TAP CHI HOA HOC

T. 49(3) 286-290

THANG 6 NAM 2011

BU'O'C DAU KHAO SAT LY THUYET CO CHE
PHAN NG CUA GOC ETINYL VOl METANOL

Tran Qudc Tri', Nguyén Thi Minh Hug’

'Khoa Héa hoc Triong Pai hoc Pong Thdp
’Khoa Héa hoc va Ty rung tam Khoa hoc Tinh todn Truong PHSP Ha Ngi
Dén Toa soan 5-02-2010

Abstract

The reaction mechanism of the ethynyl radical (C,H) with methanol (CH;0H) has been studied by the Density
Functional Theory (DFT) using the B3LYP functional in conjunction with the 6-311++G(d,p) and, 6-311++G(3df,2p)
basis sets. The potential energy surfaces describing these processes were been constructed. The products of (C,H,
+CH,0H), (C,H,+CH;0), (HCCCH;+OH), (H,CC+CH,0H), (HC(C)CH;+OH), (HCCOH+CH;), (CCHOH+CHs;),
(H,CC+CH;0), (HCCCH,OHtrans+H), (HCCCH,OHcis+H), (HC(C)CH,HO+H), (C,H;+CH,0) can be found.
However, the present work indicates that the formation of (C,H,+CH,0OH), (C,H,+CH;0) is the most favorable. Our
results contribute to a more complete understanding about the reaction mechanism of the C,H radical with CH;0OH.

1. MO DAU

Metanol (CH;OH) 1a mot hoa chat phd bién
trong cong nghiép. Trong tyr nhién ton tai mot lugng
nho metanol do sy phan giai chat hitu co cua vi sinh
vat yém khi va trong khi quyén ciia mot sb vi sao.
Tinh chat hoa hoc ciia metanol thudc tinh chét kinh
dién ciia ancol da dugc nghién ciru day du tir rit som
va gan day c6 mot sd cong trinh nghién ctru vé phan
(mg ctia metanol véi thuy ngan (Hg) tao nén gbc
metoxy (CH;0) [1]. V6i nguyén tur clo, brom tao
nén san pham trong d6 c6 CH,OH va CH;0 [2, 3].
v6i géc OH tao nén nhiéu san pham khac nhau [4 I
bic biét 1a nghién ctru thyc nghiém va li thuyet vé
co ché phan tng clia metanol véi gbec CH tao ra mot
hé thong cac san pham phong phu va da dang [5, 6].
Céc nghién ctru trén ddy da cho thay tinh chat da
dang vé kha ning phan ng cua CH;0H. Viée tiép
tuc nghlen ctru co ché phan g cua nhiing tac nhan
moi voi CH;OH 14 viée 1am can thiét va cang cin
thiét hon khi metanol ngay cang duoc sir dung nhiéu
dudi dang nhién li¢u.

Tiép tuc cac nghién ctru trude day vé phan tng
cua gbc etinyl (C,H) v6i cac hop chit ton tai trong
khi quyén [7 - 14], bai bao nay sé& trinh bay cac két
qua budc dau khao sat vé co ché phan tng, du doan
cac san phdm c6 thé thu dugc ciing nhu cac san
pham vu tién cua hé phan tng giita gdc etinyl véi
metanol.

2. PHUONG PHAP TINH

TAt ca céac tinh toan duge thuc hién bﬁng phﬁn
mém Gaussian 03 [15]. Cau triic hinh hoc ctia cac

chat déu duoc ti wu theo phuong phap phiém ham
mat d§ & mirc UB3LYP/6-311++G(d,p). Su xac dinh
dung mot trang thai chuyén tiép tim duoc ngoai viée
phan tich tin s6 dao dong ciing ¢ thé dugc kiém tra
thém bang cach tinh toa do ndi phan tmg (IRC).
Niang luong diém don duoc tinh & muc cao hon
UB3LYP/6-311++G(3df,2p). Két qua thu dugc s&
cho phép thiét 1ap bé mat thé ning va tir do biét
duoc thir tu wu tién ciia mdi duong phan tng.

3. KET QUA VA THAO LUAN
3.1. Bé mit thé niing ciia phan ng

Co6 12 duong phan ng dugc khao sat va mo ta
chi tiét trong so d6 hinh 1.

