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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), PRS (FCN + "OH), PR6 (HF + “CNO _cy). PR7
(FCNO + H), PR8 (OCNH + F) PR9 (OCN" + HF) and PR10 (CO + NHF"). The results indicate that PRT (CNO" +HF),
PR3 (HCF: + NO) and PRS (FCN + OH) are the major product channels with minor coniributions from PR4 (OCNF +
H). PR (HF + ‘CNO_cy), PR8 (OCNH + F), PRO (OCN" + HF), PR10 (CO + NHF") whereas the other channels for

PR2 (HCN + OF*), PR7 (FCNO + H) are less favorable.

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

1. MO DAU

Axit fulminic (HCNO) 12 mét trong cac thanh
phin phirc tap cva khoi mi quang hoa, HCNO con
la chat trung gian quan trong trong qua trinh dét
chdy nhién héu hydrocacbon. Nam 2009, N'una
Marcelino va cong su di phat hién ra sy c6 mit ciia
axit ndy trong cac ddm may den nho kinh thién van
IRAM 30m [1, 2]. Phan émg cua HCNO véi cic
phan tir va gbe tr do trong pha khi nhu OH’, H,0,
CN'.... dang dugc nhiéu nhém quan tam nghién ciru
ca vé Iy thuyét va thyc nghiém [1-91) Gan day,
nguyén tir flo duge phat hién va dieu ché khi phin
hiy hop chét chira flo & nhiét dd cao. Phan (g ctia
nguyén tir F vai cac phan tir & pha khi nhu H, H,O
hay cdc hydrocacbon CHi, C,H,, C:H., C,Hg,...
dugc quan tam nghién ciru [10-16]. Vi du, ndm
2012, T. 1. Yacovitch di nghién ciru phén img gitra
F v&i H, va CH, bing phuong phap Pho SEVI (slow
electron velocity-map imaging). Két qua cho thay
4 tao thanh HF theo phan (mg: F + Hy > HF + H
viF + CH, - HF + CH,[15]. Diéu ny phit hop voi
két qua nghién ciru ly thuyét truée dé cua J. C.
Polanyi (ndm I977) khi cho rang tao thanh trang
thar chuyén tiép F...H...H trudc khi phan cit thanh
HF + H va nghién ciru cua J. C. Corchado (nam
1996) cho thdy phan tng voi CH, théng qua lrang
théi chuyén tiép twong ty F...H...CH, [14]. Phan
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ung F + CD; ciing da dugc nghién ciu thuc nghiém
cho thdy ¢6 s tao thanh DF va CD,’, déng thai
hing rdo nang luwgng xac dinh duge khoang 0.5
keal/mol [10-16}. Trong ba bio nay, chung té) trinh
bay két qua nghién ciru Iy thuyét bé mat thé nang
(PES), cu tric hinh hoc cac trang thai cl\uycn mp
(TS), trang thai trung gian (1S), san phim phan tng
(PR) va cic thong sb nhiét déng quan trong cia
phan img HCNO vGi nguyén wr F gigp Tam ré hon
cac hiéu biét vé phan img cia HCNO ciing nhur F.

2. PHUGNG PHAP NGHIEN CUU

Céu tric cic cdu to duge toi wu hoa bing
phuong phap phiém ham méat d¢6 (DFT) ¢ mirc
B3LYP/6-311++G(3d(.2p). Déy la phuong phép sir
dung kha phé bién hién nay vi phuong phap nay
gip glam duge do nhiéu spin va cho két qua phl
hop kha 6t so véi thue nghiém [6-8, 17-19]. Nang
luong tuong quan cia moi cau ur trong PES dugc
hicu chinh déi véi cac nang lugng dao dong diém
khang (ZPVE). Déi véi bude khong ¢o hang rao
nang lugng, ching tdi thyuc hién thi tuc scan bang
viée tinh toan dudng cong thé nang & ciing mic ly
lhuyel doc theo toa d6 phan g tir trang thai cin
bing v&i budc nhay 0,1 A. Céc cau 1r tim lhay
trude hét, duge kiém tra bing vi¢e phén tich tan 56
dao dong. Trong do, tat ca cac tan s6 dao dong cua
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cac chat dau (RA), trang thaj trung glan (1S) va san
pham (PR) déu phal 1a s6 thyc; cic rang lhal
chuyen ncp (TS) déu phai c¢6 mt va chi mét tan s6
dao déng do [6-8). Ngodi ra, cac trang thai chuyén
tiép con dugc kiém tra bing cach tinh toa do ndi
phan u’ng (IRC). Cic phép tinh todn dugce thuc hi¢n
bAng phan mém Gaussian 2003 (20]. Tur cac két qua,
1ién hanh tinh cac dai Iu'clng nhiét dong AH® 295pur
AG® 298puy AS® 208pu déi véi mdi dudng phan ing va so

