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Abstract

A theoretical investigation of the HCNO + °OH reaction, which is carried out by means of B3LYP/6-
311++G(3df,2p) + ZPVE computational method to determine a set of reasonable pathways. The potential energy
surface for this system shows that there are sixteen different product pathways: PR1 (H,O + *CNO), PR2 (CH,O + NO),
PR3 (OCHNO + H), PR4 (CHOH: + NO), PR5 (CO, + ‘NH;), PR6 (HOCN + °*OH), PR7 (OCNOH + H), PR8
(HOCNO + H), PR9 (OCN* + H,0), PR10 (H, + OCNO), PR11 (CO + ‘NHOH), PR12(OCNH + “OH), PR13 (CO +
NO + H,), PR14 (*CHO + HNO), PR15 (CO + NH,0°) and PR16 (HCN + HO,"). The results indicate that PR11 (CO +
*NHOH) and PR14 ("CHO + HNO) are the major product channels. The rate constants for these processes have been
calculated using variational RRKM theory covering the temperature range 300-1000 K and compared with available
experimental data. The total rate constant of HCNO + "OH reaction at latm, 300 K is 4.44x10"" (cm’molecule’'s™).

Keywords: Kinetics, "OH radical, forming CO, fulminic acid HCNO, potential energy surface (PES).

1. MO DAU

Géc ty do hydroxyl (OH") 1a mot trong nhing
gbc dong vai trd quan trong nhat trong phan ung
chay va hoa hoc khi quyén. Trong khi quyén, OH"
anh huong dén sy hinh thanh va pha huy tang ozon
cling nhu anh huong téi nhiét do toan cau [1, 2].
OH"* con la tac nhan oxi hoa quan trong nhét trong
khi quyén va sy chay [3, 4]. Phan tng caa OH" véi
HCNO, mét trung gian quan trong trong phan ung
chay cua nhién liéu hoa thach va cing c6 mat trong
khi quyen ciing da duoc nghién ctru [5-7]. W. Feng
va dong nghiép di do hing sb tdc d6 tong cua phan
g trong khoang nhiét do 298-386 K cho thay phan
tmg xay ra nhanh [8]. Pong thoi, dd x4c dinh duoc
san phdm chinh cta phan tung 1a CO va HNO, san
pham phu 13 CH,O va NO [8]. Miller [9] d3 xay
dung bé mat thé ning cho phan tng, nhung lai thiéu
duong phan tng chinh tao thanh CO. W. Song [10]
cling da xay dung bé mit thé ning cua phan ing nay
trén co so tdi uu bang phwong phip B3LYP/6-
311G(d,g). Tuy nhién, dudng phan ung chinh tao
thanh HNO lai ¢ trang thai chuyén tiép v6i ning
luong twong quan -8,2 kcal/mol cao hon kha nhiéu
so v&i cac dudng tao thanh NO la dudong phan tng
phu theo thuc nghiém cua W.Feng. Pic biét, duong
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phan g tao thanh CH,O ma thuc nghiém da quan
sat duogc lai c6 hang rao cao t6i 24,2 kcal/mol. Hang
rao ndy cao hon gin nhu tit ca cic dudng phan tmg,
cao hon ca nhiing duong ma thuc nghi€ém khoéng
tha"iy c6 su tao thanh. Vi vay, ching t6i tién hanh
nghién ctru 1y thuyét mot cach chi tiét véi cac
phuong phap co do gan ding t6t nhdm lam sang to
cac van dé thyc nghiém trén cia phan (mg quan
trong nay.

