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Determination of 1-Octanol/Water Partition Coefficients by Using Shake Flask Method
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Abstract— The 1-octanol/water partition coefficient(K..,) is used to estimate the chemical's fate and the behavior of chem-
icals against the organization. We want to determine the K, by using shake flask(SF) method. Firstly we established the re-
quiring time for preparing of saturated solution and for partitioning equilibrium in the SF method with tert-butanol. The ac-
curacy and reproducibility of this SF method was reliable since the average deviation was less than 5% between measured
K.. values of alcohols(C,-C;) and the reported values. The K, for some chlorinated and aromatic compounds were measured.
The K.. of these organic chemicals were linearly proportional to their molar volumes and the relationship of K.. and water
solubilities can be expressed by a first order linear equation.
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Fig. 1. Schematic diagram of the shake flask measuring system.
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Table 1. Densities and wt% of the pure components with literature

values
3 o,
Chemicals plg/em) at 25 € wt%
Present study Lit. value
1-Octanol 0.82161 0.82170° 99.83
Methanol 0.78645 0.78637" 99.92
Ethanol 0.78503 0.78500° 99.98
1-Propanol 0.79948 0.79957 99.96
2-Propanol 0.78101 0.78082° 99.83
1-Butanol 0.80584 0.80600¢ 99.87
2-Butanol 0.80246 0.80260" 99 86
tert-Butanol 0.78086 0.78086" 99.99
1-Pentanol 0.81162 0.81150° 99 88
2-Pentanol 0.80174 0.80178° 9083
1-Hexanol 0.81872 (.81874" 99.92
1-Heptanol 0.81534 0.81536" 99.90
Ccql, 1.58439 1.5843¢/ 99.94
CHCl, 1.49843 1.49850/ 99.82
CH.Cl, 1.32548 1.32550¢ 99 82
Benzene 0.87416 0.87420° 99.82
Toluene (1.86283 0.86270° 99.88
p-Xylene .85659 0.85660° 99.95

a: ref. 20, b: ref. 21, c: ref. 22, d: ref. 23, e: ref. 24, f: ref. 25, g: ref. 26.

Table 2. Analytical conditions of gas chromatography for measuring
of concentration

Column FFAP(polyethylene glycol; Hewlett Packard)
25mx0.2mx0.3um

Detector Thermal conductivity detector

Carrier gas He(99.9995 %)

Injection port temp. 200°C

Detector temp. 250°C

Oven temp. Initial value 70 °C(3 min)
Rate 40 °C/min
Final value 190 °C(2 min)
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Fig. 2. The effect of time on dissolution of water in 1-octanol and 1-
octanol in water at 25 °C.
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Fig. 4. Comparison of experimental K, with reference values for
alcohols(C,-C;) at 25 °C(Arabic numerals refer to chemicals