Quan sat trén bé mat thé ning (dugc trinh bay &
hinh 2), trong nhom cac phan Umg mét giai doan
(phan tmg tao thanh cac san pham tir PR1 dén PR1 D
hé¢ chét phan g chi trai qua mét trang thai chuyén
tiép duy nhat. Gia tri hang rao nang luong (tir -16,8
kJ/mol cua TS2 dén 277,6 kJ/mol d6i voi TS11) cho
thay cac phan tng thuéc nhom nay cé sy khac biét
16n v& kha nang xay ra. Thy ty uvu tién tao ra cac
san phém theo trat tu: PR2 > PR1 > PR4 > PR6 >
PR3 > PR3 > PR10 > PR9 > PR7 > PR5 > PRI11.
Trong tit ca cic phan ung ndy, phan tng tao PR11
kho khin nhat. Sy thuan loi d6i véi phan tmg tao san
pham PRI, PR2 phu hop véi két qua nghién ciru
trudc day [2 - 4]. Ngoai ra cac phan tng 3, 4, 6, 8 va
10 ciing 14 nhitng dwong phan tng can dugc quan
tam. San pham trung gian IS1 duoc hinh thanh khi
hé chit phan tng di qua trang thai chuyén tiép TS12.
Pay la mot giai doan quan trong trong toan bd co
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ché cua phan tng nay, boi vi tir diy hé cac chit trai
qua nhiéu qua trinh bién ddi dé tao ra nhiéu san
phim khac nhau. Sy hinh thanh trang thai chuyén
tiép TS12 dugc thue hién do su tin cong déng thoi
ctia hai nguyén tir cacbon trong gbc C,H vao nhém
OH ctia metanol do d6 lién két O-H bi kéo dai ra (d
= 1,198 A so voi 0,960 A) dong thoi lién két C-C
trong C,H ciing bi kéo dai ra (d = 1,29 A day 1a mirc
trung gian gitra lién két ba C=C va lién két doi
C=C). Khoang cach C-O bang 1,568 A va C-H
bang 1,506 A day 1a nhimg khoang cach thich hop
cho qua trinh hinh thanh céac lién két méi. Cac thong
tin vé cAu tric xét & trén khi két hop v6i két qua tinh
tan s6 dao dong (11822,38 cm’ ") va d6 nhidm spin
(=0 ,755) da khing dinh cdu tric TSI2 14 trang
thai chuyén tiép cho su hinh thanh san pham trung
gian IS1. Mat khac, gia tri vé hang rao nang lugng
(28,3 kJ/mol) cua trang thai chuyén tiép nay cung
v6i gia tri rat thip vé niang lwong cua IS (-233,5
kJ/mol) so v&i hé chat phan tmg, cho phép khing
dinh su tao thanh IS1 1a hoan toan thuan loi.

San phéim trung gian IS2 dugc hinh thanh tir IS1,
qua trinh déng phin hoa nay di qua trang thal
chuyén tiép TS1/2, trang thai ung véi su chuyen vi
nguyén tir hidro, khoang cach C-H lan luot bing

Bu6e dau khdo sdt Iy thuyét...

1,379 va 1,262 A. Hang rao ning luong cia TS1/2
bang -50,6 kJ/mol. Tir IS2 qua trang thai chuyén tiép
TS2/3 ciing la trang thai ung vé&i sy chuyén vi
nguyén tir hidro. Céu triic ciia TS2/3 duoc xac nhan
bang khoang cach C-H tuwong mg v6i su chuén bj
dut ra va sap hinh thanh lién két tuong tng bang
1,337 va 1,391 A; tan s6 dao dong cung véi do
nhiém spin lan luot 12 11803,32 cm™ va 0,760. Hang
rao ning lugng ciia TS2/3 bang -153,5 kJ/mol. IS3
cling ¢ thé duoc tao thanh tir IS1 thong qua trang
thai chuyén tiép TS1/3 voi gia tri hang rao ning
lugng 1a -95,5 kJ/mol. Nhu vay, tor IS1 ¢6 hai
huéng dé hinh thanh nén IS3, két qua tinh cho thiy
su chuyén truc tiép IS1 thanh 1S3 1 thudn lgi vé& mat
nang lugng hon so voi hudong di qua IS2. Tur IS3 qua
trang thai chuyén tiép TS3/12 tng véi sy cat dit lién
két C-O tao nén san pham PRI12(C,H;+HCHO),
hang rao nang luong ctia TS3/12 1a -153,0 kJ/mol va
nang luwong cia PR12 1a -178,7 kJ/mol. Cac gia tri
nay cho phép du doan duong phan tng 12 rit c6 kha
nang xay ra.

CAu trc hinh hoc da ti wu hoa dbi véi cac chit
trung gian va mot s trang thai chuyén cua cac qua
trinh trén dugc minh hoa & hinh 3 (céu trac TS1
dugc t6i vu hoa bang BHandHIYP).
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Hinh 3: CAu tric chét trung gian va mot sb trang thai chuyén tiép cia C,H va CH;0H ...

