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Abstract: CH and C,HsOH are important species in the combustion system. The reaction mechanism
between CH and C;HsOH is elucidated at the CCSD(T)//BHandHLYP/6-311+G(3df, 2p) level of
theory. The results of quantum chemistry calculation show that the CH free radicals preferentially
insert into the O-H and C-H bonds of CH; and CHs groups in the C;HsOH molecule. Meanwhile,
the insertions of the CH radical into C-O and C-C bonds are much more difficult due to having
high energy barriers. The main products of the reaction are: CH;CHCH; + OH, CH;C(OH)CH; +
H, CH3CHO + CHs, CH3COCHj3 + H, C,H4 + CH30, CH,0 + CH3;CH; and C;H4 + CH,OH. The
geometries of the species and the heats of reaction at 0 K are in good agreement with the available
experimental results. These results can provide guidance for future experimental work.
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Nghién ctru co ché phan ung chén cua methylidyne
v6i ethanol bang phuong phap phiém ham mat do

Nguyén Trong Nghia”

Truwong Dai hoc Bach Khoa Ha Noi, Pai Cé Viét, Hai Ba T rung, Ha Ngi, Viét Nam

Nhan ngay 28 thang 12 nam 2020
Chinh sira ngay 04 thdng 9 nam 2021; Chap nhan dang ngay 27 thang 9 nam 2021

Tém tit: CH va CoHsOH 14 c&c ciu tir quan trong trong hé chay. Co ché phan ung giita CH va
CoHsOH di dugc lam sang to ¢ mirc CCSD(T)//BHandHLY P/6-311+G(3df,2p). Két qua tinh toan
hoéa hoc lugng tir cho thdy gdc tw do CH wu tién chén vao céc lién két O-H va C-H cua cac nhom
CH_ va CHs trong phan tir C;HsOH. Trong khi d6, phan tng chén ciia CH vao lién két C-O va C-C
khé khian hon nhiéu do c¢6 hang rao ning lwong 16n. Cac san pham chinh cia phan tmg la:
CH3CHCH: + OH, CH3C(OH)CH2 + H, CH3CHO + CHs, CH3COCH3 + H, C;H4 + CH30, CH0
+ CH3CH, va CzH, + CH0H. Céu truc hinh hoc cuia cac cdu tir va nhiét phan tmg & 0 K phu hop
t6t v6i két qua thuc nghiém c6 sin. Két qua nghién ctru nay 1am co s¢ nghién ctru cho thye nghiém

trong tuong lai.

Tir khoa: Goc tu do methylidyne, ethanol, CCSD(T), co ché phan tng.

1. Mé dau

Géc ty do methylidyne (CH) & trang thai co
ban (X2IT) 1a mot trong nhiing ciu tir quan trong
trong hé chay ciing nhu trong mdi truong lién
sa0 [1-4]. Trong hé chay, methylidyne dugc
hinh thanh trong qua trinh d6t cac hydrocarbon
nho tao thanh gdc ty do CH* & trang thai kich
thich (2A), sau d6 chuyén thanh gc CH & trang
thai co ban. Vi du:

C:H + 02 —» CH* + CO; €))
C:H+0O—->CH*+CO (b)
CH* > CH + hv (©

Trong d6, hing s téc do cua cac qua trinh
(a) va (b) lan luot 12 3,6 x 104 va 1,8 x 10
(cm® phan tir? s?) [1], budc séng birc xa qua
trinh (c) 1a 430 nm [2]. Trong méi truong li€n
sao, methylidyne hinh thanh do sy quang phan
CHjs [3]. Trong phong thi nghiém, methylidyne
dugc tao ra bang cach quang phan CHBrs3,
CHCIBT,,... Bang phuong phéap thuce nghiém két
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hop véi 1y thuyét, Walsh va cong su [4] ciing da
xac dinh dwoc ndng do cua CH trong ngon lira
chay hydrocarbon & cac didu kién khac nhau.
Methylidyne lién quan dén nhiéu phan ung
quan trong nhu phan ung véi cac hydrocarbon
nhé tao thanh cac hydrocarbon 16n hon va hinh
thanh mudi than; sy hinh thanh NOy tir NO,...