Nguyc;n Trong Nghia va cong si
3. KET QUA VA THAO LUAN

Két qua nghién ctru da dwa ra so db phan img
HCNO + F nhu sau: )

Trén so dd va bé mit thé nang, chét phan img
(HCNO., F) duge ki higu I3 RA, chét trung gian
duoc ki hiéu Ia ISi (IS1, IS2, ..., IS11), céc ‘trang
thai chuyén tiép duoc ki hiéu Ia Tx/y (T0/8 non chit
diu va trang thal chuyén tiép 1S8, T1/P1 ndi trang

PRI, ...), cac san
sanh véi cdc gi4 tri tinh tir dir liéu thyc nghiém ¢ thai chuycn tiép IS vdi san pham
sin [21,22). 8 phim dugc ki hiéu 1a PRI (PR1, PR2, . PRlO).
CNO+HF  (PR1)
TP
CHF+NO  (PR3)
P
[ronorr] Ton T2 i CNO+HF  (PR1)
HCNO+F | — 181 — = 182 ——
T1/11 { L —T2P7 _ kcnosH  (PR7)
T2/3
TO/8 T1/3l 1
TW\\ T3P CNO+HF  (PR1)
IS8 -|T— IS4 183 ——
L TIP5  _ EcneoH  (PRS)
lT8/1 A
4P
Is10 : . c/;\N +HF (PR6)
9
10 T4/5 Lis OCN+HF  (PR9)
I 56 l T6/P10 CO+NHF  (PR10)
1S11 1S7 1S5 — 186 ——| Te/Pe
Tair OCNH+F  (PR8)
T6/P4 OCNF+H  (PR4)
T209| [Ta19]T5/9 1are OCNH+F  (PR8)
I
L == 150 TorRs OCNH+F  (PRS)
T11/P2

HCN+OF (PR2)

Hinh 1. So db phan ing cia HCNO + F

Nguyen tir F c6 mét e doc than c6 bon kha ning
tan cong vao cac vi tri H, C, N va O trong phan tr
HCNO trong do, chi & N la c6 trang théi chuyen
uép (T0/8, hinh 3). TO/8 ¢6 tin sb ao duy nhét 514i
Umg v6i sy hinh thanh lién két F-N, dé dai lién két
F-N 13 1,698A, phu hop véi do dai cia trang thai
chuyén tiép hinh thanh hén két F-N. Nang lugng cua
T0/8 cao hon RA va IS8 v6i nang luong tuong quan
lan lugt la 5,8 kcal/mol, 0,0 kcal/mol va 4,6
keal/mol, phi hop v6i nang lugng cia trang thai
chuyen tiep. Két qua toa 46 ndi phan ung (IRC)
ciing cho thdy TO/8 ndi chét diu va trang thai
chuyen nep 1S8 (HCN(F)O) G T0/8, S~ 0,77 cho
thdy d6 nhiéu spin khong dang ké va cic cau tric

khic ciing c6 két qua tuong tr. Didu nay cho thiy
viée sir dyng phuong phap B3LYP & day la hop ly
va do d6, phuong phap nay duoc sir dung kha pho
bién dé nghién ciru hé phan ng pha khi [6-8). Nhu
vay, phan ing cua F vio N trong HCNO 13 khé
khan hon ca. Diéu nay 13 hop ly, vi nguyén tir N
trong HCNO da bao hoa héa trj. Trong phan img
HCNO+OH', Miller ciing da chi ra ring, c6 ba
huéng phan img cia O trong OH véi H, C va O
trong HCNO, ma khéng phan img vio nguyén tir N
[8]. Hodc phan ng cia HCNO véi cac géc khéc
nhu H, CH,", NH,', ... [17, 18] cing cho thiy phan
imng & N cé hang rao nang lugng cao va trang théi
trung gian kém on dinh.
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Ba huang phan {mg con lai vao cac nguyen o
H.C va O déu khong c6 frang thai chuyén uep biéu
nay 82 dugc xac nhin boi duomg conp thé nang
dugc tinh & cing muc B3LYP/6-31 lr-'G(;dl’Zp)
doc theo toa d6 phan (mg tir trang thai cin bang véi

