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Abstract

A theoretical investigation of the HCNO + HF reaction, which is carried out by means of B3LYP/6-311G(d,p) +
ZPVE computational method to determine a set of reasonable pathways. The potential energy surface for this system
shows that there are nine different product pathways: PR1 (H,+FCNO), PR2 (FCN+H,0), PR3 (CH,F+NO), PR4
(HCNO_cy+HF), PR5 (HCN+HOF), PR6 (FCO+NH,), PR7 (OCNF+H,), PR8 (CO+NH,F) and PR9 (OCNH+HF). The
results indicate that PR2 (FCN+H,0), PR9 (OCNH+HF) are the major product channels with minor contributions from
PR8 (CO+NH,F) whereas the other channels for PR1 (H,+FCNO), PR3 (CH,F+NO), PR4 (HCNO_cy+HF), PR5
(HCN+HOF), PR6 (FCO+NH,), PR7 (OCNF+H,) are less favorable. Our study would be contributing to understand
more about the reaction mechanisms of the HF with fulminic acid which is one of the important intermediates in the

atmosphere and combustion chemistry.
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1. MO PAU

Trong qua trinh d6t chay nhién liéu hoa thach co
su tao thanh axit fulminic HCNO:

O+ C,H, - CO+ CH, (13.)

— HCCO+H (1b)

HCCO +NO — HCN + CO, (2a)
— HCNO + CO (2b)

O phan tng (2), 2b 12 hudng chinh véi ti sb phan
chia @) ~ 0,78. Nguoi ta cling da xac dinh dugc sy
c6 mét cla axit fulminic trong cac ddm may den nho
kinh thién vian IRAM 30m. HCNO c6 thé lai tiép tuc
phan tmg vé6i cac thanh phan khac ciia khi chay nhur
OH, H,0, CH;, NH,, ... Nhu vay, HCNO la san
pham trung gian quan trong trong toan b co ché
clia qua trinh d6t chay lai gitup cho viéc giam bét su
6 nhiém ctia NO, sinh ra do qua trinh ddt chay nhién
liéu hoa thach [1-3]. Do d6, phan ung cia HCNO
dang dugc nhiéu nhom quan tim nghién ctru ca vé
thyc nghiém cling nhu ly thuyet va cac ngién clru ly
thuyét ndy c6 sy phu hop tot v6i cac két qua thyc
nghiém [3-14]. Vi du, phan tmg cua HCNO véi gbc
OH, mét géc quan trong trong phan ung chay, da
duoc tinh toan bai Wang [9]. Két qua tinh 1y thuyét
nay phu hop véi thuc nghiém cua Feng [3] khi cho
rang hai dudng san pham chinh 13 tao thanh CO,
HNO, ddng thoi Wang ciing chi ra huéng phan g
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chinh khi OH tn cong vao C trong HCNO. Phan
{mg ctia HCNO vé6i cac gdc cua nguyén té chu ky 2
nhu CHs, NH,, F [10, 11] cting d4 dugc nghién ctu.
Két qua cho thiy c6 bon huéng phan tmg vao H, C,
N va O, trong d6, phan tmg vao C c6 nang luong
thip hon ca. Ngoai phan tng v6i gbc tu do, phan
ung cua HCNO véi phan tir H,O ciling dugc nghién
ctru boi D. Mu [12]. Bé mat thé nang (PES) cho
thiy phan (mg c6 hang rao ning lugng 16n hon nén
phan tmg kho khin hon so véi gbe tu do. Phan tng
cua HCNO véi phan tir HF ¢0 hang rao nang lugng
phan tng dau vao kha thip so véi cac phan tir trung
hoa khac, mat khac F 1a nguyén t chu ky 2.

