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Tom tat

CH3OH la mot trong nhiing nhién ligu thay thé tiém nang. Bé maét thé néng cua phan trng CHsOH + HS* d4
dugc lam séng té & murc CCSD(T)//B3LYP/aug-cc-pVTZ. Két qua tinh toén héa hoc lwong ti cho thdy phan
tng cha yéu xdy ra khi goc tw do HS tach nguyén tr H trong nhom OH va CHs qua cac hang rao nang
Iurong I4n lwot 1a 18,2 va 9,0 kcal/mol. Nhiét phan ting tinh duoc & 0 K clia hai sén phdm tuong (g Ian luot
la 13,7 va 5,6 kcal/mol phu hop tét véi gia tri ttr thue nghiém tuong tng la 14,5 va 5,2 kecal/mol. Twong tuw,
nhiét phan (rng & 298 K va céc théng sé céu tric tinh duoc cho cac chat phan ting va sén phdm phan ing
phu hop tét véi céc gia tri thuc nghiém.

T khéa: Co ché phan rng, Mercapto radical (HS*), Methanol (CHsOH), PES.
Abstract

CH3O0H is one of potential alternative fuels. Potential energy surface of the CH3OH + HS* reaction has been
reaveled at the CCSD(T)//B3LYP/aug-cc-pVTZ level of theory. The chemical quantum results show that the
reaction mainly occurs when the HS radical abstracts the H atoms in the OH and CH3s group of the CH30H
molecule via energy barriers at 18.2 and 9.0 kcal/mol, respectively. The predicted heats of reaction at 0 K of
the coresponding products, 14.5 va 5.2 kcal/mol, are close to the experimental values, 14.5 va 5.2 kcal/mol,
respectively. Similarly, the predicted heats of reaction at 298 K and the predicted geometry parameters for

the reactants and products in this work are in good agreement with the available experimental data.

Keywords: Reaction mechanism, Mercapto radical (HS*), Methanol (CHsOH), PES.

1. Mé dau

Gan day, CH;OH (metanol) dang nhén duoc su
quan tdm 1én cta cac nha nghién cou vé su chay va
mdi truong do nd 1a mot trong nhiing nhién li¢u tai
tao c6 nhiéu htra hen nhét.[1,2] CH;0H c6 thé duoc
sir dung tryc tiép trong dong co dét trong nhu mot
nhién li¢u thong thuong hodc dugc st dung trong pin
nhién li€u dya trén cac phan Gng xtic tac dién hoa. Pa
¢6 nhidu cong trinh lién quan dén CH;OH nhu xéc
dinh cau trac phan tir,[3] tin sé dao dong,[4] va nhiét
hinh thanh;[5] cac cong trinh nghién ciru vé sy nhiét
phan cia CH;OH ¢ nhiét d6 cao trong dong co dbt
trong,[6-8] hodc cac phan ung cua chung vdi céc
nguyén tir va cac gde tur do khac nhau trong khi chay
nhu *OCP), °*H, *OH, ... [9-11] Vi du, phén ng cua
CH30H véi géc tu do hidroxyl (*OH) da dugc bao cao
trong mot sd cong trinh nghién ctru.[11] Dy 1a mot
trong nhitng gbc tu do dong vai trd quan trong nhét
trong phan mg chay; n6 con anh huéng dén sy hinh
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thanh va pha huy tang ozon cling nhu anh hudng t6i
nhiét d6 toan ciu. V& mit Iy thuyét, cic nghién ctru
cho thay phan g nay xay ra sy tach H & nhém CH;
va OH nhu sau:

*OH + CH3;0H — H,O + *CH,OH
— H,0O + CH50°

(1
2)

St dung phuong phdp tinh kha cao Ia
CCSD(T)//MP2/6-311+G(3df,2p), Xu va Lin[11] da
tinh dugc hai dudng phan tng trén c6 hang rao nang
luong lan luot 1a 1,0 va 3,6 kcal/mol; nang lugng
tuong quan cua cac san pham 1a -21,7 kcal/mol (1) va
-13,5 kcal/mol (2); cac gi4 tri nay déu phu hop tot véi
thue nghiém.