T11

T2/9

Nghién cru li thuyét co ché phem img...

cia HCNO ciing gap & cac phan img khac cia
HCNO nhu véi OH', NH.', CH,", H, . . va duoe
giai thich |2 do C chua bio hda héa tri, nén d& dang
tao thém lién ké. Vi dy, frong phan ng
HCNO+OH’, Song Wang [7] cho lhay hudmg phéan

TIPI

T3P5

Hinh 2: Hinh hoc duoc tinh & mirc B3LYP/6-31 l++(_x(Jd(2p) ciia mbt sO rang thaj chuyé én llcp (18)
trong so db phan img HCNO+F. (Ddu chdm (.) thay cho du phiy trong phén thip phan Dg di lién két tinh
theo Angstrom (A), géc lién két tinh theo d¢ (%).

bude nhay 0,1 A, va phi hop véi che nghién ciu vé
phan tng cia nguyén ti va phan ta flo [10, 14, 15].
Theo 46, T, va F do c6 kha nang phan ing manh,
nén phan ing c6 hing rio nang luong thap hoic
khéng c6 hang rao va hing sb téc 45 lon [10-16].
Dong thai cing phi hop véi cac nghlen cuu vé phan
fng cia HCNO: khi phéan tng véi goc OH', mét tae
nhan phan img manh, thi khéng cé barrier [7}, con
phan {mg véi cac gbe yéu hon nhu NHy', CHy', ...
thi déu co céc barrier, trong d6 barrier & CH, cao
hon NH," [17, 18]. Khi F tan cong vao H sé xdy ra
phan img tach truc tiép tao Lhanh HF va CNO*
(PRI: -32,0 keal/mol). Khi F tan céng vao O tao
thanh trang thai chuyén tiép 1S11 (HCNOF: -9,5
keal/mol), rdi tiép tyc bi phan hiy thanh PR2
(HCN+FOQ": 0,7 keal/mol) qua hang rio T11P2 (27,0
kcal/mol)  hodc déng phan  héa thanh ISI
(HC(F)NO) qua hing rio T1/11 (-5,2 keal/mol). K
Ftin cdng vao C tao thanh gléng thé sau nhit tuong
img vGi trang thai trung gian I1S1 (HC(F)NO: -53,7
kcal/mo]) Sir tao thanh trang thai c6 nang lugng
thip nhét & C trong bén huéng phan img diu vio

119

ing & C ¢6 nang luong thap nhét, (a0 thanh san
pham chinh va két qua tinh todn nay phu hop kha 16t
v&i thye nghiém ctia Feng [1]. Trang thai trung gian
1S1 nay lai c6 thé déng phan héa thanh cic trang
thai trung gian khac hofc phan tach thanh san pham.
Vi du, lién két C-N trong 1S] ¢6 thé bj dirt gay theo
dudng khéng c6 trang thai chuyén tiép tao thanh:
HCF: va NO (PR3). Hodc H trong IS1 chuyén vi tir
C sang nguyén wr F bén canh, dong mm phé v lién
két C-F qua trang thai chuyén tiép TIP] (-13,8
kcal/mol) thu dugc HF va CNO® (PR)). Hoic H
trong 1S1 chuyén vi tir C sang O qua TI/3 (-9,9
kcal/mol) tao thanh trang thai trung gian 1S3
FCNOH: 41,1 kcal/mol. Hay H chuyén vi tir C sang
N bén canh qua trang théi chuyén liép T2 (1.8
keal/mol) tao thanh 1S2 FCN(H)O: -15.3 keal/mol;
. Sau khi khao sat cic kha nang chuyén vi, phéan
cit cua cac sin phnm trung gian duge PES & hinh 3.
Tir PES, ¢6 thé thdy ¢6 10 duong phan img tao
thanh céc san phdm PR1-PR10, trong d6 3 dudng wu
tién nhat [a cac dudng tao thanh PRI (CNQ® +HF),
PR3 (HCF: + NO) va PRS (FCN + OH") vi ¢6 ning
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£ (keal/mol)

Nguyén Trong Nghla v cfng sy

156
o (FCNOWH)
4

PRZ" (HCN+OF)

