin s6 dao dong am la -1430,5 phu hop
v6i diéu kién can cta mot trang thai chuyén

tiép. Thong s6 hinh hoc ciia mét sd céu tric co
toa do nodi bang -0,991; 0,000 va 0,987 cua
duong phan ung R; cho thdy ciu trac TS; thuc
su phu hop voi qué trinh gbc metyl tan cong
vao phan tir propanol-2 dé hinh thanh san phdm
CH4 va (CH3)ZCOH
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Béang 1. Tén sb dao dong ctia TS; va thong s6 hinh hoc cia mot s6 ciu truc tai cac diém toa do
ndi -0,991; 0,000 va 0,987 cuia Ry

R iz i Tén s6 dao dong
Thong so cau tric ;
cua TS;

-1430,5; 15,2;
112,2; 114,2;
203,5; 237,0;
322,6; 3419,
367,7, 418,8;
519,2; 5251,
555,9; 819,2;
942,0;

108.50 0 979,6;

983,3;

1102,3; 1106,3;
1162,6; 1218,3;
1318,6; 1395,4;
1405,7; 1411,2;
1422,5; 1441,7,
1448,4; 1478,1,
1484,4; 1495,2;
1502,0; 3002,2;
3012,2; 3057,9;
3059,6; 3077,0;
3088,3; 3104,7;
3190,6; 3196,8;
3828,4

IRC = 0,987
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Thong s6 hinh hoc vé do dai va goc lién két
cua céc cau tric CH;, CH,, CHOH x4c dinh
theo thyc nghiém va ly thuyét duogc dua ra &
bang 2. Két qua so sanh cho thiy c6 su phu hop
rat tot gitra cac gia tri thuc nghiém véi cac tinh
toan 1y thuyét cua ching t6i. RS rang 1a phuong
phép tinh toan ma ching t6i da lya chon l1a hop
ly. Cau trac hinh hoc cta 7 trang thai chuyén
tiép va i-CsH,OH xé4c dinh bang phwong phap
B3LYP/6-311++G(3df,2p), dugc trinh bay &
hinh 1. Tt sy phan tich hinh hoc cua céac cdu
trdc TSy, TS, TS; ¢6 thé nhan thay, trong cac
duong phan mg tao CH,, dé hinh thanh cac TS,
gbc tur do metyl ciing v6i nguyén tir H chudn bi
tach va nhom X (X thay thé cho cac nhom
(CH5),C(OH)-, (CH3),CHO-, CH3;CH(OH)CH,-
) & vi tri gin nhu thing hang v&i nhau, cic goc
lien két CHs-H-X tuong tng lan luot Ia
177,88% 177,76° ; 178,42°. B¢ dai lién két
(CH5),CH-OH sép dit va d6 dai lién két chudn

bi hinh thanh CH3-OH trong cau triac TS, ¢6 cac
gia tri twong ung 1,881 A va 1,858 A cho thiy
xu hudng tach rd rang ctia nhom OH tao ra
metanol trong duong phan ung R4. Trong TSs,
lién két CH;CHOH-CHs bi kéo dai 1én t6i 1,971
A so voi ban dau chi c6 1,525 A trong
i-CsH;OH, con khoang cach CHj--CH3 chuan
bi hinh thanh phan tir etan c6 gia tri twong ddi
16n 2,018 A. O TS, lién két sip hinh thanh
CH3-OHCH(CHa), c6 gia tri 1,615 A, lién két
O-H bi kéo gian 1én 1,077 A 16n hon nhiéu so
voi ban dau chi 1a 0,961 A trong phan tir i-
C3;H;OH, phu hop véi qua trinh tach mot
nguyén tr H ¢ duong phan Gmg Re. D6i véi
TS;, khoang cach gitra nhém -OH va nhém
(CH3),CH bi kéo ra kha xa v&i do 16m 2,034 A,
trong khi d6 khoang cach CHjz---CH(CHz3),
chuan bi dugc hinh thanh 1a 2,241 A, phu hop
v6i sy qua trinh sip tach ra ciia nhém —OH tao
ra isobutan & R.

