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Abstract— Environmental organic chemicals disappear by means of transport and mixing phenomena and alterations of
the structure of a compound. The transport phenomena can be represented by partition coefficient. In this work, the air/water
partition coefficient(K,,) was measured by using our own modified EPICS(equilibrium partitioning in closed system) method.
The accuracy and reproducibility of this method were reliable since measured data were agreed well with the literature values
within 1% average deviation for n-alkanes. The K., and Henry's law constants for n-alkenes, aromatic and chiorinated com-
pounds were measured. The relationships between K., and molar volume, vapor pressure and water solubility were also
analysed. The K,, was linearly proportional to molar volume and inversely proportional to vapor pressure and water solubil-
ity except chlorinated benzene compounds. The chlorinated benzene compounds didn't show the consistent tendency for
molar volume, vapor pressure and water solubility. It may be caused from the difference of intermolecular force. The K., was
changed by difference of molecular structure. The weaker the bond energy of chemicals, the larger the K., of chemicals.
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Fig. 1. Schematic diagram of experimental setup and details of bubble
column.
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Table 1. Effect of flow rate of air on K, at 25 °C

Flow rate  Time Flow rate Time

Compound 1 min ) i) " (ulmin ) (min) K
p-Xylene 103 20 18922 320 20 04235
30 1.5270 30 04052
40 1.0240 40 03627
60 07230 60 03010
9  0.5682 9 02822
110 03027 110 0.2816
150 02816
200 20 03735 503 20 0.679%
30 0.3055 30 0.5823
40 02818 40 03994
60 02817 60 03134
9 02817 9 02952
110 02816 110 02817
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Table 2. Effect of volume ratio of water in two bubble columns I A eI o)9) e Atz e B Agubye) AskA
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Table 4. The K,, and Henry's constant(H) for aromatic & chlorinated compounds at 25 °C

Molar volume H

Compounds (cm’® - mol ™) Ko logK... logH kPa - m® - mol '

Aromatic compound
Benzene' 89.41 0.2345 -0.6299 0.5806 -0.2361
Toluene’ 106.85 0.2721 -0.5653 0.6748 -0.1708
p-Xylene’ 123.93 0.2818 -0.5500 0.6991 -0.1554
Ethylbenzene® 140.4 0.3277 -0.4845 0.9432 -0.0254
n-Butylbenzene’ 184.8 0.5485 - 0.2608 1.3578 0.1328
n-Pentylbenzene® 207 0.6568 -0.1825 1.6282 0.2117
Chlorobenzene’ 102.24 0.2175 ~0.6625 0.5370 -0.2700
o-Dichlorobenzene® 113.05 0.0874 —1.0582 0.2127 —-0.6722
1,2,4-Trichlorobenzene’ 125.1 0.1513 -0.8202 0.3752 -0.4257
1,2,3,4-Tetrachlorobenzene '’ 127 0.1165 -0.9336 0.2890 -0.5391

Chlorinated compound
Dichloromethane" 64.1 0.0985 - 1.0066 0.2441 -0.6124
Trichloromethane™ 90.67 0.1496 - 0.8250 0.3708 ~0.4308
Tetrachloromethane" 97.09 1.0540 0.0228 2.6120 0.4170
cis-Dichloroethylene'* 75.1 02721 -0.5652 0.6745 -0.1710
trans-Dichloroethylene'® 76.6 0.2561 -0.5916 0.6348 -0.1973
Trichloroethylene'® 90.01 0.4256 -0.3710 1.0550 0.0233
Tetrachloroethylene'’ 102.71 0.7582 -0.1202 1.8794 0.2740
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Fig. 2. K,,, values for alkyl benzene at 25 °C.
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Fig. 3. A comparison of K, for benzene, p-xylene and ethylbenzene.
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Fig. 4. K,,, values for chlorinated compounds at 25 °C.
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Fig. 5. Henry's constants vs. vapor pressure for aromatic and chlori-
nated compounds at 25 °C.
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Fig. 6. Henry's constants vs. solubility for aromatic and chlorinated
compounds at 25 °C.