Kha ning phan g cua methylidyne rat cao
do cAu trac electron ctia né c6 chira mot orbital
phan tir bi chiém chira mot electron va mot
orbital phan tir khong lién két trong; ca hai
orbital nay déu & nguyén tir carbon. Pidu nay
cho phép gbc methylidyne ¢ thé dé dang phan
mg véi cac cau tir trong pha khi nhu Op, CHa,
CzHe, C2H4, CH3CHO, CHgoH,... [5-11] ma
khong thong qua hang rao nang lugng.

Phan ung cuia CH v6i CH3OH (mét nhién
lidu chay quan trong) va cac dong vi CHs0OD va
CDsOH duoc nghién cuu bdi Johnson va cong
su [10] bang phuong phap huynh quang cam
{mg laser cho thay cac phan tg nay déu xay ra
nhanh vé6i hang s6 toc do & 298K trong khoang
2,1 — 2,6 x 10 (cm® phan tir! s?). Dé giai
thich co ché ciia phan tmg nay, Zhang va cong
su [11] d3 tién hanh tinh to4n & muc
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CCSD(T)/6-311+G(d,p)//B3LYP/6-311G(d,p).
Két qua tinh hoa hoc luong tir cho thiy gbc
methylidyne tao v4i methanol cac phuc van der
Waals trugc khi chén vao cac lién két O-H va
C-H trong phén tr CHsOH theo cdc trang thai
chuyen tiép c6 ning luong twong quan thip hon
chat phan tmg 1,1 - 2,5 kcal/mol. Diéu nay goi
y rang phan g xay ra dé dang véi hang sd toc
d6 gan voi hang s6 toc d6 va cham, phi hop véi
thuc nghiém ctia Johnson [10].

Ethanol 12 modt nhién lidu thay thé quan
trong va dang dugc sir dung rong rai dudi dang
xang sinh hoc ES, E10,... Tuy nhién, phan ing
giita ethanol véi gbc tu do methylidyne van
chua dugc nghién ctru. Trong bai bao nay,
chung t6i sir dung phuong phap phiém ham mat
d6 véi phiém ham BHandHLYP két hop véi
phuong phap chum tuong tac kich thich don,
doi voi su xu ly nhiéu loan cua kich thich ba,
CCSD(T), dé 1am rd co ché phan tmg chén gitra
CH v6i CoHsOH. Tir d6, xac dinh cac san pham
chinh ctia phan tng ciing nhu cic thong sé phan
tr ciia cac cdu tir lién quan 1am co s& cho céac
nghién ctru lién quan dén hai tac nhan quan
trong nay.

2. Phuong phap tinh

CAu triic phan tr cua cac cdu tir lién quan
dén phan tng C;HsOH + CH dugc tdi wu hoan
toan theo 1y thuyét DFT st dung phan
mém Gaussian 09 [12]. Trong d6, phuong
phép DFT-BHandHLYP (Ia mét phiém ham
Half-and-Half c¢6 sy két hop cua phiém ham
trao d6i B88 v6i phiém ham tuong quan LYP:
EXCBHandHLYP - O.S*EXHF + O.S*EXLSDA +
0.5%*AEx®*® + Ec-"") [13] dugc sir dung cing
v61 bo ham co s6 6-311+G(3df,2p). Tir cau tric
da tbi vu duoc, chuing tdi tinh tan s6 dao dong &
cing muec trén. Ciu tric mdi cdu tor xac dinh
dugc 1a cyc tiéu dia phuong hoic trang thai
chuyén tiép dua trén tin s dao dong tinh duoc
va x4c nhan bang két qua tinh toa d6 ndi phan
img & cing muc t6i wu. DE thu dugc gia tri
nang luong gan dung 6t hon, chung t6i tinh
ning lugng diém don cia mdi cau tir tdi wu
duoc theo phuong phap chum tuong tac kich