Géc ty do HS* khong nhimng c6 ciu tric electron
gidng vai gbe tu do *OH, ma con la trung gian quan
trong trong qua trinh chuyén hoéa luu huynh.[12] Tuy
nhién, chua c6 nghién ctru vé phan tmg ciia CH;OH
v6i gbe ty do HS®. Trong nghién ciru nay, ching toi
trinh bay két qua bé mat thé nang (PES) va nhiét dong
hoc cuia phan g gitta hai tdc nhan quan trong nay.
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2. Phwong phap nghién ciru

Céc tinh toan hoa hoc luong tir dugc thuc hién
bang phan mém Gaussian 2009.[13] T4t ca cac céu tir
trong PES dugc t6i wu héa ciu tric va tinh tan s6 dao
dong & mirc B3LYP/aug-cc-pVTZ. Cac ciu tir duoc
xac dinh 14 cyc tiéu ‘hay trang thai chuyén tiép dua
vao viéc phan tich tan s6 dao dong. Cac trang thai
chuyén tiép con dugc kiém tra bang két qua tinh toa
do ndi phan ung (IRC). Nang luong diém don cho
mdi cau tir duoc tinh & muc «cao hon la CCSD(T)/aug-
cc-pVTZ. Tir cac két qua vé thong s6 nhiét dong cua
céc chat dau (RA) va san pham (PR) ¢ diéu kién tiéu
chuan, xac dinh duoc bién thién entanpi, thé ding
nhiét déng ap va entropi d6i véi mdi dudng phan tng.
Trong d6, bién thién entanpi ctia phan tmg duoc so
sanh véi cac gia tri tir thuc nghiém c6 sin & ca hai
nhiét 6 1a 0 va 298 K.[14-16]

3. Két qua va thao luin

Trudc tién, ching t6i tién hanh téi wu hoa cau
trac cia CH;OH va HS* bang cac phuong phép khac
nhau, gdm: MP2/aug-cc-pVDZ, BHandHLY P/aug-cc-
pVDZ, B3LYP/aug-cc-pVDZ va B3LYP/aug-cc-
pVTZ. Sau dd, so sanh cac gia tri tdi wu duoge véi cac
gi4 tri thyc nghiém c6 san. Két qua duoc trinh bay &
bang 1.

Két qua & bang 1 cho thiy sy phu hop kha t6t
giita cac gia tri tinh bang cac phwong phap khac nhau
va phu hop véi cac gia tri thyc nghiém. Vi duy, dbi voi
CH;OH, d6 dai cac lién két tinh dwoc cua ching toi
lan Iuot 1a 1,103, 1,094, 1,102, 1,094 A (cho lién két
C-H) va 0,966, 0,952, 0,964, 0,961 A (cho lién két O-
H) khi tinh theo cac phuong phap MP2/aug-cc-pVDZ,
BHandHYP/aug-cc-pVDZ, B3LYP/aug-cc-pVDZ,
B3LYP/aug-cc-pVTZ. Trong khi d6, cac gia tri thuc
nghiém dugc cong bd boi Venkateswarlu va cong
su[3] twong tmg 14 1,096 + 0,010 va 0,956 + 0,015 A.
Tuong tu, cac goc lién két LHCH va ZCOH tinh
dugc theo bdn phuong phap trén va thuc nghiém

(trong ngoac don) lan Iwot 1a 109,3°, 109,0°, 109,0°,
108,9° (108,87 £ 2°) va 107,9°, 109,5°, 108,9°, 109,0°
(109,03 + 0,75°) (bang 1). Két qua d6 cho thdy
phuong phap B3LYP/aug-cc-pVTZ phu hop hon ca
va cho két qua géin v6i thye nghiém. Do d6, chiing t6i
sir dung phuong phap B3LYP/aug-cc-pVTZ dé t6i wu
hoéa cdu tric cho tit ca cac cu tir trong PES ctia phan
ung.

PES cua phan vng CH3;0H + HS*

Céc chu tir trong PES duoc trinh bay & hinh I;
PES & hinh 2. Trong d6, ky hiéu RA cho cac chét
tham gia phan tmg, TSi 13 cac trang thai chuyén tiép
(TS1, TS2,.., TS6) va PRi la cac san pham tuong ting
(PRI, PR2,..., PRO).

Géc ty do HS® khi phan ung voi phan tor
CH;0H, c6 thé thn cong vao nhom OH hodc nhém
CHj3 tao thanh céc san phim PR1 (HaS + CH;0°) va
PR2 (H,S + *CH,OH) twong ung. Ngoai ra, gbc HS®
¢6 thé thay thé cac nguyén tir H hoic nhom OH, CH;
trong phan tir CH;OH tao thanh cac san phiam PR3
(CH;0OSH + H*), PR4 (CH3SH + "OH), PR5 (HOSH +
*CH3) va PR6 (HSCH>OH + H*). Trong d9, cac duong
phan {mg tao thanh PR1 va PR2 c6 ning lugng thip
hon cac duong tao thanh PR3, PR4, PRS, PR6.

