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ABSTRACT

The reaction mechanism of the methylidene radical (CH) with methanol (CH;0H) has been
studied by the Density Functional Theory (DFT) using the BHandHLYP functional in conjunction
with the aug-cc-pvdz and aug-cc-pvtz. The potential energy surfaces describing these processes
were been constructed. The products of H,+CHCHOH, H,+COCH;, H,+HCOCH, and
CH,0OCH,(cycle)+H have been found. The present work indicates that a transition state exists
during the process forming C,H,. Our results contribute to a more complete understanding about
the reaction mechanism of the CH radical with CH;OH.

I - GIGI THIEU

Trong hé nhién liéu dot chdy cula
hidrocacbon ciing nhu trong khi quyén,
metylidin (CH) 1a mot trong s6 nhitng goc tu do
quan trong bdi kha nang phan tng da dang [1].
Phan tng cua géc metylidin v6i cac phan tir nho
da duogc nghién citu nhiéu ca vé 1y thuyét 1an
thuc nghiém, cu thé vé6i C,H,, NO,, O,, H,0,
CH,, HCN, H,CO [1-7]. Phan tng CH + CH;0OH
dugc nhém cha D. G. Johnson nghién ciu vé
thuc nghiém [8]. Sau d6 hé nay ti€p tuc dugc
nghién ctu theo 1y thuyét boi Xiu-bin Zhang va
cac cong su [9]. C4c cong trinh nghién cttu nay
déu chi ra co ché hinh thanh san phdm c6 dang
nhu sau:

CH + CH,0H — Trang thai chuyén tiép (TS)
—5 CH, + CH,0 1)

CH + CH;0H — Phtc trung gian HCCH;OH
— TS — san phim (2)

Trong d6 huéng tao ra phiuc trung gian
HCCH,OH (huéng thtt 2) dong vai tro quyét
dinh hinh thanh cdc san pham. C4c san phdm
duoc hinh thanh trong hé nay da dugc chi ra bao
gom: CH,, CH,0, CH,, CH,CHO, CH,CH,
HCHO, CH,CHOH, CH,CHO, C,H,, H,O. bing
chi y 1a viéc hinh thanh san phdm C,H, theo D.
G. Johnson phai ¢6 qué trinh vuot qua hang rao
nang lugng, nhung theo cong trinh nghién ciu
clia Xiu-bin Zhang thi khong c6. Ngoai ra c6 thé
con tao ra nhitng sin phim khdc thuan loi vé
mat nhiét dong khong? Dé lam sdng to cdc véan
dé nay chidng toi tién hanh nghién cdu 1y thuyét
co ch€ phan ttng mot cach diy da cho hé phan
tung CH + CH;OH.

11 - PHUONG PHAP TINH
Tat ca cdc tinh todn dugc thuc hién bing
phan mém Gaussian 03 [10]. Cau tric hinh hoc

clia cédc chat déu duge t6i wu theo phuong phép
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phi€m ham mat d6 & mic BHandHLYP/aug-cc-
pvdz. Su xdc dinh ding mot trang thdi chuyén
ti€p tim duoc ngoai viéc phan tich tan s6 dao
dong ciling c6 thé duogc kiém tra thém bang cach
tinh toa do nodi phan tng (IRC). Nang lugng
diém don duoc tinh & mic cao hon
BHandHLYP/aug-cc-pvtz. Két qua thu dugc sé
cho phép thiét 1ap bé mat thé€ nang ddy du va tir
d6 biét duoc thi tu uvu tién clia méi dudng phan
ting. Ngoai ra hiéu tng nhiét, th¢ dang nhiét

1)

dang 4p clia méi huéng tao san phdm & diéu
kién nhiét do 298 K, dp suét 1 atm ciing duge
tinh todn va thao luan chi tiét.

III - KET QUA VA THAO LUAN
Téng hgp céc cong trinh nghién ciu cha D.