2. PHUONG PHAP NGHIEN CUU

Céc ciu tir dugc toi vu hoéa bang phuong phap
B3LYP/6-311++G(3df,2p), la phuong phap giam
dugc do nhidu spin [11-13]. Pé thu duoc gia tri
ning luong gan dung tt hon, cac cu tir sau khi toi
vu hoéa dugc tinh ning lwong diém don theo
CCSD(T). Ning luong twong quan ciia mdi céu tir
dugc hiéu chinh ddi véi céc nang luong dao dong
diém khong (ZPVE). Cac budc khong ¢ hang rao
nang luong duoc kiém tra bang thu tuc tinh duong
cong thé ning & cung muc 1y thuyét doc theo toa do
phan tng tir trang thai can bang v6i budce nhay 0,1
A Céc cau tir tim thdy duoc tién hanh phén tich tén
s6 dao dong. Ngoai ra, cac trang thai chuyén tiép

con duoc kiém tra bang cach tinh toa do ndi phan
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ung (IRC). Cac dai lugng nhiét dong cua véi mdi
duong phan ung cling dugc tinh va so sanh voi gia
trj tinh tir thuc nghiém [14, 15]. Hing s6 téc do cua
phan tmg dugc tinh & 4p suét thuong (1 atm) trong
khoang nhiét do tir 300K dén 1000 K theo 1y thuyét
RRKM nhu sau:

(21+1)G" (E,

hQQ Eo 1+k (EJ)/o

Trong d6: k(T) 1a hang s6 toc do phan ung; h 1a
hang sé Planck; Q,, Q, 1a ham phan bd ning lugng
quay, dao dong; Ey la nang luong hoat hdéa phan
ung; J la sb luong tu; o la tan sd va cham; k(E,J) la
hang sb toc d6 phan tmg vi ¢ dién. Viéc tinh hing
sO toc d theo RRKM duoc thyc hién bang viée giai
quyét cac phuong trinh master boi phin mém
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Variflex [13, 21]. C‘éc phép tinh toan hoa hoc lugng
tir dugc thyc hién bang phan mém Gaussian 03 [16].

3. KET QUA VA THAO LUAN

Khao sat phan ung cua gdc OH® vé6i phéan tir
HCNO ta ¢6 bé mit thé ning chi tiét & hinh 1. B&
mit thé ning cho thiy co 16 dudng phan ung tao
thanh cac san pham tir PR1 dén PR16. Trong d6, cac
duong phan ung PR11 (CO + NHOH®) va PR14
(CHO® + HNO) ¢6 ning lugng thip nhit. Tiép dén
la cac duong PR2 (CH,O + NO), PR7 (OCNOH +
H), PR10 (H, + OCNO), PR13 (CO + NO + H,) va
PR15 (CO + NH,0"). Va cac duong con lai c6 nang
lugng cao.

Hinh 1: B& mit thé nang chi tiét caa phan tng HCNO + OH dugc tinh & mirec CCSD(T)/6-311++G(3df,2p)

Cac dwong phdn wng PRI11 (CO + NHOH') va
PR14 (CHO® + HNO): PR11 c6 nhiéu cach hinh
thanh. Tuy nhién, huéng wu tién nhit nhu sau: gdc
tu do OH® phan tng vdi nguyén tir C trong HCNO
tao thanh trang thai trung gian IS1 (HC(OH)NO:
-49,3 kcal/mol) khong qua trang thai chuyén tiép
nhu da phan tich. Nguyén to H trong nhém OH cua
IS1 d& dang chuyén vi sang nguyén tit N qua T1/10
(-22,3 kcal/mol) tao thanh IS10 (OC(H)N(H)O:
-66,9 kcal/mol). Nang luwong tinh duogc cua ISI (-
49,3 kcal/mol), T1/10 (-22,3 kcal/mol) va IS10 (-
66,9 kcal/mol) phu hop kha t6t v6i cac nghién ctru

trude do [9, 10]. Sau do, nguyén to H trong nhom
CH chuyén vi tir C sang O cta nhém NO qua hang
rao thap 1a T10P11 (-23,2 kcal/mol), déng thoi lién
két C-N bj dut giy thu dugc CO va HNOH® (PR11:
-54,2 kcal/mol). Nang luong T10P11 va PR11 cling
phu hop véi cac gia tri trong [10] lan luot 1a -24,2
va -59,3 kcal/mol. Do @6, hudéng uu tién nhét cua
duong phan tng PR11 nhu sau: RA — IS1 — IS10
— PRI11 (CO + HNOH"). PR14 (CHO® + HNO) ¢6
nang lugng tuong quan -15,1 kcal/mol dugc hinh
thanh chu yéu tir IS10 (OC(H)N(H)O) khi lién két
C-N bi dut gay. Qua trinh nay khong co trang thai
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chuyén tiép khi tinh & mic B3LYP/6-
311++G(3df,2p) va dd duoc xac nhan boi duong
cong thé ning & cing mac B3LYP/6-
311++G(3df,2p) doc theo toa do phan tng véi budc
nhay 0,1 A tir trang thai can bang t6i khoang cach
khong lién két [9]. Vay, duong PR14 chu yéu xay ra
nhu sau: RA — IS1— IS10 — PR14 (CHO® +
HNO).

