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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: PRl (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 PRIO (CO + NHF"). The results indicate that PRI (CNO* +HF), 
PR3 (HCF: + NO) and PR5 (FCN + OH) are the major product channels with minor contribunons from PR4 (OCNF + 
H), PR6 (HF + •CNO_cy), PR8 (OCNH + F), PR9 (OCN" + HF), PRIO (CO + NHF") whereas tlie other channels for 
PR2 (HCN + OF'), PR7 (FCNO + H) are less favorable. 

Keywords: Reaction mechanism, F atom, forming HF, fulminic acid HCNO, potential energy surface (PES). 

1. MO DAU 

Axit fulminic (HCNO) la mdt trong cic thinh 
phan phiic tgp ciia khdi mil quang hoa, HCNO cdn 
la chat trung gian quan trpng trong qua trinh dot 
chay nhien lieu hydrocacbon. Nam 2009, N'uria 
Marcelino va cpng sy di phat hien ra sy cd mat ciia 
axit nay trong cac dim miy den nhd kinh thien van 
IRAM 30m [1, 2]. Phan img ciia HCNO vdi cac 
phan tir va gdc ty do trong pha khi nhu OH*, HjO, 
CN*,... dang dugc nhilu nhdm quan tam nghien ciiu 
ca vl ly thuyit va thyc nghiem [1-9]. Gin day, 
nguyen tir flo dugc phit hien va dieu chl khi phan 
hiiy hgp chit chira flo d nhiet dp cao. Phin irng cua 
nguyen tir F vdi cic phan tu d pha khi nhu H2, H3O 
hay cac hydrocacbon CH4, C2H6, CiHj, CiHg,... 
dugc quan tam nghien ciiu [10-16]. Vi du, nam 
2012, T. I. Yacovitch da nghien ciru phan iing giira 
F vdi H; va CH4 bing phuang phip pho SEVl (slow 
elecfron velocity-map imaging). Kit qui cho thiy 
diu tgo thanh HF theo phan irng: F + H, -> HF + H 
viF + CH4 -> HF + CH3 [15]. Dilu nay phii hgp vdi 
kit qua nghien ciru Iy thuyit trudc dd cua J. C. 
Polanyi (nim 1977) khi cho ring tao thinh hang 
thai chuyin tilp F...H...H trudc khi phin cat thanh 
HF + H va nghien cdu ciia J. C. Corchado (nam 
1996) cho thij; phin ting vdi CH4 thdng qua frang 
thai chuyin tilp tuang ty F...H...CHj [14]. Phin 

irng F + CD4 ciing da dugc nghien ciru thyc nghiem 
cho thiy cd sy tgo thanh DF va CD3*, ddng thdi 
hang rio ning Iugng xac djnh dugc khoing 0,5 
kcal/mol [10-16]. Trong bai bao nay, chiing tdi trinh 
bay ket qua nghien ciru Iy thuyet be mat the nang 
(PES), ciu triic hinh hpc cac trgng thai chuyen tiep 
(TS), trgng thai trung gian (IS), sin pham phan irng 
(PR) va cac thdng sd nhiet dpng quan trong ciia 
phan ung HCNO vdi nguyen tir F giiip lam ro ban 
cac hilu biet ve phin ung ciia HCNO cung nhu F. 