G. Johnson va Xiu-bin Zhang thi co ch& hinh
thanh cdc san phim P,+P; duoc dua ra & hinh 1.

1/P
CH+CH1OH —> CH,+CH;0 (Py)

2/3 3/P
HC...OHCHg —> CH,OCH; —> CHg+H,CO (Py)

Phuc (Cp) I3

CH,CH,0

ly

3/4 %\9/
ip
4/5\

5/P, 5/Pg
CH,CHOH+H (P4y =—— CH;CHOH —> CH3;CHO+H (Py)

So s

5/6

6/P
CH,CH,OH —= CpHa+H,0 (Ps)

ls

Hinh I: So d6 phan ting hinh thanh cdc san pham P,+P; ciia h¢ CH + CH,OH

Bé mat thé nang cua hé phan tng goc
metylidin v6i metanol dugc biéu dién & hinh 2.
Trong d6, cac chét tham gia phan tng ki hiéu 1a
1, phiic chat trung gian duge ki hiéu la C,. Cac
cau triic cuc tiéu 12 hop chat trung gian duoc ki
hiéu la I; (i = 3 + 6), cdc san phdm dugc ky hiéu
la P; j =1+ 10) va cdc cdu tric trang thdi
chuyén tiép (TS) dugc ky hiéu 1a i/j v6i i, j
tuong ting 12 th tu clia cdc cuc tiéu phic chat,
hop chét trung gian hodc san phdm. Tir két qua
tinh nang luong dao dong diém khong va nang
luong diém don xac dinh dugc nang luong tuong
quan v6i muc nang lugng cta hé chat tham gia
phan tng ban dau CH + CH,OH duoc qui udc
bing 0. Cau triic hinh hoc clia mot s6 céu tric
duogc thé hién trén hinh 3.

Bang 1 trinh bay két qua tinh todn nang
lugng tuwong quan theo kJ/mol clia mot s6 cu
tric. Két qua tinh cua ching toi déi véi I, va Py
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dat két qua chinh xac kha cao khi so véi thuc
nghiém. Doi véi I va Iy mac du sai 1éch x&p xi
27 kJ/mol nhung d¢ chinh xac van t6t hon so véi
cong trinh cla Xiu-bin Zhang. Tuy nhién, gia tri
tinh dugc doi véi P, va Py lai gap phai sai s6 so
v6i thuc nghiém 16n hon. Nhin chung, phuong
phdp tinh ma ching t6i da st dung cho hé phan
ung ctia goc metylidin véi metanol 1a kha phu
hop.

Trén bé mit thé ning cua hé & hinh 2 ciing
thé hién rd su hinh thanh cdc sin phim tir
P¢+P,,. Két qua tinh toan cho thdy, tat ca cac
trang thai chuyén ti€p déu théa man cé 1 tan s6
am. Gi4 tri do nhiéu spin <S> clia cdc cau tric
déu ndm trong khoang cho phép tur 0,75+1,0
(Béang 2). Céc két qua nay gép phan khing dinh
riang cac TS ma chiing t6i tim thdy 13 hoan toan
hop ly.



Bdng 1: Gia tri nang lugng tuong quan (kJ/mol) cia mot s6 cau tric.

Tham khao 1y thuyét

Tham khao thuc

Cau tric 9] nghiem [8] Keét qua tinh
I CH,CHOH -422.2 -458.,5 -431,7
I, CH,OCH, -365,3 -406,6 -380,2
I, CH,CH,O -387,9 -412,1 -409,9
P, C,H,+OH -293.3 -303,1 -305,6
P, CH,0+CH, -349,8 -357,5 -348,4
P, CH,CHO+H -330,1 -3433 -3124
P, CH,+OCH, 8,4 15,2 -15,8
Bdng 2: Gi4 tri tdn s6 dao dong va do nhiéu spin
TS Tan s6 IR, cm™! <S*
3p. |- 984,1; 101,7; 256,6; 422,7; 603,2; 829,5;1006,9; 1184,1; 1202,0;1207 4; 0759
7| 1323,3; 1506,3; 1513,4; 1522,8; 2905,1; 3134,3; 3218,7; 3253,6 ’
3P -917,8; 258,5; 309,9; 455,5; 488,7; 644,0; 897,1; 1036,6; 1083,9; 1194,5; 0.760
1011311,2; 1415,1; 1472,5; 1503,5; 3034,5; 3126,7; 3246,9; 3414,8 ’
6/P -1532,2; 220,1; 529,9; 785,7; 790,6; 914 ,4; 940,2; 1046,0; 1169,6;1224.8; 0.779
8 | 1226,8; 1333,5; 1515,8; 1580,0; 3179,7; 3260,3; 3264.9; 3388.,6 ’
6/P -277,1; 26,6; 215,4; 375,6; 717,3; 849,8; 962,6; 1031,7; 1031,9; 1271,6; 0.805
¢ | 1357,7; 1510,5; 1646,2; 3235,6; 3267,4; 3330,0; 3370,0; 3901,2 ’
5/p -906,0; 228,4; 229,8; 449,8; 523,0; 687,5; 850,2; 908,7; 994,7; 1039,7; 0.774
® | 1149,9; 1313,3; 1403,7; 1726,1; 2571,5; 3291,4; 3329,8; 3969,8 ’