thich don, déi voi su xur 1y nhiéu loan cua kich
thich ba, CCSD(T) [14] v6i cung bd ham co sé.
Tir cac gia tri tinh dugc ddi voi cac chat phan
ung va san pharn phan tng, ching tdi tinh nhiét
phan tmg ddi voi mdi duorng phan mg. Dé xac
dinh @6 tin cdy cua cac gia tri tinh toan, chiing
t6i tién hanh so sanh thong s6 ciu tric va nhiét
phan g vai cac gia tri tir thyc nghiém.

3. Két qua va thao luin

Bang 1. So sanh cau triic ciia cac chat
phan ung (CoHsOH va CH) tinh theo phuong phap
BHandHLYP/6-311+G(3df,2p) véi thuc nghiém

ggcﬁt’rzogl&) Tinh toan I;}lfi(éma,b
C2HsOH

rCo-Hy 1,084 1,088
rCs-Ha 1,083 1,086
rCa-Ha 1,088 1,098
rC1-Os 1,409 1431
rOs-Hy 0,948 0,971
rC1-C 1,506 1512
£C4C10s 108,2 107,8
£C10sH 110,0 105,4
CH

rC-H 1110|1120

abtlr c4c tai liéu tham khéo [15, 16].

-

W

Hinh 1. Céu tric hinh hoc cua C2HsOH.

Trong nghién ctru nay, ky hiéu RA duogc
dung cho cac chat tham gia phan tmg (C2HsOH
va CH), TSi (TS1, TS2, TS3,...) ki hiéu cac
trang thai chuyén tiép, Ci (i =1 - 4) 1a cac phirc
van der Waals trudc phan Gng (cac complex).
ISi (IS1, IS2, IS3,....) 1a cac trang thai trung
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gian hinh thanh do sy chén cua géc CH vao
phan tir C;HsOH hodc do qua trinh dong phan
héa cua cac trang thai trung glan nay, PRi
(PR1, PR2, PR3,...) 1a cac san pham cubi ciia
phan ung gitra C2H5OH voi CH.

Trudce tién, ching to1 tién hanh tdi wu hoa
cAu trac cua cac ciu tir lién quan bang phuong
phap BHandHLYP/6-311+G(3df,2p) va so sanh
vdi céac gid tri thuc nghiém co sén [15,16]. Két
qua duoc trinh bay & Bang 1. Két qua cho thiy
su phu hop tot gitra cac gia tri tinh toan va cac
gia tri thuc nghiém. Cu thé d6 dai lién két O-H
cia phén tr CHsOH tinh & —mic
BHandHLYP/6-311+G(3df,2p) 12 0,948 A gin
véi gid tri thuc nghiém 0,971 A bao cio boi
Gurvich va cac cong su [15]. Tuong tu, lién két
C-O c6 do dai tinh & mac BHandHLYP/6-
311+G(3df,2p) 1a 1,409 A trong khi gié tri thuc
nghiém la 1,431 A do dai lién két C-H tinh &
muc nay trong khoang 1,083 + 1,088 A phu hop
tot v6i gia tri thuc nghiém 1,086 + 1,098 A.
Nhu viy qua céc so sanh trén cho thiy viéc sir
dung phuong phap BHandHLYP/6-
311+G(3df,2p) dé tdi wu céu trac cho két qua
phii hop tdt véi thye nghiém.

1. 695 1083 1.693
1.083 1.441 o 951 L 500 1.441 0 953
1.502 110 R 10 S

C2 (-13,4 kcal/mol) C3 (-13,7 kcal/mol)

Hinh 2. ’Céu trac hinh hoc cua hai phue chét du vao
khi goc CH keét hgp véi nhdém OH ctia CoHsOH.