2. PHUONG PHAP NGHIEN CUU

Ching t6i tién hanh t6i wu hoa cu tric va tinh
toan nang luong cua tat ca cac san pham trung gian,
trang thai chuyén tiép va san pham c6 thé 6, sau d6
loai bé nhitng huéng ma cau tr ¢6 nang lugng cao.
Céu tric cac cau tir duge t6i wu héa bang phuong
phap phiém ham mat d6 B3LYP véi bd ham co s&
16n 1a 6-311++G(3df,2p) vi phuong phap nay gip
giam duge do nhidu spin va cho két qua phu hop
kha tot so v6i thyc nghiém [15-17]. Cac trang thai
chuyén tiép duoc kiém tra béng cach tinh toa d6 ndi
phan tmg (IRC) bén canh viéc phan tich tan sé dao
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dong [10, 11]. Dua vao PES va céc két qua tinh toan
thong ) nhiét dong, xac dinh cac gia tri AHozggpu,
AG 08ps, AS%y0gpy @01 v6i mdi dudng phan tng. Dé
kiém tra do chinh xac cta két qua, chung t6i da tinh
AH%, theo ca hai phuong phiap B3LYP va
CCSD(T), 1a phuong phap dugc biét dén véi do tin
cdy cao, vdi cung by ham co s¢ 6-311++G(3df,2p)
trén co s¢ hinh hoc duge tdi wu theo B3LYP & trén
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va so sanh cac két qua tinh véi cac gia tri tur thuce
nghiém‘[l7—19]. Cac tinh toan dugc thyc hién bang
phan mém Gaussian 2003 [20].

3. KET QUA VA THAO LUAN

Két qua nghién ciru da dua ra so d6 phan ung
ctia HCNO v¢i HF nhu sau:

T1/P1
> FCNO+H, (PR1)
T1/P2
> FCN+H,0 (PR2)
TO/1 T1/3
HCNO+HF [—— 1IS1 > 1S3 > CFH,+NO (PR3)
Tllz‘ 23 0
T2/4
102, 152 129, 14 Tars . HC/;\N +HF (PR4)
Ta/5y
IS5 T5/P8 _ _ CO+NH,F (PRS)
TO/11|TO/10 T5/6l . /O
y . — Y\ tHF (PR4
1S11 |;10 T106, |56 e o
T6/P7
>  OCNF+H, (PR7)
TiP2 FCN+H,0 (PR2)
TU7 o7
TIPL . FCNO+H, (PRY)
T8/P8 » CO+NHxF  (PR8)
T4/8 T8P9
IS8 > OCNH+HF (PR9)
T8/9 > CFO+NH, (PR6)
TO/P2
1S9 > FCN+H,0 (PR2)
T11/P5
HCN+HOF  (PR5)

Hinh 1: So db phan tng ciia HCNO + HF

Trén so d0 va bé mit thé nang, chat phan tmg
(HCNO, HF) duoc ki hiéu 1a RA, chét trung gian
duoc ki hiéu la ISi (IS1, IS2, ..., IS11), cac trang
thai chuyén tiép duoc ki hiéu 1a Tx/y (T0/1 ndi chat
dau véi trang thai chuyén tiép IS1; T1/P1 nbi trang
thai chuyén tiép IS1 véi san pham PR1; ...), cac san
pham dugc ki hiéu 1a PRi (PR1, PR2, ..., PR).

Trudc hét, xét cac kha ning phan ung cta phan
tr HF vao cac vi tri trong phan tt HCNO. C6 bdn
kha néng phan ung: nguyén tir H va F trong HF lién
két tuong g véi O va C trong HCNO; nguyén tir F
va H trong HF lién két twong tmg véi O va C trong
HCNO:; nguyén tir H va F trong HF lién két tuong
ung voi N va C trong HCNO; nguyén to F va H