Duong phan vung PRI (CH3;0° + H»S) va PR2
(*CH,OH + H»S): O 2 dudng phan tng nay, gbc HS*
tach 1 nguyén t& H ciia nhom OH tao thanh H»S va
gbc tu do CH;0* (PR1: 13,7 kcal/mol) theo hudng
TS1 (18,2 kcal/mol). Hodc gbc HS* két hop voi
nguyén t H cia nhoém CHj3 tao thanh H»S + *CH,OH
(PR2: 5,6 kcal/mol) theo huéng TS2 (9,0 kcal/mol).
Cac duong phan Gmg nay déu co hang rao nang luong
kha thép, ning lugng trang thai chuyén tiép chi xap xi
hodc cao hon khong dang ké so voi ning lugng cia
san pham. C4u tric phén tir cta cac chat phan tng ctia
chung t6i cho két qua rat gan thyc nghiém nhu da
phéan tich & trén.

Bang 1. So sanh céu trac ciia cac chit phan tng (CH3OH va HS®) tinh theo cac phwong phap khac nhau va thuc

nghiém.
bo ((}12:; ((i“))/ MP2/aug-cc-pVDZ BHanCiI_{pL\)g’éaug B3L§5g;g ce B3L§f/,?;g ce Thyuc nghiém *°
rC-H 1,103 1,094 1,102 1,094 1,096 £ 0,010 *
rC-0O 1,434 1,410 1,427 1,423 1,427 £0,007 ®
rO-H 0,966 0,952 0,964 0,961 0,956 +£0,015*
/HCH 109,3 109,0 109,1 109,0 108,87 +2*
ZCOH 107,9 109,5 108,9 109,0 109,03 + 0,75
ZHCOH 180,0 180,0 180,0 180,0 1802
rS-H 1,354 1,349 1,361 1,349 1,341 °

2 fir tai liéu 3; ° tur tai lidu 17
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Hinh 1. Ceflu trac hinh hoc cac céu tur trong PES cua phan ing CH;OH + SH duoc t6i vu & mirc B3LYP/aug-cc-
pVTZ. (Dau cham (.) thay cho dau phéy trong phén thap phan. D¢ dai lién két tinh theo Angstrom (A), goc lién
ket tinh theo do (°)). *P<4¢ Tir c4c tai liéu tham khao.[3,17-20]

Twong tu, cac két qua tinh toan ciu tric cho cac
phan tir chat san pham CH;0°, *CH,OH va H.S ciing
cho thdy sy phu hop tét voi thuc nghiém (xem hinh
2). Vé nang lugng cua hai san pham PR1 va PR2, két
qua tinh cua ching t6i & mitc CCSD(T)//B3LYP/aug-
cc-pVTZ ciing rit gan véi thuc nghiém (xem phan
sau). Nghién ciru trang thai chuyén tiép cua 2 duong
phan tmg, két qua tinh toan vé ciu trac cua hai trang
thai ¢ mic B3LYP/aug-cc-pVTZ, ching toi thay co
su pht hop véi Iy thuyét trang thai chuyen tiép ciing
nhu v6i cac nghién ciru trude d6. Cu thé, d6i véi TSI,
két qua tinh do dai lién két O-H 1a 1,391 A, Két qué
nay 16n hon d¢ dai lién két don twong tmg trong phan
tr CH3;0H (0,961 A), chimg to da c6 sy pha v& cac
lién két gitra H va O cuiia metanol. D¢ dai lién két H-S
trong TS1 14 1,447 A, cho thdy dang c6 sy hinh thanh
lién két méi, phu hop véi sy chuyén H tir nhém OH
va CH; t6i gbc tur do HS®. D¢ dai lién két C-O trong
TS1 1a 1,388 A, nho hon do dai lién két trong phén ti
CH;0H (1,423 A), va 16n hon d6 dai lién két trong
gbc CH;0° (1,364 A). Pidu nay cho thdy c¢6 su
chuyén mat do electron tir lién két O-H da bi dit giy
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sang lién két C-O lam rat ngén lién két nay tir CH;OH
sang TS1 dén san phdm CH;0° (hinh 1). So sanh h¢
phan ung trong nghién ctu nay voi phan ung cua
CH;O0H véi cac gbc tu do *CH; va *SiHs, ching toi
cling thdy sy pht hop cta TS1. Cuy thé, khoang cach
giita O-H va H dén nguyén tir trung tdm ciia gbc tu do
trong hé CH;OH + *CH; (lan luot 1a 1,206 va 1,303
A) va h¢ CH;0H + *SiH; (1,441 va 1,580 A). Chu y
rang ca hai lién két quan trong nay trong phan tng
CH3;0H + HS® dai hon so v6i h¢ CH3;0H + °*CHj;
nhung lai ngan hon so v6i hé CH;OH + *SiHs. Co thé
giai thich su khac biét nay do su chénh léch ban kinh
nguyén tir giita cac nguyén t trung tim C, Siva S.