PR3 (HCF+NO)

ks PR!O (CO+NHF)

2 68,0
PR8 (OCNH+F)

-93.8
PRO (OCN+HF)

Hinh 3. B& mat thé nang dugce tinh & mire B3LYP/6-311++G(3df,2p) ctia phan (g HCNO + F. (Déu chém ()
thay cho dau phiy trong phan thap phan. Do dai lién két tinh theo Angstrom (A), péc hcn két tinh theo 6 (*))

lugng thdp nhét, Tiép theo dén cac duong PR4
(OCNF + H), PR6 (HF + ‘CNO_cy), PR8 (OCNH +
F), PR9 (OCN* + HF), PR10 (CO + NHF"). Vi ¢6
ning lugng cao nhét 13 cac dudng PR2 (HCN +
OF") va PR7 (FCNO + H).

Céc dudng tao thanh PRI (CNO® +HF), PR3
(HCF: + NO) va PR5 (FCN + OH"): C4c dudng nay
déu duoe tao thanh theo nhaéu cach khic nhav. Véi
PRI trude tién c6 thé dugc dé dang tao thanh truc
1uép tir chét dau (RA) khi nguyén tir F tich H trong
HCNO ma khong théng qua trang thai chuyén tiép;
hodc chét ddu tao thanh IS1, rdi phan hiy thanh PR
qua TIP1 nhu da phan tich ¢ trén. Qua trinh nay la
de dang vi budc dau tién khéng co trang thar chuyén
tiép va 162 nh|eu nhiét, budc thir haj ¢6 trang thai
chuyen tiép kh4 6n dinh, nang luong lhap hon kha
nhicu so véi chit dau. Nang luong bude trudc giup
hé dé dang vuot qua hang rio nay. Ngoai ra, PR1
con ¢4 thé hinh thanh theo cac cach khéc: 1S1 déng
phan héa thanh 1S2 hoac 1S3 nhu d3 phin tich &
trén. Sau d4, céc nguyén tir H tach cung nguyén tir F
trong 152 hodc IS3 tao thanh PR1 qua cac trang thai
chuyén tiép twong img 1a T2P1 (17,7 keal/moly va
T3P1 (3,3 keal/mol), .... Tuy nhién, cac dudng nay
deéu ¢6 nang lugng cao. Do do, hai dudng phan (mg
chinh tao thanh PR1 12 RA — PRI hojc RA - IS]
- PR1. Vi PRS, con dudng chi yéu tgo thanh PRS
14 kin chat ddu phan (rng thanh IS, roi ddng phan

héa thinh 1S3 nhu 43 phén tich & trén. Sau d9, lién
két N-O trong IS3 dé dang bi dint gay qua T3PS
(-24,7 keal/mol) 120 thanh FCN va gc OH (PRS:
-45,4 keal/mol). PR3 lai duoc hinh thanh do sy phan
cét lién két C-N trong IS1 thanh HCF* va NO (PR3:
02 kcal/mol) Pay 1a bu6c khdng co trang thai
chuyén 1iép duoe xéc nhén boi duéng cong the ning
duoc tinh & cing mic B3LYP/6-311++G(3df,2p)
doc theo toa d§ phan dng tir trang thai can bing vdi
buéce nhay 0,1 A va ciing phd hop véi chu tric cia
HCF: va NO khi ca hai déu c6 electron dc thén.
Hai duong PR3 va PRS nhu sau: RA — IS1 - PR3;
RA — IS1 - IS3 — PRS. R rang, cac duong PR!
va PRS c6 nang lugng thip nhat. Con duomg PR3
chi cao hon hang réao TIP1 & dudng PRI khoang 10
kcal/mol va lai la duéng khong c6 trang thai chuyén
uép nén co thé canh tranh véi duong nay vé mit
déng hoc. Diéu ndy tuong ty nhu phan (ng HCNO
+ OH’; hodc HCOOH + O('D); ....

