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Abstract

The mechanism for the HCNO + F reaction has been investigated at the B3LYP/6-311++G(3df,2p) level of theory.
The potential energy surface (PES) for this system shows that there are ten different product pathways: PR1 (CNO*
+HF), PR2 (HCN + OF®), PR3 (HCF: + NO), PR4 (OCNF + H), PR5 (FCN + *OH), PR6 (HF + *CNO cy), PR7
(FCNO + H), PR8 (OCNH + F). PR9 (OCN" + HF) and PR10 (CO + NHF"). The results indicate that PR1 (CNO® +HF),
PR3 (HCF: + NO) and PR5 (FCN + OH) are the major product channels with minor contributions from PR4 (OCNF +
H), PR6 (HF + *CNO_cy), PR8 (OCNH + F), PR9 (OCN* + HF), PR10 (CO + NHF") whereas the other channels for

PR2 (HCN + OF®), PR7 (FCNO + H) are less favorable.
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1. MO DAU

Axit fulminic (HCNO) 1a mdt trong cac thanh
phan phtic tap ciia khoi mii quang hoa, HCNO con
1a chét trung gian quan trong trong qua trinh dbt
chdy nhién li¢u hydrocacbon. Nam 2009, N'uria
Marcelino va cong sy da phat hién ra sy c6 mét cua
axit nay trong cac ddm may den nho kinh thién vian
IRAM 30m [1, 2]. Phan tng cia HCNO véi cac
phan tir va gbc tu do trong pha khi nhw OH*, H,0,
CN°,... dang dugc nhiéu nhém quan tim nghién ctru
ca vé 1y thuyét va thuc nghiém [1-9]. Gan day,
nguyén tir flo duoc phat hién va diéu ché khi phan
hay hop chat chira flo & nhiét do cao. Phan mg cua
nguyén tir F véi cac phan tit & pha khi nhu H,, H,O
hay cac hydrocacbon CH,, C,H¢, C,H,, CsHs,...
dugc quan tam nghién ctu [10-16]. Vi dy, ndm
2012, T. L. Yacovitch dé nghién ctru phan tng gitra
F v6i H, va CH, bang phuong phap pho SEVI (slow
electron velocity-map imaging). Két qua cho thay
déu tao thanh HF theo phan tng: F + H, » HF + H
va F + CHy — HF + CH;[15]. Biéu nay phu hop voi
két qua nghién ctru ly thuyét truge do cua J. C.
Polanyi (nim 1977) khi cho rang tao thanh trang
thai chuyén tiép F...H...H trudc khi phan cét thanh
HF + H va nghién ctu cia J. C. Corchado (ndm
1996) cho thdy phan tmg véi CH4 thong qua trang
thai chuyén tiép twong ty F...H...CH; [14]. Phan
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ung F + CD, cling da dugc nghién ctru thuc nghiém
cho thiy c6 su tao thanh DF va CDs", ddng thoi
hang rao nadng lugng xé&c dinh dugc khoang 0,5
kcal/mol [10-16]. Trong bai bao nay, chiing toi trinh
bay két qua nghién ctru 1y thuyét bé mit thé ning
(PES), cau trac hinh hoc céac trang thai chuyén tiép
(TS), trang thai trung gian (IS), san pham phan tng
(PR) va cac thong s nhiét dong quan trong cia
phan tng HCNO v6i nguyén t F giap lam r6 hon
cac hiéu biét vé phan tmg cia HCNO ciing nhu F.