2. PHUONG PHAPNGHIEN CUU 

ciu triic cic cau tCr dugc tdi u'u hda bang 
phuang phap phiem ham mat dp (DFT) d mirc 
B3LYP/6-3Il++G(3df,2p). Diy la phuang phap sir 
dung kha phd bien hien nay vi phuang phap nay 
gnip glim dugc dp nhieu spin va cho ket qua phii 
hgp kha tdt so vdi thuc nghiem [6-8, 17-19]. Ning 
lugng tuong quan ciia mdi ciu tir trong PES dugc 
hieu chinh ddi vdi cic nang lugng dao dpng diem 
khdng (2PVE). Ddi vdi bude khdng cd hang rio 
ning lugng, chimg tdi thyc hien thu tuc scan bing 
viec tinh toan dudng cong thi ning d cimg muc ly 
thuyit dpc theo tpa dp phan irng td trgng Ihii cin 
bing vdi bu'dc nhay 0,1 A. Cac ciu tii tim thiy, 
trudc hit, dugc kiem tra bang vipc phin tich tan so 
dao dpng. Trong dd, tit ca cic tan sd dao dpng ciia 
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cac chat cl4u (RA), trang thai trung gian (IS) va san 
pham (PR) deu phai la so thirc; cac trang thai 
chuyen tiep (TS) dku phai co mpt va chi mot tan so 
dao dong ao [6-8]. Ngoai ra, cac trang thai chuyen 
tiep con duoc kiem tra bang each tinh toa do noi 
phan ung (IRC). Cac phep tinh toan dugc thuc hien 
b^ng phan m8m Gaussian 2003 [20]. Tir cac ket qua, 
tien hanh tinh cac dai lugng nhiet dgng AH 298pu. 
AG^Epu, AS'̂ 298pu doi v6i moi duong phan ung va so 
sanh voi cac gia tri tinh tij du lieu thuc nghiem c6 
sin [21, 22]. 

Nguyen Trong NghTa va cong su 

3. KET QUA VA THAO LUAN 

K6t qua nghien ciru da dua ra so do phan ung 
HCNO + F nhu sau: 

Tren sa d6 va be mat the nang, chat phan ung 
(HCNO, F) dugc ki hieu la RA, chat trung gian 
dugc ki hieu la ISi (ISI, IS2, .... ISll) , cac tran^ 
thai chuyen tiep dugc ki hieu la Tx/y (TO/8 noi chat 
dSu va trang thai chuyen tiep 1S8, Tl/Pl noi trang 
thai chuyin tiep ISI vgi san pham PRI, ...), cac san 
phjm dugc ki hieu la PRi (PRI, PR2, ..., PRIO). 
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OCNH+F (PR8) 

- • OCNH+F (PR8) 

T11/P2 

Hinh I: Sg do phan ling cua HCNO + F 
HCN+OF (PR2) 

Nguyen tii F co mgt e dgc than co bon kha nang 
tan cong vao cac vj tri H, C, N va O trong phan tii 
HCNO, trong do, chi g N la co trang thai chuyen 
tiep (TO/8, hinh 3). TO/8 co tjn s6 ao duy nhjt 514/ 
ling vgi su hinh thanh lien k£t F-N, do dai lien ket 
F-N la 1,698A, phu hgp vcri do dai cua trang thai 
chuyen tiep hinh thanh hen ket F-N. Nang lugng ciia 
TO/8 cao hgn RA va ISS vdi nang lugng tugng quan 
lan lugt la 5,8 kcal/mol, 0,0 kcal/mol va 4,6 
kcal/mol, phii hgp vgi nang lugng ciia trang thai 
chuy6n tiSp. Kit qua tga do ngi phan ling (IRC) 
cung cho thiy TO/8 n6i chat dSu va frang thai 
chuySn tiep jS8 (HCN(F)O). 6 TO/8, S' * 0,77 cho 
thay dg nhieu spin khong dang ke va cac c5u true 

