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Abstract

The mechanism for the reaction of the HS radical with fulminic acid (HCNO) to gain OH®, NH,*, HCN, H,0, CS
and HNO 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 eight different product pathways: PR1 (SCO +NH,"), PR2 (HSCN + OH®), PR3
(SCN* + H,0), PR4 (CS + NHOH"), PR5 (SCNH + OH"), PR6 (HCS® + HNO), PR7 (CS + NH,0") and PR8 (HCN +
HSO®). The results indicate that PR2 (HSCN + OH®), PR3 (SCN* + H,0) are the major product channels with minor
contributions from PR4 (CS + NHOH®), PR5 (SCNH + OH"), and PR8 (HCN + HSO®) whereas the other channels for
PR1 (SCO +NH,"), PR6 (HCS® + HNO), PR7 (CS + NH,0") are less favorable.

Keywords: Reaction mechanism, HS® radical, forming OH", fulminic acid HCNO, potential energy surface (PES).

1. MO DAU

Axit fulminic (HCNO) dugc hinh thanh do qua
trinh dot chay nhién liéu hoa thach:

O + C,H, — CO + CHy: (1a)
— HCCO® +H (1b)

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

Su bién d6i tiép tuc tiép dién tao thanh cac san
pham khac nhu HCN, NH:, NCO", N,O, ... Trong
phan tmg (2), 2b 12 hudng chinh véi ti s phan chia
92b = 0,72-0,78. Nhu vay, HCNO 1a san pham trung
gian quan trong trong toan bd co ché cua qué trinh
d6t chay lai NO gitp 1am giam 6 nhiém khong khi
[1, 2]. Gan day, axit nay con duoc phat hién trong
cac dam may den [2]. Do do, phan ting cia HCNO
dang dugc nhiéu nhom quan tdm nghién ctru [1-12].
Phan ung cia HCNO véi gbc OH", méot gbc quan
trong trong phan mg chay ctia hop chit chira hydro
nhu ddu mé, da duoc nghién ctru thyc nghiém boi
Wenhui Feng [1] va tinh 1y thuyét boi Wang [8],
Miller [9]. Céc két qua nghién ciru Iy thuyét kha phu
hop véi thuc nghi€ém khi da chi ra con duong phan
g tao thanh san pham chinh CO. Pdng thoi, Miller
[9] con chi ra rang OH® ¢6 3 kha ning tin cong vao
H, C va O trong HCNO, trong d6 hudng uu tién nhat
1a vao C, khong c6 hang rao niang luong. Géc HS® 1a

gbc co cau truc electron giéng véi gbc OH®. Ngoai
ra, gbc HS® dugc biét dén nhu 1a trung gian then
chét trong qua trinh chuyén hoa luu huynh lién quan
dén cac qua trinh nhiét cua than da [13]. HS® con
dugc hinh thanh do H,S trong khi thai bi oxi hoa boi
céc chét trong khi quyén nhu O, O, ...[14, 15]. P
c6 nhiéu nghién ctru thuc nghiém va 1y thuyét vé
phan tng cua HS® [13-17]. Trong bai bao nay, chung
t61 trinh bay két qua nghién ctru 1y thuyét co ché
phan ung cia HCNO véi HS® tao thanh cac san
pham OH®, NH,", HCN, H,O, CS va HNO bing
phuong phap hoa hoc lugng tir.

