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Nghién ciru co ché phan ng ciia metanol véi cac goc tw do *XH; (X = C, Si)
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Tom tat

Co ché phan (ing ctia metanol (CHsOH) véi cac géc tw do “XHs (X = C, Si) d& dwoc nghién ciru béng ly
thuyét obitan phan ti dua trén phuong phap CCSD(T)/B3LYP/aug-cc-pVTZ. Béi véi phén tmg CHsOH +
*CHs, céc dudong sén phdm chinh tng véi sw tach H tao thanh céc sdn phdm PR1 (CHs0° +CHas: 0,0
kcal.mol?) va PR2 (“CH-OH + CHa: -8,1 kcal.mol!) qua céc trang théi chuyén tiép TS1 va TS2 cé nédng
luong tuong g 1a 12,0 va 12,8 kcal/mol so véi céc chat phén tmg. Trong khi dé, déi véi phan tng CHsOH
+ *SiH3, cac dwong phan mg chinh la phdn (g tach H tao thanh PR7 (*CH20H + SiHa4: 3,4 kcal/mol) va cac
phén (g thé tao thanh PR8 (H*+ CH30SiH3: -0,3 kcal.mol') va PR9 (“CHs + SiH3OH: -28,7 kcal.mol) qua
céc trang thai chuyén tiép TS7 (16,2 kcal.mol?), TS8 (16,5 kcal.mol") va TS9 (17,0 kcal.mol"), tuong tng.
Céc théng sb céu truc tinh duoc cho cac céu ti trong céc PES va nhiét phan g phu hop tét véi céc gia tri
thuwre nghiém.

T khoa: Co ché phan (ng, gbc silyl (+SiH3), géc metyl (+CH3), metanol (CH30H), PES,
Abstract

The mechanism for the reactions of methanol (CH3OH) with *XHs (X = C, Si) radicals have been investigated
by ab initio molecular orbital theory based on the CCSD(T)//B3LYP/aug-cc-pVTZ method. For the CH30OH +
*CHs reaction, the major product pathways channels are H-abstraction forming PR1 (CHs0° +CH4: 0,0
kcal.mol') and PR2 (*CH20H + CHa: -8,1 kcal.mol") via transition states TS1 and TS2 lying 12,0 and 12,8
kcal/mol above the reactants, respectively. While for the CHs3OH + °SiHs reaction, the major product
pathways channels are the H-abstraction forming PR7 (*CH20H + SiH4: 3,4 kcal/mol) and substitution
channels forming PR8 (H* + CH30SiH3: -0,3 kcal.mol') and PR9 (*CHs + SiH3OH: -28,7 kcal.mol") via
transition states TS7 (16,2 kcal.mol'), TS8 (16,5 kcal.mol') and TS9 (17,0 kcal.mol"), respectively. The
predicted geometry parameters for the species in the PESs and the heats of reaction in this work are in good
agreement with available experimental data.

Keywords: Reaction mechanism, silyl radical (*SiHs), methyl radical (*CHs), methanol (CH3OH), PES.

Trong do, cac tac gia da bao cao cac két qua hing s6
toc do cua tung duong phan tng va hang so6 toc do

Hién nay, metanol (CH3OH), m¢t trong nhiing
dan xuit hydrocacbon don gian nhat, 1 mot nhién
lidu thay thé quan trong do it gdy 6 nhiém mdi truong
va c6 kha ning tai tao.[1,2] Do d6, su hiéu biét vé
tinh chat, co ché va dong hoc phan tng cta chung véi
céc tac nhan khac nhau 13 can thiét.