khac ciing c6 ket qua tugng tir. Dieu nay cho thay 
viec sii: dung phuong phap B3LYP g day la hgp ly 
va dg dg, phuang phap nay dugc sir dung kha pho 
bi6n di nghien ciru he phan irng pha khi [6-8]. Nhix 
vay, phan ling cua F vag N trong HCNO la kho 
khan hon ca. Dieu nay la hgp ly, vi nguyen tii N 
trong HCNO da bao hoa hoa tri. Trong phan img 
HCNO+OH', Miller cOng da chi ra ring, co ba 
huong phan irng ciia O trong OH vai H, C va 0 
trong HCNO, ma khong phan iing vao nguyen tii N 
[8]. Hoac phan irng cua HCNO vai cac goc khac 
nhu H, CHJ", NH,", ... [17, 18] cung cho thay phan 
ii'ng a N CO hang rao nang lugng cag va trang thai 
tmng gian kem on dinh. 
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Ba hudng phin img cdn lai vao cae nguyen tii 
H. C vi O deu khdng cd trang thii chuyin tilp. Dilu 
nay da dugc xie nhin bdi dudng cong thi ning 
dugc tmh d cimg mirc B3LYP/6-311-r+G(3df,2p) 
dpc theo tga dp phan irng tir trang thai can bing vdi 

Nghien cuu li thuyit ca ehi phdn dng... 

ciia HCNO cung gap d cac phan irng khic ciia 
HCNO nhu vdi OH*, NH/, CH^', H, . . va dugc 
giai thich la do C chua bao hda hda trj, nen de ding 
tao them lien kit. Vi du, trong phin ung 
HCNO+OH", Song Wang [7] cho thiy hudng phan 

Ti/n T2/9 T3P5 

Hmh 2: Hinh hpc duac tinh diniVc B3LYP/6-311++G(3df,2p) cua mdt so trang thai chu>ln tiep (TS) 
trong so do phan ung HCNO+F. (Diu chim (.) thay cho diu phSy trong phin thap phan Dp dai lien kit tinh 

theo Angstrom (A), goc lien kit ti'nh theo dp (")). 

budc nhay 0,1 A, va phii hgp vdi cac nghien ciru ve 
phan ling cua nguyen tu va phan tir flo [10, 14, 15]. 
Theo dd, F2 va F do cd kha nang phan irng manh, 
nen phan irng cd hang rao nang lugng thap hoac 
khdng cd hang rao va hang sd tdc dp Idn [10-16]. 
Dong thdi cung phii hgp vdi cac nghien ciiu ve phan 
ling ciia HCNO: khi phan iing vdi gdc OH", mdt tie 
nhan phan iing manh, thi khdng cd barrier [7], cdn 
phan irng vdi cac gdc yeu hon nhu NHj*, CH3*, ... 
thi deu cd cac barrier, trong do barrier d CH3 cao 
han NH2' [17, 18]. Khi F tin cdng vao H se xiy ra 
phan irng tich tryc tilp tao thanh HF va CNO* 
(PRI: -32,0 keal/mol). Khi F tin cdng vao O tao 
thanh ygng thai chuyin tilp ISll (HCNOF: -9,5 
kcal/mol), rdi tilp tuc bj phan hiiy thanh PR2 
(HCN+FO": 0,7 kcal/moI) qua hang rao Tl IP2 (27,0 
kcal/mol) hogc ddng phin hda thanh IS 1 
(HC(F)NO) qua hang rao Tl/11 (-5,2 kcal/mol). Khi 
F tan cdng vio C tgo thanh gieng thi sau nhat tuang 
ling vdi trgng thai trung gian ISI (HC(F)NO: -53,7 
kcal/moI). Su tgo thinh trgng thii cd ning Iugng 
thip nhit d C trong bdn hudng phin dng diu vao 