i s).
Table 3. Comparison of experimental K, data with the reported in Table 5)
data
Solute 108K oy 1ogkK,...," Deviation(%)" Table 4. K,,, of the C,-C, alcohols at 20 °C
Methanol ~-0.77 -0.74 3.90 Solute Molar volume Concentration K logK,
Ethanol -0.29 ~0.30 345 (cm/mol) Cae/h) el R
- 2
1;“’*’““‘;‘ 0.31 0.30 *;Z Ethanol 5860 187877 90939 04840 03151
1- ““‘“Ol ”'fg 0‘24 :' 1-Propanol 7514 142992 89863 15912 02017
U phiano 150 o o 1-Butanol 9197 101529 648065 63831  0.8050
I-Hexanol -1 203 Py I-Pentanol  108.63 24692 672457 27.2333 14351
!-Heptanol =73 =62 4'[:- 1-Hexanol 125.23 0.6226  70.6990 1135587  2.0552
2-Propanol 0.12 0.12 0.00 1-Heptanol 14135 01976 964288 487.8823  2.68%3
2-Butanol (.68 0.65 4.41
2-Pentanol 1.26 1.25 0.79
logKk —logK 4
a: ref. 18, b: [Tog e B e ! x 100 10 LIS I S R R A I S
logk, ... E
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Table §. K,,, of the C,-C, alcohols, chlorinated compounds and aro-
matic compounds at 25 °C
Molar Concentration
No. Solute volume K.. logK,,.
(cm3/mol) Cw(g/l) Cu(g/[)
n-Alcohol
1 Methanol 40.73  13.7807 2.3315 0.1692 -0.7716
2 Ethanol 58.69  12.6435 6.4639 05112 -0.2914
3 1-Propanol 75.14 107071 21.8994 2.0453 0.3108
4 1-Butanol 91.97 55371 424812 7.6720 (.8849
5 1-Pentanol 108.63  2.1542 68.4404 31.7706 1.5020
6 1-Hexanol 12523  0.5868 75.8204 129.2081 2.1113
7 1-Heptanol 141.35  0.1637 87.4579 534.1576 2.7277
iso-Alcohol
8 2-Propanol 76.92  7.4698 23.2277 1.3296 0.1237
9  2-Butanol 92.35 6.7483  32.0797 4.7537 0.6770
10 2-Pentanol 108.85  7.0341 127.2833 18.0952 1.2576
Chlorinated compound
11 CH.ClL, 64.10  4.8397 99.7714  20.6153 1.3142
12 CHCL, 90.67 1.2377 136.5369 110.3167 2.0426
13 CQl, 97.09 02419 265.2021 1096.5348 3.0400
Aromatic compound
14 Benzene 89.41 0.3386 66.3526 195.9824 2.2922
15 Toluene 106.85 03014 1602298 531.6184 2.7256
16 p-Xylene 123.93  0.1829 251.7756 1376.5754 3.1388
5
10 — T T T T T T T T
. E A aromatic compound
10 { @ chlorinated compound
E ® n-alcohol
10° v iso—alcohol 1: 1
10° | E
] E E
vt o ]
10' E 3
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molar volume (cms/mol)
Fig. 6. K., vs. molar volume for each chemicals at 25 ‘C(Arabic
numerals refer to chemicals in Table 5).
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Fig. 7. logK,, vs. logC,’ for chlorinated and aromatic compounds at
25 ‘C(Arabic numerals refer to chemicals in Table 5).

Table 6. Saturated concentration of each solute in water and the re-
lationships between logK,, and logC,’ for chlorinated and
aromatic compounds at 25 °C

‘e logK,,.=a logC,'+b
Solte €S logK,, N LogK. =2 logC. +b
(g/h correlation coeff. a b
Chlorinated compound
CH,Cl, 1.2908  1.3142 0.9920 -1.2878  3.0616
CHCI, 0.8870  2.0426
Ccql, 0.0129 3.0400
Aromatic compound
Benzene 0.2506  2.2922 0.9984 0.8333 25012
Toluene -0.2856  2.7256
p-Xylene —-0.7040  3.1388
a: ref. 3.
ter Z3HEAG A7) Slaloli H 6417 o] 4 ARHAIA} 3}
o, FEhgetellfel $s] iz 13412k o] B0k 5
Ledsbgdrt. o] 4 o“’d% 7A537] Sl ZAFE aleohol(C-Cr)8
Koo} £R05ks oF 5% ole] €2 nelozu ¥ AP
AzgE Bl 4 al b o o AU o ashgEat we
2532 Kot T¥olo] we} vE sgeld daHow 37}
Sl AeE wslow, Zagmsle] 13 4BAE thest et
A 43S logK,, =-12878logC, +3.0616
u}8FE513HE- ¢ logK,, =—0.883310gC, +2.5012

z Al

2 A7 fRAE AT Q@AM 961-1109-053-2)0] o
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AIZI|E

: slope of first order equation
s intercept of first order equation

: integration constant

oo

: concentration of solute in i phase
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C. :saturated concentration of solute in water phase
f; : fugacity in i phase
g : partial molar excess Gibbs free energy
K : partition coefficient
K,. :1l-octanol/water partition coefficient
R : universal gas constant
r : correlation coefficient
T : absolute temperature
V, : molar volume of solute in i phase
a2j0la 2t
Y. s activity coefficient in i phase
p : density
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