2. PHUONG PHAP NGHIEN CUU

Chu tric cac cdu tr dugc tdi wu hoa bing
phuong phap phiém ham mat d¢ (DFT) & mic
B3LYP/6-311++G(3df,2p). Day l1a phuong phap sur
dung kha phd bién hién nay vi phuong phap nay
gitp giam duoc do nhiéu spin va cho két qua phu
hop kha tdt so véi thuc nghiém [6-8, 17-19]. Nang
luong tuong quan cua moi cau ti trong PES dugc
hiéu chinh dbi véi cac nang luong dao dong diém
khong (ZPVE). Béi véi budc khong cé hang rao
nang lugng, chung t6i thyc hién thu tuc scan b?mg
viéc tinh toan dudng cong thé ning & cing mirc 1y
thuyét doc theo toa do phan tmg tir trang thai can
bang v6i bude nhay 0,1 A. Cac cdu tir tim thiy,
trude hét, duoc kiém tra b::ing viéc phéan tich tan sb
dao dong. Trong do, tit ca cac tan sb dao dong cua
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cac chit dau (RA), trang thai trung gian (IS) va san
pharn (PR) déu phai la s6 thuc; cac trang thai
chuyén tiép (TS) déu phai c6 mot va chi mot tan sd
dao dong ao [6-8]. Ngoai ra, cdc trang thai chuyén
tiép con duoc kiém tra bang cach tinh toa do noi
phan tng (IRC). Cac phép tinh toan dugc thuc hién
bang phan mém Gaussian 2003 [20]. Tir cac két qua,
tién hanh tinh cac dai lugng nhiét dong AH" 298pu>
AGozggpu, Asozggpu ddi voi mdi duong phan g va so

Nguyén Trong Nghia va cong s
3. KET QUA VA THAO LUAN

Két qua nghién ctru da dua ra so dd phan img
HCNO + F nhu sau:

Trén so d6 va bé mat thé nang, chit phan tng
(HCNO, F) dugc ki hiéu 1a RA, chat trung gian
duoc ki hi¢u la ISi (IS1, IS2, ..., IS11), cac trang
thai chuyén tiép duoc ki hiéu 1a Tx/y (T0/8 nbi chat
dau va trang thai chuyén tiép IS8, T1/P1 ndi trang

sanh véi cdc gia tri tinh tir dit lidu thye nghiém c6  thai chuyén tiép IS1 v6i san pham PRI, ...), cic sén
san [21, 22]. pham dugc ki hiéu 1a PRi (PR1, PR2, ..., PR10).
> CNO+HF (PR1)
T1/P1
» CHF+NO (PR3)
T2P1
T0/1 T1/2 | > CNO+HF  (PR1)
HCNO+F | — 1S1 > 1S2 i To/P7
Tl I > FCNO+H (PR7)
T2/3
\Tor8 T4 N 31 T3/P1
Y | > CNO+HF  (PR1)
IS8 -|— IS4 1S3 ——
lmmo [ TSRS FONOH  (PRO)
T4P6
1S10 P /\N +HF (PR6)
le/? T4/5 > OCN+HF  (PR9)
'y | - ! TOP10_ . co+NHF  (PR10)
IS11 187 = 1S5 > 1S6 T6/P8
T4/7 > OCNH+F (PR8)
T6/P4 . OCNF+H (PR4)
TOP8 . ocNH4F  (PRS)
T2/9| |T4/9T5/9
L > 1S9 T9P8 . OCNH+F  (PRS)
T11/P2

> HCN+OF (PR2)