Bang 2. Gia tri hinh hoc ctia mot so cau truc

Céu tric Thue nghiém

B3LYP/6-311++G(3df,2p)

CH, d(C-H) = 1,079 A;
Z (HCH) = 120,00°
CH, d(C-H) = 1,087 A;
Z (HCH)=109,47°
d(0O-H) = 0,956 A;
d(C-0)=1,427 A
d(C-H) = 1,096 A;
Z (HCH) = 109,03°;
Z (COH) = 108,87°

CH,OH

[24, 25]

d(C-H) = 1.078 A;
[23] £ (HCH)=120,00°
d(C-H) = 1,088 A;
Z (HCH)=109,47°
d(O-H) = 0,959 A;
d(C-0)=1,421 A
d(C-H) = 1,094 A;
Z (HCH) = 109,02°;
[26] Z (COH) = 109,03°

3.2. Gia tri nhiét dong va dwong phdn ung

Cac gia tri nhiét dong bao gém bién thién
enthalpy, entropy va nang lugng Gibbs tinh
theo B3LYP/6-311++G(3df,2p) cia 7 duong
phan tmg duoc trinh bay trong bang 3. Cac két
qua trén cho thiy su phu hop kha tét vé phuong
phép tinh toan hoéa luong tr ciia chiing t6i so
véi gia tri tinh tir nhi€t hinh thanh thuc nghiém
clia tai lidu tham khao [27]. Sai sb khoang 3
kcal/mol cho thiy phuong phap ching toi sur
dung c6 do tin cay chap nhan duoc. O diéu kién

nhiét d6 298,15K va ap sudt latm, cac duong
phan tng tao metan R;, Ry, Rz va duong Rs cd
bién thién enthalpy va ning luong Gibbs 4m
nén c6 su thuan loi vé mat nhiét dong. Pac biét,
phan tmg R; c6 bién thién enthalpy (-13,78
kcal/mol) va nang luong ty do Gibbs (-13,88
kcal/mol) am nhat nén day 1a phan Gng d& xay
ra nhit vé mat nhiét dong Nguoc lai, cac
dudng phan tng Rg va R; co bién thién
enthalpy va ning luong Gibbs déu dwong nén
vé mit nhiét dong rat kho xdy ra & diéu kién
néu trén.
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107.65

TS;

179.03

2.018

H 107.53

TSs TS6

TS, I-CsH,OH

Hinh 1. C4u trac hinh hoc t6i wru cua cac trang thai chuyén tiép va i-CsH;OH tinh theo phuong phap B3LYP/6-

311++G(3df,2p), do dai tinh theo don vi (A), goc tinh theo .
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Béng 3. Thong s6 nhiét dong hoc ciia cac duong phan tng R; + R;

(]
AH298,15K . .
Phan mg I.<y (kcal/mol) ASzseisk  AGag15
higu Tham  (calimol)  (kcal/mol)
ba tinh
khao [27]
CH; + i-C3H;OH— CH, + (CH3),COH R: -13,78 0,35 -13,88
CH; + i-C3H;OH— CH, + (CH3),CH-O R, -2.75 0,90 -1,49 -2,30
CH;+ i-C3H,OH — CH, + CH;CHOHCH, R3 -3,14 1,02 -3,45
CH; + i-C3H;OH — CH30H +(CH,),CH Ry 0,03 3,64 9,53 -2,81
CHj; +i-C3H;0H — C,Hg + CH3;CHOH Rs -6,63 -3,14 6,16 -8,46
CHs + i-C3H;OH — CH30CH(CHs3), + H R 25,60 21,98 -10,62 28,76
CH3 + i-C3H7OH — (CH3)3CH + OH R7 9,19 6,76 '2,82 10,03
E
A kcal/mol
’TS7 N
T 60
g
g
& 49,82
% T 50 — /
o iTse =2
£ ! TS5
21w : 138,87
g ! TS4 ¥
T 30
: 25,75
* m— R 6 CH;OCH(CH,), + H
+ 20 Lo
Lo 13,94
Pl LTS3 N " 9,46
R T 386 ‘s R7 (CH3);CH +OH
L T Ts2 A
S "/ ’ e R4 CH,OH + CH,CHCH
—-— \\‘4 3 3 3
CH; + GH,0H - muide R, CH, +(CH;),CHO
\327 R;CH,+CH;CHOHCH,
‘—
+-10 626 RS CH, +CH;CHOH