D6i voi phan mg chén vao lién két O-H:
ban dau, gbc tu do CH tao thanh véi C;HsOH
phirc van der Waals (ki hiéu C2 trong bé mat
thé ning). Nang lugng ctia C2 thdp hon mot
chut so véi chat phan tmg v6i ning lugng tuong
quan la -13,4 kcal/mol. Gia tri nang lugng nay
phu hop voi gia tri -11,3 kcal/mol trong hé phan
ung gitta CH v6i CH3OH dugc bao cao boi
Zhang va cong su [11]. V& céu tric cia C2, d6
dai lién két C-O giita nhém CH va ethanol 1a
1,695 A phu hop véi do dai trong ciu trac
complex (trong tai liéu ki hiéu 1a a2) 1a 1,756 A
[11]. Tt complex C2, nguyén tir H trong nhom

OH c¢6 thé dé dang chuyén sang nguyén tir C
trong nhom CH qua trang thai chuyén tiép TS2
nam phia dudi chat phan tmg -5,3 kcal/mol tao
thanh trang thai trung gian IS5 (C2HsOCH,, -
91,6 kcal/mol). Trang thai chuyén tiép TS2 c6
tan sb 4o duy nhat 1647i ung voi sy dich
chuyén nguyén tir H tir O sang C nhu da phan
tich. Do dai lién két gitta nguyén tir H nay véi
nguyén tor O va C lan luot 1a 1,106 va 1,326 A
phii hop v6i qua trinh sy dut giy lién két O-H
va hinh thanh lién két C-H; dong thoi phu hop
v6i d6 dai lién két 1,123 va 1,335 A trong trang
thai chuyén tiép khi gbc CH chén vao nhom OH
cua phan tr CH3OH. Ngoai ra, hang rao nang
lugng tai TS2 la 8,1 kcal/mol va nang lugng
tuong quan cua trang thai trung gian 1a -91,1
kcal/mol cling phu hop véi cac gid tri tuong
ung 8,9 va -87,3 kcal/mol trong h¢ CH3sOH +
CH [11].

D6i v6i phan ting chén vao cac lién két C-H
ciia nhém CH; va CHs: gbc tu do CH ciing tao
thanh voi CoHsOH céc phtic van der Waals
(ki hiéu C1 va C4 trong bé mit thé ning) trude
khi chén vao céc lién két C-H tao thanh cac trang
thai trung gian. Nang lugng cua C1 va C4 thap
hon chat phan tng chi tir 1,3 dén 6,3 kcal/mol
cho thiy déy 1a cac complex c6 tuong tac van
der Waals kha yéu. Diéu nay phu hop véi nghién
ctru CH + CH3OH [11], trong d6, complex c6
nang lugng tuong quan 1a-3,6 kcal/mol so vai
chat phan tmg. Do dai lién két gitra nguyén tir C
trong nhom CH véi nguyén tor H trong nhém
CH2 va giira hai nguyén tir carbon nay lan luot
la 1,373 va 2,396 A phu hop véi cac gia tri
twong tng 1a 1,248 va 2,275 A trong hé CH;0H
+ CH. Twong ty nhu phan tmg chén vao lién két
O-H, ¢ phan tng chén vao cac lién két C-H cia
nhém CH, va CHs, sau khi géc CH hinh thanh
hai complex C1 va C4, nguyén t H trong nhom
CH, va CHs cia phan tor CoHsOH dé dang
chuyén sang nguyén tir C trong nhom CH qua
cac trang thai chuyén tlep TSI va TS26 voi
ning lugng tuong quan lan lugt 1a -8,4 va
-3,7 kcal/mol tao thanh cac trang thai trung gian
IS1 (CH3CH(CH2)OH, -97,6 kcal/mol) va 1S9
(CH2CH.CH20H, -94,2 kcal/mol). Céc trang
thai chuyén tiép TS1 va TS26 c6 tan sé a0 duy
nhat 1a 545i va 498i tng v6i su chuyén vi
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nguyén tir H tir nhom CH; va CHs sang nhom
CH. Do dai cac lién két giita C va H dang hinh
thanh va dut gdy ¢ TS1 tuong Gng la 1,177 va
1,328 A; & TS26 twong tng 1a 1,210 va 1,270 A
16n  hon d6 dai lien két C-H thong thuong
(khoang 1,08 A) phu hop véi do dai lién két ¢
trang thai chuyén tiép mg véi su dich chuyén
cua nguyén tor H nhu da phan tich ¢ trén.