2. PHUONG PHAP NGHIEN CUU

Dé xay dung bé mit thé niang (PES), chung t6i
tién hanh t6i wu hoa ciu triic va tinh toan ning luong
cla tat ca cac trang thai trung gian (IS), trang thai
chuyén tiép (TS) va san pham (PR) c6 thé ¢, sau do
loai bo nhitng huéng cau tr ¢6 nang lugng cao. Cau
tric cac cdu tir dugce tdi uu hoa bang phuong phap
phiém ham mat d6 B3LYP vo61 by ham co s& 1on 6-
311++G(3df,2p) [18]. Pdi voi cac budc khong cod
hang rao nang lugng RA—IS1 va IS10—PR6,
chung t6i thyc hién thu tuc scan bing viéc tinh toan
duong cong thé ning ¢ cung mic B3LYP/6-
311++G(3df,2p) doc theo toa d0 phan ng tur trang
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thai can bang voi bude nhay 0,1 A. Ngoai ra, cac
trang thai chuyén tiép con duoc kiém tra bang cach
tinh toa d¢ néi phan tmg (IRC) bén canh viéc phén
tich tan sé dao dong. Cac phép tinh toan dugc thuc
hién bang phan mém Gaussian 03 [19]. Dya vao
PES va cac két qua tinh toan thong sb nhiét dong,
xac dinh dugc cac gia tri AH o800 AG 20800 AS 20800
d6i véi mdi duong phan tmg. Gia trj AHg, tinh &
trén dugc so sanh vai cac gia tri tinh tur dit liéu thyc
nghiém [20, 21].

3. KET QUA VA THAO LUAN

Két qua nghién ctru d3 dwa ra so dd tao ra OH",
NH,*, HCN, H,0, CS va HNO tir phan tng HCNO +
HS® nhu sau:

Trén so dd va bé mit thé ning, chit phan tmg
(HCNO, HS") duoc ki hiéu 1a RA, chat trung gian
duoc ki hiéu la ISi (IS1, IS2, ..., IS12), cac trang
thai chuyén tiép duoc ki hiéu 1a Tx/y (T1/3 nbi hai
trang thai trung gian IS1 va IS3, T2P2 ndi trang thai
trung gian IS2 véi san pham PR2, ...), cdc san pham
duoc ki hiéu 1a PRi (PR1, PR2, ..., PRS).

Trudc hét, xét phan Gng cia nguyén tir S trong
géc HS"® ¢6 mot e ddc than tn cong vao cac vi tri H,

HCNO+HS 1S1

Nguyén Trong Nghia va cong sir

C, N va O trong phan t¢ HCNO. Do nguyén ti N da
bdo hoa hoéa tri nén viéc hinh thanh lién két & day
gip nhiéu kho khian. Hon nita, do S & chu ky 3 ¢6
ban kinh 16n, viéc hinh thanh lién két véi N kho
khan nén chiing t6i khong tim thiy trang thai chuyén
tiép (TS) va trang thai trung gian (IS) khi S phan
tmg voi N. Khi S tan céng vao H, O trong HCNO
phai vuot qua hang rao cé nang luong tuong quan
lan luot 1a 17,8 va 18,1 kcal/mol. Do dé, huéng wu
tién nhat 1a khi S phan tmg véi C trong HCNO tao
thanh IS1 (HC(SH)NO: -31,5 kcal/mol) vi hudng
nay khong thong qua trang thai chuyen tiép. Piéu
nay da dugc xac nhan boi dudng cong thé ning duoc
tinh & cung mic B3LYP/6-311++G(3df,2p) doc theo
toa do phan ung tir trang thai cAn bang véi budc
nhdy 0,1 A, va ciling tuong ty phan tmg cia HCNO
v6i gbc OH". Trong phan tmg nay, Miller [9] d4 chi
ra rang, c6 ba hudng phan tmg cua O trong OH® voi
H, C va O trong HCNO, ma khong phan Gng vao
nguyén tir N. Trong ba huéng d6, phan tmg ciia OH®
vao C 1a wu tién nhit va khong c6 trang thai chuyén
tiép, hai hudng con lai déu phai trai qua trang thai
chuyén tiép. Wang va cong su khi xay dung PES cua
phan ung nay da chi xét phan Gng vao cac vi tri C va
O ciia HCNO, trong d6, san pham chinh theo huéng

