346

e, BUKE, mtR, B, PRI

MEHRS: 1006-9941(2015)04-0346-05
CIF,O5H,0O R MiIEBHEEZH

]\Ej &,?ﬂ%a%%7ﬁ,gﬁ ﬁj,?ﬁﬁﬂ—

(R K& RK, 4L 100094)

 OE: N E T EEZ KX CIF,O fl H,O0 By R B ALEFEST TS . 78 B3PWIT/6-31++G(d,p) K- EARAL T /i
B LRSI PR G SRS S R U L, THEE T BT R SR AN KORE , 9 X RE B R AT TR AR RE AL IE (E+ZVPE e X
AEH AT TR GRBA IE M), 8RB T R Nl . 45 R KW CIF,O M H, O #) 5 & A S, K R 4 B A7 A A i HF (HCIO, Al

HCIO, ; kb & it F F4: 1 HF F1 CIFO,
K CIF,0; H,O; M ALIL; % B2 Mg
hESFEE. T)55; 064 MXEEAR R A

DOI: 10.11943/j.issn.1006-9941.2015.04.007

1 5]

il

F 1965 AE B A LIk 3 21 fikeos b 4R
X, CIF, O FE 8t K F K Hi 8RR 7 i 245 2 ) 2 oF
T AU T AR T T DL RO i R A

CIF, O J&— Pl 55 1) 98 Ak 30 A Ak 37, oAk 27 3%
PR BB 3 Ak ) CIF, (CIF R 26 ik, ) 5 5K
A WL & A SR YEVE N o SCHk (7 -9 18F%E T CIF, 5
H,0.C,H,O iy i HL¥, B2 X F CIF,O 5 H,0
VLB AT AL 45 0 I s I 1) R sz o7 AL B - A DL i 3
CIF,O M W78 i =) i ad R A Re ot o Wik, AR
WFSE3E B T AL 2 9% 32 sk FE WY T CIF,0 5k
I B O BLER % CIF, O 57k J2 i 19 42 24 i Fe ik A7
ik HRF T A A Y, A B 9T 4 SR
CIF,O ffii HAII B A —E MR S 2 XL,

2 HHEFE

WEFE R % F & CLA O SR Tk &,
B3PWOT " A7 B4 1) 38 AP, M Ik, AR AR R AT T
B3PWOIT J5ik, Mhbh, 5 &BI AR R P EE & A 2
iy B 5, R S SR BCR T RS
WAL BREH 6-31 ++G (d, p) HEd], DL & 11 30K i
1£ B3PW91/6-31++G(d, p) /KF ExF CIF,O fl H,O

Wi HE: 2013-12-16; f&E HHF: 2014-06-02
EE RN FR(1974-) 2, FENFBIE T 2= AL IRAT 5

e-mail :hlary@ 163. com

Chinese Journal of Energetic Materials, Vol.23, No.4, 2015 (346-350)

2N BB T 9 45 38 S Y i LA A B EAT T kit
B IR SR S BT 0 T A U S N e R A (RRE
4 v TRLA 1) s AR EACA O, i ok VA 1 I AR AR 1) 5
i P9 EL R A AR (IRC) 43 M, B0 T 52 2 9 v ) 4
TR W A PR . T A TS R A Gaussian
09 B, 76 YH-V HEHL F 52,

3 GRS

K 1 3 B3PWI1/6-31++G (d,p) /KF F 14k 1)
J I ) ANy 5 o T TR TR 2 Ry 4% ak A R LA
R, RVGWM T W RN R PSS T
B3PW91/6-31++G(d, p) K F FHfies.
3.1 BT R RiE K BE N R R

CIF,O 5 H,O Al e A PR 7 (1) F1(2), a.
b A& A 73 FAg ik, 7= (1) TEIkREN 37.21 k) -
FR(2) kAR 152.55 k- mol™ , X (2) BE 5
B AN 5 AT, I, CIF,O 5 H,O By R £ %
HJIr (1),

mol™,

TS1

CIF,0+H,0 ——aCIF,0(OH) +HF (1)
TS2

CIF,0+H,0 —5bCIF,0(OH) +HF (2)

aCIF, O (OH) /1 (3) % 41 it Wl CIFO, Il HF,
aCIF,O(OH) L 2x 4k 22 5 H, O [ i f1 (4) 4= Jik
CIFO(OH), fil HF,

TS3
aCIF,0(OH)—5CIFO, +HF (3)
TS4
aCIF,(OH) +H, —CIFO(OH) ,+HF (4)
A fe A Wwww. energetic-materials. org. cn



CIF,0 55 H, O RS HLIE Y 3 B U2 o 13 5 347

0.0920 2
' H(2) ’
0.0975 ) < 1786 w
$0.1701
o
H(2)-0(1)-CI-F(3)=129.2
F(6)-CI-F(3)-0(5)=-107.7
HF aCIF,0(0H)