Phan tmg ctia CH;O0H véi gbc ty do *CH; da
duogc tién hanh bang ca phwong phap 1y thuyét va
thuc nghiém.[3-9] Cac nghién cru thuc nghiém tap
trung vao hai co ché tach H & nhém OH va CHi:

(M
2

CH;0H + *CHz — CH30°* + CHy4
— *CH,OH + CH4
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téng & mot sb khoang nhi¢t d6 khac nhau. Vi du,
Anastasi va Hancock[3] st dung ki thuat phé UV-Vis
da do dugc hang sb toc do tong trong khoang nhiét do
525 — 603 K 14 1.3 x 1011 3529 [#3.32 kJ/mol]/RT (cm3
phan tor' s) voi R, T 1an luot 1a hang sé khi 1y twong
va nhiét do tuyét dbi. Vé phwong dién Iy thuyét,
Dombrowsky va cong su[8] da sir dung phuong phap
nhiéu loan MP2, MP4 két hop v6i phuong phap hdn
hop G2 tinh cho hai dudng phan tmg nay. Cac két
qué cho thay gbc tu do *CH; tach tryc tiép nguyén tir
H* qua hai hang rao nang luong 13,6 va 14,0 kcal/mol
twong g vai duong (1) va (2). Tho va Sang[9] cling
da xay dyung bé mat thé ning cho phan tmg CH;OH +
*CH; ¢ mic ly thuyét CCSD(T)/B3LYP/6-
311++G(3df,2p); mirc ndy cao hon muc G2 cuia
Jobkowski. Két qua cho thay cac hang rao nang lugng
va cac san pham phan tng déu thiap hon mét chut,
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trong khoang 0,7 kcal/mol, so véi két qua & mirc G2
truée d6. Bén canh do, cac tac gia ciing di xét dén
kha ning gdc ty do *CH; thay thé nguyén tir H trong
nhém OH ciia CH;OH. Tuy nhién, phan tmg thé H
trong nhém CH; va thé nhém OH van chua dugc
nghién ctru. Ngoai ra, phan ng cta metanol véi gbc
*SiH3, mot gbe tu do co cung ciu truc electron véi
*CH3, hoan toan chua dugc nghién cuu.

Trong bai bao nay, chung t6i sit dung ca hai
phuong phap DFT-B3LYP va CCSD(T) voi b ham
co s6 16n 1a aug-cc-pVTZ dé nghién ciru va so sanh
co ché phan tmg day du bao gdm phan tng tach H va
thay thé H va OH ciia CH30H bdi cac gbe tu do *CH;
va *SiH;.

2. Phwong phap nghién ciru

Pé xay dung dugc PES, trude hét chung toi sir
dung phuong phap phlem ham méat d6 DFT-B3LYP
(phiém ham trao d6i khong cuc bo ba thong sb cua
Becke v6i phiém ham tuong quan cia Lee, Yang va
Parr) v6i bo ham co sé aug-cc-pVTZ dé téi uu hoa
céu trac cho tit ca cac chat phan tmg, trang thai
chuyén tlep va san pham phan ung. Sau do, tinh nang
luong diém don cho mdi céu tric tdi wu duge bang
phuong phap CCSD(T) véi cung b ham co s6. Nang
luong téng ciia mdi ciu tir bing nang luong diém don
cong véi ning lugng dao dong diém khong (ZPE).
Céc trang thai chuyén tiép dugc kiém tra bang cach
phan tich tin s6 dao dong két hop vdi tinh toa do noi
phéan tng (IRC). Cac tinh toan hoa hoc luong tir dugc
thuc hién béng phén mém Gaussian 2009.[10] Dya
vao PES va cac két qua tinh toan thong sé nhiét dong
cho cic chat dau (RA) va san phiam (PR), xac dinh
duoc cac gia tri AHospu, AG®08pu, AS®205p d0i VOi
mdi dudng phan tmg. Cic gia tri nhiét phan tng,
AH%9gpu, tinh & trén dugc so sanh voi cac gia tri tu
thuc nghiém c6 san.[11-18]

3. Két qua va thio luin

Trude tién, dé xac dinh do tin cdy ctua phuong
phap tdi wu, ching t6i so sanh cac d¢ dai va goc lién
két tinh dugc ¢ mirc B3LYP/aug-cc-pVTZ clia céc
chét phan tng (CH;0H va "XHs (X = C, Si)) véi thyc
nghiém. Cu dang cua CH;OH dugc chon 1a cac cdu
dang xen k€ vi day la trang thai co ban, c6 ning
lwong thép nhét; cdu dang nay ciing dugc xac nhan
béng thuc nghiém boi Venkateswarlu va cong su.[19]
Két qua dwoc trinh bay ¢ bang 1.