Doi voi phan ung chén cta gbe CH vao cac
lién két C-O va C-C cua C,HsOH: Pdi voi phan
mg chén vao lién két C-O, trude tién goc CH
cling tao thanh complex C3 vdi ndng luong
tuong quan -13,7 kcal/mol. Sau d6, nhom C;Hs
chuyén tir OH sang CH théng qua trang thai
chuyén tiép TS3 (19,7 kcal/mol). Trang thai
chuyén tiép TS3 c6 tan s6 4o duy nhéat 1154i
g voi sy chuyén dich nhém C;Hs tir OH sang
CH; cac do dai lién két C--C dang hinh thanh
va C---O dang dut gdy lan lugt 13 2,097 va 1,785
A 16n hon so véi d6 dai lién két thong thuong
C-C (1,506 A) va C-O (1,409 A) trong chat

E (keal/mol)
A 0973 485
mm
” o0) 1.785 1031

0.0
-20.0+
-40.01
-60.0-
-80.0
-100.0 CH,CH(CH;)OH IS] 152

T
CH;C(CH,)OH 154

phan tng CoHsOH. Cac d6 dai nay cling phu
hop v6i cac d6 dai C---C dang hinh thanh (2,085 A)
va C--O dang dut gy (1,746 A) trong nghién
ctru trude d6 cta Zhang va cong su [11]. Piém
dang chu y 1a qué trinh chén nay c6 hang rao
nang luong ¢ TS3 (ndng luong twong quan la
19,7 keal/mol) cao hon rat nhleu S0 VvOi cac
hang rao ung v6i sy chén ciia gbc CH vao céac
lién két O-H (¢ TS2, ning luong twong quan la
-5,3 kcal/mol), C-H cta nhém CH: (¢ TSI,
nang lugng tuong quan la -8,4 kcal/mol), C-H
cia nhom CHg (TS26, -3,7 keal/mol). Két qua
nay cho thiy qua trinh chén vao lién két C-O
doi hoi nang luong cung cap 16n va kho xay ra
trén thuc t& do bi canh tranh boi cac duong
phan tng c6 nang lugng thap hon nhiéu nhu da
phan tich. Do dd, qua trinh chén cia nhom CH
vao lién két C-O ¢ thé bo qua. Twong ty, quéa
trinh CH chén vao lién két C-C ciia CoHsOH
cling dugc bo qua do c6 hang rao ning
luong 16n.

6]
" CHCHCH, = OCP)

21105

1%

CH;CHCH, + OH

_ il _70.6 PR4

e PRUTEHCoH)CH, + H

--.. "PRICH,CHCH ~ H,0
.. 852 PR7

PRG.  CH,COCH, + H

CH,CHO + CH,

—
IS8 CH4CH,CHOH

Hinh 3. Bé mit thé nang rat gon dbi véi gbec CH chén vao lién két C-H trong nhém CH, va C-O ciia C,HsOH.

Nhu véy, gbe tw do CH c6 thé d& dang chén
vao cdc lién két O-H va C-H ctia nhom CH, va
nhom CHs tao thanh cac trang thai trung gian
IS9, IS1 va IS5, tuong ing. Cac trang thai trung
gian ndy c6 thé dong phan hoa thanh cac trang