Twong tw, dbi v6i trang thai chuyén tiép TS2, do
dai cac lién két C-H va S-H lan luot 1a 1,536 va 1,494
A; cac lién két nay dai hon do6 dai lién két tuong ting
ctia phan tir metanol va géc HS* (1,088 va 1,349 A).
TS2 ciing c6 lién két C-O ngin hon so v6i chit phan
tmg CH3;0H ban dau (hinh 1). Didu nay chung t6 da
¢6 su tach hydro & nhém CHjs trong phan tour CH30H,
lam ting mét do electron vao lién két C-O. Cac lién
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két khac nhu O-H gan nhu khong bi dnh hudng khi c6
gia tri gan nhu khong thay d6i khi di tir chat dau den
TS2 thanh san pham *CH,OH (hinh 1).

AE (keal/mol) TS4
‘_.\\
60,0 JO3A 183
JASe el T .. CH,0SH+H
JU5000 TRt T --..__PR3
40,0+ ; 1SS 4 - N 454
41,8 .,
- “--HSCH,0H + H
HOSH+CH1PR5 . .1
TS1 FEND 24,
20,0+
S PRI ——c,
_ w— )
- piiy CH;SH +OH
ool CH,OH + H,8 5.6

Hinh 2. Bé mit thé ning phan Gng CH;OH + HS®
duoc tinh & mic CCSD(T)//B3LYP/aug-cc-pVTZ.

Mai trang thai chuyén tiép TSI va TS2 c6 tan sb
40 duy nhit, lan luot 13 878,4i cm™ va 778,0i cm™!,
phu hop véi sy chuyén H tir nhém OH va CH; téi goe
tu do HS*. Piéu nay chiing t6 cac trang thai chuyén
tiép TS1 va TS2 tinh toan dugc dan t6i hinh thanh cac
san pham PR1 va PR2, tuong tng, nhu da phén tich 1a
hop 1y. Ngoai ra, gia tri S2 d6i véi TSI tinh & muc
B3LYP/aug-cc-pVTZ va CCSD(T)/aug-cc-pVTZ lan
luot 1a 0,758 va 0,775; ddi voi TS2, cac gia tri nay
tuong ung 1 0,756 va 0,789. Két qua nay cho thay do
nhiém spin cua chiing 1a khong dang ké.

Duong phan wng PR3 (CH30SH + H°®), PR4
(CH3SH + °OH), PR5 (HOSH + °CH;3) va PRO
(HSCH>;OH + H°): Budng phan ung PR4 duogc tao
thanh khi cac chét phan img vuot qua hang rao ning
luong TS4. PR4 c6 nang lugng tuong quan so voéi
chat phan ung khong qua cao (17,3 kcal/mol), tuy
nhién trang thai chuyén tiép TS4 c6 tuong quan ning
luwong rat cao, 1én t6i 63,4 kcal/mol. Diéu nay co thé
giai thich: gbc *OH tach ra khoi phan tir CH;OH va
gbc HS* thay thé vao vi tri nay. Nang luong can thiét
dé phan ly lién két C-O 1a 16n 1am TS4 c6 mirc ning
luong rit cao. Khoang cach giita 2 nguyén tir C-O, C-
S 1a 1,970 va 2,266 A, nim trung gian so v&i do dai
clia céc lién két tuong (g trong chat phan (g va san
pham.

Céc san pham PR5 va PR6 c6 ning luong twong
quan cao hon mdt chit so véi PR4, lan luot 1a 23,1 va
24,6 kcal/mol. Cac phan tng xay ra theo hudng sau:
gbc HS® tuong tic véi nhéom CHs, lam tach ra 1 H,
hodc lam tach ca nhém CHj; ra khoi phan tt CH30H,
dong thoi tao lién két gitra S va phan con lai. Cac
trang thai chuyén tiép tuong tmg cuia hai duong phan
ung nay nhin chung c6 nang lugng twong quan tuong
dbi cao, lan lugt 1a 41,8 kcal/mol (TS5) va 50,0
kcal/mol (TS6).

Puong phan tng PR3 c¢6 nang lugng tuong quan
cao nhat, 1én dén 45,4 kcal/mol. Gidi thich vé cach tao
thanh san pham, thong qua tinh toan, ta thdy gdc HS®
tn cong vao nhom OH, lam tich ra mot nguyén tir H
tw do, dong thoi tao ra lién két gitra nguyén tr O va S.
Trang thai chuyén tiép c6 nang lugng twong quan rat
cao, 1én dén 56,0 kcal/mol.