Két qua & bang 1 cho thdy sy phu hop tt giita
cac gia tri tinh cua ching t6i véi cac gia tri thuc
nghiém c6 sin. Vi du, di v6i CH;OH khi tinh theo
phuong phap B3LYP/aug-cc-pVTZ, do dai cac lién
két C-H, C-O va O-H tinh dugc lan lugt 1a 1,094,
1,423 va 0,961 A ndm trong pham vi sai s6 cua gia tri
thyc nghiém 1a 1,096 + 0,010, 1,427 + 0,007 va 0,956
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+ 0,015 A; cac goc lién két HCH va ZCOH tinh
dugc va thuc nghiém (trong ngodc don) lan luot 1a
109,0° (108,87 £ 2°) va 109,0° (109,03 + 0,75°).
Tuong ty, cic thong sd cau trac cua *CH; va *SiH;
tinh theo B3LYP/aug-cc-pVTZ ciing cé sy phu hop
tot v&i cac gia tri thuc nghiém (bang 1). Piéu nay
chung to, viéc st dung phuong phap B3LYP voi bo
ham co so 1on aug-cc-pVTZ & day la phu hop va cho
két qua dang tin cay.

PES cua phan vng CH;0H + *CH;

Céu trac hinh hoc ciia cac chat dau va trang thai
chuyén tiép dugc trinh bay ¢ hinh 1. Bé mit thé ning
tinh & muc CCSD(T)/B3LYP/aug-cc-pVTZ dugc
trinh bay ¢ hinh 2. Trong do, cac trang thai chuyén
tlep duoc ki hi€u 1a TSx (TS1, TS2, ..., TSS), cac san
phiam dugc ki hi¢u 1a PRy (PRI, PR2, ..., PRS).

Biang 1: So sanh cau tric cua cic chat phan
ung (CH3;0H va XH; (X = C, Si)) tinh toan va
thuc nghiém.

Do dai B3LYP/aug- | Thuc nghiém
(A)/Géc (°) | cc-pVTZ a,be
rC-H 1,094 1,096 + 0,010 *
rC-0 1,423 1,427 0,007 *
rO-H 0,961 0,956 + 0,015 °
/HCH 109,0 108,87 22
/COH 109,0 109,03 + 0,75 *
/HCOH 180,0 180 ?
rC-H 1,078 1,079 °
/HCH 120,0 120,0°
rSi-H 1,485 1,468 ©
/HSiH 111,1 110,5 ©

“tir tai liéu 19; " tir tai liéu 20; © tir tai liéu 21.

Nguyén tir C trong gdc tw do *CHj c6 mot e doc
than c6 thé tin cong vao cac nguyén tir H trong nhom
OH va CHj; (phan tng tich H); vao nguyén tod O
(phan {mg thé nguyén tir H va thé nhém CH3); va vao
nguyén tir C (phan tng thé nguyén tir H va thé nhom
OH) cuia phan tir CH;OH. Bé mit thé ning & hinh 2
cho thiy trong 5 huéng phan tng trén, hai phan tmg
tach H tao thanh PR1 va PR2 ¢6 hang rao nang lugng
thip nhat.