Su hinh thanh san phdm P (-305,6 kJ/mol)
chita etylen (C,H,+OH) thong qua hop chit
trung gian I (-403,3 kJ/mol) can phai vuot qua
hang rao nang luong tng véi TS 6/Pg (-299,0
kJ/mol). Dé hinh thanh P, tir cau tric Iy thi
nhém OH can tich khoi C,H,. Trong qud trinh
nay do dai lién két C-O duoc kéo dai ra. 0 I co
deo= 1,414 A con & TS 6/P, khoang cdch nay 1a
rat 16n, deo = 2,126 A (hinh 3). RS rang la cdc
phan tich déu cho thay c6 su thuan Igi cho viéc
chuén bi dut lién két C-O tao thanh etylen.

Su tao thanh san phdm Py (-192 kJ/mol)
chia etylen oxit khi di qua TS 6/Pg (-124
kJ/mol) 1a mot qua trinh khé dac biét. & day c6 2
qud trinh chuyén dich manh mé ctia nguyén tir
trong phan tir. Khi di tir I; dén TS 6/Pg, nguyén
tir H tir tr tich khoi lién két O-H, do dai lién két
O-H tang tir 0,953 A & I, 1én dén 1,412 A & TS
6/P;, dong thdi vé6i viéc nguyén to O dich

chuyén vao giita dé hinh thanh thém mot lién
két C-O méi tao vong lam géc lien k&t CCO
giam dan tr 113,1° & I xuéng con 69,7° & TS
6/P;. Tat ca nhiing di€éu nay phu hop véi qué
trinh tach 1 nguyén ta H va déng vong tao ra
etylen oxit.

Tir I; (-380,2 kJ/mol) c6 2 cdch dé tich ra
phan tir H,. Néu di qua TS 3/P,, (-2,4 kJmol) s&
phai vuot qua hang rao nang lugng cao hon so
vGi khi di qua TS 3/P, (-18,8 kJ/mol). Su tao
thanh H, ciing c6 thé thuc hién duoc tir Iy thong
qua TS 5/P, (-202,4 kJ/mol). & cdc cau tric TS
nay do dai lien k&t H-H dang twong d6i 16n:
0,848 A & 3/P,y; 0,863 A & 3/P;; con & 5/P, 1a
0,841 A. Khoang cich nay & phan tir H, theo
thuc nghiém la 0,741 A trong khi khoang céach
H-H & cic TS nay dang thu hep lai thi do dai
lién két C-H lai tang dan Ién, tat ca déu 16n hon
1,35 A (do dai lien két C-H trung binh chi
khoang 1,1 A). Nhiing phan tich trén cho théy
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¢6 su phut hop tot cho viéc dit cac lién két C-H
va hinh thanh lién ké&t H-H, thuan logi cho qua
trinh tich ra phan t¢ H, khi di tod L,>TS
3/P, =Py, tt LTS 3/P,—P; va tr I,>TS
5/Py—P,.

Tir bé mat thé nang c6 thé nhan thdy, trong 3
con duong hinh thanh H, da duogc phan tich &
trén thi huéng di theo TS 5/P, c6 hang rao nang
lugng thap nhit nén s€ thuin lgi hon so véi 2
hudng con lai.

