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Fig. 1. TGA/DSC thermogram of lambda-cyhalothrin. The upper panel is the TGA thermo-

gram, with y-axis values denoting weight percentage and x-axis values denoting

temperature in degrees Celsius. The lower panel is the DSC thermogram, with y-axis

values denoting heat flow in W/g and x-axis values denoting temperature in degrees

Celsius. For the DSC heat flow curve, a downward peak indicates an endothermic

reaction, and an upward peak indicates an exothermic reaction.
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Lt UmE R/ 3760 Latlimit  276.24 °C
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Fig. 2. TGA/DSC thermogram of thiamethoxam. The upper panel is the TGA thermogram,

with y-axis values denoting weight percentage and x-axis values denoting tempera-
ture in degrees Celsius. The lower panel is the DSC thermogram, with y-axis values
denoting heat flow in W/g and x-axis values denoting temperature in degrees
Celsius. For the DSC heat flow curve, a downward peak indicates an endothermic

reaction, and an upward peak indicates an exothermic reaction.
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98 Sample Weight
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20180213 guanidine nitrate-1, 5.4260 mg
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% e NEZ DSC BlFE ' Y #EZR (W/g) » RIETTZWEL (endothermic) »
RIEF LRWEL (exothermic) °

Fig. 3. TGA/DSC thermogram of guanidine nitrate. The upper panel is the TGA thermo-
gram, with y-axis values denoting the weight percentage and x-axis values denoting
temperature in degrees Celsius. The lower panel is the DSC thermogram, with y-axis
values denoting heat flow in W/g and x-axis values denoting temperature in degrees
Celsius. For the DSC heat flow curve, a downward peak indicates an endothermic

reaction, whereas an upward peak indicates an exothermic reaction.
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Table 1. Vapor pressure determination results for benzoic acid at 25°C

Replicate Equation™® Linearity Testing temg crature range Vapor pressure (Pa)
(R?) ©
y =-4610.0x + 14.526 0.9970 50~110 0.1157
2 y =-4616.4x + 14.563 0.9998 60~110 0.1200
3 y =-4603.3x + 14.532 0.9970 50~110 0.1239

. . . 1
* y=logPr, Pt is the vapor pressure of the testing material at temperature T (K) ; X=0-

F T ~ BHEL$Z (ammonium nitrate) 25°C FER B =B E DL

Table 2. Vapor pressure determination results for ammonium nitrate at 25°C

Testing temperature range

Replicate Equation Linearity Vapor pressure (Pa) b

©)
1 y =-5326.2x +14.265 R*=0.9993 100~160 2.52% 10"
2 y=-5007.9x +13.318  R?>=0.9988 130~160 3.32x10*
3 y=-5002.9x + 13.464  R>=0.9960 110~160 4.84 x 10

Y The vapor pressure of ammonium nitrate is 5.98 X 10 Pa at 25°C (By Jimmie Oxley, James L.
Smith, Joe Brady, Sweta Naik in University of Rhode Island).
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AWFELL TGA FAREELRHGK 8 i 2 » TGA RFif 24 HE 1458 (B B 1 7% 5@ iR
FEEFRENARE (Rh)  HRIHEE MW TEAHT SR T 2B EB LR
B RN EE R HE PPDB fT#i 2 2%  (weight loss at defined isothermal tempera-

AR BUREMEST HEMEERNE - 5 tures) » HEEENKREIN] 52X BB
}= - BRE (lambda-cyhalothrin) 25°C FREB=FE/ITHESR

Table 3. Vapor pressure determination results for lambda-cyhalothrin at 25°C

Testing temperature range

Replicate Equation Linearity (C) Vapor pressure (Pa)
1 y =-5876.6x + 14.570 R?=0.9958 140~180 7.24 x10°
2 y=-5772.2x + 14.299 R?=0.9976 140~180 8.69 x 10°
3 y =-5874.1x + 14.515 R2=0.9902 140~180 6.50 x 107

Y The vapor pressure of lambda-cyhalothrin is 2 x 10”7 Pa (PPDB).

]I ~ FHEEAN (guanidine nitrate) 25C FRRB=F[EDIITE R

Table 4. Vapor pressure determination results for guanidine nitrate at 25°C

Testing temperature range

Replicate Equation Linearity Vapor pressure (Pa)

(C)
1 y =-16285x + 33.180 R>=0.9934 220~250 3.63 x 107
2 y = -16402x + 33.852 R?=0.9966 220~245 6.90 x 107
3 y =-17020x + 35.062 R>=0.9988 220~245 9.49 x 107

Y The vapor pressure of guanidine nitrate is 2.66 X 10"® Pa at 25°C (By Jimmie Oxley, James L.
Smith, Joe Brady, Sweta Naik in University of Rhode Island).

®"E -~ AHFRFAIL 8 BRERKLAKENE PPDB &2 LE&
Table 5. Comparison of measured vapor pressure values and vapor pressure values recorded in
the PPDB

Vapor pressure (Pa)

Pesticide (purity, %)

Value measured in this study PPDB value"

lambda-cyhalothrin (98) (7.48+1.11) x 10°° 2% 107
thiamethoxam (98) (3.78+3.49) x 10” 6.6 x 10"
dinotefuran (96) 1.08 x 10° 1.7 10°
deltamethrin (98) 249 x 10° 124 x 10"
methomyl (98) 1.19 x 107 7.2 x%10*
imidacloprid (97) 772 % 107" 4x10"
azoxystrobin (95) 8.60 x 107 1.1x10™"
difenoconazole (95) (3.42+0.89) x 107 333 x10*

Y PPDB: Pesticide properties database.
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Thermogravimetry to the Determination of

Pesticide Vapor Pressure

Jen-Wen Lin'"

Abstract

Lin, J. W. 2019. Application of isothermal thermogravimetry to the determination of pesticide
vapor pressure. Taiwan Pestic. Sci. 6: 37-47.

Vapor pressure is one of the physicochemical data requirements that must be
submitted for pesticide registration. However, the traditional saturated vapor pressure
method is time-consuming. By contrast, the effusion method, which uses a thermo-
gravimetric analyzer (TGA), can determine pesticide vapor pressure over a shorter period
of time. This study applied a rapid and accurate thermogravimetric method to measure and
verify the vapor pressures of eight pesticides. The vapor pressure values of all the tested
pesticides except imidacloprid were highly consistent with vapor pressure values listed in
the Pesticide Property Database (PPDB). (For imidacloprid, we recorded a vapor pressure
of 7.72 x10™" Pa at 25T , which is lower than the 4x10™"° Pa value recorded for
imidacloprid in the PPDB.) Our results reveal that the thermogravimetric method not only
preempts the need for tedious quantitative analysis procedures, but can also calculate vapor
pressures for other temperatures, which the traditional gas saturation method is unable to
do. In conclusion, the isothermal thermogravimetry effusion method has a number of
advantages for the determination of vapor pressure, including good speed, reduced labor

requirements, lower cost, and easy set up.

Key words: vapor pressure, thermogravimetric analysis, volatilization rate, melting

point, thermal stability
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