Cac dwong phan ung tao thanh PRI (CH;0° +
CH,) va PR2 (*CH,OH + CH,): Khi gbc *CH; tin
cong vao H trong nhom OH va CH; cia CH30H tao
thanh cac san pham PR1 (0,0 kcal/mol) va PR2 (-8,1
kcal/mol) theo hudng trang thai chuyén tiép TS1 va
TS2 c6 nang lugng twong quan 12,0 va 12,8 kcal/mol,
tuong tmg. Céc trang thai chuyén tiép TSI va TS2 c¢b
tan s6 4o duy nhét lan luot 1a 1677,4i va 1601,5i cm™
mg v&i su di chuyén cua nguyén tir H tir nhom OH
va CH; cua CH;OH sang gbc tu do *CHs. Céu trac
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cua CH;OH va °CH; ctia ching t6i tinh ¢ mirc
B3LYP/aug-cc-pVTZ phu hop véi cac gia tri thuc
nghiém nhu da phéan tich. Cau trac cia TSI va TS2
ctia chiing t6i cling phu hop véi cac cdu truc twong
img duoc cong bd boi Dombrowsky va cong su[8]
cling nhu boéi Tho va Sang.[9] Vi du, d6 dai lién két

hop vé6i do dai 1.2479 va 1.4011 A béi Dombrowsky
va cong sw,[8] va 1.207 va 1.301 A boéi Tho va
Sang.[9] Nang lugng tuong quan cia TS1, TS2 va
céc san pham PR1, PR2 cua chung t6i gan véi cac gia
tri tvong tmg trong tai liéu tham khao (hinh 2). Piéu
dang chu y 1a phuong phap tinh cua chung t6i c6 do

gitta nguyén tir H nay voi O va C (O-H va C-H) trong dd tin cay cao hon G2 va CCSD(T)//B3LYP/6-

TS1 cua chung toi lan luot 1a 1.206 va 1.303 A phu 311++G(3df,2p).
1.085 0.961
20601 303 1096 ¢ 5
114.1 114.1
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Hinh 1. C4u trac hinh hoc cic trang thai chuyén tiép trong phan tng CH;OH + XH; (X = C, Si) duoc
t01 vu ¢ murc B3LYP/aug-cc-pVTZ. (Dau cham (.) thay cho d4u phay trong phan thap phan. Do dai lién két
tinh theo Angstrom (A), goc lién két tinh theo do (°)).
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Hinh 2. Bé mit thé nang phan tng CH;0H + *CH;
duge tinh & mitc CCSD(T)//B3LYP/aug-cc-pVTZ. b
T céc tai li¢u tham khao.[8,9]
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Hinh 3. B& mit thé ning phan ing CH;OH + °SiH;
duoc tinh & muc CCSD(T)//B3LYP/aug-cc-pVTZ.

Cdc dwong phan ung tao thanh PR3 (CH30CH;
+ H°), PR4 (C:HsOH + H°®) va PR5 (C:Hs + °OH):
Khi gbc *CH; thay thé nguyén tir H trong nhom OH
ctia CH;OH tao thanh san pham PR3 (21,6 kcal/mol)
theo huéng trang thai chuyén tiép TS3 (46,8
kcal/mol). Céu trac va niang lwong ctia TS3 ma chung
t6i tinh dugc phu hop voi két qua trong tai liéu tham
khao.® Ngoai ra, khi gbc *CH; thay thé nguyén tir H
trong nhom CH; va thay thé nhém OH cua CH;OH
tao thanh san pham PR4 (9,7 kcal/mol) va PR5 (1,6
kcal/mol) theo hudng céc trang thai chuyén tiép TS4
(52,4 kcal/mol) va TS5 (42,6 kcal/mol), twong ung.
Tuy nhién, ca ba san phim nay déu c6 hang rio ning
lugng cao so voi cac san pham PR1 va PR2 & trén
nén cac duong phan tng tao thanh PR3 — PRS5 kho co
kha nang xay ra.

PES cua phan vng CH3;0H + “SiH;

Céu tric hinh hoc cua cac cdu tir va PES dugc
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trinh bay ¢ hinh 1 va 3, twong Gng. Nguyén tur Si
trong gbc ty do *SiH; c6 mot e doc than cb thé tach
cac nguyén to H trong nhom OH va CHs; hoac thay
thé cac nguyén tir H nay hay thay thé nhém OH hodc
CHj; ctia phan tir CH;0H tao thanh 6 san pham PR6 —
PRI11.