Hinh 1: So d6 phan Gmg cia HCNO + F

Nguyén tir F c6 mot e doc than c6 bén kha ning
tan cong vao cac vi tri H, C, N va O trong phan tir
HCNO, trong d6, chi ¢ N 1a c6 trang thai chuyén
tiép (T0/8, hinh 3). T0/8 c¢6 tin s6 4o duy nhét 514i
{mg v6i sy hinh thanh lién két F-N, d6 dai lién két
F-N 1a 1,698A, phu hop v6i d6 dai cua trang thai
chuyén tiép hinh thanh lién két F-N. Ning lugng ctia
T0/8 cao hon RA va IS8 véi nang luong tuong quan
lan Iuot 1a 5,8 kcal/mol, 0,0 kcal/mol va 4,6
kcal/mol, phu hop v6i ning luong cua trang thai
chuyén tiép. Két qua toa do no6i phan ung (IRC)
cling cho thidy T0/8 ndi chat ddu va trang thai
chuyeén tiép IS8 (HCN(F)O). O T0/8, S*~ 0,77 cho
thdy do nhiu spin khong dang ké va cac ciu tric
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khac ciing c6 két qua twong tu. Diéu nay cho thiy
viéc st dung phuong phap B3LYP ¢ day la hop 1y
va do d6, phuong phap nay dugc st dung kha phd
bién dé nghién ctru hé phan ung pha khi [6-8]. Nhu
vay, phan tng cua F vao N trong HCNO Ia kho
khian hon ca. Didu nay 1a hop 1y, vi nguyén tir N
trong HCNO da bao hoa hoa tri. Trong phan ung
HCNO+OH", Miller ciing di chi ra riang, co ba
hudng phan tng cua O trong OH véi H, C va O
trong HCNO, ma khong phan tng vao nguyén tir N
[8]. Hodc phan ung cia HCNO véi cac gbe khac
nhu H, CH;", NH,", ... [17, 18] ciing cho thdy phan
ung & N co6 hang rao nang lugng cao va trang thai
trung gian kém 6n dinh.
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Ba huong phan mg con lai vao cac nguyén tu
H, C va O déu khong c6 trang thai chuyén tlep Diéu
nay di dugc xac nhan boi duong cong thé ning
dugc tinh ¢ cung mitc B3LYP/6-311++G(3df,2p)
doc theo toa d6 phan ung tir trang thai can bang véi

Nghién cieu Ii thuyét co ché phan ing...

cua HCNO ciing gip ¢ cac phan ung khac cua
HCNO nhu v6i OH®, NH,®, CH;", H, ... va dugc
giai thich 1a do C chua bdo hoa hoa tri, nén dé dang
tao thém lién két. Vi dy, trong phan ung
HCNO+OH®, Song Wang [7] cho thdy hudng phan

T1/11

T2/9

T1P1 T3PS

Hinh 2: Hinh hoc dugc tinh & mic B3LYP/6-31 1++G(3df 2p) ciia mot s trang thai chuyén tlep (TS)
trong so dd phan ttng HCNO+F. (D4u chim (.) thay cho ddu phéy trong phan thap phan. Do dai lién két tinh
theo Angstrom (A), goc lién két tinh theo do (°)).