Théng sé nhiét dong hoc ciia phan tmg CH;O0H +
HS*

Tir cac két qua nhiét dong va nang lugng phan tir
clia cac chat ddu va san phdm tinh toan dugc, ching
toi xac dinh dugc cac gia tri nhiét phan tng (AH%.),
bién thién thé ding nhiét-dang ap (AG°.) va bién
thién entropi (AS°.) ¢ diéu kién tiéu chudn doi véi
moi duong phan ung. Trong do, cac gia tri nhiét phan
{mg dugc tinh ¢ ca 0 K va 298 K, dong thoi so sanh
v6i thue nghiém co sﬁn.[14-16] Gia tri cu thé cua
AH®,, dugc trinh bay trong bang 2; két qua AG, va
AS°p, ¢ bang 3.

Bang 3 cho thdy cac gi4 tri nhiét phan mg dwoc
tinh bang phuong phap CCSD(T)/B3LYP/aug-cc-
pVTZ cho két qua phu hop tbt voi thuc nghiém. Vi
duy, dbi voi duong phan ung tao thanh PR2, nhiét phan
tmg tinh & 0 K va 298 K lan luot 1a 5,6 va 6,0
kcal/mol. Trong khi cac gia tri thuc nghiém tuong ung
la 5,2 va 5,6 kcal/mol. Tuong ty, véi cac san phém
PR1 va PR4, nhiét phan Ung tinh dugc cta chiung t6i
sai khac khong qua 0,8 kcal/mol (bang 2). DPiéu nay
chung t6 viéc sir dung phuong phép nay dé tinh toan
1a rat phu hop.

Bang 2. So sanh nhiét phan tmg ¢ 0 K va 298 K tinh theo CCSD(T)//B3LYP/aug-cc-pVTZ vdi cac gia tri tuong

ung tir thuc nghiém.

AH% AH®) n[14-16] AH%og AH®98 n[14-16]
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
PR1 (CH30*+ H»S) 13,7 14,5 13,8 14,6
PR2 (CH,OH" + H,S) 5,6 5,2 6,0 5,6
PR3 (CH30SH + H) 454 --- 454
PR4 (CH3SH + OH®) 17,3 18,0 17,5 17,9
PR5 (HOSH + CH3%) 23,1 - 23,4
PR6 (HSCH,0OH + H*) 243 - 243
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Bang 3. AG®98pu, AS%9spu cla cac duong phan ung
theo CCSD(T)//B3LYP/aug-cc-PVTZ

AG®298pu AS®298pu
(kcal/mol) | (cal/mol.K)
PR1 (CH30° + H»S) 12,5 4,2
PR2 (*CH,OH + H»S) 4.4 5,2
PR3 (CH30SH + H*) 48,0 -8,6
PR4 (CH3SH + *OH) 17,4 0,3
PR5 (HOSH + *CH3) 21,8 5,4
PR6 (HSCH,OH + H*) 27,0 -9,2

Céc dudong PR3-PR6 c6 thé bo qua do hang rao
ning luong cao nhu da phan tich. Ddi véi cac duong
PR1 va PR2, AS°u9sp, > 0 phan ing s€ xay ra thuén lgi
hon & nhiét do cao. Ca hai duong phan tng nay déu
c6 AG®98,u khong 16n nén co thé xay ra vé phuong
dién nhiét ddng hoc. Do hang rao nang lugng ctia PR2
thip hon PR1 khoang 9,2 kcal/mol nén dudng phan
ung PR2 uu tién hon so voi dudng phan tng PRI1.
Nhu vy, tir PES va cac thong s6 nhiét dong tinh duoc
¢ thé du doan ther tu wu tién cua cac san phérn nhu
sau: PR2 > PR1 >> PR3, PR4, PRS5, PR6.

4. Két luan

Di thiét 1ap duoc bé mit thé nang, giai thich co
ché phan tmg gitta CH;0H véi gdc tw do HS® & mirc
CCSD(T)//B3LYP/aug-cc-pVTZ. Két qua tinh hoa
hoc lugng tir cho thdy phan tmg tich H tao thanh
CH;0* + H,S va *CH,OH + HaS chiém wu thé; ¢6 thé
b6 qua cac phan tng thé. Céac thong sb ciu truc phan
tor va nhi¢t phan ung tinh dugc ¢ ca 0 K va 298 K
trong nghién ctru nay phii hop tot véi cac gid tri thuc
nghiém.
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