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Abstract

Thermal decomposition was conducted 1o investigate the influence of the various factors on stability
of a new insecticide, [0, O-Diethyl O-(1-phenyl-3-trifluoromethyl-5-pyrazoyl) thiophosphoric acid
ester . KH-502], in view of those informations applicable for industrial exploitation. In the thermal de-
composition experiment, KH-502 was, after mixing with Fe, Cu and adjustment of moisture and pH con-
ditions, subjected to three temperatures, 25, 50, and 100°C. Results for stability, and degradation pattern
of KH-502 from the above experiment can be summarized as follows:

1. Main products of the thermal decomposition when this was conducted in the closed system were
identified as following five compounds:O, O, O-Triethylthiophosphoric acid(TEPA), 1-Phenyl-3-
trifluoromethyl-5-ethoxypyrazole(PTMEP), 1-Phenyl-2-ethyl-3-trifluoromethyl-5-hydroxypyrazole
(PETMHP), O, O-Diethyl O-(1-phenyl-3-trifluoromethyl-5-pyrazoyl)phosphoric acid ester(KH-502
oxo form), O, S-Diethyl O-(1-phenyl-3-trifluoromethyl-5-pyrazoyl)phospho rothiolate(S-ethyl KH-
502). However, compounds such as oxo form and S-ethyl KH-502 were not identified when the ther-
mal decomposition was proceeded in the open system.

2. KH-502 was stable at 25 and 50°C, but it was decomposed at 100°C following the first-order kinet-
ics at the early stages of decomposition.

3. Rate constants for the thermal decomposition of KH-502 at 100°C were in the orders of Cu powder
addition 0.344>Cu plate addition 0.21>moisture addition 0.05>closed system=open system =iron
addition =pH 5.5 adjustment 0.04>pH 8.5 adjustment 0.027 day~’, representing KH-502 was decom-
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posed fast at Cu powder treatment and slow at pH 8.5 adjustment.

4. Half-life for the thermal decomposition of KH-502 at 100C was in the orders of Cu powder
addition 2.02<Cu plate addition 3.3<moisture addition 14.5<open system 16.3=pH 5.5 adjustment
16.3<iron addition 17.3=closed system 17.3<pH 8.5 adjustment 25.9 days.

5. KH-502 was converted into S-ethyl isomer and oxo form due to oxidation of P=S bond at the early
stage of the thermal decomposition, and those intermediates were decomposed to PTMEP, PETMHP,

and TEPA compounds continuously by cleavage of the molecular structure with time.
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(3) F3X : CuHF3iN.O;PS

(4) &F& : 38033

(5) ik & :1.2692g/cm*(10C, 99.5%)

(6) Zkif% : 0.8+£0.12ppm©®

(7) % %% E 8 (=FE) | Gardner Nod

(8) # 1% :LDs: #£nN(mouse) 3 186mg/Kg,
2 115mg/Kg®

2. 3 F&

(1) Gas chromatography 2] &4
Column : 25m, ID 0.2mm, Packing : Shimadzu
CBP5
Detector : FID, Detector temp. : 250°C, Injec-
tor temp. : 250C
Column temp. : 60—220C, 1: 2min., R.: 10
‘C/min., E. : 12min.
Carrier gas : He 1.0ml/min,, H, 0.5 Kg/cm?,
Air 0.5Kg/cm?
Chart speed . 5mm/min., Atten. : 2

(2) G.C-MS9 %%
Column : 6 0 —2207C, Separator : 250C, Ion
source : 250C
Ion source energy : 70eV., Vacuum IG : <3.
0x107% PGI : <3.0x107*
Solvent cut time : 3.0min,, Column : 25mxID
0.2mm., Shimadzu CBP5

3. KH-502 3 HmEM BAE

1) KH-502, TEPA, PTMEP, PETMHP %@
PTMHP
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ez, FEsHch

2) KH-502 oxo%!, S-ethyl KH-502 ¥ RH4E
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Figure 1 : Typical gas chromatogram of by-products derived from the thermal degradation of KH-502
at 100°C

Table 1: Summary of identified and unknown by-products of KH-502 in the thermal degradation and
photolysis, using GC and GC-Mass spectroscopy

Pezk No. LD. IUPAC Name

1 TEPA 0, O, O-Triethylphosphoric acid

2 PTMEP 1-Phenyl-3-trifluoromethyl-5-ethoxypyrazole

3 PETMHP 1-Phenyl-2-ethyl-3-trifluoromethyl-5-hydroxypyrazole

4 KH-502-oxo form 0, O-Diethyl O- (1 -phenyl-3-trifluoromethyl -5 -pyrazoyl)
phosphoric acid ester

5 S-Ethyl KH-502 0, S-Diethyl O- (1 -phenyl -3 -trifluoromethyl -5~ pyrazoyl)
phosphorothiolate

6 KH-502 0, O-Diethyl O- (1 -phenyl-3-trifluoromethyl - 5 -pyrazoyl)
thiophosphoric acid ester

Table 2 : Percentage of the unchaged KH-502 in the thermal degradation at 25, 50°C under various ex-
perimental conditions