bude nhay 0,1 A, va phi hop véi cac nghién ctru vé
phan ng cua nguyén tir va phan ti flo [10, 14, 15].
Theo d06, F, va F do c6 kha nang phan tng manh,
nén phan Gng c6 hang rao nang luong thip hodc
khong c¢6 hang rao va hing sb toc d6 16n [10-16].
Dong thoi ciing phi hop voi cac nghlen ctiu vé phan
tmg cuia HCNO: khi phan tng v6i gbc OH®, mot tac
nhan phan Ung manh, thi khéng c6 barrier [7], con
phan tng véi cac gbe yéu hon nhu NH,", CH5", ...
thi déu c6 cac barrier, trong d6 barrier & CH; cao
hon NH,* [17, 18]. Khi F tin cong vao H s& xdy ra
phan tng tach tryc tiép tao thanh HF va CNO®
(PR1: -32,0 kcal/mol). Khi F tan coéng vao O tao
thanh trang thai chuyén tiép IS11 (HCNOF: -9,5
kcal/mol), rdi tiép tuc bi phan huy thanh PR2
(HCN+FO': 0,7 kcal/mol) qua hang rao T11P2 (27,0
kcal/mol) hodc ddng phan hoa thanh ISI
(HC(F)NO) qua hang rao T1/11 (-5,2 kcal/mol). Khi
F tin cong vao C tao thanh giéng thé sdu nhat trong
ung voi trang thai trung gian IS1 (HC(F)NO: -53,7
kcal/mol). Sy tao thanh trang thai c¢6 nang luong
thip nhit & C trong bon hudng phan tmg dau vao
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tmg & C c6 ning luong thip nhat, tao thanh san
pham chinh va két qua tinh toan nay phu hop kha tét
v6i thuc nghiém cia Feng [1]. Trang thai trung gian
IS1 nay lai co thé ddng phan hoa thanh cac trang
thai trung gian khac hodc phan tach thanh san pham.
Vi du, lién két C-N trong IS1 c6 thé bi dut giy theo
duong khong co trang thai chuyén tiép tao thanh:
HCF: va NO (PR3). Hodc H trong IS1 chuyén vi tir
C sang nguyén tir F bén canh, dong thoi pha v& lién
két C-F qua trang thai chuyén tiép TI1P1 (-13.8
kcal/mol) thu dwgc HF va CNO® (PR1). Hodc H
trong IS1 chuyén vi tir C sang O qua T1/3 (-9,9
kcal/mol) tao thanh trang thai trung gian IS3
FCNOH: -41,1 kcal/mol. Hay H chuyén vi tir C sang
N bén canh qua trang thai chuyén tiép T1/2 (1,8
kcal/mol) tao thanh IS2 FCN(H)O: -15,3 kcal/mol;
. Sau khi khdo sat cac kha ning chuyén vi, phan
cit ctia cac san pham trung gian duoc PES & hinh 3.
Tir PES, c6 thé thiy c6 10 dudng phan ung tao
thanh cac san phdm PR1-PR10, trong d6 3 dudng wu
tién nhét 1 cac duong tao thanh PR1 (CNO® +HF),
PR3 (HCF: + NO) va PR5 (FCN + OH") vi c6 nidng
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Nguyén Trong Nghia va cong su

15 6
=oRy (FCNO+H)
- 0,7
- E——
PR2 (HCN+OF)
0,2
. -—
- PR3 (HCF+NO)
—\\:‘t. -12I5
. PR6(HF+CNO_cy)
~ 13,3

—

PR4 (OCNF+H)
-32,0
_

PR1 (HF+CNO)

-45,4
“E—
PR5 (FCN+OH)

\ 51,6
T
PR10 (CO+NHF)

pRa (OCNH+F)

., 93,8
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Hinh 3: B& mit thé ning dugc tinh & mirc BSLYP/6-311++G(3df,2p) ciia phan tmg HCNO + F. (Dau chim (.)
thay cho dau phdy trong phan thap phan. Do dai lién két tinh theo Angstrom (A), goc lién két tinh theo d6 (%))

luong thip nhat. Tiép theo dén cic dudng PR4
(OCNF + H), PR6 (HF + *CNO_cy), PR8 (OCNH +
F), PR9 (OCN® + HF), PR10 (CO + NHF®). Va co
ning luong cao nhét 1a cac duong PR2 (HCN +
OF*) va PR7 (FCNO + H).