T8, s3 138 6
o/t [T1/11 T12 T3/4 /6/4
|‘s11 512 —124 154 12 155 L (57 TP | seounm, (PRY)
T122 25 sp T2P2 » HiscN+oH (PR2)
¢T2/9
L TP3 . SCN+H,0 (PR3)
WiT% T8P4 . CS+NHOH (PR4)
IS8
T8/10 T8PS o SCNH+OH (PRS5)
11210 T1/10| | | T9r10 > CHS+HNO (PR6)
—>I‘é1‘('J T10P4 . CS+NHOH (PR4)
TIOPT , N0 (pRY)
T11P8

Y

HCN+HSO (PRS)

Hinh 1: So d6 phan (mg cia HCNO + HS® tao thanh OH", NH,", HCN, H,0, CS va HNO
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gbc OH" phan tmg & C va cac tinh toan nay phu hop
v6i thuc nghiém [8]. Piéu nay ciing gip ¢ phan ng
cia HCNO voi cac gbe khac nhu H, CH5", NH,", ...
trong d6 phan tng vao C trong HCNO 1a uu tién
nhat va dugc giai thich 1a do C chua bao hoa hoa tri
[12].

Nhu vay, trong phan tmg HCNO+HS®, huéng uvu

2284  1.863
110.3
1.24 187 362
T1/10 T1/11
(@30 1.663: i
1.613 0-966 ;
144.0 1.292
1.194 .
D76y (V) 1.375
b 1560 1.627
T2P2 TIP3

PES cho thdy c6 8 dudng phan tng tao thanh cac
san pham PR1-PRS, trong d6 2 dudng vu tién nhat 1a
cac duong tao thanh PR2 (HSCN + OH®), PR3
(SCN*" + H,0).

O duong tao thanh PR2: ¢6 mét sé kha nang:
truge tién S trong géc HS® tin cong vao C trong
HCNO tao thanh IS1 HC(SH)NO. Giai doan nay
giai phong nhiéu niang lugng vi IS1 nam thip hon
RA -31,5 kcal/mol. Sau dé6, H trong IS1 dé dang
chuyén vi tir S sang O qua hang rao T1/9 (-24.1
kcal/mol) tao thanh IS9 (SC(H)NOH: -34.,8
kcal/mol). Trang thai chuyén tiép T1/9 c6 tan sb ao
duy nhét 12 990i ing voi sy chuyén H tir S sang O
chimg t6 T1/9 ndi giita IS1 va 1S9. Két qua tinh IRC
ciing cho thay T1/9 tim dugc & trén 1a phu hop. Do
dai lién két giita nguyén tor H nay v6i O va S lan
luot 13 1,445 A va 1,516 A phu hop voi do dai cua
trang thai chuyén tiép ung voi sy chuyén H tir S
sang O. Do nhidm spin S?~ 0,757 cho thiy d6 nhidu
spin 1a khong dang ké va viéc sir dung phuong phap

Nghién ciru Ii thuyét sie tao san pham ...

tién nhat 1a HS® tin coéng vao nguyén tir C tao thanh
IS1 HC(SH)NO. Sau do trang thai chuyén tiép nay
¢6 kha niang ddng phan hoa thanh cac san phim
trung gian khac, vi du, H chuyén vi tir C sang O
trong IS1 tao thanh IS2 (HSCNOH: -14,2 kcalmol)
hodc phan cit thanh san pham. Két qua, thu dugc bé
mit thé nang (PES) & hinh 3.