trong HF lién két tuong ung voi C va N trong
HCNO. Ngoai ra, con cac kha nang phan ung khac
nhu, nguyén tir H va F trong HF lién két twong tng
v6i H va C trong HCNO. Tuy nhién, san phim tao
thanh 1a H, va FCNO c6 ning lugng rit cao véi
nang lugng tuong quan 1a 45,2 kcal/mol nén kho co
kha nang tao thanh. Hodac, nguyén t¢ H va F trong
HF lién két trong ing v6i O va N trong HCNO. Tuy
nhién, N, O va F déu c6 do am dién 1én, khé hinh
thanh lién két. Hon nita, N dd bdo hoa héa tri nén
khé khin trong viéc hinh thanh lién két. Vi dy, trong
phan tmg HCNO + OH, Miller [14] chi xét phan ung
ctia gbc OH vao ba vi tri H, C va O ma khong xét
phan ung vao N. Trong phan tng cuia HCNO véi cac
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géc khac nhu CHjz, NHp, H, ... [10, 11] cling cho
thiy phan tmg & N c¢6 hang rao ning luong cao va
trang thai trung gian kém oOn dinh, .... Trong bdn
kha nang trén, kha nang thu nhét tao thanh trang thai
trung gian 6n dinh IS1 (HC(F)NOH: -7,5 kcal/mol)
qua trang thai chuyén tiép vong 5 canh T0/1 (31,6
kcal/mol). Nang lugng ctia TO/1 cao hon RA va IS1
phil hop véi ning lugng trang thai chuyén tiép ciia
budc RA — IS1. T0O/1 c6 tan s6 ao duy nhit 1219i
(g v6i su pha v lién két F-H va hinh thanh lién két
C-F, O-H phu hop véi trang thai chuyén tiép ciia qua
trinh hinh thanh IS1. Cac d6 dai C-F, F-H, H-O lan
lwot 14 2,018 A, 1,163 A va 1,233 A phu hop véi d
dai o trang thai chuyén tiép. Két qua tinh IRC ciing
cho thiy T0/1 & trén 1a phu hop. Kha ning thir hai,

T8/9

T8P8

Sw tinh toan obitan phdn tur ciia phan ung...

H va F trong HF phan tng véi C va O trong HCNO
tao thanh trang thai trung gian IS11 (H,CNOF: 60,6
kcal/mol) qua trang thai chuyén tlep vong 5 canh
TO0/11 (62,6 kcal/mol). TO/11 ¢6 tan sb 4o duy nhat
759i (mg vé&i su pha v lién két F-H, hinh thanh lién
két C-H, O-F. Cac gia tri do dai lién két, goc lién két
va két qua IRC ciing cho thay T0/11 1a phu hop. Kha
nang th ba, F va H trong HF phan ung véi C va N
trong HCNO tao thanh trang thai trung gian IS2
(HC(F)N(H)O: 1,6 kcal/mol) qua trang thai chuyén
tiép vong 4 canh T0/2 (64,5 kcal/mol). Kha ning thir
tu, H va F trong HF phan tmg v6i C va N trong
HCNO qua trang thai chuyén tiép vong 4 canh T1/10
(52,6 kcal/mol) tao thanh trang thai trung gian IS10
(H,CN(F)O: 23,6 kcal/mol).

T2/4
1.302.0
""" 1164010 1-‘;28 1.198
1.962 v 1.215:5 146.9
1 149 1275 c/@)1'677 1.297
0.969
T8P9 T9P2

Hinh 2: Hinh hoc mot s trang chuyén tiég dugc tbi uu ¢ mire B3LYP/6-311++G(3df,2p) trong phan ung
HCNO+HF. (Dau cham (.) thay cho dau phay trong phén thap phan. D6 dai lién két tinh theo Angstrom (A),
g6c lién két tinh theo d¢ (%))

Trong bdn kha ning trén, kha ning 1 tao thanh
IS1 1a hudng c6 ning lugng thip nhat. Diéu nay la
hop 1y vi C c6 héa tri chua bao hoa, c6 thé dé dang
tao thém lién két va ciing thé hién trong phan ung
cia HCNO véi H,0. Trong do, trang thai chuyén
tiép dau vao c6 nang luong thap nhat khi OH va H
cua H,O phan ung véi C va O cia HCNO tao thanh
HC(OH)NOH. Sau d6, IS1 c6 thé dong phan hoa
thanh cac trang thai trung gian khac hodc phan huy
thanh san pham. Vi du, IS1 c6 thé dong phan hoa
thanh IS2; hodc thanh IS3; ... hoac phan huy thanh
PRI, PR2; ... Sau khi khao st cac kha ning chuyén
vi, phan cét cia IS1 va cac san pham trung gian thu
duoc PES ¢ hinh 3.