Cac duong tao thanh PR1 (CNO® +HF), PR3
(HCF: + NO) va PR5 (FCN + OH"): Cac duong nay
déu duoc tao thanh theo nhiéu cach khac nhau. Vi
PRI, trudc tién co thé duge d& dang tao thanh truc
tiép tir chit dau (RA) khi nguyén ti F tach H trong
HCNO ma khong thong qua trang thai chuyén tiép;
hodc chat dau tao thanh IS1, rdi phan huy thanh PR1
qua T1P1 nhu da phéan tich & trén. Qua trinh nay la
dé dang vi budc dau tién khong co trang thai chuyén
tiép va toa nhiéu nhiét, budc thir hai co trang thai
chuyén tiép kha 6n dinh, ning lugng thip hon kha
nhiéu so v6i chat dau. Nang luong budce trude giup
hé dé dang vuot qua hang rio nay. Ngoai ra, PR1
con ¢o thé hinh thanh theo cac cach khac: IS1 dong
phén hoa thanh IS2 hoac IS3 nhu da phan tich &
trén. Sau d6, cac nguyén ti H tdch cung nguyén tr F
trong 1S2 hodc IS3 tao thanh PR1 qua céc trang thai
chuyén tiép twong tng 1a T2P1 (17,7 kcal/mol) va
T3P1 (3,3 kcal/mol), .... Tuy nhién, cac duong nay
déu co nang luong cao. Do d6, hai dudong phan tng
chinh tao thanh PR1 1a RA — PR1 hodac RA — IS1
— PR1. Véi PR, con dudng chu yéu tao thanh PR5
1a khi chat dau phan ung thanh IS1, rdi dong phéan
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hoa thanh IS3 nhu da phéan tich ¢ trén. Sau do, lién
két N-O trong 1S3 d& dang bi dut giy qua T3P5
(-24,7 kcal/mol) tao thanh FCN va gbc OH (PR5:
-45,4 kcal/mol). PR3 lai dugc hinh thanh do sy phan
cit lién két C-N trong IS1 thanh HCF® va NO (PR3:
0,2 kcal/mol). Pay la buéc khong c6d trang thai
chuyén tiép duoc xac nhan boi dudng cong thé ning
dugc tinh ¢ cung muic B3LYP/6-311++G(3df,2p)
doc theo toa d6 phan tng tir trang thai can bang voi
budc nhay 0,1 A va ciing pht hop véi cdu tric cua
HCF: va NO khi ca hai déu co electron doc than.
Hai duong PR3 va PR5 nhu sau: RA — IS1 — PR3;
RA — IS1 — IS3 — PRS. R& rang, cac duong PR1
va PR5 c6 niang luong thip nhit. Con duong PR3
chi cao hon hang rao T1P1 ¢ duong PR1 khoang 10
kcal/mol va lai la duong khong c6 trang thai chuyen
tiép nén co thé canh tranh voi dudng nay vé mat
dong hoc. Piéu nay tuong ty nhu phan tng HCNO
+ OH*; hoic HCOOH + O('D); ...

Cac duong phan ung tao thanh PR4 (OCNF +
H), PR6 (HF + *CNO cy), PR8 (OCNH + F), PR9
(OCN°® + HF), PR10 (CO + NHF*): PR6 chu yéu
duoc tao thanh khi O trong IS1 dé dang phan ting
v6i C tao thanh vong 3 canh IS4 (FC(H)NO cy:
-54,8 kcal/mol) qua trang thai chuyén tiép T1/4
(-33,6 kcal/mol). Nguyén tir H trong IS4 c6 thé
chuyén vi tir C sang nguyén tir F bén canh va dit
lién két C-F qua T4P6 (7,0 kcal/mol) tao thanh HF
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va vong 3 canh ‘CNO cy (PR6: -12,5 kcal/mol).
Cac duong PR4, PR8, PR9 va PRIO dugc hinh
thanh tir IS6 (OCN(H)F) chu yéu theo con duong
sau: tir chat ddu tao thanh IS1 va ddng phan hoa
thanh vong ba canh IS4 (FC(H)NO_cy) nhu da phan
tich & trén. Sau d6, H chuyén vi tir C sang N bén
canh, dong thoi dut gdy lién két C-N qua trang thai
chuyén tiép T4/5 (1,3 kcal/mol) tao thanh IS5
(OC(F)NH: -101,5 kcal/mol). Lién két F-C trong
IS5 dé dang bi dut gdy qua TSPS (-62,5 kcal/mol)
thanh OCNH + F (PRS: -68,0 kcal/mol). Hodc, IS5
ddng phan hoa do chuyén vi F tir C sang N qua T5/6
(-78,3 kcal/mol) thanh IS6 (OCN(H)F: -79,2
kcal/mol) rdi phan hiy thanh PR4 (OCNF + H:
-13,3 kcal/mol), PR9 (OCN® + HF: -93,8 kcal/mol)
va PR10 (CO + NHF*: -51,6 kcal/mol) qua céac trang
thai chuyén tiép T6P4 (-10,1 kcal/mol), T6P9 (-78,1
kcal/mol) va T6P10 (-41,0 kcal/mol) tuong ung.
Viy, huéng wu tién nhdt cia cic duong nay nhu
sau: RA — IS1 — IS4 — PR6; RA —» IS1 > IS4 >
IS5 — PRS; RA — IS1 —» IS4 — IS5 — IS6 —
PR4; RA — IS1 —» IS4 — IS5 —» IS6 — PRY; RA
— IS1 — IS4 — IS5 — IS6 — PR10.