T7P1
Hinh 2: Hinh hoc mét sé TS trong so @ phan tng HCNO + HS" tao thanh
OH’, NH,", HCN, H,0, CS va HNO
(D4u cham (.) thay cho dau phay trong phan thap phan.
Do dai lién két tinh theo Angstrom (A), goc lién két tinh theo do (°))

T11P8

B3LYP 1a hop Iy [12, 22]. Piéu nay ciing thiy ¢ cac
nghién ctru khac va vi vay ma phuong phap B3LYP
duogce sir dung kha phd bién trong nghién ciru cac hé
phan tmg pha khi [6-8]. Qua trinh déng phan hoa
IS1 thanh IS9 & day 1a d& dang vi hang rao T1/9 thip
hon chét du. Nang luong dé vuot qua hang rao nay
dugc cung cip boi bude gidu ning luong trude do
RA—ISI. Trong IS9, nguyén tir H chuyén vi tir C
sang S bén canh qua trang thai chuyén tiép T2/9
(14,9 kcal/mol) tao thanh IS2 (HSCNOH: -14,2
kcal/mol) rdi d& dang phan huy thanh PR2 (HSCN +
OH": -26,9 kcal/mol) qua trang thai chuyén tiép
T2P2 nam duéi chat phan tng (RA) 9,2 kcal/mol.
Ngoai ra, PR2 ¢o thé duoc tao thanh tir IS1 béng cac
con duong khac nhu: H trong IS1 (-31,5 kcal/mol)
chuyén vi tir C sang O thanh IS2 (41,92 kcal/mol)
qua T1/2 (20,4 kcal/mol) roi phan huy thanh PR2
nhu trén; hodc nguyén tir H ndy chuyén vi tir C sang
N thanh IS12 (HSCN(H)O: 3,7 kcal/mol) qua T1/12
(38,7 kcal/mol) sau d6 lai chuyén vi tir N sang O qua

418



TCHH, T. 52(4), 2014

T12/2 (40,7 kcal/mol) thanh IS2 va phéan huy thanh
. Tuy nhién, theo cdc duong phan Umg nay hé

PR2;

déu phal vuot qua cac hang rao ning lugng rat 16n

Nguyén Trong Nghia va cong sir

nhu T1/2, T1/12, T12/2. Vay huéng di hop 1y nhét

cua duong phan tng PR2 la: RA — IS1 - IS9 —»
IS2 — PR2 (HSCN + OH").

55,6
+ 40,0 38,7 .* ,*‘ ! '
s T12/2! S T304 p—— :
T1/12! : b \ 325 i L .
! 1 ' 30i9: /299 P \ . ' H !
L s [ Trervees T 2885 LT
: ' ' v =yl . — '
; S A e N TR T10P4 ™~ ¢ 1200 (HCS+HNO)
,&' 18.0 _* S TN R " 17,7 P, /PR
V20 L Rl N A0 N W8S 134 R A [
' T0/M1 "T1/11 ~ilted e \ o —— \ —— e TSPA r l—(SC+NH0H)
; ST Thgdo ] BTHRL N N TOMOR T8N0 Tep3 g7 g/ iPR
; ?' Sh37 e Nl NNt T R T8 (S 4NH,0)
0,0 / 1, 7. g ' IS11 ! ‘*"A\ T4/5 :I‘ ® S ' K :: \ 7 d 2
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' 1510 469 | 457 s (HCN+HSO)
\ h TSIBC(H)N(H)H \\‘
eos i L o)
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OC(SH)NH ". ; PR1 :
1--80,0 \-84,2 !

IS7 OC(S)NH,

Hinh 3: Bé mat thé ning phan tmg HCNO + HS' tao thanh QH', NH,*, HCN, H,0, CS va HNO
(Dau cham (.) thay cho dau phay trong phan thdp phan)
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40
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Energy (kcal/mol)

20]

10]

2 3
R(C-N) (angstrom)

Hinh 4: Puong cong nang luong tng vadi sy dut gay
cuia lién két C-S trong IS10 — PR6 (HCS*+HNO)
theo B3LYP/6-311++G(3df,2p). Nang luong gdc 1a
-356103,1 kcal/mol

Puong phan tng PR3 (SCN* + H,0): RA sau
khi tao thanh IS1, nguyén tir H trong nhém HS cua