irng d C cd nang lugng thip nhit, tao thanh san 
pham chinh va ket qui tinh toan nay phii hgp khi tdt 
vdi thuc nghiem ciia Feng [I]. Trgng thai trung gian 
ISI nay Igi cd the ddng phin hda thanh cac trgng 
thai trung gian khac hoac phan tich thanh sin phim. 
Vi du, lien ket C-N trong ISI cd the bj dirt gay theo 
dudng khdng cd trgng thai chuyen tiep tao thanh: 
HCF: va NO (PR3). Hoac H trong ISI chuyin vj tir 
C sang nguyen tir F ben canh, ddng thdi pha vd lien 
ket C-F qua trang thai chuyen tiep TlPl (-13,8 
kcal/moI) thu dugc HF va CNO' (PR!). Hoic H 
trong ISI chuyen vi tir C sang O qua Tl/3 (-9,9 
kcal/mol) tao thanh trang thai trung gian I S3 
FCNOH: -41,1 kcal/mol. Hay H chuyen vj tir C sang 
N ben canh qua trgng thai chuyen tilp Tl/2 (1,8 
kcal/mol) tao thinh IS2 FCN(H)0: -15,3 kcal/mol; 
... Sau khi khio sit cac khi nang chuyen vi, phan 
cit ciia cac san pham trung gian dugc PES d hinh 3. 

Tir PES, cd the thiy cd 10 dudng phin ung tgo 
thanh cic san pham PRI-PRIO, trong dd 3 dudng uu 
tien nhit li cic dudng tao thanh PRI (CNO* +HF), 
PR3 (HCF: + NO) va PR5 (FCN + OH") vi co ning 
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Hmh 3. e l mat thi nang dugc tinh d mirc B3LYP/6-311++G(3df,2p) ciia phan ii'ng HCNO + F. (Diu chim (.) 
thay cho diu phiy trong phan thap phan. Dp dai lien ket tinh theo Angstrom (A), goc lien ket tinh theo dp (")) 

Iugng thap nhit. Tiep theo den cic dudng PR4 
(OCNF + H), PR6 (HF + *CNO_ey), PR8 (OCNH + 
F), PR9 (OCN* + HF), PRIO (CO + NHF*). Va cd 
nang lugng cao nhat la cac dudng PR2 (HCN + 
OF*) va PR7 (FCNO + H). 

Cic dudng tao thanh PRI (CNO* +HF), PR3 
(HCF: + NO) va PR5 (FCN + OH"): Cac dudng nay 
deu dugc tgo thanh theo nhieu cich khac nhau. Vdi 
PRI, trudc tien cd the dupc de dang tgo thanh true 
tiep tir chat dau (RA) khi nguyen tir F tach H trong 
HCNO ma khdng thdng qua trgng thii chuyen tiep; 
hoac chit diu tgo thanh ISI, rdi phin huy thanh PRI 
qua TlPl nhu da phin tich d tren. Qua trinh nay la 
de ding vi budc diu tien khdng cd trgng thai chuyen 
tiep va tda nhieu nhiet, budc thii: hai cd trgng thai 
chuyen tiep khi dn dinh, nang Iugng thip ban kha 
nhieu so vdi chit diu. Nang lugng budc trudc giiip 
h6 de ding vugt qua hang rao nay. Ngoai ra, PRI 
cdn cd the hinh thanh theo cac each khac: ISI ddng 
phin hda thanh IS2 hoac !S3 nhu da phan tich d 
tren. Sau do, cac nguyen tir H tach cimg nguyen tir F 
trong IS2 hoac IS3 tgo thanh PRI qua cac trgng thii 
chuyen tiep tuang irng la T2PI (17,7 kcal/mol) va 
T3P1 (3,3 kcal/mol), .... Tuy nhi8n, cac dudng nay 
deu cd nang lugng cao. Do dd, hai dudng phan ung 
chinh tao thanh PRI la RA ^ PRI hoac RA -» ISI 
-> PRI. Vdi PR5, con dudng chu yiu tao thanh PR5 
la khi chit diu phin iing thanh ISI, rdi dong phan 