Cdac duwong phan wng PR2 (CH,0 + NO), PR7
(OCNOH + H), PR10 (H,+ OCNO), PR13 (CO +
NO + Hy va PR15 (CO + NH,0"): Buong phan
mg tao thanh PR2 chu yéu nhu sau: RA — IS1 —
IS10 — PR2. Piéu dang cha y 1a khi xdy dung bé
mit thé nang, Miller da khong xét t6i duong PR2
nay dan toi thiéu san phdm CH,O ma thuc nghiém
quan sat dugc, dong thoi lai két ludn co sy hinh
thanh ciia OCN°®, mot duong phan tng cao hon dan
t6i mau thuan vai thuc nghiém. Con W.Song lai chi
tim thdy duong PR2 theo huéng RA — IS1 — PR4
(CHOH: + NO) —» PR2 (CH,O + NO). Nhung hang
rao cua dudng nay la 24,2 kcal/mol, cao hon rat
nhiéu so v&i gan nhu tat ca cac san pham khac nhu
OCN® v6i hang rao -4,4 kcal/mol ma thyc nghiém

Xac dinh hang so toc do va mét so...

khong quan sat dugc. Theo két qua chung toi tinh
dugc o trén, duong PR2 c¢6 hang rao -7,4 kcal/mol,
thap hon chat phan tng cho phép ta dy doan sy hinh
thanh CH,O 1a kh4 dé dang va dé dang hon OCN®
voi hang rao cao hon, -4,4 kcal/mol. Thyc nghi¢m
da xé4c nhan diéu nay khi do dugc tin hiéu cia CH,O
trong PR2 ma khong phat hién dugc OCN® cua PR9
[6]. Tuong tu, PES cho thiy huéng thap nhét cua
cac duong con lai nhu sau: RA —» IS1 —» IS9 —
PR7; RA — IS1 —» IS10 —» PR10; RA — IS1 —
IS10 —» PR10 — PRI13; RA — ISl — IS10 —»
PR11 — PR15.

Cic thong sé nhiét dong hoc

bé xac dinh d6 tin cdy cua cac gia tri nang lugng
da tinh dugc, ching t6i tinh toan cac gia tri nhiét
phan tng (AHg,,) d6i voi mdi duong phan tng
dong  thoi  theo  B3LYP/6-311++G(3df,2p),
CCSD(T)/6-311++G(3df,2p) va CCSD(T)/CBS trén
co s& hinh hoc duoc téi wu & mirc B3LYP/6-
311++G(3df,2p) va so sanh véi gia tri tor thuc
nghiém c6 san [14, 15]. Két qua dugc trinh bay
trong bang 1.

Bang 1: So sénh AHozggpu cua 16 duong phan tng trong hé HCNO+OH® theo

B3LYP/6-311++G(3df,2p), (AHps1vp); theo CCSD(T)/6-311++G(3df,2p), (AHcespen);
theo CCSD(T)/CBS, (AHcgs) va tir thuc nghiém (AHry) [14, 15]