Table 5. K,, and Henry's constant(H) for n-alkanes & n-alkenes at

25°C
Molar H logH
Compounds volume Ko logK,,,
(cm®-mol Y kPa-m’ mol '
n-Alkane

66.0846  1.8201
89.0841  1.9498
120.1987  2.0799
185.4385  2.2682

163.8118 2.2143
220.8251 2.3441
2979508 2.4742
459.6685  2.6625

n-Hexane 86.17
n-Heptane 100.21
n-Octane 114.23
n-Nonane 128.26
n-Alkene

n-Hexene 1332
n-Heptene 141.89
n-Octene 177.6

40.0639  1.6027
45.1231 1.6544
86.4302  1.9367

16.1640  1.2086
18.2036  1.2602
348660  1.5424
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Fig. 7. K,,, values for n-alkane & n-alkene at 25 °C.
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Fig. 8. Henry's constants vs. vapor pressure for n-alkane at 25 °C.
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30 T T : T r T . T Table 6. Antoine constants for used chemicals
| ® BT.X Compounds A B C
B n-alkane n-Hexane 6.91058 1189.640 226.280
25 A nalkene j n-Heptane 6.89386 1264.370 216.640
—— — ] n-Octane 6.93142 1358.800 209.855
201 - | ] n-Nonane* 9.05365 2523.800 273.150
P - .- Benzene 6.87987 1196.760 219.161
3 — PR Toluene 6.95087 1342.310 219.187
’g 151 - AT . p-Xylene 6.99053 1453.430 215310
- Ao A- Ethylbenzene 6.96580 1429.550 213.767
- Butylbenzene 7.72519 2087.680 253.789
1o T Chlorobenzene 7.17294 1549.200 229.260
Dichloromethane* 7.06159 1126.530 229.690
05l | Trichloromethane 6.95465 1170.966 226.232
Tetrachloromethane 6.84083 1177.910 220.576
—————&—— & cis-Dichloroethylene*  7.17535 1293.950 240.740
0.0 : : . 1 . 1 4 i L trans-Dichloroethylene*  6.80817 1059.930 222.320
5 6 7 & .0 10 Trichloroethylene 6.51827 1018.603 192731
molar volume(cm’mol”) Tetrachloroethylenc 7.62930 1803.960 259.976
Fig. 10. K, vs. carbon number of chemicals. ref. 14, *: ref. 15
Table 7. Comparison of H and logK,, for organic compounds at 25 °C
Mw P C, H logKs,
Compounds cal. €xp. cal. exp.
g - mol kPa g -m’ kPa - m’ - mol™’
Aromatic compound
Benzene 78.11 12.6837 1789.40 0.5537 0.5806 -0.6510 —-0.6299
Toluene 9213 3.7906 518.09 0.6731 0.6748 -0.5662 ~0.5653
p-Xylene 106.17 1.1676 180.30 0.6875 0.6991 -0.5570 —0.5500
Ethylbenzene 106.2 1.2690 168.32 0.8006 0.9432 -0.4908 ~0.4845
n-Butylbenzene 134.2 0.2300 23.01 1.3414 1.3578 - 0.2666 -0.2608
Chlorobenzene 112.56 1.6027 502.79 0.3588 0.5370 -0.8394 -0.6625
o-Chlorobenzene 147 0.1976 249.64 0.1164 02127 -1.3283 -1.0582
Chlorinated compound
Dichloromethane 84.93 57.9887 19456.34 0.2531 0.2441 -0.9910 - 1.0066
Trichloromethane 119.38 26.2211 7707.82 0.4061 0.3708 -0.7856 -0.8250
Tetrachloromethane 153.82 14.7641 970.54 2.3399 2.6120 -0.0250 0.0228
cis-Dichloroethylene 96.94 26.9782 3500 0.7472 0.6745 -0.5208 -0.5652
trans-Dichloroethylene 96.94 44.4020 6300 0.6832 0.6348 -0.5597 -0.5916
Trichioroethylene 131.39 9.2236 1198.29 1.0113 1.0550 -0.3894 -0.3710
Tetrachloroethylene 165.83 2.6546 151.24 2.9106 1.8794 0.0697 -0.1202
n-Alkane
n-Hexane 86.17 20.0058 12.75 135.2078 163.8118 1.7368 1.8201
n-Heptane 100.21 6.1137 3.10 197.6303 220.8251 1.9016 1.9498
n-Octane 114.23 1.8647 0.72 295.8398 297.9508 2.0768 2.0799
n-Nonane 128.26 0.5127 0.15 442.2405 459.6685 2.2514 2.2682
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A, B, C : Antoine constant

C : concentration of solute in i phase

C : solubility in water

f, : fugacity in i phase

H : Henry's constant

H, : dimensionless Henry's constant

n : total amount of solute

Mw : molecular weight

P : total pressure

P; : saturated vapor pressure of component i

p: : partial pressure of component i

R : gas constant

T : absolute temperature

\"2 : volume of i phase

v; : molar volume of chemical in i phase

X; : liquid phase mole fraction of the component i
y: : vapor phase mole fraction of the component i
az2jolA Xt

Y : activity coefficient of component i

o; : fugacity coefficient of component i
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