hda thanh IS3 nhu da phan tich d tren. Sau do, lien 
ket N-0 trong IS3 de ding bj dirt giy qua T3P5 
(-24,7 kcal/mol) tao thanh FCN va goc OH (PR5: 
-45,4 kcal/mol). PR3 Iai dugc hinh thanh do su phan 
cit lien kit C-N trong ISI thinh HCF* va NO (PR3: 
0,2 kcal/mol). Day la budc khdng cd trang thai 
chuyen tiep dugc xac nhgn bdi dudng cong the nang 
dugc tinh d ciing mirc B3LYP/6-3n++G(3df,2p) 
dpc theo tpa dp phan irng tCr trang thii cin bang vdi 
budc nhay 0,1 A va cung phii hgp vdi cau true cua 
HCF: va NO khi c i hai diu cd electron dgc than. 
Hai dudng PR3 va PR5 nhu sau: RA -> ISI -> PR3; 
RA ^ ISI -> IS3 -^ PR5. Ro rang, cic duang PR! 
va PR5 cd nang lugng thip nhit. Cdn dudng PR3 
chi cao han hang rao TlPl d dudng PR] khoang 10 
kcal/mol vi lgi la dudng khdng cd trgng thai chuyen 
tiep nen cd the cgnh tranh vdi dudng niy ve mat 
ddng hgc. Dieu nay tuang tu nhu phin irng HCNO 
+ OH*; hoac HCOOH + 0 ( ' D ) ; .... 

Cac dudng phin iing tgo thinh PR4 (OCNF + 
H ) , PR6 (HF + *CNO_cy), PR8 (OCNH + F), PR9 
(OCN* + HF), PRIO (CO + NHF*): PR6 chu yeu 
dugc tao thanh khi O trong ISI dl ding phan umg 
vdi C tgo thanh vdng 3 canh 1S4 (FC(H)NO_cy: 
-54,8 kcal/mol) qua trgng thii chuyen tiep Tl/4 
(-33,6 kcal/mol). Nguyen tu H trong IS4 cd thi 
chuyen vi tir C sang nguyen tu F ben canh va dirt 
lien kit C-F qua T4P6 (7,0 kcal/mol) tao thinh HF 
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va vong 3 cgnh 'CNOcy (PR6: -12,5 kcal/mol). 
Cac dudng PR4, PR8, PR9 va PRIO dugc hinh 
thanh tir IS6 (OCN(H)F) chii yiu dieo con dudng 
sau: tir chit diu tao thanh ISl v i ddng phin hda 
thanh vdng ba eanh 1S4 (FC(H)NO ey) nhu da phin 
tich d tren. Sau dd, H chuyin vj tir C sang N ben 
cgnh, ddng thdi dut gay hen ket C-N qua trgng thai 
chuyin tilp T4/5 (1,3 kcal/mol) tao thanh 185 
(OC(F)NH: -101,5 kcal/mol). Lien kit F-C trong 
ISS dl dang bj dut gay qua T5P8 (-62,5 kcal/mol) 
thinh OCNH + F (PR8: -68,0 kcal/mol). Hoic, IS5 
ddng phin hda do chuyen vi F tii C sang N qua T5/6 
(-78,3 kcal/mol) thanh is6 (OCN(H)F: -79,2 
kcal/mol) rdi phan hiiy thanh PR4 (OCNF + H: 
-13,3 kcal/mol), PR9 (OCN* + HF: -93,8 kcal/mol) 
va PRIO (CO + NHF*: -51,6 kcal/mol) qua cac trgng 
thii chuyin tilp T6P4 (-10,1 kcal/mol), T6P9 (-78,1 
kcal/mol) va T6P10 (-41,0 kcal/mol) tuong irng. 
Viy, hudng uu tien nhat cCia cac dudng nay nhu 
sau: RA ^ ISI -> IS4 -> PR6; RA ^ ISI ^ IS4 -^ 
ISS -> PR8; RA -> ISI -> IS4 -> ISS -> IS6 -> 
PR4; RA -> ISI ^ IS4 -^ ISS -^ IS6 -^ PR9; RA 
-> ISI ^ IS4 -J- ISS -)• IS6 ->- PRIO. 

