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Abstract

The reaction mechanism ol the ethvivl radical (C:H) with methanol (CH.OH) has been studied by the Density

Functional Theory (DFT) using the BALYP functional in conjunction with the 6-311

~Gidopy and. 6-311-=G(3df.2p)

basis sets. The potential enerey surlaces describing these processes were been constructed. The products of (C-H-

~CH-OHy. (CsH- CHO) (HCCCH O h oheC

(H-CC-CH:O). (HCCCH - Otbirans - 1.

“CH.OL.
(HCCCTTOMes
However. the present work indicates that the formation ol (C-H

(HCCOHK I - OH)., (HCCOH - CH 1. (CCHOH=-CH;).
Ly, (O IO=Fy (C T=CH Oy can be found.
SCHAO (C 1 -CH Oy s the most favorable. Our

results contribute 10 a more complete understanding about the reaction mechanism ot the € H radical with CH:OH.

1. MO DAL

Metanol (CH:OH) la mot hoa chat pho bién
trong cong nghiép. Trong tu nhien ton tai mot lugng
nho metanol do su phan gia chat hiru co cua vi sih
vat vem khi va trong khi quyven cua mot sO 1 sao.
Tinh chat hoa hoc cua metanol thuoc tinh Chal kinh
dién cua ancol da dugc nghién cuu dav du |at SOM

va oan day co mot so cong trinh nghién cuu ve phan
img cua metanol voi thuy ngan (Hg) tao nén g¢ac
metoxy (CH.O) [1]. Voi nguven tu clo. brom tao
nen san pham trong d6 c6 CH-OH va CH:.O [2. 3],
voi goc OH tao nén nhiéu san pham khac nhau [4].
bac biet 1a nghien cuu thue nghiem va li thuvét v e
co ché phan ung cua metanol vor1 goc CH tao ra mot
hé thong cac san pham phong phi va da dang (5. 6]
Cac nghién cuu wren day da cho thav tinh chat da
dang vé kha nang phan tmg cua CH.OH. \'iéc tigp
tuc nghién ctru co ché phan ung cua nhimng tac nhan
mdi voi CH:OH fa viée lam can thi¢t va cang can
thiét hon khi metanol ngay cang dugc su dung nhicu
duoir dang nhién liéu.

Tiép tuc cac nghien cuu trude day v¢ phan ang
cua goc etinvl (CaH) var cac hap chat 1on i trong
khi quyén [7 14]. bai bao nav s¢ trinh bav cac két
qua budc dau khao sat vé co ché phan ung. du doan
cac san pham co thé thu dugc cang nhu cac san
pham uu tién cua hé phan ung gita gbc etinvl vl
metanol.

2. PHUONG PHAP TINH

Tat ca cac tinh toan duoc thuc hien ban0 phan
mém Gaussian 03 [15]. Cau trac hinh hoc cua cac

chat déu duoe 101 vu theo phuone phap phiém ham
mat do o muce UB3LYP-6-311-~Gud.p). Su xac dinh
dung mot trang thai chuyen uep tim duoc ngoai viec
phan tich tan 6 dao dong cang ¢o thé duoe kiém tra
thém bang cach tinh toa dé néi phan (mg (IRC).
Nang luong diem don dugc tinh o muc cao hon
UB3LYP 6-311—+G(3dt.2p1. Kt qua thu dugc sé
cho phép thiét 1ap be mat the nang va tir do biét
duge tht tr uu tén cua moi dudomg phan tmg.

3 KETQUA VA THAO LU AN
3.1. Bé mat thé nang cua phan ung

Co 12 duong phan tmy duge khao sat va mo ta
chi tiét rong so do hinh 1.