Puong phan ung tao thanh PR2 (HCN + OF®),
PR7 (FCNO + H): Pay la cic san pham cé ning
luong va hang rao nang lugng cao. Cu thé, PR2 0,7
kcal/mol) dugc hinh thanh tir sy phan hay cua IS11
(HCNOF: -9,5 kcal/mol) do sy dit gdy lién két N-O
qua hang rao T11P2 (27,0 kcal/mol) nhu da phan
tich & trén. PR7 (15,6 kcal/mol) dugc hinh thanh do
IS2 (ECN(H)O: -15,3 kcal/mol) dut gy lién két N-
H qua T2P7 (19,6 kcal/mol): RA — IS11 — PR2;
RA — IS1 — IS2 — PR7.

Tir cac thong sO nhiét dong va nang luong phan
tir clia cac chat phan Ung va cac san pham phan ung
xac dinh duoc cac gia tri AH 298pus AG® 298pu; AS° 298pu
d6i voi mdi duong phan tng. Két qua gia tri tinh 1y
thuyét va gia trj tinh tir dir liéu thuc nghiém [20, 21]

Nghién cieu Ii thuyét co ché phan ing...

cho thdy viéc ap dung phuong phap B3LYP/6-
311++G(3df,2p) ¢ day 1a hop ly.

Béng thong s nhiét dong cho thay trir PR7, tat
ca cac duong con lai déu co AGozggpu < 0 nén ¢6 thé
xdy ra vé mit nhiét dong. Cac dudng déu c6 AS yogp,
> (0, phan tng s€ thuén lgi khi ¢ nhiét d§ cao. Tuy
nhién, cac gia tri AG® 298pu va AS° 298u khac nhau kha
nhiéu nén kha ning xay ra ciia cac duong nay la
khéc nhau.

Cac duong tao thanh PR1 (HF + CNO®), PR3
(CHF: + NO) va PR5 (FCN + OH"): déu c6 AS 50z,
duong, AH g, 4m, do vay AG’ye,, < 0, phan tng
thuén lgi vé mat nhiét dong, nhiét d6 tdng phan ung
s€ thuan lgi hon. Mat khac, ba dudng nay cé hang
rao niang lugng thdp nhat nhu dd phan tich & trén,
nén cac duong PR1, PR3 va PRS5 s€ 1a nhitng duong
duogc wu tién nhét. Vi vay, san phém chinh do duoc
s& 1a HF, NO, OH". Piéu nay cung phu hop v6i phan
ung cua F véi hop chat chira H nhu H,, CH,4, C,Hg,

.. khi san phdm chinh cia phan tng 1a HF [10-16].

Cac duong tao thanh PR4 (OCNF + H), PR6
(HF + *CNO _cy), PR8 (OCNH + F), PR9 (OCN* +
HF), PR10 (CO + NHF*): déu c6 AS’yg,, duong,
AHozggpu am, do vay AG029gpu <0, phan tng thuan lgi
vé mit nhiét dong, nhiét do ting phan tng s& thuan
lgi hon. Tuy nhién, hang rao nang lugng cua cac
duong nay kha cao so voi ba dudong trén nhu da
phan tich. Diéu nay cho phép ta du doan cac duong
nay c6 thé co6 mit trong san phdm, nhung sy dong
gop vao san pham la khong nhiéu ¢ 298 K, va sy
dong gop nay sé tang 1én khi phan Gng ¢ nhiét do
cao boi khi d6, cac chat dé dang hon trong viée vuot
qua hang rao tao thanh san pham.