Tir PES, c6 thé thdy c6 9 duong phan tng tao
thanh cac san pham PR1-PR9, trong d6 hai duong c6
ning luong thap nhat 1a cac duong tao thanh PR2
(FCN + H,0) va PR9 (OCNH + HF), tiép theo 1a
duong tao thanh PR8 (CO + NH,F) va cudi cung la
cac duong con lai.

Puong tao thanh PR2 (FCN + H,0) va PR9
(OCNH + HF): PR2 c6 thé duoc hinh thanh theo
nhiu cach khac nhau. Trudc hét, HCNO phan tng
v6i HF tao thanh IS1 HC(F)NOH nhu da phan tich.
Nguyén tir H trong nhéom C-H ¢o6 thé tach cung
nhém OH qua trang thai chuyén tiép bon tam T1/P2
(48,4 kcal/mol) tao thanh FCN va H,0 (PR2: -26,6
kcal/mol). T1/P2 ¢6 tan sb ao duy nhit 1003i tng
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v6i su ¢t dut cac lign két C-H, N-O, hinh thanh lién
két O-H phu hop vai trang thai chuyén tiép tao thanh
PR2. Ning luong, cac do dai lién két, goc lién két
ctia T1/P2 ciing nhu két qua tinh IRC déu cho thiy
T1/P2 tim duoc la phu hop. Ngoai ra, khi H trong
IS1 chuyén vi tir O sang N bén canh qua hang rao
T1/2 (41,2 kcal/mol) tao thanh 1S2 (HC(F)N(H)O:
1,6 kcal/mol), r6i O phan tng C tao thanh vong ba
canh IS4 (FC(H)N(H)O_cy: 0.4 kcal/mol) qua T2/4
(41,6 kcal/mol). IS4 mé vong bang viéc pha v lién
két N-O qua hang rao T4/8 (55,3 kcal/mol) tao thanh
IS8 (OC(F)NH,: -78,8 kcal/mol) va lai dong phan
héa do H chuyén vi tir N sang O qua hang rao thap
T8/9 (-24,5 kcal/mol) thanh 1S9 (HOC(F)NH: -56,7
kcal/mol). Cubi cing H trong nhém NH tach cing
OH tao thanh PR2 qua hang rao T9P2 & 15,5
kcal/mol trén chat dau. Hodc H trong IS1 chuyén vi
tu C sang N bén canh qua hang rao T1/7 vdi nang
lugng tuwong quan 63,3 kcal/mol thanh IS7
(FCN(H)OH: 18,7 kcal/mol), r6i H trong nhom NH
tach cung nhém OH bén canh qua hang rao T7/P2
(60,3 kcal/mol) tao thanh PR2; .... Tuy nhién, cac
dudng ndy co niang luong cao hon dudng ban dau.
Do d6, dudng phan Gmg wu tién nhét cua PR2 1a RA
— 1S1 — PR2. PR9Y chu yéu dugc hinh thanh nhu
sau: cic chat dau phan tng thanh IS1, rdi dong phan

Nguyén Trong Nghia va céng su

hoa thanh IS2, 1S4 va IS8 nhu da phan tich. Sau do,
mot nguyén tir H trong nhém NH, dé dang tach cing
nguyén tir F qua hang rao kha thip T8/P9 (-37,5
kcal/mol) tao thanh HF ban diu va OCNH (PRY:
-68,0 kcal/mol). Nhu véy, ¢ thé coi HF 1a chat xtc
tac cho qua trinh dong phan héa axit fulminic
(HCNO) thanh axit isofulminic (OCNH). Tuong ty,
mot sé gbc tuy do khac nhu nguyén tir F, cac goc
NH,, CHs, ... [10, 11] cling c6 vai tro xtic tac su
dong phan hoa nay. Trén thuc té, ngudi ta di ghi
duoc tin hiéu cua ca axit fulminic va isofulminic
trong cac ddm may den [2], cac tac gia cling da giai
thich vé su tao thanh hai axit nay. Tuy nhién, su tao
thanh axit fulminic: CH, + NO — HCNO + H khong
c6 hang rao nang lugng, nhung sy tao thanh axit
isofulminic: NCO + H, — HNCO + H lai c6 hang
rao nang lugng. Vi vy, viéc tao thanh axit
isofulminic nhu trén gap kho khan. Mat khac,
HCNO kho c6 thé tu dong phan hoa vi chiing toi da
tinh dwoc hang rao cua qua trinh nay toi gan 100
kcal/mol. Do d6, c6 thé sy c6 mat cua axit
isofulminic mot phan do sy déng phan hoa axit
fulminic khi c6 mat mot sb tac nhan nhu HF, CHj,
NH,, H, ... Vay, duong PR9 nhu sau: RA — IS1 —»

IS2 - 1S4 — IS8 — PR9.