Phan tmg tach H tao thanh cdc san phdm PR6
(CH;0° + SiH,) va PR7 (*CH;OH+SiH,): Khi gbc
*SiH; tan cong vao H trong nhém OH tao thanh san
phim PR6 (13,3 kcal/mol) theo huéng trang thai
chuyén tiép TS6 c6 niang luong twong quan 19,2
keal/mol. TS6 c6 tan s ao duy nhat 681,3; cm™ ung
v6i sy di chuyén ctia nguyén tir H tir nhém OH sang
nhém SiHs. Do dai lién két gitra nguyén tir H nay véi
O va Si (O-H va Si-H) trong TS6 lan luot 1a 1.441 va
1.580A phu hop v&i qué trinh dut gay lién két O-H va
hinh thanh lién két Si-H. D6 dai H-O nay 1én hon mot
chut so v6i do dai cua lién két H-O (1.206 A) va két
H-C (1.303 A) trong trang thai chuyén tiép CHs-
O...H...CH; (TS1) khi CH;OH phan tng véi gbc
CHs. Két qua nay 1a hop 1y vi nguyén tir Si & chu ki 3
6 ban kinh nguyén tir 16n hon nguyén tr C nén cac
do dai trong trang thai chuyen tiép gy ra boi goc tu
do SiH; cing lon hon goc tu do CHs. Cac lién két
khac khong bi anh huong truc tiép boi ban kinh cua
Si trong nhém SiH; nén cac do dai va goc lién két nay
trong TS6 phi hop tdt vi cac gia tri trong trang thai
chuyén tiép CH;-O...H...CH;. Vi dy, cac d6 dai C-O,
H-C va goc ZOCH trong nhém CH30O ¢ hai trang thai
chuyén tiép lan luot 1a 1.395 va 1.401A (C-0); 1.095
va 1.097A (H-C); 113.1 va 113.0° (ZOCH). Ning
lugng twong quan cua TS6 (19,2 kcal/mol) cao hon
nang lugng tuong quan cia TS1 (CHs-O...H...CHj;,
13,6 keal/mol) cho thdy gbc tu do *SiH; phan tng véi
CH;OH kho khin hon gbc ty do *CHs. Gia tri S? tinh
dugc ddi voi TSI bang phuong phap CCSD(T) la
0,776 cho thay do nhiéu spin 1a khong dang ké; do
do, nang luong tinh dugc dang tin cdy. Ngoai ra, ket
qua tinh IRC ciing cho thay TS6 phu hop vi nod n01
giita chit ddu va san phim PR6. Khi gbc *SiH; tan
cong vao H trong nhém CHj3 tao thanh PR7 (*CH,OH
+ SiHy: 3,4 kcal/mol) qua trang thai chuyén tiép TS7
c6 nang lugng twong quan 16,2 kcal/mol. Nang lugng
cua TS7 cao hon TS2 (12,8 kcal/mol) ctia phan ung
CH;OH + °*CHj; diéu nay ciing cho thay kha ning
tach H & nhém CH3 cuia gbe tu do *SiH; kém hon gbc
tu do *CH;. Két qua tan sb 4o duy nhit, S2= 0,785 va
két qua IRC déu cho thiy su két ndi va niang luong
TS7 & trén la phu hop.