Rapyy 375 Ri CH,+ CHyC(OH)CH,

Hinh 2. Cac dudng phan cta hé CHs + i-C3H;0H tinh bang phuong phap B3LYP/6-311++G(3df,2p).
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Cac duong phan Ung cia hé¢ CHz + i-
C3H;OH dugc trinh bay rd qua hinh 2. Gia tri
hang rao nang luong cua céc trang thai chuyén
tiép tang dan tir TS; = TS; cho thdy xu hudng
clia cac duong phan tng Ry + R; giam dan vé
mat dong hoc. Phan tng R; c6 hang rao ning
luong thap nhét, dong thoi lai thuan lgi nhat vé
mat nhiét dong nhu da phan tich ¢ trén, cho
thdy phan tmg Ry c6 xu huéng chiém wu thé
nhat. Nang lugng Gibbs va bién thién enthalpy
cua R, va R; tuong tmg 1a -2,30 kcal/mol, -2,75
kcal/mol va -3,45 kcal/mol, -3,14 kcal/mol.
Phén tmg R, ¢ ning lugng Gibbs va bién thién
enthalpy duwong hon khong nhiéu so véi phan
mg Rs nhung lai ¢6 hang rao ning lugng thap
hon dang ké, ctia TS, va TS; twong tmg 1a 8,86
keal/mol va 13,94 kcal/mol, nén c6 thé & day
yéu tb dong hoc quyét dinh kha ning phan ing
va R, s& dé xay ra hon R; nhung ca hai deu
cham hon so véi R;. Vi vay, khi metan chu yeu
duogc sinh ra tu phan ung R;. Cac phan tng Rg
va R; c¢6 hang rao ning luong rat cao, ning
lugng twong quan cia TSe va TS; twong tmg 1a
49,82 kcal/mol va 69,66 kcal/mol, két hop véi
két qua phan tich nhiét dong & trén c6 thé két
luan kha nang xdy ra cua cac dudng phan tng
nay 1a rat kém. Phan tng R, va Rs du ¢6 su tng
ho vé mit nhiét dong nang lugng Gibbs cia cac
phan g R, va Rs 1an luot 1a -2,81 kcal/mol va
-8,46 kcal/mol nhung hang rao nang lugng
cling qua 16n nén chung khong thé xay ra &
pham vi nhiét d thap. Két luan trén cta ching
toi phu hop vai dit kién cua P. Gray va A. A.
Herod khi khao sat thyc nghiém chi tim thay
san phém metan & mién nhiét do 135-2500C.

4. Két luan

Céc duong phan ung giita gbc tu do metyl
va phan tur propanol-2 da dugc khao sat mot
cach diy du boi phuong phap phiém ham mat
d6 c6 do tin cay cao B3LYP/6-311++G(3df,2p).
Hang rao ndng lugng ctuia bady duong phan tng
R;+ R; lan lugt 1a 7,66; 8,86; 13,94; 38,87;
45,82; 49,82; 69,66 kcal/mol. C6 ba duong
phan tng tach c6 thé tao ra san pham metan va
day ciing 1a cac duong phan tng thuan loi nhat

trong phan tng giita gbc tw do metyl voi phan
tr propanol-2. Vé mit nhiét dong va dong hoc,
duong phan tng thé khong thudn loi dé xay ra
trong h¢ phan ung nay.
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Theoretical Study of Methane Formation in the Reaction
between Methyl Radical and Propanol-2

Nguyen Huu Tho' , Nguyen Vo Hieu Liem*, Nguyen Thi Huynh Nhu?,
Nguyen Thi Hong', Ngo Vo Thanh?, Nguyen Xuan Sang*

1Saigon University, 273 An Duong Vuong, Ward 3, District 5, Ho Chi Minh City, Vietnam
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Abstract: The reaction paths of the reaction between methyl radical and propanol-2 (i-CsH;OH)
were investigated with the Density Functional Theory at B3LYP/6-311++G(3df,2p) level. There were
seven reaction pathways which formed seven products including CHs + (CH3),COH, CH,; +
(CH3),CHO, CH, + CH3CHOHCH,, CH3;0H + CH3;CHCHg3, C;Hg + CH3CHOH, (CHs),CH-O-CH; +
H and (CHj;);CH + OH. The analysis of the reaction paths and thermokinetic parameters shows that
methane could be generated through three different paths. The removing of H-atom from secondary
carbon atom in the propanol-2 molecule was the most favourable of these reaction paths.

Keywords: Methyl, propanol-2, B3LYP, transition state