E
CH+CHgOH 3,4 24
0T . o ! —_— -15,8
m: ;2 : i3/Pyg LY CHz+CHO Py
: ; : Sap, e
8L : ; N T 611
CH'"'"""QH-CH3 | 1 ’ S R i
, ; —— Hp+HCOCH
Ca : : ; 2 2P,
=) :
100 T £ ! ;
< L1240
c O
g vy 6/Pg : Teell ! .
[S3 H— ! -155, A
2 P AT 2572 Hp+COCH;, P
S ii %Ay PN
E A T 1920 /N
-200 1 S { S -202 4 CHz—CH, +FI’-|
i A —T T 8
=z ':r E ':-:. / E -264.2 I:'.:' 5/6 :: Ho+CHCHOH Pg
i ; : s | ' ' -269.9
i : {455 i i ——= CH,CHOH+H p,
S 129900 i i :
S i s S I 17
-300 | : “t /P i ' o m C,H+0OH  Pg
§ : § i i ——= CH3CHO+H P3
P i 2 o0 p
P Lo i 3484 opovH,c-0 P,
400+ -403,3 /. I3 5 b 403,3
. CH,-0-CH3 4099 P —
6 lq 4317 6
CH,-CH,-OH CHy-CHy-0 —
Is
CHj,-CH-OH

Hinh 2: Bé mat thé€ nang (PES) cta hé phan ting CH + CH,OH

Gia tri entanpi va nang lugng Gibbs tinh
duoc [11] cha cdc phan ung cta hé CH +
CH;OH trong su tao thanh cdc san phdm PP,
(bang 3) cho thdy tat ca cdc qua trinh nay déu la
qua trinh toa nhiét va déu c6 nang lugng Gibss
AG < 0 va vé mat nhiét dong thi hoan toan thuan
lgi cho phan tng xay ra.
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Mic du cdc san phim P,=P,, déu c6 ning
lugng cao hon P,+P; nhung trén bé mit thé
nang ching ta c6 thé nhan thdy qud trinh hinh
thanh céc san phim nay déu chi can di qua
nhiing trang thdi trung gian va cic TS thap hon
nang lugng cta cdc chdt tham gian phan ung
ban d4u. Nghia 1a viéc hinh thanh ching 1a hoan



toan c6 thé xdy ra khi xuat phat tir hé phan tng ban dau l1a goc metylidin twong tac v6i metanol.

Bdng 3: Két qua tinh entanpi va nang lugng Gibbs

Phan tng AH,¢ k| 2> kcal/mol AGjo5 ¢ 1 aims Kcal/mol
CH + CH,0OH —» HCO-CH, + H, -14,2 -12,9
CH + CH,OH —» C-O-CH, + H, -37,0 -34.8
CH + CH,OH — CH,0CH, ,,,,+ H -46,6 -42,9
CH + CH,0H — CH-CH-OH + H, -55,5 -53,8
CH + CH,OH — C,H, + OH -73,2 -12,7

| 0955 1.080

1101

Hinh 3: Hinh hoc mot s6 trang thdi chuyén ti€p va chat trung gian
(Do dai lien két (A), géc lien két (°))

IV - KET LUAN

nang cla cic qud trinh nay cling dugc thiét 1ap.
Tur két qua thu dugc, co ché hinh thanh cic san

Toan bd céc céu tric hinh hoc lién quan dén phdm hiC?TO,\ ety}en va etylen oxit dugc Phﬁl} t.fCh
qué trinh hinh thanh hidro, etylen va oxit etylen ~ va 1y gidi ddy du. C6 ba hudng phan tng dé sinh
tir hé CH+CH,;OH da duoc x4c dinh. Bé mat thé  ra san pham H,. Nghién cttu cua ching toi cho
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thay su hinh thanh etylen phai thong qua hang

rao

nang luong va diéu ndy hoan toan phu hop

v6i két qua ma thye nghiém da cong bo.

Trdn trong cdm on du dn TRIG da tai tro

cho

cong trinh nay thong qua dé tai c6 ma soé

SPHN-08-261-TRIG.
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