Phan vng thé tao thanh cdc san pham PRS (H* +
CH;0SiH;), PR9 (*CH; + SiH;0H), PR10 (H® +
SiH;CH,OH) va PR11 (CH;SiH; + *OH): Khi gbc tu
do *SiH; thay thé nguyén tir H trong nhom OH, hoic
nhém CH; cua phan t CH30H qua cac trang thai
chuyén tiép TS8 (16,5 kcal/mol) va TS9 (17,0
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kcal/mol) tao thanh cic san pham PRS (H*® +
CH;0SiH3: -4,1 kcal/mol) va PR9 (*CH3 + SiH30H: -
29,6 kcal/mol), trong tmg. Do dai lién két O-H va C-
O kéo dai tir 0,961 va 1,423 A trong CH;OH thanh
1,161 A trong TS8 va 1,660 A trong TS9 ung véi su
dut gy cua céc lién két O-H va C-O, twong mg. Gia
tri S? ctia TS8 va TS9 lan lugt 1a 0,754 va 0,773 cho
thdy d6 nhidu spin 1a khong dang ké. Diéu dang chu y
1a d6i v6i phan g cua gdc tir do SiHs, hai phan g
thé nguyén tt H & OH va thé nhém CH; déu co hang
rdo nang luong kha thip, twong duwong vdi hai phan
ung tach H da phéan tich ¢ trén (TS6: 19,2; TS7: 16,2
kcal/mol). Do d6, dbi véi CH;OH + °SiHs, ca hai
phan tng tach H (qua TS6 va TS7) va hai phan Ung
thé (qua TS8 va TS9) déu dong gop vao san pham
chung ctia phan mg. Ngoai ra, gbc tr do *SiHs c6 thé
thay thé nguyén tir H trong nhém CHj hodc thay thé
nhom OH cua phan tr CH3OH qua céac trang thai
chuyén tiép TS10 (47,8 kcal/mol) va TS11 (35,0
kcal/mol) tao thanh cac san phiam PR10 (H* +

SiH3CH>OH: 23,2 kcal/mol) va PR11 (CH3;SiHs +
*OH: 3,5 kcal/mol). Tuy nhién, hang rao nang luong
cua hai duong phan tng nay (35 - 47,8 kcal/mol) kha
cao so voi hang rao cia bén dudng phan tng & trén
(16,2 — 19,0 kcal/mol), nén hai phan ung thé tao
thanh PR10 va PR11 kho c6 kha nang dong goép vao
san phim chung ctia phan ting.

Entanpi cua phan vng CH;0H + *XH; (X = C, Si)

Tir cac théng sd nhiét dong va nang luong phan
tor & trén s€ xac dinh duoc cac gia tri AH®ospy,
AG®298pu, AS®298pu d6i v6i mdi duong phan tng. Trong
d6, AH®9g8,u dugc tinh bing tong entanpi cua san
pham trir di tong entanpi cua chat d4u ¢ diéu kién tiéu
chuan. Twong ty v6i bién thién entropi va bién thién
thé dang nhiét dang 4p. Bién thién entanpi tinh tir
thyc nghiém (AH®vsm) dwa vao nhiét hinh thanh ¢
diéu kién tiéu chuan cia cac chu tir tuong tmg trong
cac tai liéu tham khao c6 sin.[11-18] Két qua dwoc
trinh bay ¢ bang 2.

Bang 2. AS®08pu, AH2085u, AG®208pu clia cac duong phan ung theo CCSD(T)//B3LYP/aug-cc-pVTZ

va AH g5 tinh tir thyc nghiém.

Phan (mg Ky hi¢;u AS298pu AG298pu AH’98pu AH 98 ")
san pham | (cal/mol.K) | (kcal/mol) | (kcal/mol) | (kcal/mol)
CH;0H + *CH3; — CH30°® + CH4 PR1 -5,9 1,4 -0,3 -0,8
*CH,OH + CH4 PR2 -5,0 -6,7 -8,2 -9,1
H* + CH;0CH; PR3 -14,9 25,7 21,3 21,1
H*® + C,HsOH PR4 -14,9 13,8 9,3 9,0
C,H¢ + *"OH PR5 -6,4 3,1 1,2 1,9
CH30OH + *SiH; — CH30°® + SiH4 PR6 -3,3 10,7 13,1 13,6
*CH,OH + SiH4 PR7 -2,4 42 5,3 5,3
H* + CH;0SiH; PRS -10,0 2.9 -3.8 ---
*CH; + SiH;0H PR9 3,0 -29,2 -29,3 -
H* + SiH;CH,OH PR10 -11,3 26,8 24,1 -
CH3SiH;3 + *OH PR11 -3,1 6,1 3,6 ---