nditions Unchanged KH-502(5)
Days| Temp. C.S. 0.S. M.A.C. | LA.C P1.C. P2.C. |C.PL.C. |C.P2.C.
0 25T 98.41+0.01%198.41+0.01 (98.411:0.01{98.41 +-0.01198.41+0.01|98.41 +0.01 |98.41 +:0.01 {98.41 +-0.01
50C 98.41+0.01{98.41+0.0198.41+0.01{98.41+0.01 |98.41+0.0198.41 +0.01 |98.41 +0.01 |98.414-0.01
25C 99.004+0.04199.21 £0.13 197,67 £0.07 [98.90+0.01 {99.22 +0.17 |98.59 £0.09 (98.97 +:0.06 |98.59 + 0.49
> 50C 99.0240.11199.054+0.03 [99.04 £0.11 {99.514+0.05 {98.92+0.01|198.92 +0.03 |98.72 £0.06 {98.92 +0.23
25C 08.904+0.02 {98.014:0.06 98.93 £0.07 |98.66 ££0.01 {99.07 +£0.01|99.01 £0.01 {98.94 +-0.07 [98.01 +-0.01
10 50C 98.94+0.05]99.24+0.0199.11 +£0.14{99.04 +0.03 {98.78 £1.21 [98.93 £ 0.09 [98.97 +:0.09 [98.73 £ 0.35
15 25°C  198.77+£0.01{99.2940.09 [98.96 £:1.21|98.98+0.01 {99.05+0.01 |99.03+£0.01 {99.04 +:0.04 {98.03 +:0.01
50C 98.7540.0298.874-0.08 |98.534+0.01 (98.96 +0.04 198.69 +0.04 {98.44 +0.01 {97.994+0.01 (98.94 +0.71
35 25T 98.95+0.06 {98.67+0.0199.00£0.41 {98.954+0.51{99.00£0.01 98.95 +0.02]98.904:0.07 [98.95+1.02
50C 99.0542.11)99.43+1.92199.05+0.04[99.02+0.0199.07 £0.21 |99:03 +0.88 96.64 +£1.88 98.03 £ 0.88

a Each value is a mean and one standard deviation of triplicate analysis
C.S. : Closed system I.A.C. : Iron addition, C. S. C.P1.C : Cu powder addition, C. S.
0.S. ! Open system P1. C. : pH 5.5 contro], C. S. C.P2.C. : Cu plate addition, C. S.
M.A.C. : Moisture addition(0.2%), C. S. P2.C.: pH 8.5 control. C. S. :
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analysis system)e] 2]§ LSD(0.05) ZAAAA =
= ulg} o] Al7be] wW& KH-502¢) 47 &<
Aot 109 olFRE: 2 EEEHIA
eldol iTH(Table 3, 4). X% 0.2% %
15U ol% FAG ¥als Bed o &
A HRmES okaEErl FEdE
Gamrath™ 59 B a9l dAsts A8 2y
£ REEF pH 852 WEsIAE Wt ke g
A& B2AEd o]& diazinono] pH 8.5~904
FEREDE B A vjsd Aoz alkaliygd gl
M FETE BRTH(Table 3). el AoMAe K
Tiolu} RE VMM BF FRT B & A
£ BYEd, BREY Ao pEEY S we
7]] SEA7e RS BT (Table 4). ol&
Yamauchi!” %] malathione] g¥-8A] el #
7E7 dvt B P A% SRS 1Y AN
AL EERoIRN oo, KH-502% FEEE 5185
olng ANl 2 powderdo] B} & B FI}

g & = ox
odr Ho rp

Yamauchi5-¢] #-& malathiono] A 7}3te] #4-
B AEE S o B Ay §#
%= Bl 43 At

& olx]x|

1) Kinetics
(D First order kinetics
B iRA] BlEs FAFo] first order kineticsol]
#whsts AE FESY] Yty olded B Hig
KeV os] EMLH4A In(% unchanged KH-

502) =kt& AT 17~24).
2 de/dt=—~k[c]---ceeeeeeneee First order kinetics
dc —
—="k-dt [ ] =k [dt
o 2hA] In[JC]a—InECJ‘,: —ki
LS e
. In—[c—]o— kt (3)

