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Fig.1 Optimized structures of reactants, intermediates,

transients and products
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transients and products
fEK /A /)
WaE SR HHE FHfE
ClOs R(1,3) 1.495 1.485 A(1,3,2) 108.0591 106.7

R(2,3) 1.495 A(1,3,4) 108.062
R(3,4) 1.4953

Clo, R(1,2)1.576 1.57

A(2,3,4) 108.0621
A(1,2,3) 113.917 118.0

R(2,3) 1.5761

ClO~ R(1,2) 1.69010 1.70 — —

Clo, R(1,5) 1.4567 1.46 A(1,5,2) 109.4709 109.28

R(2,5) 1.4564 A(1,5,3) 109.4701
R(3,5) 1.4564 A(1,5,4) 109.4717
R(4,5) 1.4564 A(2,5,3) 109.4764
A(1,5,2) 109.4709
A(2,5,4) 109.4785

A(3,5,4) 109.4597

0O, R(1,2) 1.2032 1.2169 — —

TS1 R(1,3) 1.2661 —  A(1,5,2) 122.9449  —
R(1,5) 2.6581

R(2,5) 1.5198

A(1,5,3) 27.5503
A(1,5,4) 122.8433
R(3,5) 1.6598 A(2,5,3) 122.9564
R(4,5) 1.5198 A(2,5,4) 111.9898
A(3,5,4) 122.8571

A(1,2,3) 67.3501 —

TS2 R(1,2)2.1956 —
R(1,3) 1.5797
R(2,3) 2.25

SRR B p BUEIE R » — 14> Cl>0
o PCBEE , B T2 SR %) B RN B i LU SR B e T 5, LL
XUEEE AT 55 , PR AT BEJRAETE W% o BC B i [m] B
AR T d BUE ChZs BB 2 EUR T AL X
FRYEAHIA] , REEAHIT Y 2p B0E b0y i TR R 1Y
(d-p) = Fick .,

ARICE] P AN R e Sy 15E A RO
RIS S BRAR Y o B O AL BHTE 10 48 B i
%4 Clo, (n=1,2,3,4)i#47 T CNDO I, 115
SERIGUE T LR MHEWT . FR 2 Cl>O $EY) o 5

SR ST LR d PLUEILE S 5 i,
X} o BesE TTIk Ot 2 3N o HE R d BUE 244k

JRABE 2 ARSI T A . S A0 BE
A, CIO, (n=1,2,3,4)H T4 AT B A



- 32 - Jb 5 A TR 2 2 4l

2008 4

7, XLt — 2B g B T AR B 7 54544 FRAE R Y 22
5o

#2 (O, (n=1,2,3,)MHE L EEERL
Table 2 Composition and Mulliken charges of CIO,,

L = B B A ), g PRty ClOs. i =
AR TR AR AR S 1R T, IO TR BT
BT RN T IR A B, 2 SRR e PR % 5
INZBEH (d-p) e BOBE 0K H 110 36 O B J3E S 5
MM 2L Cl>O SR gk (W& 1) RUE TR, |

(n=1,2,3,4)

p— o o — PEPERRES , R R, ClOs 88 ClO, 4 Ak i
o ; R e —— FE XA KCIO; Al KCIO, 22 [l A7 16 [ RE Y B

T pP-0880-912 0.4640 o

- 015840842 0.5513 3 Clo, (n=1,2,3,4) b 2F5sm
ClOs - 07410596 0.330 1.0707 Table 3 Bond intensities for ClIO, (2 =1,2,3,4)

- PO (4156 Tl HsR b i

™ p0-2180-782 0.4494 " P n . s n
o s OGO 0.277 (), 7899 co;  13.9 2.5 Clo” 9.5 1.4

™ p-004 g0-996 0.3040 o,  12.6 2.0 co;  17.4 3.4

x 004 0-996 0.5513
ClO; G 0-2301,0-423 40.327 1.2682 CI(0.756) CI(0.291)

. p-20740-793 0.5208 \

- o8e o’
ol S HSHER T m = + LA = — LAY« 22105 X s ) oGk O(06)

THUE
O(-0.669)

PA CIO, H1 ClOs A, ClOy & —4> Cl=0O0 CI(-0297)

FARERN 3 4 Cl>Olo + (d — p) wo ) BCBEFY B ; T % T
ClO; 15, WIRIAHBRAE B —1> o BSR4 [+
(d—p) n | BCHESN, iR A — X I% B F7E R T b
AR FEE R B R A E 2 Bs (o Cl+—>0 %
/R Brk + (d-p)w BOEE”) o

S

cl.sp’ sp
o’\/ J;\O’ OX o~
0

K2 Clo; #1ClO, HT&5
Fig.2 Electronic structures of ClO; and CIO,

N T HEIEERUL] (d-p)r BB ClO, (n=1,
2,3, O)ERZEIM KRR, L3P T ClO, (n=1,
2,3, 4) b i 12 SR AT DAFE Y i
G Jg: ClO, >ClO; >ClO; >ClO ™, % % 5 1
R PRI 2 — B0 o

AN, WK 3 ClO, (n=1,2,3,4) FJHLfif 43
ARTLAE B U550 ok, i A
B AT 5L ClOs il ClO, R, ClO; Y
AR T4 A A R T AT 1) b, 45 7 19

CI(1.677)

O(=0.670) (—0,669) O-0-669)

9

0(-0.703)

Bl 3 7£ BBLYP/6-311+ G(3dD) KT ClO, L4
Fig.3 Charge distribution of ClIO,, at the
B3LYP/6-311 + G(3df) level
3.3 AAFETEMLLE
MFE 4 Al LI Y, 3 B s e A i 48 ) i
AT — 2, BITEIR e AE B AH 3 AG, JER
NI 1>3>2, T AH BRI
BEAR BRSNS AL, NPT A R B A 5 I, AH
N BONE R Gy AT, DAL, DA A 1) A JBE 2% 1 SR
4 BOTHY AR B i BV A P77 i (298 K)
Table 4 Relevant thermodynamic values for the decomposition

reaction of potassium chlorate (at 298 K)

VIS v SN AR

kJ +mol ! 1 2 3
AE 50.62 —189.92 -61.83
AH 50.64 —193.28 —56.05
AG 50.64 —193.28 -51.07
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A theoretical study of the thermal decomposition mechanism
of potassium chlorate

ZHANG Feng WANG Peillan

(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The mechanisms of the thermal decomposition reactions of potassium chlorate have been studied by us-
ing density functional theory (DFT) at the B3LYP/6-311 + G(3df) level of the Gaussian 03 package. The ge-
ometries of all the species were optimized, and the thermochemical values and energies were calculated. We con-
clude that the special properties of the lone pair of electrons and (d-p) = coordinate covalent bond existing in
potassium chlorate cause its structure to be very unstable. When potassium chlorate absorbs heat, the diffusion
speed and the vibration amplitude of the crystal increase, which causes the CI=>0 bonds in ClO; to break and
reconstruct, and the stable ClO, is subsequently formed. After all the potassium chlorate has been transformed
into potassium perchlorate, the decomposition of potassium perchlorate occurs, with release of all the oxygen.
These conclusions are in good agreement with the corresponding experimental data.

Key words: potassium chlorate; thermal decomposition; reaction mechanism; quantum chemistry calculation;

density functional theory