419

IS1 chuyén vi d& dang sang O qua hang rao T1/9
(-24,1 kcal/mol) tao thanh IS9 (-34,8 kcal/mol). Sau
d6, nguyén tir H trong nhom C-H tach cung nhom
OH trong IS9 qua hang rao T9P3 (13,4 kcal/mol)
tao thanh san pham PR3 (SCN° + H,O: -62,0
kcal/mol). Trang thai chuyén tiép T9P3 c6 tan sb ao
duy nhit 1793i tng véi su két hop cua nguyén tor H
ctia nhom C-H va nhom OH trong IS9. D$ dai lién
két gitra nguyén tor H nay voi C va O lan luot 1a
1,375 A va 1,292 A; @6 dai C-N 1a 1,663 A. Cac do
dai nay 16n hon do dai lién két don, phu hop voi do
dai trong mot trang thai chuyén tiép. Nang lugng
TIP3 ciling cao hon IS9 va PR3, phu hop véi nang
luong trang thai chuyén tiép. Cac két qua tinh IRC
va d6 nhiém spin ciing cho thdy T9P3 tim dugc ¢
trén 1a phu hop. Ngoai ra, con mot sé con duong tao
thanh PR3, nhu: H trong IS1 c6 thé chuyén vi tir C
sang O thanh IS2 qua T1/2, nguyén ti H kia lai c6
thé chuyén vi tir S sang C bén canh qua T2/9 thanh
IS9 va phan hay thanh PR3; ... Tuy nhién, duong
PR3 thap nhit nhu sau: RA — IS1 — IS9 — PR3.
Céac duong phan ung PR4 (SC + NHOH®), PR5
(SCNH + OH"): Chu yéu dwoc hinh thanh khi H
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trong nhom HS cua IS1 chuyén vi sang N qua T1/10
(-5,3 kcal/mol) thanh IS10 (SC(H)N(H)O: -39,5
kcal/mol). Nguyén tir H kia trong IS10 co thé
chuyén vi tir C sang O qua T8/10 (16,8 kcal/mol)
thanh IS8 (SCN(H)O(H): -22,1 kcal/mol), va dugc
theo sau boi qua trinh dut gdly mot cach dé dang lién
két N-O qua T8P5 (-18,1 kcal/mol) thu dugc SCNH
va gbc OH" (PR5: -33,9 kcal/mol). Hodc lién két
C-N trong IS8 c6 thé dut giy qua T8P4 (17,7
kcal/mol) s& thu dugc PR4 (SC + NHOH®: 152
kcal/mol). Vay, duong PR4 va PR5 nhu sau: RA —
IS1 — IS10 — IS8 — PR4 (SC + NHOH"); RA —
IS1 — IS10 — IS8 — PR5 (SCNH + OH").

Puong phan tmg PR1 (SCO + NH,"): Nguyén tir
O trong IS1 két hop véi C tao thanh vong ba canh
IS3 (cy HSC(H)NO: -17,1 kcal/mol) qua T1/3 (1,7
kcal/mol). Nguyén tir H trong IS3 chuyén vi tir S
sang N qua T3/6 (11,1 kcal/mol) tao thanh IS6
(cy_S-C(H)N(H)O: -9,8 kcal/mol). Nguyén tir H kia
trong I1S6 chuyén vi tir C sang S bén canh qua T6/4
(29,9 kcal/mol) dugc IS4 (cy HS-CN(H)O: 2,2
kcal/mol). Tiép theo, lién két N-O co thé bi dit giy
qua T4/5 (6,4 kcal/mol) dé mo vong tao thanh IS5
(OC(SH)NH: -60,3 kcal/mol). IS5 lai ddng phan hoa
dé dang thanh IS7 (OC(S)NH,: -84,2 kcal/mol) do H
chuyén vi tir S sang N qua T5/7 (-44,7 keal/mol) rdi
dé dang chuyén thanh PRI (SCO + NH,": -64,8
kcal/mol) qua T7P1 (-46,9 kcal/mol) Nhu vay,
duong phan tng PR1 nhu sau: RA — IS1 - IS3 —
IS6 — IS4 — IS5 — IS7 — PR1 (SCO + NH,").