[cJi=Concentration at time t
[cJo=Initial concentration
k=Rate constant(time™)
t="Time(days)

g uEa 3

= gge

o2 BEEAD @ &hot ool o)
A3 glled

Shis

R

o] gt

4 (3)9 In(% unchanged KH-502)& A]7}

Table 3 : Percentage of the unchanged KH-502 in the thermal degradation at 100°C under the various
experimental conditions

conditions Unchanged KH-502(%)
Days C.S. 0.S. M. A.C. LA.C Pl1.C. P2.C.
0 98.41+0.01° 98.41+0.01 98.41+0.01 98.41+£0.01 98.41+0.01 98.41+0.01
93.35+0.21 97.87 +0.48 95.35+0.14 96.90+0.86 96.29+0.52 96.29+0.29
10 84.17+0.04 | 89.12+0.45 | 88.12+2.47 | 83.59+8.70 | 80.20+557 | 87.71+0.01
15 58.924+2.25 76.364+0.93 46.01+11.6 64.69+12.8 51.83+0.53 75.134+4.16
20 45.68+7.05 38.66+4.07 9.57+2.07 44.284+3.85 33.83+0.97 57.301+2.78
35 0.66+0.01 - 0.38+0.07 0.264+0.01 0.31+0.01 0.584-0.04
1LSD#
8.61 5.54 15.20 18.94 7.09 5.32
(0.05)
§F § : :
108.18*+* 300.47** 99.57** 22.75%+* 246.33%%+ 157.74%**
Value

a Each value is a mean and one standard deviation of triplicate analysis

# Least significant difference at p<0.05

F Value from the analysis of variance(ANOVA),

*E¥

significatn at p<{0.01
C.S. : Closed system
0. S. . Open system

M. A. C. : Moisture addition (0.2%), Closed system

L A.C. :Iron addition, Closed system
P1.C. : pH 5.5 control, Closed system
P2.C. :pH 8.5 control, Closed system
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Table 4 : Percentage of the unchanged KH-502 in the
dif-ferent kinds of copper addition

thermal degradation at 100°C as affected by the

Conditiors Unchanged KH-502(5)
Days Copper powder addition Copper plate addition

0 98.41+0.01* 98.41+0.01
1 86.97 £2.91 93.84£0.03
1.5 68.03+3.48 89.64 £1.07
2 48.17 £2.63 81.99£0.57
2.5 21.79+5.28 67.0040.26
3 14.16+1.94 58.85+5.15
3.5 49.26+1.72

LSD(0.05) # 8.69 4.76

F-Value § 205.89*** 187.31**+*

a Each value is a mean and one standard deviation of triplicate analysis

# Least significant difference at p<0.05
§ F Value from the analysis of variance (ANO
*** significant at p<<0.01

4117 In Y=471-004t r=-0.96***

4] 18 In Y=4.77—-0.043t r=-—0.86**

4] 18 In Y=4.74-0.051 r=-0.96*

4 20 In Y=4.73-0.04t r=-0.95***

421 In Y=471-0.041 r=-0.92***

422 In Y=4.68-0.027t r=-—0.942*** P2.C. at
4 23 In Y=4.69-0.344t r=-0.93** C.Pl.Cat
21 24 In Y=473—-0.21t r=—0.945***

(days) o 2 [mfFdiR-E XS o Efel oz
21 (3)9] r(correlation coefficient) gtel S-2jA4 o)
AL Hes 2AZ 3 first order kineticsE #
EF (4 17~24).

& REE7 ¢ FAAU0A pEeE vHoH
Z+ A Fel A 15~20971A] & first order kinetics
of wisith I 4%, 15~209 oj%2] SHFEIES
A2 32 B35 2oy first order kinetics
of e} RaEs HES 2R EFELE
BEES o g =28 0.2% Hnd AgT
E In Y=-0.23t+4+7.19(r=—0.996***)3} 8
* BEEYE In Y=-1.22t+6.27(r=—0.986**)&
H first order kineticso] w2 fHm-S< 2o

£ BRERE AL Ri&Ese AR 2871 3
Rout e Fte EEEAMNE H#E7T 7w
2A dolxt&& k(rate constant) @3} il
HiwelA & 4 AATH Table 5).

VA),

C. S. at 100°C,*** significant at P<{0.01

0. S. at 100°C,** significant at P<0.05
M. A. C at 100°C,* significant at P<0.10

1. A. C at 100°C,*** significant at P<0.01

P1. C at 100°C,*** significant at P<<0.01

100°C,*** significant at P<0.01
100°C,*** significant at P<0.05

C. P2. C at 100°C,*** significant at P<{0.01

FEAR, FBGR, #5m, pH 5.5 AgTdxe v

Table 5 : Comparisons of rate constants(k) of
the first-order kinetics and half-life
for the thermal degradation of KH-502
under the various experimental condi-

tions

{at 100TC)

Conditions k |Half-life, days
Closed system(C. S) 0.04 17.3
Open system(Q. S.) 0.04 16.3
Moisture addition(M. A. C.)}0.05 14.5
Iron addition(I. A. C.) 0.04 17.3
pH 5.5 control(P1. C.) 0.04 16.3
pH 8.5 control(P2. C.) 0.027 25.9
Cu powder addition(C. P1. C.) [0.344 2.0
Cu plate addition(C. P2. C.){0.21 3.3
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Figure 2 : Change of the peak area(%) for the KH-502(Peek 6) and the thermal by-products(Peak 1~5)

at 100°C as a function of time(days)
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Figure 3 : Proposed pathway of KH-502 decomposition by the thermal degradation at 100°C under the vari-
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