Phan (g Ky hie;:u san| AHgsryp, AHcesp(ry, AHcgs, AHry,
phém kcal/mol kcal/mol kcal/mol kcal/mol
HCNO+OH® — H,0+CNO* PR1 -13,2 -14,1 -143 | -
CH,O+NO PR2 -49.8 -55,4 -54,0 -55,4
OCHNO+H PR3 11,3 2,3 45 | -
CHOH:+NO PR4 3,0 -3,0 20 | -
CO,+NH,* PR5 -97.5 -100,9 -100,0 -98.9
HOCN+OH* PR6 -39,0 -44.1 -44.6 -44.0
OCNOH+H PR7 -10,9 -13,9 -13,1 | -
HOCNO+H PR8 21,0 18,6 185 | -
OCN*+H,0O PR9 -75,0 -76,5 -76,9 -76,7
H,+OCNO PR10 -32,7 -29.3 27,6 | -
CO+NHOH’ PRI11 -48.,6 -54,6 541 | -
OCNH+OH* PR12 -68,0 -69,2 -69,5 -68.,6
CO+NO+H, PR13 -48.8 -57,1 -54.4 -559
CHO*+HNO PR14 -10,6 -15,3 -14,2 -15,2
CO+NH,0* PR15 -58.4 -61,8 -61,3 -59.3
HCN+HO,* PR16 -11,7 -14,6 -15,2 -16,5

Tir bang 1, ta thiy c6 9 san pham c6 sén gi4 tri

thuc nghiém 1a PR2, PR5, PR6, PR9, PR12, PRI3,
PR14, PR15 va PR16. Bang 1 con cho thay gia tri
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nhiét phan Gng tinh dugc theo CCSD(T)/CBS phu
hop tot véi gia tri thyc nghiém c6 sin.

Cu thé, d6i voi PR, hai gia tri nay lan luot 1a -
76,9 kcal/mol va -76,7 kcal/mol. Vay, sy sai khac
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gitia hai gia tri chi 1a 0,2 kcal/mol. béi voi PR,
khac biét nay chi 1a 0,6 kcal/mol. Vi cac san phém
PR2, PR5, PR12, PR13, PR14, PR15 va PR16, su
khac biét ciing chi tir 0,9 dén 2,0 kcal/mol. S¢ di
nhu vay vi phuong phap CCSD(T) la phuong phap
duogc biét dén v6i su gin dung tbt, nhat 1a khi duoc
sir dung v6i bd ham co s¢ day du (CBS) s& cho két
qua nang luong c6 sai s6 thuong khong qua 2
kcal/mol. Bén canh dé, bang 1 ciing cho thiy gia tri
nang lugng tinh theo CCSD(T)/6-311++G(3df,2p)
kha gan voi gia tri tinh & CCSD(T)/CBS va gia tri
thuc nghiém. Piéu nay ciing phtt hop vdi cac nghién
ctiu trude do6 va chung té cac gia tri nang lugng da
tinh dugc theo CCSD(T)/6-311++G(3df,2p) trong
PES ¢6 d6 tin cay cao. Dé khao sat nhiét dong hoc

Nguyé~n Thi Minh Hué va cong su

cac duong phan tmg, ching t6i tinh cac gia tri bién
thién entropl va bién thién nang luong Gibbs
AS° 298pus AG® 298pu cho m01 duong phan img theo
phuong phap gin dung t6t CCSD(T)/CBS. Két qua
o bang 2.

Bang 2 cho thiy, da s6 cac dudng déu co thé xay
ra vé mat nhiét dong ¢ 298 K. Trong d6, hai duong
phéan 1 ung ¢6 nang hxorng thip nhat PR11 va PR14 déu
co AS° 208pu > 0va AG 208pr < 0 nén cac phan tmg nay
déu c6 thé xay ra vé mit nhiét dong & 298 K va s&
thuan 1gi hon khi phan tng ¢ nhiét d6 cao. Trén thuc
té¢, W. Feng va cong su trén co sé do ndng do trong
khoang nhiét d6 298-386 K cling da két luan CO va
HNO la c4c san phdm chinh ctia phan tng [8].