H
F.CNO+H2
. “\,5 450~ HCN+HOF
I L
: PR5
mLide CFH,+NO
< + PR (o)
' 23 / \+HF 23.6
IR PR4Hc—N PR6
,.:' 1S10 I" K I Y L N f 16 3 CFO+NH2
u (CHZNFO);. (‘FCNHOH) w40 T N s il
¢ ‘ 4 R N ®=BP oonFiH;
v' - @ n, ! i 16 1 M A ' DRt 2
\— I Y -
00 ¥ Tea) ; ® ! ; ‘U
- — AN 123 g 1S2 \J i W o
RA 1300 1? 1249 (FCHNHO) b s
) ”:. N v —
@) 1 "U( N ?' ® 133®§~ (P . \ PRg CO*NHoF
1.060 L1155 \-7_5 v .333%_1.200 8/ \
— ,' |I
0.922 1S1 1076 \1\270 “
1237 .
(FCHNOH) & / }@ ‘.
(QCHNHF),’ T8/9 \ 4 7
i _7i*1 341 107184.286, FCN+H,0
i AN 1244 PR2
Q ' i T8lPe iy
+ -50.0 4 1346 ER 56,7 e =8 OCNH+HF
——(C) 1217 12188 159
@/‘ LB IS8 (HOCFNH)
© (OCFNH,)

Hinh 3: B& mit thé nang phdn tmg HCNO + HF dugc tinh ¢ mirc B3LYP/6-311++G(3df,2p).
(Dau cham (.) thay cho dau phay trong phén thap phan.
Do dai lién két tinh theo Angstrom (A), goc lién két tinh theo do )
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Puong tao thanh PR8 (CO + NH,F): Cing c0
nhiéu con duong khac nhau tao thanh PR8 nhung
con duong c6 niang lugng thip nhat nhu sau: cac
chit dau phan Gng thanh IS1, rdi dong phan héa
thanh IS2, IS4 va IS8 nhu da phan tich. Sau do,

Su tinh toan obitan phan tir ciia phan ung...

nguyén tir F chuyén vi tir C sang N bén canh, dong
thoi lién két C-N bi dit gy qua hang rao T8/P8 53,9
kcal/mol) tao thanh CO va NH,F (PR8: -45
kcal/mol). Nhu véy, con dudng chii yéu tao thanh
PR8: RA — IS1 — 1S2 —» 1S4 — 1S8 — PR8.

Bdng 1: Nang lugng chi tiét cua mot ’sé chu ttr duge tinh & mic B3LYP/6-311++G(3df,2p)
trong bé mat thé nang ctia phan ung HCNO+HF

Tiéu Ezpe Eo+Ezpe AE Tiéu Ezpe Eo+Ezpe AE
phan | (Hartree/hat) | (Hartree/hat) | (kcal/mol) | phan | (Hartree/hat) | (Hartree/hat) | (kcal/mol)

11 0,0365294 | -269,11136 -7,5 TO0/11 0,0313124 | -268,99981 62,6

12 0,0373805 | -269,09688 1,6 T1/2 0,0315318 | -269,03388 41,2

14 0,0379952 | -269,09878 0,4 T2/4 0,0351932 | -269,03326 41,6

18 0,0382708 | -269,22482 -78,8 T4/8 0,0318606 | -269,01141 55,3

19 0,0381206 | -269,18969 -56,7 T8/9 0,0333071 | -269,13835 -24.4
TO/1 0,0299351 | -269,04913 31,6 T8P8 0,0324079 | -269,01354 53,9
TO/2 0,0278260 | -268,99677 64,5 T1P2 0,0312704 | -269,02242 48,4