Puong phan ung PR8 (HCN + HSO®): xay ra
khi nhém HS trong IS1 c6 thé chuyén vi tir C sang
O qua T1/11 (18,0 kcal/mol) tao thanh IS11
(HCNOSH: 10,4 kcal/mol). Sau do, lién két N-O dé
dang bi dut gay theo duong T11P8 (10,7 kcal/mol)
tao thanh PR8 (HCN + HSO®: -45,7 kcal/mol).
Ngoai ra, nhu da phan tich ¢ trén, IS11 co thé duoc

Nghién ciru Ii thuyét sie tao san pham ...

tao thanh tir RA qua T0/11 cao hon T1/11 mét chut
véi nang luong tuwong quan la 18,1 kcal/mol va
hudng nay khong thudn lgi so véi hudng tao thanh
IS1 do c6 hang rao nang lugng 16n. Buong PR8 nhu
sau: RA — IS1 — IS11— PR8 (HCN + HSO").

Puong phan tng PR6 (HCS® + HNO), PR7 (CS
+ NH,0"): Péu duoc hinh thanh tir IS10. H trong
IS10 c6 thé chuyén vi tir C sang N, dong thoi phé v
lién két C-N qua T10P7 (39,4 kcal/mol) thu duoc
hai manh CS va NH,O® (PR7: 7,8 kcal/mol). Lién
két C-N c6 thé dat ma khong thong qua trang thai
chuyén tiép tao thanh PR6 (HCS® + HNO: 20,0
kcal/mol). Piéu nay dd dugc xac nhan boi duong
cong thé ning duoc tinh & cing muc B3LYP/6-
311++G(3df,2p) doc theo toa d§ phan ung tu trang
thai can bang v6i bude nhay 0,1 A (hinh 4), va ciing
tuong ty phan ung cia HCNO véi gbc OH® khi
trang thai trung gian OC(H)N(H)O phén hiy thanh
HCO® va HNO. Buong PR6, PR7 la: RA — IS1—
IS10 — PR6 (HCS® + HNO) RA — IS1- IS10 —»
PR7 (CS + NH,O"). Céu trac ctia mot sd trang thai
chuyén tiép quan trong ¢ hinh 2.

Tur cac thong sO nhiét ddng va nang luong phan
tir clla cac chat phan g va cac san pham phan tng
s€ xac dll’lh dll'Q’C cac glé, tri AHozggpu, AGozggpu,
AS%y98, d6i v6i mdi dudng phan tmg [22]. Két qua
gi4 tri tinh toan va gia tri tir thuc nghiém cho thiy
viec 4ap dung phuong phap B3LYP/6-
311++G(3df,2p) & day 1a hop 1y, va diéu nay ciing
phul hop véi cac nghién ciru khac vé phan tng trong
pha khi [12, 22].

Béang 1 cho théy tAt ca cac duong déu co Asozggpu
>0, do do, cac duong phan tng déu sé& thuan loi khi
0 nhiét do cao hon. Tuy nhién cac gia tri AHOZ()gpu va
AGozggpu khac nhau kha nhiéu nén kha nang xay ra
cua cac duong nay la khac nhau.