Béang thong sé nhiét dong cho thiy bién thién
entanpi ciia phan tng tinh toan phu hop tot véi cac
gia tri tinh tr thyc nghiém. Vi duy, dbi v6i PR7, gia tri
tinh toan va thuc nghiém déu 1a 5,3 kcal/mol; ddi véi
PR4, gia tri tinh toan va thyc nghiém twong ung 1a 9,3
va 9,0 keal/mol. Déi v6i cac duong phan tmg khac,
su sai 1éch gitra gia tri tinh toan va thyc nghiém chi
nam trong khoang 0,9 kcal/mol. Diéu nay cho thay
cac gia tri nang lugng cua chung toi tinh & mirc
CCSD(T)//B3LYP/aug-cc-pVTZ c6 dg tin cay cao.

Pbi voi phan tng CH;OH + *CHs: B qua ba
duong phan ung tao thanh PR3 — PR5 do hang rao
nang lugng cao nhu da phan tich. Hai duong phan
ng tao thanh PRI va PR2 déu c6 AG°osp ~ 0
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kcal/mol véi cac gia tri twong ung la 1,4 va -6,7
kcal/mol. Do d6, hai duong phan g nay déu c6 kha
nang xay ra vé phuong dién nhiét dong. Nhu vay, két
hop PES véi thong s6 nhiét dong co thé dy doén thir
ty uvu tién cua cac duong phan Uung nhu sau: PRI,
PR2 >> PR3, PR4, PRS.

Pbi voi phan tng CH;OH + *SiHs: Bo qua hai
duong phan tng tao thanh PR10 va PR11 do hang rao
nang luong cao nhu da phan tich. Puong phan tng
tao thanh PR9 c6 AG®9spu = -29,2 << 0 (kcal/mol):
thuan loi vé phuong dién nhiét dong. Hai duong phan
mg tao thanh PR7 va PR8 déu c6 AG°uspu ~ 0
kecal/mol: déu c6 kha ning xay ra v& mat nhiét dong.
buong phian ung tao thanh PR6 AG®sp = 10,7
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(kcal/mol): khong thuan loi vé nhiét dong so voi 3
duong phan ung trén. Hon nita, duong phan ing nay
c6 hang rao nang lugng cao hon nhu da phan tich.
Viay, dua vao PES va thong s6 nhiét dong c6 thé du
doan thir ty wu tién cla cac duong phan rng nhu sau:
PR7, PRS, PR9 > PR6 >> PR10, PR11.

4. Két luan

Di thiét 1ap dugc bé mat thé nang, giai thich co
ché phan tng gitra CH;O0H vdi cac gbe tu do *XH; (X
= C, Si) 6 mirc CCSD(T)//B3LYP/aug-cc-pVTZ. T
cac PES va cac thong s6 nhiét dong tinh dwoc cho
phép dy doan: d6i voi phan tmg CH;OH + *CHs:
phan tng tach H tao thanh CH30® + CH4 va *CH,OH
+ CH4 chiém wu thé; c6 thé bo qua cac phan g thé.
Dbi voi phan tng CH;OH + °SiHi: cac phan tng
chiém wu thé nhét 1a phan tng tich H & nhom CHj
tao thanh *CH,OH + SiH4 va cac phan tng thé H ¢
nhém OH va thé nhém CH; cta phan tir CH;0H tao
thanh cic san pham H* + CH;OSiH; va *CH; +
SiH3;0H, twong tmg. Cac thong sb céu trac phan tir va
nhiét phan ing tinh dugc trong nghién ciru nay phu
hop tot voi cac gid tri thuc nghiém.
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