Céc dudng phan ung tao thanh PR4 (OCNF +
H), PR6 (HF + "CNO_cy), PR8 (OCNH + ), PR9
(OCN" + HF), PR10 (CO + NHF’): PR6 chi yéu
duge tao thanh khi O trong IS1 d& dang phan img
véi C tao thanh vong 3 canh 1S4 (FC(H)NO_cy:
-54.8 kcal/mol) qua trang théi chuyén tiép T1/4
(-33,6 kcal/mol). Nguyén tir H trong 1S4 ¢6 the
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 duomg PR4, PRS, PR9 vd PR10 duoc hinh
thanh tr 1S6 (OCN(H)F) cha yéu theo con dudmg
sau: tir chdt diu tao thanh IS1 va dong phin hoa
thanh vong ba canh 1S4 (FC(H)NO_cy) nhu da phan
tich & trén. Sau dé, H chuyén vi tir C sang N bén
canh, dong thai din gdy hén két C-N qua trang thai
chuyen tiep T4/5 (1,3 kcal/mol) tao thanh IS5
(OC(F)NH: -101,5 kcal/mol). Lién két F-C trong
IS5 dé ding bi dit gay qua T5P8 (-62,5 kcal/mol)
thanh OCNH + F (PR8: -68,0 kcal/mol). Hoic, 1S5
dong phan héa do chuyén vj F tir C sang N qua T5/6
(-78,3 kecal/mol) thanh [S6 (OCN(H)F: -79,2
keal/mol) réi phan hay thanh PR4 (OCNF + H:
-13,3 kcal/mol), PR9 (OCN" + HF: -93,8 keal/mol)
va PR10 (CO + NHF": -51,6 kcal/mol) qua cac trang
thai chuyen tiep T6P4 (10,1 kcal/mol), T6P9 (-78,1
keal/mol) va TG6P10 (-41,0 kcal/mol) twong imng.
Viy, huéng wu tién nhit cia cic dudmg nay nhu
sau: RA - IS1 — 1S4 - PR6; RA - ISt = 1S4 »
IS5 > PR8; RA — IS1 — IS4 - 1S5 - 1S6 —»
PR4; RA — IS] — 1S4 - IS5 — IS6 — PR9; RA
— 181 - 184 - IS5 — IS6 — PR10.

Budng phan (g tao thanh PR2 (HCN + OF"),
PR7 (FCNO + H): Day la c4c san phéljn ¢6 ning
lugng va hang rao ning luong cao. Cu thé, PR2 (0.7
kcal/mol) duge hinh thanh tir sy phan hay coa IST]
(HCNOF: -9,5 keal/mol) do su dirt gay lién két N-O
qua hang rao T11P2 (27,0 kcal/mol) nhu da phan
lich & trén. PR7 (15,6 kcal/mol) dugce hinh thanh do
182 (FCN(H)O: -15,3 kcal/mol) dirnt gay hén két N-
H qua T2P7 (19,6 kcal/mol): RA — I1S11 — PR2;
RA - IS1 — 1S2 —» PR7.

Tir céc thong sé nhiét dong va nang luong phan
U cia cde chét phan img va cac sin phém phan ung
xac dinh dugc cic gia trj AH®. 2980 AG® 08 AS° 2980
48i véi méi dudng phan tmg. Két qua gia trj tinh 1y
lhuyet va gia trj tinh tir dir liéu thuc nghi¢m (20, 21]

Bing 1: AS spups, AHC, 295pun AG"

Nghién ciru li thuyét co ché phan img...

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

Bang thong sé nhigt dong cho thay trir PR7, tt
ca cac duung con lai déu c6 AG® 10800 < O NéN €O thé
xay ra vé mit nhiét dong. Cac duong déu cé AS® 8y
> 0, phan img sé& thuan lgi khi & nhi¢t dd cao. Tuy
nhién, céc gia tri AG® 208py VA AS° 19800 khdc nhau kha
nhiéu nén kha ning xay ra cla cac dudng ndy la
khéc nhau.

Cac duong tao thanh PRI (HF + CNO"), PR3
(CHF: + NO) va PRS (FCN + OH"): déu c6 AS g,
duong, AH® “2o8pu Am, do vy AGy0gp, < 0, phan iing
thudn lgt veé mat nhiéi dong, nhiét d§ 1ang phan img
s¢ thudn lgi hon. Mat khic, ba duong ndy c6 hang
rao nang lugng thap nhit nhu da phan tich & trén,
nén cic duomg PR1, PR3 va PRS sé la nhimg duong
duge wu tién nhat. Vi vy, san phﬁm chinh do duge
sé 1a HF, NO, OH". Diéu nay ciing phi hep vai phan
irng ciia F véi hop chét chita H nhur H,, CH,, CH,,

.. khi san pham chinh coa phan img 1a HF [10-16].