Bdng 2: AS° 298pus AH° 298pus AG° 208pu CUa cac duong phan tng theo B3LYP/6-311++G(3df,2p), AHopu( ) theo
CCSD(T)//B3LYP/6-311++G(3df,2p) va AH%,,™ tinh tir thuc nghiém [18, 19]

Phén tmg If}" hie;:u AS° 208pu AG° 208pu AH® 298pu AH® 298pu © AHopu(**)

san pham | (cal/mol.K) | (kcal/mol) | (kcal/mol) | (kcal/mol) | (kcal/mol)
HCNO+HF— H,+FCNO PR1 6,7 43,3 45,3 45,3 -—--
FCN+H,0 PR2 10,9 -30,0 -26,8 -31,3 -30,9
CH,F+NO PR3 17,9 31,9 37,1 36,5 -
HCNO_cy+HF PR4 12,5 19,7 23,3 16,1 -
HCN+HOF PR5 14,6 34,9 39,1 35,9 33,9
FCO+NH, PR6 18,4 18,1 23,5 24,0 -
OCNF+H, PR7 1,7 14,1 16,4 17,2 -—--
CO+NH,F PR8 14,5 -9,2 -5,0 -9,9 -
OCNH+HF PR9 10,8 -71,4 -68,3 -69,2 -68,6

Cac duong tao thanh PR1 (H, + FCNO), PR3
(CH,F + NO), PR4 (HCNO_cy + HF), PR5 (HCN +
HOF), PR6 (FCO + NH,), PR7 (OCNF + H,): PR1
(45,2 kcal/mol) chi yéu duoc tao thanh khi hai
nguyén tor H tach khoi IS1 qua T1/P1 (63,0
kcal/mol). PR3 dugc tao thanh khi H trong IS2
chuyén vi tir N sang C bén canh theo hudng T2/3
(45,4 kcal/mol) thanh 1S3 (FCH;NO: 4,0 kcal/mol),
161 tach khong thong qua trang thai chuyén tiép
thanh hai phan do cat dut lién két C-N thu duoc
FCH,+*NO (PR3: 37,4 kcal/mol). PR4 (23,6
kcal/mol) dugc hinh thanh tir IS4 khi H trong nhém
N-H tach cung nguyén tu F & nhém FCH bén canh
gua T4/P4 (50,7 kcal/mol). PR5 duoc hinh thanh
theo huéng IS11 (CH,NOF), trong d6, H, F 1an luot
phén tng voi C, O nhu da phéan tich ¢ trén. Sau do,
mdt H trong nhom CH, tach cung nhém OF tao

thanh HCN + HOF (PR5: 39,5 kcal/mol). PR6 (23,6
kcal/mol) dugc hinh thanh bing qua trinh khong co
trang thai chuyén tiép tir IS8 khi lién két C-N bi dut
gdy tao thanh FCO va gbc NH,. PR7 dugc hinh
thanh nhu sau: nguyén tir F trong vong ba canh IS4
chuyén vi tir C sang N, dong thoi cat dut lién két
N-O qua T4/5 (57,2 kcal/mol) tao thanh IS5
(OC(H)N(H)F: -10,2 kcal/mol). Tiép theo, hai
nguyén to H tach cung nhau qua T5P7 (74,5
kcal/mol) tao thanh H, + OCNF (PR7: 16,3
kcal/mol). Cau trac chi tiét ciia mot sb trang thai
chuyén tiép & hinh 2, ning luong chi tiét mot sb ciu
to & bang 1.

Tir cac thong s6 nhiét dong va nang luong phén
tir cia cac chit phan tmg va cic san pham phan ung
s¢ xac dinh duoc cac gid tri AH° 208pus AG° 208pus
Asozggpu ddi v&i moi duong phan tng.
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Bang thong s nhiét dong cho thay két qua gia
tri AHozggpu tinh dugc theo phuong phap B3LYP/6-
311++G(3df,2p) kha gan véi gia tri tinh theo
CCSD(T)/6-311++G(3df,2p), 1a phuong phap dugce
biét dén v6i do chinh xac cao, va kha gan véi két
qua tr thuc nghiém. Nhu vay, viéc ap dung phuong
phap B3LYP/6-311++G(3df,2p) ¢ day la hop ly, va
cling phit hop v6i cac nghién ctru khac vé phan tng
trong pha khi [10, 11, 15-17]. T bang 2, ta théy chi
c6 ba duong co AG° 208pu < 0 nén CO thé xay ra vé mat
nhiét dong ¢ 298 K. Ddong thoi, tit cac duong déu co
AS° 208pu > 0, phan ung s€ thudn loi khi ¢ nhiét do
cao0. Tuy nhién kha nang xay ra cua cac duong nay
14 khéac nhau.