thai trung gian khac va phan huy thanh cac san
pham khac nhau tir PR1 (CHsCHCH, + OH)
dén PR18 (CH3CHCH + H;0). Két qua chi tiét
duogc trinh bay trong bé mit thé ning & Hinh 3
va 4. Bé mat thé ning cho thay co6 06 duong
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phan tng c6 niang lugng thap nhit (cac duong
nét lién) 1a cac duong tao thanh cac san pham:
PR1 (CH3CHCH; + OH), PR4 (CH3C(OH)CH,
+ H), PR6 (CH3CHO + CHj3), PR7 (CH3COCH;3
+ H), PR8 (C:Hs; + CH30), PR11 (CH:0O +
CHsCHz) va PR16 (C.Hs + CH,OH). Cac
duong phan tmg tao thanh cac san pham con lai
(duong nét dut) déu cd ning lugng cao nén
khong uu tién xay ra trong thyc té.

DPuong phan ung tgo thanh PRI
(CH;CHCH: + OH) va PR4 (CH;C(OH)CH: + H):
Hai duong phan trng tao thanh PR1 va PR4 xay
ra khi gbc CH chén vao lién két C-H trong
nhom CH; cua phéan tor C;HsOH qua cac trang
thai chuyén tiép TS1 tao thanh cac trang thai trung
gian 1S1 (CH,CH(CH3)OH, -97,6 kcal/mol) nhu
dd phan tich ¢ trén. Sau do, lién két C-O giita
nhom OH véi nhom CH ¢ gitra mach carbon
trong IS1 bi dut gdy thong qua trang thai
chuyén tiép TS16 v6i hang rao ning luong chi
26,2 kcal/mol tao thanh PR1 (CH3CHCH; +
OH, -69,8 kcal/mol). Trang thai chuyén tiép
TS16 tan s 40 duy nhit 1a 311i tng voi sy tach
roi cia nhom OH khéi mach carbon. D dai
lién két C-O nay 1a 2,107 A cho thay lién két
nay dang dut gdy theo hudng tao thanh san
pham PR1 nhu di phan tich 1a phu hop. Ngoai
ra, lién két C-H trong nhém CH & giira mach
carbon c6 thé xay ra dut giy theo huéng TS12
(-64,6 kcal/mol) tao thanh PR4 (CH3C(OH)CH,
+ H, -70,6 kcal/mol). Trang thai chuyén tiép
TS12 tan s6 ao duy nhat 1a 821i tng véi su
phan ly cua lién két C-H & giita mach carbon
v6i d6 dai lién két 1a 1,878 A phu hop voi su
phan ly thanh san phdm PR4.

DPuong phan vung tao thanh PR6 (CHsCHO
+ CHjs) va PR7 (CH3COCHs + H): Khi nguyén
tir H chuyén vi tir nhém OH sang nguyén tr C
trong nhom CHz ¢ dau mach thong qua trang
thai chuyén tiép vong 4 canh & TS9 v6i ning
luong tuong quan la -66,4 kcal/mol tao thanh
trang thai trung gian IS2 ((CH3).CHO,
-94,3 kcal/mol). Mt trong hai nhém CHs hodc
nguyén tr H trong nhém CH c6 thé tach khoi
nguyén tir C ¢ gitta mach thong qua cac trang
thai chuyén tiép TS6 va TS7 tao thanh cac san

pham PR6 (CHsCHO + CHs, -90,0 kcal/mol) va
PR7 (CH3sCOCHs; + H, -85 ,2 keal/mol), tuong
mg. Hai trang thai chuyén tlep nay c6 tan sd 4o
duy nhat va do dai lién két dang dit giy lan
luot 1a 507i va 2,110 A déi véi TS6; 1027i va
1,754 A @i voi TS7 phu hop véi trang thai
chuyén tiép tao thanh cac san phim PR6 va
PR7 nhu da phan tich & trén. Nang luong twong
quan ctia TS6 va TS7 lan luot 1a -79,5 kcal/mol
va -75.9 kcal/mol cho thay cac qué trinh nay c6 thé
dé dang xay ra do hai hang rdo ning luong nay
thap hon nhidu so véi hang rio ning luong cta qua
trinh dong phan hoa tir IS1 thanh IS2 trudc do.