Cac dudng tao thanh PR4 (OCNF + H), PR6
(HF + *CNO_cy), PR8 (OCNH + F), PR9 (OCN" +
HF), PR10 (CO + NHF"): déu co AS . duong.
A}{”zq,p\, am, do vy AG°MP\, < 0, phan ung thuan lgi
veé mit nhiét dong, nhiét do tang phan ang sé thugn
loi hon. Tuy nhién, hang rao ning lugng cua cac
dudng nay kha cao so voi ba dudng trén nhr da
phfm tich. Piéu nay cho phép ta du doan cic duong
nay c6 thé c6 mit trong san pham nhung su dong
gOp vao san pham la khéng nhitu & 298 K, va sy
dong gbp nay s€ (ang 1én khi phan ing & nhu;l do
cao bai khi do, cic chél dé dang hon trong viée vuot
qua hang rio 130 thanh san pham.

Pudng tao thanh PR2 (HCN + OF'), PR7
(FCNO + H): Duimg PR2 c¢6 AS’up l6n (16,3
cal/mol.K), AG®sp, 8, phan img thuan lgi vé mat
ahiét dgng, nhi¢t d6 tang phan (g sé thuin loi hon
Tuy nhién, hang rao nang lugng cua dudng nay rat

19800 cha cac duong phan (ng theo

B3LYP/6-311++G(3df,2p) va AH%, ™ tinh tir diF liéu thye nghiém (20, 21]

- Ky hiéu AS 1040 AG 1950 AH 5 AH,,
Phan (ing san phim cal/mol.K kcal/mol keal/mol keal/mol
HCNO+F — HF+CNO’ PRI 3,8 32,7 31,6 -30.4
HCN + OF" PR2 16,3 4.1 0.6
CHF: + NO PR3 20,1 5.5 03
OCNF + H PR4 93 -16,0 -13.3
FCN + OH® PRS 13,7 49,3 453
HF + ‘CNO_cy PR6 18,3 17,6 123
FCNO +H PR7 8.3 13,2 15,7
OCNH +F PRS 10.8 714 683 -68.6
OCN’ + HF PRY 133 97,7 9318
CO + NHF* PR10 20.0 573 518
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cao (T11P2: 27,0 kcal/mol). Do d6, khong th’c; canh
tranh duge vai cac dudng ¢ ning lugng thip nhu
da phan tich, cho phép ta dy doan dudmg PR2 khong
thé dong 26p vio san phim nhét phan img 1a & nhiét
dd lhap Vai dudng PR7, do AG® 208pu > 0, AS° 208pu
nho (8,3 cal/molK), vi vay, duéng PR7 khéng xiy
ra vé mit nhiét ddng & nhiét 43 thirdng hay nhiét dé
cao.

Vay, dua vio PES va théng sb nhiét déng c6 thé
dur doan thir tr wu tién cua cac dudng phan tmg nhu
sau: PR1, PR3, PRS > PR4, PR6, PR8, PRY, PR10 >
PR2, PR7.

4. KET LUAN

Di thiét lap dugc bé mat thé nang, giai thich co
ché phan img HCNO+F tzo thanh 10 dudng san
phim tr PR1 dén PR10. Théng qua do dua ra dugc
cac tham sé chu tric hinh hoc cia méi cu tir. Tir
PES thu dugc c6 thé dy doan: cic dudmg phin tmg
PR2 (HCN+OF') va PR7 (FCNO+H) khdng tham
gia ta0 sin phdm; cic duong phin dng PR4
(OCNF+H), PR6 (HF+'CNO_cy), PR8 (OCNH+F),
PRY (OCN* + HF) va PR10 (CO+NHF") ¢6 thé déng
g6p mdt phin & nhiét 4§ thép va sw déng gép nay rd
rang hon néu phan img & nhiét db cao; cac dudng
phan tmg PRI (CNO™+HF), PR3 (HCF:+NO) va
PRS (FCN+OH") chiém wu thé nhit. Ngoai ra ciing
d3 tinh dugc céc gia tri AHsepu, AG 208 AS 208pu
cho 1t ca cic dudng phan img. Cac gi4 tri hiéu img
nhiét tinh dugc phi hop kha 18t voi cie gia i tinh
tir dir lidu thye nghiém c6 san.

Léi cam on: Trdn trong cam on Quf Nafosted Vit
Nam tai trg cho cong trinh nay théng qua dé tai, md
56 104.03.2010.29.
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