Puong tao thanh PR2 (FCN + H,0) va PR9
(OCNH + HF): AG° 2080y aM, phan tmg co6 thé xay ra
& 298K. Mt khac, do AS® 298pu duong nén khi ¢ nhiét
dd cao phan tng s& thuén lgi hon vé mét nhiét dong.
Hon nira, hang rao nang lugng ctuia cac duong nay la
thip nhét cho phép ta du doan cac duong nay sé€ tao
thanh san phdm chinh cua phan Ung & ca nhiét do
thip va nhiét do cao.

Puong tao thanh PR8 (CO + NHyF): dudng nay
ciing c6 AG® 208pu Am, phan g co thé xay ra ¢ 298 K
va AS° 208pu durong nén khi ¢ nhiét d6 cao phan tng
s& thuan loi hon vé mat nhiét dong. Tuy nhién, do
hang rao nang lugng cuia duong nay cao hon so véi
hai duong kia nhu da phan tich cho phép ta du doan
cac duong nay sé dong gop mot phan nho ¢ nhiét do
thip. Khi phan tng ¢ nhiét d6 cao, sy dong gop nay
1d rang hon vi nhiét do cao gitp cac chit vuot qua
hang rao niang luong dé dang hon.

Cac duong tao thanh PR1 (H, + FCNO), PR3
(CH,F + NO), PR4 (HCNO_cy + HF), PR5 (HCN +
HOF), PR6 (FCO + NH,), PR7 (OCNF + H,): déu
c6 AG° 20spu durong, phan g khéng thé xay ra vé
mat nhiét dong Tuy nhién, do AS° 208pu durong, Cac
duong nay déu thuan lgi hon khi phan tmg & nhiét
d6 cao. Két hop véi hang rao ning luong cao cua
cac dudng nay can tré phan tng. Do do, co thé du
doan cac duong nay khong thé dong gop & nhiét do
thip nhung c6 thé dong gop luong nho & nhiét do
cao vao san phdm phan ung.

Viy, dua vao PES va thong ) nhiét dong co thé
du doén thu tu uu tién cla cac duong phan Gmg nhu
sau: PR2, PR9 > PR8 > PR1, PR3, PR4, PR5, PR6,
PRY7.

4. KET LUAN

D3 thiét 1ap dugc bé mit thé ning, giai thich co
ché phan tmg HCNO + HF. Qua d6 dua ra dugc cac
tham sb cAu tric hinh hoc, tan sé dao dong cho moi
ciu tir. T PES thu duoc c6 thé du doan: cac duong

Nguyén Trong Nghia va céng su

phan ung PR2 (FCN + H,0) va PR9 (OCNH + HF)
chiém wu thé nhit; duong phan tng PR8 (CO +
NH,F) c6 dong gop mot phan nho ¢ nhiét do thap va
dong gép nhiéu hon & nhiét d6 cao va cac duong
phan tng PR1 (H, + FCNO), PR3 (CH,F + NO),
PR4 (HCNO_cy + HF), PR5 (HCN + HOF), PR6
(FCO + NH,), PR7 (OCNF + H,) khong dong gop ¢
nhiét d6 thip co thé dong gdép mot phan nhoé néu
phéan tng & nhiét d6 cao. Ngoai ra ciing da tinh dugc
cac gla tri AHozggpu, AGozggpu, Asozggpu cho tét ca cac
duong phan ung.

Loi cam on. Trdn trong cam on Quy Nafosted Viét
Nam tai trg cho cong trinh ndy thong qua dé tai, ma
50 104.03.2010.29.
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