Quan sat trén bé mat the ndng (dugce trinh bay o
hinh 2). trong nhom cac phan (mg mot giai doan
(phan tmg taoe thanh cac san pham wr PR dén PRI1)
he chat phan ung chi trai qua mot trang thai chuveén
tiep duy nhat. Gia i Imn“ rao nang luong (tur -16.8
kJ mol cua TS2 den 277.6 kI mol déi vai TS11) cho
thay cac phan ung thuge nhom nav ¢o su khac biét
ton v¢  kha nang xav ra. Thu tu uu tén tao ra cac
san pham theo trat ty: PR2 > PRI > PR4 > PR6 >
PR8 = PR3 > PR10 > PR9 > PR7 > PRS > PRII.
Trong tat ca cac phan (rng nay. phan (mg tao PR11
kho khan nhat. Su thuan loi déi voi phan ung tao san
pham PR1. PR2 phu hop voi két qua nghién cuu
truoc day [2 4]. Ngoai ra cac phan trng 3. 4. 6. 8§ va
10 cang la nhitng duong phan Ung can duoc quan
tam. San pham trung gian IST duoc hinh thanh khi
hé chat phan tmg di qua trang thai chuyén tiép TS12.
DBay la mot giai doan quan trong trong toan bé co
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TSI
—— C,H, + CH,OH (PR 1)
-5 Co_T52_ c,H,+CH,O0 (PR2)
27 HCCCH; + OH (PR3)
sS4
_ T84 H,cC + CHLOH (PR4)
| TS5 HC(C)CH, + OH (PR5)
HCC + CI"I3OI‘| — | TS6
| . HCCOH +Cll, (PR6)
TS7
= HC(C)OH + Clly (PR7)
TS8 ,
2 e H,CC + Cl1L,0 (PR8)
TS9
e HCCCH.OH trans + H (PR9)
TS10
IS0 eeCHLOH cis + I (PR10)
151 —TS12 | VST yecycnzon + i1 (PRI1)
lTSINTB
TS2/3 TS3/12
1S2 —== = 183 — 22 % C,H3+ CH,O (PR12)

Hinh I: So d6 co ché phan (mg giira C;H va CH;0H 7
(Co: phrc trung gian; TS: trang thai chuyén tiép; IS: San pham trung gian; PR: san pham)
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Hinh 2: Bé mit thé nang clia phan img gitta C,H va CH;OH
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ché cua phan tmg nay. boi vi tu day he cic chi W trai
qua nhiéu qua trinh bién doi d¢ o ra nhiéu san
pham  khac nhau. Su hinh thanh trang that chuyen
tiép TS12 duge thuc hién do su lm cong dong tho
cua hai neuvén tu cacbon trong goc ColE vao nhom
OH cua metanol do do lién két O-T1 by kéo darra (d

1198 A so vt 0.960 Ay dong thai lien ket C-C
trong C-H cang by keo danra (d = 1.29 A day [a muc
trung gian gita lien két ba € € va hen két don
C=C). Khoang cach € O bang 1.508 A va [l
bang 1.506 A dav 1a nhimg khoang cach thich hop
cho gua trinh hinh thanh cac licn ket mai. Cac thong
tin e ciu trae Net o trén khi két hup Vo ket qua tinh
lan s0 dao dong (1182238 eny Y va do nhicm spin
(S* = 0.755) da khang dinh cau trae TS12 la tang
thar chuyén liép cho su hinh thanh san phim trung
gian 1S1. Matkhac, eia tri v¢ hang rao nang luong
(28.3 kI'mol) cua trang thai chuvén tép nay cung
VAT gid i et thap v e nang luong cua IS1 (-233.5
kJ'mol) so voi hé chat phan ang. cho phép khang
dinh sy tao thanh IS1 [a hoan toan thuan loi.

San pham trung gian IS2 duoc hinh thanh tr [S].
qua trinh dong phan hoa nay di qua trang thai
chuyén tiép TS1/2. trang thai ung voi su chuvén vi
nguyén tu hidro, khoang cach C-H lan luot bang

Bude dau khao sar v thinct...

1.379 va | 262 A. Hang rao nang luony cud TSI172
bang -50.6 ki/mol. Tir 1S2 qua trang thai chuyen tlep
I'S23 ciing la trang thai Gng voi sy chuyén vi
nguyen thidro. Cau trac cua TS2 3 duoc xac nhan
hang khoang cach C-H tuong tmg vo1 sy chuan bj
dUt ra vi sap hinh thanh lién két wong ung bano
1.337 va 1391 A:tan «6 dao dong cung vai do
nhicm spin Lan ot la i1%03.32 ¢m™ va 0.760. Hang
rao nang luong cua TS2°3 bang -153.5 kJ mol. IS3
crmg ¢o the duge tao thanh tr IS thong qua trang
thar chuven tiép 1SI/3 vai gia tri hang rao nang
lwong  1a -95.5 k) mol. Nhu vav. we IST ¢6 haj
hudng d¢ hinh thanh nén 1S3kt qua tinh cho thay
su chuven true Gép IS thanh 1S3 1 thuan loi \¢ ma
nang luong hon so varhuong di qua IS2 Tu IS3 qua
trang thar chuven Giép 1S3 12 ng i cat dat lién
kél -0 o nén san pham PRI2(C 11 ~HCHO),
hang rao nang luong cua TS5 12 1a -135.0 k) mol va
nang luong cua PRI2 Ta -178.7 kI mol. Cac gia
nav cho phép du doan duong phan (g 12 rat ¢o kha
ning xay ra.