Dudng phin irng tao thanh PR2 (HCN + OF'), 
PR7 (FCNO + H): Diy la cic san pham cd nang 
lugng va hang rao nang luang cao. Cu the, PR2 (0,7 
kcal/mol) dugc hinh thanh ttr sy phan huy ciia ISI I 
(HCNOF: -9,'s kcal/moI) do sy dut gay lien kit N-0 
qua hang rao T11P2 (27,0 kcal/mol) nhu da phan 
tich d tren. PR7 (15,6 kcal/mol) dugc hinh thanh do 
IS2 (FCN(H)O: -15,3 kcal/mol) dut gay hen kit N-
H qua T2P7 (19,6 kcal/moI): RA ^ ISll ^ PR2; 
R A - > I S 1 ^ I S 2 ^ P R 7 . 

Tir cic thdng sd nhiet ddng vi ning Iugng phan 
tii ciia cic chit phan iing va cie san phim phan irng 
xac djnh dugc cic gii tri AH**2<)8pu, AĜ ĝspû  AŜ jggpu 
doi vdi mdi dudng phan irng. Kit qua gia trj tinh Iy 
thuyit va gia trj tinh tir dQ- lieu thyc nghiem [20, 21] 

Nghien cdu li thuyit ca chi phdn ung... 

cho fliiy viec ap dung phuang phip B3LYP/6-
311++G(3df,2p) d day li hop ly. 

Bing thdng sd nhiet dgng cho thiy trir PR7, tit 
ci cic dudng cdn lgi deu cd AĜTQgpu < 0 nen cd thi 
xiy ra ve mat nhiet ddng. Cac dudng diu cd AS^gpu 
> 0, phin ung se thuin lgi khi d nhiet do eao. Tuy 
nhien, cac gii trj AG%8pu vi AS**29Spu khac nhau kha 
nhieu nen Idia ning xay ra ciia cic dudng nay li 
khac nhau. 

Cac dudng tgo thanh PRI (HF + CNO*), PR3 
(CHF: + NO) va PR5 (FCN + OH*): diu cd AŜ ĵ gp̂  
duang, AH%gpu am, do vay AG%8pu < 0, phan irng 
thuan Igi ve mat nhiet dpng, nhiet dp tang phan iing 
se thuan lgi han. Mat khac, ba dudng nay cd hang 
rio nang lugng thip nhat nhu da phan tich d tren, 
nen cac dudng PRI, PR3 va PRS se la nhirng dudng 
dugc uu tien nhit. Vi vay, sin phim chinh do dugc 
se la HF, NO, OH*. Dieu nay cung phu hgp vdi phan 
ling cua F vdi hgp chit chira H nhu Hj, CH4, C^He, 
... khi sin phim chinh ciia phan iirng liHF [10-16]. 

Cic dudng tgo thinh PR4 (OCNF + H), PR6 
(HF + *CNO_cy), PRS (OCNH + F), PR9 (OCN* + 
HF), PRIO (CO + NHF'): diu cd ASŜ spu duang. 
AH%gpu am, do vgy AĜ QSpu < 0, phin irng thuan lgi 
ve mat nhiet ddng, nhiet do tang phan irng se thugn 
lgi han. Tuy nhien, hang rio nang lugng ciia eie 
dudng nay kha cao so vdi ba dudng tren nhu da 
phin dch. Dieu nay cho phep ta dy doin cac dudng 
nay cd the cd mat trong san pham, nhung sy ddng 
gdp vao sin phim li khdng nhieu d 298 K, va sy 
ddng gdp niy se ting len khi phan iing d nhiet dp 
cao bdi khi dd, cac chat de dang ban trong vi?c vugt 
qua hang rao tao thanh sin phim. 