Bang 2: AS8pu, AG 2055, clia 16 dudng phan tmg hé HCNO+OH® theo CCSD(T)/CBS

Phan tng Ky hiéu san phdm AG 295 ASss5pus
cal/mol.K kcal/mol
HCNO+OH® — H,0+CNO°* PR1 -14,6 0,9
CH,O+NO PR2 -58,2 13,9
OCHNO+H PR3 3,0 5,1
CHOH:+NO PR4 -6,2 14,1
CO,+NH,* PR5 -102,6 8,8
HOCN+OH"® PR6 -48,0 11,5
OCNOH+H PR7 -14,4 4,4
HOCNO+H PR8 17,8 3,6
OCN*+H,0 PRY -80,0 10,4
H,+OCNO PR10 -29,7 7,1
CO+NHOH® PR11 -58,4 14,3
OCNH+OH* PR12 -72,7 10,8
CO+NO+H, PR13 -66,0 38,6
CHO*+HNO PR14 -19,4 17,6
CO+NH,O* PR15 -65,9 15,3
HCN+HO,* PR16 -19,4 14,1

Két qua tinh dgng hoc ciia phin ing HCNO +
OH’

Sw tinh todn 1y thuyét trang thdi chuyén tiép
(transition state theory - TST) cho hing sé toc dp
ciia ba hwdng phin teng diu vao

Nhu d3 phén tich, gbc OH® ¢6 bén kha ning tin
cong vao HCNO. Trong do6, huéng phan umg vao C
dé dang nhat vi khong hang rao ning luong. Do do,
chung t6i kiém tra kha ning dong goép vao tdc do
chung ctia phan tmg dbi véi ba hudéng dau vao co
hang rao nang luong la k, ky va ke. Pé don gian,
viéc tinh toan cac hang sb téc do nay dugc thuc hién
bang 1y thuyét trang thai chuyén tiép thong thuong

(TST) v6i phuong trinh Eyring. Trong do, cac chat
phan ung va trang thai chuyén tiép duoc t6i wu va
tinh AG* & mdi nhiét do trong khoang 300 K dén
1000K. Két qua duoc trinh bay & bang 3.

Béang 3 cho théy ks, ke nho hon nhiéu so véi k,.
Diéu nay phu hop v6i bé mat thé ning ctia phan tng
vi hudng tng voi k, cd hang rao nang lugng kha
thép, 8,7 kcal/mol, trong khi d6, hang rao cia hai
huéng kia lai cao hon nhiu véi cac gia tri tuong
ung la 24,1 kcal/mol va 31,0 kcal/mol. Vi vay, co
thé bo qua sy dong gdp cua hai hudéng dau vao nay
trong phan tng HCNO + OH".
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Xac dinh hang so toc do va mot so...

Bdng 3: Hang s6 toc do phan ung tinh theo 1y thuyét trang thai chuyén tiép (Transition State Theory — TST)
cho ba hudng dau vao HCNO + OH® — CNO" + H,0 (k,); HCNO + OH® — HCN(OH)O (ky);
HCNO + OH® — HCNO-OH (k)

T K, ks ke

(K) (cm’phén ti’'s™) (cm’phén ti's™) (cm’phén ti's™)
300 3,67x10% 4,13x107° 7,99x107°
400 1,31x107'° 8,33x1072° 2,62x107%
600 5,34x10™"° 1,83x10™! 9,99x107%
800 3,94x10™" 3,07x10™" 6,95x10!
1000 1,46x107" 7,20x10"* 3,85x10™"

Sw tinh todn 1y thuyét trang thdi chuyén tiép bién
phdn (variational transition state theory - VIST)
cho hang sé téc dé ciia qud trinh HCNO+OH® —
HC(OH)NO (1S1)

Bé mit thé ning ciia phan tng cho thay qua trinh
HCNO+OH®" — HC(OH)NO (IS1) khong co6 trang
thai chuyén tiép. Dé giai quyét kho khin nay, ching
t6i ap dung phuong phip bién phéan (variational
method) trén co sé nang lugng tu do cuc dai
(AG”1ex). Dé tim gi4 tri ning luong tu do cuc dai
nay & mdi nhiét d6 khac nhau, trudc tién chung t6i
tién hanh quét bé mit thé ning ddi véi su tin cong
ctia gdc OH" vao C trong HCNO dé tim duong ning
luong cyc tiéu (minimum energy path - MEP). D¢
dat duoc nang lugng tin cdy hon, chiung t6i cling
thuc hién tinh ning lugng CCSD(T)/CBS cho mdi
cAu triic hinh hoc da duoc tdi wu voi nhitng diém
xung quanh vi tri c6 nang lugng ty do cuc dai.
Ngoai ra, ching t6i st dung thé ning Morse dé lam
khop voi thé ning tinh dugc ¢ mic B3LYP/6-
311++G(3df2p). Tir thé ning Morse, momen quan
tinh va cac tan sd dao dong tinh duge cho phép xéac
dinh AG™ [13, 22]. Vi tri tng v6i gia tri AG” cuc dai
trén tinh dugc dua trén co sé lam khdp cac gia tri
AG” thu dugc véi hinh parabol. St dung gia tri cuc
dai cua AG”, chung t6i tinh duoc hing sb téc do
VTST cho su két hop HCNO + OH* — IS1. Két qua
duogc trinh bay trong bang 4.

