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EPICS(eqilibrium partitioning in closed system)oll 2j3}o] F7duj i<l airwater ) Al5(K,.) S 24 skdch EP
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Abstract— Air/water partition coefficients(K.,) as environmental parameter were measured by EPICS(equilibrium parti-
tioning in closed system) method. K., of some n-alkanes were measured to test EPICS method. The accuracy and repro-
ducibility of this method were reliable, since experimental values were agreed very well with literature values. Then, we
measured K,, and Henry's law constants of some organic compounds which are widely used in the field of chemical in-
dustry and MTBE and TAME which are recently used as an octane booster for unleaded or low leaded gasoline. The re-
lationship between K., and vapor pressure and water solubility was analysed. The measured K., was linearly proportional
to molar volume and temperature, and inversely proportional to water solubility and vapor pressure except substituted ben-
zene. Henry's constants are increased with the temperature.
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Table 1. Antoine constants for used chemicals

Chemicals A B C

n-hexane 6.91058 1189.640 226.280
n-heptane 6.89386 1264.370 216.640
n-octane 6.93142 1358.800 209.855
n-nonane* 9.05365 2523.800 273.150
benzene 6.87987 1196.760 219.161
toluene 6.95087 1342.310 219.187
p-xylene 6.99053 1453.430 215.310
chlorobenzene 7.17294 1549.200 229.260
dichloromethane* 7.06159 1126.530 229.690
trichloromethane 6.95465 1170.966 226.232
tetrachloromethane 6.84083 1177.910 220.576
cis-dichloroethylene* 7.17535 1293.950 240.740
trans-dichloroethylene*  6.80817 1059.930 222.320
trichloroethylene 6.51827 1018.603 192.731
tetrachloroethylene 7.62930 1803.960 259.976
MTBE 7.12997 1265.404 242517
TAME 6.85141 1208.390 217.907

ref. 16, *ref. 17.
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Table 2. Comparison of measured K,, by EPICS method with liter-

ature values at 25 °C
Literature value
Chemicals Exp. value
) lit. 1 lit. 2

n-hexane 1.7391 1.8362 1.7515
n-heptane 1.8692 1.9675 1.9115
n-octane 2.0815 2.0829 2.0815
n-nonane 2.3281 2.3047 23132

lit. 1:ref. 3, lit. 2 :ref. 4.
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Table 3. Calculated and experimental Henry's constants and K,, for organic compounds at 25 °C

vk x|

A - Fado}

M, P C. H log K.,
Compounds - mol"! \Pa e kPa-m’ - mol™"
& & (cal) (exp.) (cal) (exp.)

Aromatic compound

benzene 78.11 12.6837 1789.40 0.5537 0.6360 -0.6510 -0.5980

toluene 92.13 3.7906 518.09 0.6731 0.7444 -0.5662 —-0.5224

p-xylene 106.17 1.1676 180.30 0.6875 0.9516 -0.5570 -0.4158
Substituted benzene

chlorobenzene 112.56 1.6027 502.79 0.3588 0.5500 —-0.8394 -0.6539

o-dichlorobenzene 147.00 0.1976 249.64 0.1164 0.2125 -1.3283 - 1.0669
C, chlorinated compound

dichloromethane 84.93 57.9887 19456.34 0.2531 0.2405 -0.9910 -1.0131

trichloromethane 119.38 26.2211 7707.82 0.4061 0.3817 —-0.7856 -0.8125

tetrachloromethane 153.82 14.7641 970.54 2.3399 2.6375 -0.0250 -0.0269
C, chlorinated compound