Cau trae hinh hoc da 161 uu hoa doi vai cac chat
trung gian va mot so trang thai chuven cua cac qud
trinh trén duoc minh hoa ¢ hinh 3 (cau truc TSI
duoc 161 vu hoa bang BHandHIYP)
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Hinh 3. Cau truc chat trung gian va mot sé trang thai chuyén tiép cua C-H va CH;OH
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Hinh 3: Cau triic chat trung gian va mot s trang thai chuyén tiép cua C;H va CH,OH [D6 dai lién két (A),
goc lién ket ("). dau cham thay cho dau phay chi phan thap phan]

3.2. Thong s6 nhiét dong hoc

Két qua tinh cac thong s6 nhiét dong hoc cho muoi hai duong phan tng cua hé C,H + CH:OH duoc

trinh bay trong bang dudi day:
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Bang gia tri cac

Bue déu khao sar v thuyét ...

thong so nhiét dong hoc cua hé C>H veii CH;0OH

|

M Puong phan tng

| PR3 (HCCCH. + OH)

| PR4 (H.CC + CILOI
PRS (HC(C)CH: + O
PRO (HCCOH + CI1,) |
PR7 (HC(C)OH + CH ) l{
|
[

PR (H:CC + CHO)

PRO (HCCCHOH, + 1)
PRIO(HCCCHOM,, + 1)
PRI (HC(C)CHOH + 1) |
PRIZ(C:H:+ CH:O) |

Tronu so 12 phan tng duge khao sat. cac phan
ung . 6. 9.10 va 12 1a co kha nang xay ra o
dicu kun tieu chuan do bién thién th¢ dang nhi¢t-
dang ap co gia i am (AG" < 0). Cac phan ung ¢on
lai khong ¢6 kha nang tu xay ra (AG" > 0). Trong 5O
cac phan ung khong xay ra, phan ung 5 va 11 la
nhing phan tung hoan toan khong thé xay ra (\L mat
nhi¢t dong hoc) o bat ki nhiét do nao do yeu o
entanpi va véu to entropi déu can tro. Cac phan ing
4. 7 va 8 khong xay ra o 298 K nhung lai co kha
nang xav ra o nhi¢t do cao hon (do bién thién
entanpi va bién thién entropi déu co gia tri duong).

5
.\-

4. KET LUAN

Budc dau chung to1 da xac dinh dugc muoi hai
duong phan ung thong qua viéc thiét lap bé mat thé
nang cho hé C,H va CH;OH. Cac két qua tinh duoc
cho thay. trong mudi hai duong phan (mg ¢6 hai duong
phan (mg khong cé kha nang xay ra v¢é mat nhiét dong
hoc d6 1a cac duong phan tmg 5 va 11, cac duong phan
ing con lai déu o thé xay ra. Trong so nay. cic duong
phan tmg 1.2.3.9 va 10 uu tién xav ra o nhiét do thap:
cac phan Umg 4. 7 va 8 khong thuan loi o nhiét do thap
nhung ¢6 kha nang xay ra o nhi¢t do cao hon: cic phan
ung 1. 2. 3.6 va 12 la thuan loi nhat v¢ mat nhiét dong
hoc. Ngoai ra. cac thong so cau truc, nhiét dong kem
theo cing duogc xac dinh va thao luan chi tiét,

A, kJ/mol

| AG".ki/mol AS’. J/mol.K
1616 -158.0 6,7
1353 21335 -18,3
1400 1458 | -20,9
25 1.0 7.8
78 RS
l0s T 353 25
6 T35 | 24
R X 5T i 4.0
-85.7 755 -50,7
g0 d] I 55,7
oo 03 4.2
TR I 1944 26
2 Bo Zhen CHEN. \ing Bao HUANG. Chinese

9.

10.

Tran trong cam on Nafosted 1iét Nany (di tro

cho trinh

cong nav thong qua de 1ai. mda so
104.03.2010.29.
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