Sw tinh toan RRKM (Rice Ramsperger Kassel
Macus) hang sé téc dp cho co ché phin irng OH
vao C va H trong HCNO

Trong sy tinh toan RRKM, ching t6i st dung
chu trac ung véi AG” .y 1am trang thai chuyén tiép
ciia busc HCNO + OH' — IS1. Do d9, céc tan sb
dao dong va momen quan tinh dugc ngoai suy mot
cach tuyén tinh giita cac diém d6. Dé tinh RRKM
can phai c6 cac thong sé Lennard-Jones [13]. Cac
thong s6 nay ddi voi HCNO 1a 6 = 4,42 A; /K =
258 K duogc ldy tir tai liéu [17]; caa OH® tir tai lidu
[18]. Cac gia tri L-J cua Ar dugc tinh gﬁn dang theo

Bang 4: Gia tri cuc dai cia AG” (g v6i d6 dai lién
két C-O va hang s tbc d6 phan tmg cho HCNO +
OH" — IS1 dugc tinh theo 1y thuyét trang thai
chuyén tiép bién phéan (VTST)

K d(C-0), | AG e Ko,
A keal/mol | cm’phan tir's™
300 2,23 5,79 3,13x10™"
400 2,21 8,13 3,32x10™"
600 2,18 13,04 3,68x10™"
800 2,14 18,03 4,37x10™
1000 | 2,11 23,31 4,62x10™
cac cong thoec tr [19]: 6=0,785*V.>;

£=0,897*T,.. Trong d6, V. = 74,59 (cm’/mol); T,

= 150,86(K) [20]. Cac théng sb L-J cua tit ca cac
trang thai trung gian duogc ldy gan ding bang nhau
va xac dinh theo cac cong thirc tir [21]. S trang thai
dbi vé6i trang thai chuyén tiép chit ché duoc danh
gi4 gan ding theo quay tir cing dao dong diéu hoa.
Véi phan tng theo co ché OH® cong vao C trong
HCNO, cac duong lién quan dén su chuyén hidro
dugc tinh dén hiéu tng dwdong ham Eckart trong
viéc tinh toan hang sé toc do phan tmg. Do céc co
ché phan tmg nay déu lién quan dén sy hinh thanh
trang thai trung gian nén sy tinh toAn RRKM duoc
thuc hién ddi v6i cac hiang s tbec do mdi bude va
téng cong bang viée giai quyét cac ham master. Vi
phan tng cua géc OH® vao H trong HCNO, bé mit
thé nang cho thay day khong phai hudng wu tién do
hang rao ning luong. Vi vay, két qua tinh toan hing
s6 toc do ciia hudng nay ¢ nhiét do thuong it quan
trong. Mat khéac, khdi luong tinh toan 16n nén chung
t6i khong xét dén hiéu ung duong ham Eckart khi
tinh hang s téc do cho hudng nay. Hang sb toc do
cho duong phan tng ndy duoc tinh boi phan mém
Chemrate [13]. Gié tri hang sb tbc d6 phan tung cia
timg duong phan tmg (ki, ks, ks, ks) va hing s6 toc
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d6 tong (ke = ki + ky + k3 + ky) & cac nhiét do khac

Nguyé~n Thi Minh Hué va cong su

nhau duoc trinh bay ¢ bang 5.