Puong tao thanh PR2 (HCN + OF®), PR7
(FCNO + H): Duong PR2 c6 AS’yg 16n (16,3
cal/mol.K), AGozggpu am, phan tng thuan loi vé mat
nhiét dong, nhiét 6 ting phan Gng s€ thuan lgi hon.
Tuy nhién, hang rao ning luong cua dudng nay rat

Bang 1: AS° 298pus AH’ 298pu; AG® 29%pu cua cac duong phan tng theo
B3LYP/6-311++G(3df,2p) va AH’,, ) tinh tir dit liéu thuc nghiém [20, 21]

Phén tmg KY hi%‘u Asoz98pu, AG0298pu, AH0298pu, AHpu(*),
san pham cal/mol.K kcal/mol kcal/mol kcal/mol
HCNO+F — HF +CNO* PR1 3,8 -32,7 -31,6 -30,4
HCN + OF° PR2 16,3 -4,1 0,6 -
CHF: + NO PR3 20,1 -5,5 0,3 -
OCNF +H PR4 9,3 -16,0 -13,3 -
FCN + OH’ PR5 13,7 -49,3 -45.3 -
HF + *CNO _cy PR6 18,3 -17,6 -12,3 -
FCNO +H PR7 8,3 13,2 15,7 -
OCNH +F PRS 10,8 -71,4 -68,3 -68,6
OCN* + HF PR9 13,3 -97,7 -93,8 -
CO + NHF* PR10 20,0 -57,3 -51,5 -
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cao (T11P2: 27,0 kcal/mol). Do d6, khong thé canh
tranh dugc v6i cac dudng cd ning lugng thap nhu
da phan tich, cho phép ta dy doan duong PR2 khong
thé dong gop vao san pham nhét phan tng 1a ¢ nhiét
do thép Voi du(‘mg PR7, do AGozggpu > 0, Asozggpu
nho (8,3 cal/mol.K), vi vay, duong PR7 khong xay
ra v& mit nhiét dong & nhiét @6 thuong hay nhiét do
cao.

Viy, dua vao PES va thong sb nhiét dong co thé
du doan thtr ty wu tién cua cac duong phan tng nhu
sau: PR1, PR3, PR5 > PR4, PR6, PRS, PR9, PR10 >
PR2, PR7.

4. KET LUAN

D3 thiét 1ap duoc bé mit thé nang, giai thich co
ché phan tmg HCNO+F tao thanh 10 dudng san
pham tir PRI den PR10. Thong qua d6 dua ra dugc
cac tham sd cdu trac hinh hoc cua mdi ciu tir. Tur
PES thu dugc c6 thé du doan: cac dudng phan tng
PR2 (HCN+OF®) va PR7 (FCNO+H) khong tham
gia tao san phim; cic duong phan ung PR4
(OCNF+H), PR6 (HF+'CNO cy), PR8 (OCNH+F),
PR9 (OCN* + HF) va PR10 (CO+NHF") ¢6 thé déng
gdp mot phan & nhiét d6 thap va sy dong gop nay 1o
rang hon néu phan tmg ¢ nhiét do cao; cac duong
phan tng PR1 (CNO'+HF), PR3 (HCF:+NO) va
PR5 (FCN+OH®) chiém wu thé nhat. Ngoéi ra cﬁng
da tmh dugc cac gia tri AH’ 298pus AG® 298pu; AS° 298pu
cho tat ca cac duong phan tng. Céc gia tri hiéu ing
nhiét tinh dwoc phu hop kha tot voi cac gia tri tinh
tur dit li€u thuc nghiém co san.

Loi cam on: Trdan trong cam on Quy Nafosted Viét
Nam tai tro' cho c¢dng trinh nay thong qua dé tai, ma
56 104.03.2010.29.
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