DPuong phdan ung tao thanh PRS (C-H; +
CH;0) va PR11 (CH20 + CHsCHy): Hai duong
phan tng tao thanh PR8 va PR11 déu xay ra khi
gbc CH chén vao lién két O-H cua phéan tir
C2HsOH qua trang thai chuyén tiép TS2 tao
thanh trang thai trung gian IS5 (CHsOCH>)
nhu di phan tich & trén. Sau do, lién két giita
nguyén tor O véi nhéom CoHs trong IS5 bi dut
gdy thong qua trang thai chuyén tiép TS4 nim
thap hon chat phan tmg 66,0 kcal/mol tao thanh
PR11 (CHsCH; + CH0, -82,4 kcal/mol). Hoac
nguyén tir H c6 thé chuyén tir nhom CH; dau
mach trong IS5 sang nhém CH, ¢ dau mach bén
kia thong qua trang thai chuyén tiép vong 5
canh ¢ TS19 (-62,7 kcal/mol) tao thanh trang
thai trung gian 1S7 (CH,CH,OCHs;, -85,3
kcal/mol). Cubi cung lién két gitra O véi nhoém
CHzCH; dut gay do nguyén tir C trong nhém
CH: dau mach chuyén mat do electron lién két
v6i nhom CHz bén canh thanh PR8 (CzH4 +
CH30, -66,9 kcal/mol). D6 dai lién két C-C
giam tir 1,479 A trong IS7 xudng 1,355 A trong
TS20 con 1,316 A trong C,H, tao thanh. Do dai
lién két C-O tang tr 1,401 A trong IS7 lén
1,975 A trong TS20 {mg véi tan sb 4o trong
TS20 12 536i cho thay lién két nay dang dut giy
tao thanh san phim PR8 nhu da phan tich. Hinh
4 cho thay hang rao nang luong cao nhét hinh
thanh hai san pham nay ung voi cic trang thai
chuyén tiép TS4 va TS20 nam dudi chét phan
ung lan lugt 66,0 kcal/mol va 60,4 kcal/mol
chimg t6 day 14 cac san pham kha dé dang duoc
tao thanh.
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0.0 - ﬂ'mat
0.0 i 23T TS26
TS2 320"
121048 :

=200+
-40.0+
-60.0-
-80.0 +

Q 55 156 2

100,04 L‘HwL‘H;CHl;t’JH( H;LH OCH, {_H1LH CH,0

Duong phan ung tao thanh PR16 (CHas +
CH:OH): Buong phan (g tao thanh PR16 xay
ra khi gbc CH chén vao lién két C-H trong
nhom CHjs cua phan tr C2HsOH qua céc trang
thai chuyén tiép TS26 tao thanh céc trang thai
trung gian 1S9 (CH.CH.CH:OH) nhu da phan
tich & trén. Sau d6, nhom CH, dau mach lai
chuyén méat do electron dé hinh thanh lién két
v6i nhém CHa bén canh 1am cho do dai lién két
C-C giam xudng tir 1,487 A trong IS9 con
1,351 A trong TS27 va 1,316 A trong C2H, tao
thanh. Nguoc lai, do dai lién két C-C bén canh
ting tir 1,517 A trong IS9 1én 2,237 A trong
TS27 tmg v&i sy phan ly cia lién két nay dé tao
thanh san pham PR16 (C,Hs + CH,OH, -74,8
kcal/mol). Hang rao nang lugng cliia qua trinh
nay la 28,3 kcal/mol & TS27, thap hon nhiéu so
véi nhiét phan Gng toa ra tur giai doan trudc do
hinh thanh IS9 tir chit phan tng 1a 94,2
kcal/mol. Néang lugng cua giai doan hinh thanh
1S9 gitip cho qua trinh tiép theo xay ra dé dang.