Bang 1: AS° 298pus AH° 208pus AG° 208pu CUA CAC duorng phan tng theo B3LYP/6-311++G(3df,2p); AH° zggpu
theo CCSD(T)/CBS va AH’,,"" tinh tir dit liéu thuc nghiém [20, 21]

Phan tmg Ky hié}u AS 2080, AG’sp0, | AHospe | AH %0557, | AH,,
san pham | cal/mol.K kcal/mol kcal/mol | kcal/mol | kcal/mol
HCNO+SH®* — OCS+NH," PR1 9,8 -67,9 -65,0 -64,8 -62,5
HSCN+OH* PR2 12,3 -30,6 -27,0 -28,1 -—--
SCN*+H,0 PR3 10,4 -65,2 -62,1 -63,0 -—--
CS+NHOH® PR4 14,0 10,7 14,8 15,2 -——-
SCNH+OH* PR5 10,3 -37,1 -34,0 -35,0 -—--
HCS*+HNO PR6 17,0 14,7 19,8 20,0 -—--
CS+NH,0* PR7 15,0 3,2 7,6 7,8 -
HCN-+HSO* PR8 13,8 -50,1 -46,0 -47,9 -
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Puong PR2 (HSCN + OH®) va PR3 (SCN® +
H,0): AS 3085, duong, AH 955, 4m, do vay AG g,
< 0, phan ung thuan loi vé mit nhiét dong, nhiét do
ting phan Ung s€ thuan lgi hon. Mat khac, hai
duong nay c6 hang rao nang lugng thap nhét (hang
rd0 cao nhat cua duong PR2, PR3 lan lugt 1a T2/9:
14,9 kcal/mol va T9P3: 13,4 kcal/mol), nén cac
duong PR2 va PR3 s€ 1a nhiing duong dugc uu tién
nhét.

buong PR1 (NH," + SCO) PR5 (SCNH + OH")
va PR8 (HCN + HSO®): AG° 208pu Am nén phan tng
c¢6 thé xay ra ¢ 298 K. Tuy nhién, hang rio ning
luong kha cao cho phép ta dy doan sy dong gop cua
nhimg duong nay vao san pham la khong nhiéu &
298 K, nhung khi phan tmng & nhiét do cao, co thé s&
c6 su dong gép nhiéu hon boi nhiét do cao s& giup
cac chit vuot qua hang rao niang lugng kha cao nay.

Cac duong PR4 (CS + NHOH®), PR6 (HCS® +
HNO) va PR7 (CS + NH,O"): PR4 va PR6 déu co
cac san pham khong ben nén AH’ 298pus AG® 298pu
dwong 16n, khong xay ra vé phuong dién nhiét dong.
Véi PR7: 6 298 K, khong thé xay ra vé phuong dién
nhiét dong; & nhiét do cao thi c6 thé xay ra vé
phuong dién nhiét dong do AS 16n. Tuy nhién, nhu
da phan tich, duong PR7 c6 hang rao nang lugng
qua cao can tr¢ phan ung va c¢6 cac duong uu tién la
PR2 va PR3 canh tranh nén c6 thé du doan cac
dudng nay khong thé dong gop dugc vao san pham.

Vay, dua vao PES va thong sé nhiét dong c6 thé
du doan tht tu vu tién cia cac duong phan img nhu
sau: PR2, PR3 > PR1, PRS5, PRS > PR4, PR6, PR7.

4. KET LUAN

D3 thiét 1ap duoc bé mat thé nang, giai thich co
ché phan tng HCNO + HS® thu duoc OH", NH,’,
HCN, H,0, CS va HNO. Thong qua d6 dua ra dugc
cac tham sb cdu trac hinh hoc cho mdi ciu tir. Tur
PES thu dugc c6 thé du doan: cic dudng phan tng
PR2 (HSCN + OH®) va PR3 (SCN® + H,0) la cac
duong phan ung chinh; cac duong phan ung PR1
(NH,® + SCO), PR5 (SCNH + OH") va PR8 (HCN +
HSO") c6 dong gbp mot phan nhét 1a ¢ nhiét do cao.
va cac duong phan ung PR4 (CS + NHOH®), PR6
(HCS® + HNO) va PR7 (CS + NH,0") khong dong
gop vao san pham. Ngoai ra, da tinh duoc cac gia tri
AHozggpu, AGozggpu, Asozggpu cho tit ca cac duong
phan ung.
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