Bdng 5: Cac hang s6 toc do tinh toan va thuc nghiém cua phan tng HCNO + OH" [8]

T k@ k, ks k4 Lo Kexp
(K) | CO+HCNH | HCO+HNO | CH,0+NO | H,0+CNO “ Thuc nghiém
300 | 4,06x10" | 440x10"" | 6,51x107"° | 1,33x1077 | 444x10"" | 3,39x10"
400 | 4,41x10"7 | 4,80x10™" 1,01x10°"° 1.10x10™ | 4.84x10"
600 | 4,95x10"° | 5,43x10™" 2,19x10" 1,10x10" | 5,49x10™"
800 | 545x10™° | 590x10"" | 422x10"° | 1,33x10™ | 6,09x10™"
1000 | 5,96x10™ | 6,27x10™" 7,43x107"° 6,75x10™"% | 7,00x10™"

“C4c hing s6 toc do co don vi cm’phén tir's™; ki, 12 hing s6 tc d6 tong cong: ke = ki + ko + ks + ks

Két qua & bang 5 cho thdy, duong HCNO + OH®
— CNO® + H,0 ¢6 hang s téc d6 ks rat nho ¢ nhiét
d6 thuong. Khi nhiét 0 phan tng tang, sy dong gop
cua duong nay tang 1én do nhiét d§ cao giup cac
chat phan tmg dé dang hon trong viéc vuot qua hang
rao nang lugng TOP1. Puong phan tUng tao thanh
CH,O + NO (ks) c6 hang s6 téc do kha nho, phu
hop voi bé mit thé ning do duong nay phai trai qua
trang thai chuyén tiép kha cao (-7,4 kcal/mol) so v&i
hai duong k; (-23,2 kcal/mol) va k;, (-15,1 kcal/mol)
c¢6 nang lwong thap hon canh tranh. Pdng thoi, phu
hop voi két qua thyc nghiém vé kénh san pham phy
cua k;. Buong tao thanh HCO® + HNO (k,) khong
thong qua trang thai chuyén tiép chit ch& va duong
k; tao thanh CO + HCNH" c6 ning lugng thap nhét
1a hai duong phan tng chinh, phu hop voi thuc
nghiém. Dong thoi, tbe d6 phan tmg tong cong kha
gan voi két qua thyc nghiém cua W. Feng va cong
su [8]. Cu thé, hang sb toe do tong cong tinh duogc
16n hon mot chut hang sb thuc nghiém. Diéu nay do
su gan dung duong ning luong cuc tiéu (MEP)
dugc tinh toan trén co sé t6i vu bang phuong phap
B3LYP va viéc bo qua nhiéu qué trinh trong bé mit
thé nang phirc tap (hinh 1). Tuy nhién, sy khac biét
giita hai gia tri khéng nhiéu, c6 thé chip nhan dugc
trong su tinh 1y thuyét hang s6 tbc do phan tng.

4. KET LUAN

Di xay dung dugc bé mit thé ning cia phan tng
HCNO+OH® theo CCSD(T)//B3LYP/6-
311++G(3df2p). Tur do, tinh dwgc cac gia tri bién
thién entanpi, bién thién entropi va bién thién ning
luong gibbs cho 16 duong phan tng, tir PR1 dén
PR16. Trong do6, AH,, duoc tinh theo ddng thoi
B3LYP/6-311++G(3df,2p), CCSD(T)/6-
311++G(3df,2p) va CCSD(T)/CBS. AS,, AG,
dugc tinh theo CCSD(T)/CBS. Cac két qua nhiét
phan ung tinh dwoc theo CBS phu hop tbt véi cac
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nghién cru khac cling nhu véi thuc nghiém [13].
Pong thoi tinh duoc hing sé téc do cho cac duong
phdn tmg chinh tao thanh CO, HCO®; dudng phan
ng tao thanh CH,O va hang s toc do tong cong.
Két qua tinh toan RRKM phu hop & muc do chap
nhan dugc so vadi thuc nghiém khi gia tri tinh toan
va thyc nghiém & 300K lan luot 1a ki = 4,44x10 1
va Kexp ~ 3,39x10° " (em’phan tu's™) [8].
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