288



TCHH, T. 49(3), 2011 Tran Quéc Tri va cong su

TS7 TS8 TS9
1175 @100 151.6 $
- = oo EW 1.064
- ' 1.z27e - LO7F5 1731 c
1131 {1302 1.213
L 0976
2.016 ", o S )isss
114.0 1.799
1453 106.2 11=.0 /Ce 1.101 II'; 1.101
117.2 ' L el
1.083 - 1.&‘ > 1.307 1419 SHE -
@ 1.214 ﬁ . 1.zE0
MR 104.6 .
131.5
- 0.963 | “10z.0 @
1.100
TS10 TS11 TS12

TS1/3
1.088
:L.EIEEF%\'::‘il
= 1.378
1.437 7 e
1,886 -
S 1.400
1.258 c
132.6 1.222
1=0.7 120.4
toa7 170 4 pap
IS3 TS3/12
1.100
Lo7g
113.1m 1226 @ Y1212
-2 1100 S 1240
1053
120.3 118.3
1.389 127.2 . 1.052 /=014
109.6 1332 g 1.302 ,’I
Tie T 1o f=—" .. 103.¥
L 1232 &) 1 115.4 \ NS =TNE
1187 § 1178 1412 @
@ 1 000 1.076
1.081 :

Hinh 3: CAu tric chét trung gian va mot 5O trang thai chu}{én tié:p cua C;H va CH;OH [D¢ dai lién két (A),
goc lién két (°), ddu cham thay cho ddu phay chi phan thap phan]

3.2. Thong s nhiét dong hoc

Két qua tinh céac thong sb nhiét dong hoc cho muoi hai duong phan tng cua hé¢ C,H + CH;0H duoc
trinh bay trong bang dudi day:
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Buéc dau khado sdt 1y thuyét...

Bdng gia tri cac thong $6 nhiét dong hoc cua hé¢ C,H voi CH;OH

Puong phan ung AH®, kJ/mol AG®, kJ/mol AS°, J/mol.K

PR1 (C,H, + CH,OH) -161,6 -158,0 -6,7
PR2 (C,H, + CH50) -1353 11335 -18,3
PR3 (HCCCH; + OH) -146,6 -145,8 -20,9
PR4 (H,CC + CH,OH 2,5 1,0 7,8
PR5 (HC(C)CH; + OH) 37,8 34,2 4,1
PR6 (HCCOH + CH3) -140,5 -135,3 2,5
PR7 (HC(C)OH + CHs) 52,6 53,5 2.4
PR8 (H,CC + CH;0) 28,3 24,5 4,0
PR9 (HCCCH,OH,,,,s + H) -85,7 -75,5 -50,7
PR10 (HCCCH,OH,; + H) -90,4 -70,1 -55,7
PR11 (HC(C)CH,OH + H) 92,2 103,9 42
PR12 (C,H; + CH,0) -178,7 -194,4 2,6

Trong s 12 phan Gng dugc khao sat, cac phan
ung 1, 2, 3, 6, 9,10 va 12 1a c6 kha nang xay ra ¢
diéu kién tiéu chuan do bién thién thé dang nhiét-
dang ap c6 gia tri am (AG® < 0). Cac phan ung con
lai khong c6 kha nang ty xdy ra (AG® > 0). Trong 6
cac phan ung khong xay ra, phan tng 5 va 11 la
nhirng phan ng hoan toan khong thé xay ra (vé mat
nhiét dong hoc) & bat ki nhiét d6 nao do yéu té
entanpi va yéu tb entropi déu can tré. Cac phan tng
4, 7 va 8 khong xay ra & 298 K nhung lai c6 kha
ning xday ra & nhiét do cao hon (do bién thién
entanpi va bién thién entropi déu c6 gié tri duong).

4. KET LUAN

Budc dau chung t6i dd xac dinh dwoc mudi hai
dudng phan ung thong qua viéc thiét 1ap bé mat thé
niang cho hé C,H va CH;OH. Cac két qua tinh duoc
cho thy, trong mudi hai dudng phan tmg c6 hai dudng
phan tmg khong c6 kha ning xay ra vé mat nhiét dong
hoc d6 1a cac duong phan img 5 va 11, cac duong phan
{ig con lai déu c6 thé xay ra. Trong s6 nay, cac dudng
phan tng 1, 2, 3, 9 va 10 uu tién xdy ra ¢ nhiét do thap,
cac phan ung 4, 7 va 8 khong thuan loi ¢ nhiét 46 thép
nhung c6 kha nang xay ra ¢ nhiét d6 cao hon; cac phan
tmg 1,2, 3, 6 va 12 1a thudn loi nhét v& mit nhiét dong
hoc. Ngoai ra, cac thong s6 céu trac, nhiét dong kém
theo cling dugc xac dinh va thao luan chi tiét.

Tran trong cam on Nafosted Viét Nam tai tro
cho c¢éng trinh nay théng qua dé tai, md sé

104.03.2010.29.
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