F(5)-C-F(3)-0(2)=109.5
F(3)-C-F(4)-0(2)=-166.4

0.098
F(3)-C1F(4)-0(2)=-160.9 F-CI-O(1)-0(4)=110.1 0(6)-0(2)-Cl-0(4)=-177.4 0(5)-0(2)-C10(3)=-83.9
H(6)-0(5)-CI-F(3)=-5.9 0(6)-C1F(3)-0(4)=166.3 0(7)-0(2)-C-0(3)=91.3
bCIF,0(0H) CIFO, CIFO(OH), CIO(OH)3

9

F(2)-C-F(3)-F(4)=180

0(2)-Cl-0(3)-0(4)=-113.6

0(2)-C-0(4)-0(5)=140.3 H-0(4)-CI-0(2)=59.8 0(2)}-CLOB3)-0(5)=120.0
F-CHO(2)-0{4)=-109.9 0(2)-C-0(3)-0(6)=-120.0
CIFO; CIF; HCIO3 HCIO,

B 1 B3PWI1/6-31++G(d,p) KT SN 9 F 7= 4 (4 JL ARl # 8 ( S8 /nms S8 £F /(°))
Fig.1 Geometries of reactants and products optimized by B3PW91/6-31 ++ G (d,p) (Bond distances in nm, angles in degree)
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Table 1 Theoretical predicted vibration frequencies, energy, zero point energy and the total energy of the reactants, isomers,

products, and transition states

species v/cm™! E ZVPE E+ZVPE

CIF,0 691 —-834.426339 0.010974 —-834.415365
H,O 1606 -76.383213 0.021473 -76.361740
HF 4112 —-100. 405443 0.009369 -100.396074
aCIF,O(OH) 677 -810.403150 0.022446 -810.380704
bCIF,O(OH) 624 -810. 424004 0.023079 -810.400925
CIFO, 1219 ~-710.063816 0.009352 —-710.054464
CIFO(OH) , 661 -786.376217 0.033901 -786.342316
CIO(OH), 603 -762.367699 0.045853 -762.321846
CIF, 711 ~759.334924 0.006827 -759.328097
CIFO, 689 —785.145579 0.014669 -785.130910
HCIO, 62 —-686.041317 0.020364 -686.020953
HClO, 172 ~-761.129264 0.026253 -761.103011
TS1 588i -910.795079 0.032145 -910.762934
TS2 1150i -910.750716 0.031715 -910.719001
TS3 130i -810.386694 0.022562 -810.364132
TS4 280i —-886.780322 0.044923 -886.735399
TS5 201i -786.371319 0.032919 ~786.338400
TS6 187i —-862.762877 0.057628 -862.705249
TS7 537i -762.368339 0.043334 -762.325005
TS8 961i -786.406514 0.029185 -786.377329
TS9 677i —-1544.418440 0.019683 -1544.398757
TS10 1121i —-861.453360 0.033001 —-861.420359
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Fig.2 Geometries of transition states optimized by B3PW91/6-31++G (d,p) (bond distances in nm, angles in degrees)
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Fig.3 Potential energy profile of reactions (1) ~ (10) (The

corresponding reaction energy is zero)
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Table 2 The active energy( E,) and enthalpy change(A, H, )

of reactions (1) ~(11)

reaction pathway E,/k) - mol™ A H, /K - mol™
1) 37.21 0.86
(2) 152.55 ~52.23
(3) 43.51 -183.35
(4) 18.50 10.64
(5) 10.28 ~196.15
(6) -3.13 -36.40
(7) -8.29 -159.75
(8) 102.07 -2.16
(9) 186. 60 28. 41
(10) 189. 80 ~16.89
(11) - 13.68
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Reaction Mechanism of Chlorine Trifluoride Oxide and Water with Density Functional Theory

YAN Hua, LUO Yong-feng, GAO Hong-quan, YAN Peng, LUO Kun-sheng
( The Second Artillery Equipment Academe, Beijing 100094, China)

Abstract: Using density functional theory ( DFT), the reaction of chlorine trifluoride oxide with water was studied. At the
B3PW91/6-31++G(d,p) level of DFT, the geometries of reactants, transition states, and products were optimized and the vibra-
tion frequencies and zero point vibrational energies (ZPVE) were calculated. Their energies were obtained with the correction of
ZPVE. Results show that the energy barriers of the reaction of chlorine trifluoride oxide and water are very low, and a plenty of
water is in favor of producing HF, HCIO, and HCIO, , however, insufficient water is in favor of producing HF and CIFO,.

Key words: chlorine trifluoride( CIF, ) ; water(H,O) ; reaction mechanism; density functional theory (DFT)
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