Nhiét phén &ng

Bang 2. So sanh nhiét phan trng ¢ 0 K tinh theo
CCSD(T)//BHandHLYP/6-311+G(3df,2p) voi cac
gia tri tuong ung tur thuc nghi¢ém, don vi kcal/mol

» A " . | Thuc
Puong phan ung Tinh toan nghiém?
CoHsOH + CH —» ) i
CH3CHCH2 + OH 69:8 68,5 + 0,9

089
) 1.074 W L
112,44 381 .
1.35 -
1.9% L

39

CHyCH,0 + CHy(? m

o (H;(Ha[H +0(*P)

-2.9

--67 6 PR]-ICH;LHLH()H +H
-&;.»4 8 PR16

—'
IS8 CH;CH,CHOH

Chcorcr: 11| T8 | 123208
gﬂiséoHHo++ccHH3_> 900 Ll
gﬁ:ooHc:if I
EQTCOH'; : ggsg -66,9 64,3+12
o+ oicry | B4 | T92 =11
Cricra + Crion | 748 | 737209

2tlr c4c tai lidu tham khao [17-21].

Tir cac két qua vé nhiét dong hoc cia cac
chit diu va sian phim ta tinh dwgc nhiét
phan tng, AH%, d6i véi mdi duong phan ung.
Trong do, cac gia tri nhiét phan tng dbi véi cac
san pham chinh & trén duoc tinh & 0 K va so
sanh vodi cac gia tri thuc nghiém trong Bang 2.
Trong do, gia tri nhiét thuc nghiém nhiét phan
ung dugc xac dinh tir cac gia tri thuc nghiém
nhiét hinh thanh cta cac ciu tir lién quan tir tai
liéu tham khao [17-21].

Bang 2 cho thdy cac gi4 tri nhiét phan tng
tinh ¢ mic CCSD(T)//BHandHLYP/6-
311+G(3df,2p) phu hop t6t véi gia tri thuc
nghiém. Vi du dbi véi duong phan tng
C;HsOH + CH — CH3;CHCH; + OH, nhiét
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phan tng tinh duoc la -69,8 kcal/mol nam trong
pham vi sai s6 caa gia tri thuc nghiém 1a -68,5
+ 0,9 kcal/mol. Tuong tu cac gia tri khac cling
cho két qua sai s6 thuong khong qua 2 keal/mol
cho thay phuwong phap nay cho két qua dang
tin cay.

4. Két ludn

Géc tu do CH 1a cau tir quan trong trong hé
chdy; C;HsOH 1a nhién liéu tai tao dang dugc
sir dung nhu xing E5, E10. B& mit thé nang cua
phén ting giita CH va C,HsOH da dugc thiét lap
sir dung phuong phap BHandHLYP két hop voi
CCSD(T). Két qua tinh toan cho thay gbc tu do
CH wu tién chén vao céc lién két O-H va C-H
cia cac nhom CH: vad CHs trong phan tir
C2HsOH. Mdi phan ung chén nay déu thong
qua mot complex la tuwong tac van der Waals
gitta gdc ty do CH véi cac nhém nguyén tir
trong C:HsOH v&i ning luong lién két khoang
1,3 dén 13,4 kcal/mol. Cac phan mg chén nay
kha thuan loi voi hang rao nang luong & TSI,
TS2 va TS26 véi nang lugng tuong quan
khoang -3.7 kcal/mol dén -8,4 kcal/mol so véi
chat phan ung. Cac trang thai trung gian tuong
g dugc tao ra bén vitng v6i nang lugng tuong
quan khoang gan -100 kcal/mol so véi chat
phan tng. Cac trang thai trung gian nay dong
phan héa hodc phan huy thanh cic san pham
khac nhau véi cic san pham chinh cta phan
ung la: PR1 (CH3CHCH, + OH), PR4
(CH3C(OH)CH: + H), PR6 (CH3CHO + CHs),
PR7 (CHsCOCHs + H), PR8 (C:H. + CH30),
PR11 (CH.O + CHs;CHy) va PR16 (CoHs +
CH20OH).
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