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Measurement of Absolute O, '/A Concentration

Using Improved Infrared Radiation-Calorimetry Method *

Deng Liezheng ~ Shi Wenbo  Wang Xiangdan ~ Yang Heping  Qu Lishen  Sha Guohe ™
State Key Laboratory of Molecular Reaction Dynamics Dalian Institute of
Chemical Physics Chinese Academy of Sciences Dalian 116023

Abstract The absolute O, 'A  concentration measurement performed for a singlet oxygen generator SOG by
using the infrared radiation-calorimetry method is reported with a detailed discussion of its principle and related
technique. The influence of O, 'A  gas temperature variation is considered and the corresponding correction has
been made which is neglected by the previous researchers and may cause a significant error in the case of measure-
ment for the large O, 'A  flowrate. Furthermore an automatically balanced Wheatstone bridge circuit which is
necessary for O, 'A  detection on the SOG of short operation period is designed and tested by measuring the heat
capacity of oxygen. The final error analyses give out a total relative error of +16% for the O, 'A  concentration
which mainly arises from the measurements of infrared radiation pressure and temperature at the optical cell.
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Fig. 1  Circuit diagram of automatically balanced Wheatstone bridge
The unit of resistance and capacitance is ) and wWF respectively if without special notation.
(D Regulating auto-transformer (2) Isolation transformer (@ Rectifier filter circuit (@ Wheatstone bridge
R, denotes the resistance of calorimeter R, is a resistor for measuring the current and R, a slide-wire rheostat

( Differential operational amplifier circuit (6 Comparison operation circuit (7) Power supply circuit.
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1
Table 1  Calibration for coefficients of infrared radiation detection
Fey/ P,/ P,/ K,/ K,'/
No. I,/A I/A Ry/Q 1,/C 1,/C T,/K T,/K S,/uV S,/pV
mmol/s 133.3 Pa 133.3 Pa ;,LVm3/mole MVm3/mole
01 273 1.29 0.92 16.65 -6 16 14.0 13.0 424 373 542 10.4 3.0x107% 2.6x107%
02 2.65 1.31 0.91 16.65 11 37 14.5 14.0 441 394 5.76 11.2 2.8x1072 2.5x10°2
03 2.61 1.32 0.92 16.66 10 33 14.4 14.3 430 393 5.54 10.6 2.6x10°% 2.4x10°2
04 248 1.22 0.78 16.65 13 46 13.5 13.6 435 397 6.31 11.2  2.7x107% 2.6x107%
I, ty are the average values of phase I see Fig.4 [, ¢, P, S, T, of phase Ill R, of phase I and III
P, S, T,ofphase V. K,' is the uncorrected value for temperature variation 1. e. t, =ty T, =T, while K,’ is the value
affter correction for temperature variation.
2 0, 'A
Table 2 Measurement results of O, 'A  concentration
NO. Fe,/ mmol/s P /133.3 Pa T/K S/wVv 0, 'A / mole/m®  P,/133.3 Pa X,/%
05 3.33 16.6 367 15.0 6.0 x10% 2.3 14
06 3.28 16.5 366 14.8 5.9 x10% 2.2 13
07 3.24 16.6 370 14.8 5.9 x10% 2.3 14
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Table 3 Relative errors for K’
Fe, Iy I, R, Ly t, P, T, T, S, S, Total
0.1% 1.1% 2.0% 0.2% 0.1% 0.3% 2.0% 1.5% 1.3% 2.1% 2.3% 14%
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