cis-dichloroethylene 96.94 26.9782 3500.00 0.7472 0.7612 —-0.5208 -0.5219

trans-dichloroethylene 96.94 44.4020 6300.00 0.6832 0.6691 —-0.5597 —-0.5688

trichloroethylene 131.39 9.2236 1198.29 1.0113 1.1440 -0.3894 -0.3358

tetrachloroethylene 165.83 2.6545 151.24 2.9106 2.0670 - 0.0697 -0.0789

Fo) W2 o Xl & 4= glct. upelr], B AgEo g o2 fr]s)
&9 K& EAF}A o] & Henry A2 $H4}s}o] Table 30 e}
Wglel. 39, Henry Abie 313HE9] Balel, 315719 o=l 2
Hgsi =2 Re & (5)F ol&3le AT 4 glot. Altell Hag
312719 Antoiner]-g- o] §-3l] A4 15 o] 83K e, 2
Fedlee THAE AMSHET 7 e BAXE o] 43le
AAbE Henry 3472} K, & 94| Table 3o vteliglew, Alakx] o}
AA e vy £ #AAE e, ol Henry A5 Al4bst
= A3 ookt Bl A F33e FAgA D G
Aol 23k F2AQl 24} 71"l AZ4E ) 7t s§HEe] &
A3 %2} Henry A= 28] 31 K08 ARFAE 29 A 594
w2t = FoVske 43S Jeldic}. 2]y dichloroethylene®] 73
foll= F2A]] Aol & U3t cisP Rl trans¥ o] EH-F7T 47t
g% ST Homry 459} Kot 2 gh& Lhehiiet. o) 7
ZA Q1 Apo| = FullAlrt Henry Adpol] B2 38-g w3 & 98-8
RolFc) G43RHE) ulekES1gMEol| 4] logK,, = tetrachloromethane
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E v ___ _C1 chlorinated compound E
+ S C2 chlorinated compound
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103 ! I i \
40 60 80 100 120 140

molar volume (cm3 mol)

Fig. 1. K., vs. molar volume for organic compounds at 25 °C.
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Zo] Zyl3l= AL ¥g 01} benzene X F A= 137} Z7}8}
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t}. ¢37]A1 chlorobenzene®] benzeneol] ¥]3) 497} A%t K7t
A3k o6 FFA 2 2 benzened] -H7| ¥l -CI7|1 2 x8==
Ae] F&24 71957} 27| wFol| T4 FAIgle] A& 3he v
= AL E AZtE| ozl

Henry 4= 2o e 438 wlonzg 258 WsiAy|q
Henry A<=2] W3}-5 Z443}led Table 49 elligich. =& 338
AA xof wde} Frlsle Ae vylon 7 31382 Fig.2,3

Table 4. Temperature dependence of Henry's constants for organic

compounds
Henry's constants(kPa - m’ - mol ')
Compounds
15°C 25°C 35°C

Aromatic compound

benzene 0.4882 0.6360 1.0315

toluene 0.5066 0.7444 1.2260

p-xylene 0.7197 0.9516 1.4925
Substituted benzene

chlorobenzene 0.4093 0.5500 0.6043

o-dichlorobenzene 0.1201 0.2125 0.3199
C, chlorinated compound

dichloromethane 0.1507 0.2405 0.3298

trichloromethane 0.2674 0.3817 0.5700

tetrachloromethane 1.8411 2.6375 3.3224
C, chiorinated compound

cis-dichloroethylene 0.5561 0.7612 1.1167

trans-dichloroethylene 0.2473 0.6691 0.9998

trichloroethylene 0.7375 1.1440 1.6739

tetrachloroethylene 1.0335 2.0670 2.6527
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Fig. 2. Temperature dependence of Henry's constants for aromatic
and substituted benzene compounds.
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Fig. 3. Temperature dependence of Henry's constants for C, and C,
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Fig. 4. Relationship between K, and vapor pressure at 25 °C.
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Fig. 5. Relationship between K,, and solubility at 25 °C.

Fig. 59l 8=} K., 9] BAS vehigic). o] A3o)A = ben-
zene X B = ohE SPE-ET W2 Fobsks A ge Mgl
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F3he Aol vlEste ol 5 A% LTI} Zo)sr] dEol B4
odlAe] AE-E & 5 & Henry A9} K, & 24 s}0d A) A5}

Table 5. Properties of MTBE and TAME at 25 °C

MTBE TAME

Molecular weight g - mol 88.15 102.18
Molar volume cm’®- mol™! 119.04 132.70

Vapor pressure kPa 33.4722 10.0370

Solubility g - m™® 48000.00 8354.78

Henry's constant kPa - m® - mol™’ 0.0615 0.1228
(calculated)

Henry's constant kPa - m® - mol ! 0.0429 0.1428

log K,, -1.7625 -1.2397

log K., 1.1173 1.7007
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ALE7|Z
A, B, C : Antoine constant
f, : fugacity in i phase
H : Henry's constant
H, : dimensionless Henry's constant
K.. : air/water partition coefficient
n : total amount of solute
M, : molecular weight
P : total pressure
P; : saturated vapor pressure of component i
pi : partial pressure of component i
R : gas constant
T : absolute temperature
Vv, : molar volume in i phase
v : volume in i phase
X; : liquid phase mole fraction of the component i
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y: : vapor phase mole fraction of the component i

J2]0jA 2Kt
Y : activity coefficient of component i
o, : fugacity coefficient of component i
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