Dudng tao thanh PR2 (HCN + OF*), PR7 
(FCNO + H): Dudng PR2 cd AS%gp„ ldn (16,3 
cal/mol.K), AG*'29Spu am, phan irng thuan lgi ve mat 
nhiet dpng, nhiet dp tang phin irng se thuan lgi han 
Tuy nhien, hing rao nang lugng ciia dudng nay rat 

Bdng 1: AS'*29gpu, AH*'298pu, AĜ jtigpu ciia cic dudng phan irng theo 
B3LYP/6-311++G(3df,2p) va AH*'pu'** tinh tir du iieu thyc nghiem [20, 21 ] 

phan iing 

HCNO+F -* HF + CNO' 
HCN + OF' 
CHF: + NO 
OCNF + H 

FCN + OH" 
HF + 'CNO_cy 

FCNO + H 
OCNH + F 

OCN' + HF 

CO + NHF' 

Ky hieu 
san pham 

PRI 
PR2 
PR3 
PR4 
PRS 
PR6 
PR7 
PRS 
PR9 
PRIO 

AS igspu. 
cal/mol.K 

3,8 
16,3 
20,1 
9,3 
13,7 
18,3 
8,3 
10,8 
13,3 
20.0 

AG ilBpu, 
kcal/mol 

-32,7 
-4,1 
-5,5 

-16,0 
-49,3 
-17,6 
13,2 

-71,4 
-97,7 
-57,3 

AH°,„p„, 
kcal/mol 

-31,6 
0,6 
0,3 

-13,3 
-45,3 
-12,3 
15,7 

-68,3 
-93,8 

-51,5 

AH,,'"', 
kcal/mol 

-30.4 

-68,6 
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cao (TI 1P2: 27,0 kcal/mol) . Do dd, khdng the cgnh 
tranh dugc vdi c i c d u d n g cd nang Iugng thap nhu 
da p h i n tich, cho phep ta d y d o i n d u d n g PR2 khdng 
the ddng gdp vao s i n pham n h i t p h i n irng la d nhiet 
do t h ip . Vdi dudng PR7 , do AG^iggpu > 0. AS lespu 
nhd (8,3 cal/mol.K), vi v i y , d u d n g PR7 khdng xay 
ra v l mat nhiet ddng d nhiet do t hudng hay nhiet do 
cao. 

Vgy, dya vao PES va thdng sd nhiet dpng cd the 
d y do in thu t y uu tien cua c i c d u d n g phan iing nhu 
sau: P R I , P R 3 , PRS > PR4 , P R 6 , PRS, PR9, PRIO > 
PR2, PR7. 

4. K E T LUAN 

Da thiet lap dugc be mat the nang, g i i i thich c a 
c h l ph in irng H C N O + F tgo thanh 10 dudng s i n 
p h i m tir PRI d i n PRIO. Thdng qua dd dua ra dugc 
cac tham sd cau triic hinh hpc cua mdi cau td. Tir 
PES thu dugc cd the d y doan: c i c d u d n g phan ung 
PR2 (HCN+OF*) va P R 7 (FCNO+H) khdng tham 
gia tgo s i n pham; cac d u d n g phan irng P R 4 
(OCNF+H), PR6 (HF+*CNO_cy), PR8 (OCNH+F) , 
PR9 (OCN* + HF) va PRIO (CO+NHF*) cd t h i ddng 
gdp mgt phan d nhiet dp t h i p va sy ddng gdp nay rd 
rang han neu phin ung d nhiet dp cao; c i c d u d n g 
p h i n irng PRI (CNO*+HF), PRS (HCF:+NO) va 
PRS (FCN+OH*) chiem uu the nhat. Ngoai ra ciing 
d i tinh dugc c i c g i i tri AH 29gpu, AG 2i>Bpii! AS 298pu 
cho t i t c i cac dudng p h i n irng. Cae gia trj hieu irng 
nhiet tinh dugc phii h g p k h i tdt vdi cac gia tri tinh 
tir dii' lieu thyc nghiem cd s in , 

Lo i c a m OTI: Trdn trong cdm an Quy Nafosted Viit 

Nam tdi trp cho cdng trinh ndy thdng qua di tdi, ma 

so 104.03.2010.29. 
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