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Partition Coefficient (n-octanolwater), High Performanceliquid
Chromatography (HPLC) Method

Introduction

1. Thepartition coefficient (P) is defined as the ratio of thaldmjium concentrations of
a dissolved substance in a two-phase system consisting lafgely imniscible solvents. In
the case of natanoland vater,

The partition coefficientbeing the quiient of two concentraties, is diransionlessand is
usually given in the form dfs logarithm tdbase ten.

2. P,, is a key parameter in studies of #mevironmental fate afhenical substances. A
highly-significant relationship bewenthe R, of substances and their bioacclation infish
has been shown. It hadgsobeen showrthat B, is a usefuparameter in th@rediction of
adsaoption on soikndsedimentandforestablishing quantitatiwtructue-activityrelationships
for a wide range of biological effects.

3. P, values inthe range log & between -2nd 4 can bexperimentally determined by
the Shake-Flask ethod (OECDTest Guidelinel07). B, values in the range log,Pbetween
0 and 6 can bestimated using high performarticgiid chromatgraphy (HPLC) (1) (2) (3) (4).
The HPLC nethod requires a prelimary estination of B,, generally donthrough calclation.
Calculation methodare brieflydiscissed in theAnnex tothis guideline.

4. The eiginal proposal for this guideline wassed on aarticle by C.V. Eadsforth and
P. Moser (1)The development of the guideliard an OECIinter-laboratory comparison test
were coordinated by the Uraltbundesamt of the Federal Réfia of Germany durind.986

(5).

Principle of the method

5. HPLC is performed oanalftical columnspacked vth a commercially available solid
phase containing long hydmarbon chains (e.g.;0Cg) chemically bound ontsilica.
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Chemicals injected onto such a column move along ipaitioning between the rbile
solvent phase and the hydrocarbtationary phase. The chdoals are retained in progimn
to their hydrocarbon-watgrartition coefficient, with water-sdble chencals eluted first and
oil-soluble cheritals lastThis enables theslaticnship between thetention time on areverse-
phase column anthe n-octanol/watgartition coefficient to bestablishedThe partition
coefficient is dedeed from the capacitiactor k,given by the expression

IR -,
t

o

k

where, tR is theetention time othe test substancand § is the dead-time, i.e. the average
time a solvent mecule needs to pass the column.aQtitative analytical methodsare not
requiredand onlythe deterimation of retention times isecessary. If standard reference
compounds are available and standard experimenigitions are sed, the HLPC gthod can
be performed fastdhan the Shake-Flasketod.

6. The HPLC rathodenablespartition coefficients to be estated in the log £ range
between Gand 6. The ethod is not applicable &irongacidsand bases, etal complexes,
substances which react with theegly or surface-active agents. Measurements should be made
on ionisable substances in theinfonised from (free acid or free base) only by using an
appropriate buffer with a pH beldte pK for a free acid or above the pK for a free base (e.g.
phosphoric acid for pH = and 0.01 - 0.02 M phosphateffbu for pH = 7.5).

7. The HPLC rathod is less sensitive tile presence of impties inthe test dustance

than the Shake-Flaslethod. Nevertheless, in sooaeses impiities can make thanterpretation

of the results difficult due tongertainly in peak assignments. Foxtores which result in an
unrestved band, upper and lower lis of log P should be stated (3).

Information on the teg substance

8. Thestructwal formula and the dissiation castant should be known before using the
method. Information on sdbility and hydrolgis characteristics is useful.

Repeaability and accuacy

9. In order to increase the confidence in the measurement, duplicataraddtens must
be made. Thealues of log B, derived from the different measurements shéalldvithin a
range of +/- 0.1 lognits.

10. Theinter-laboratory comparison telsas showtthat with the HPLC mthod log B,

valuescan be obtained toithin +/- 0.5 units othe Shake-Flask values (5). Other pamisons
can be found in théerature (3) (4) (6) (7) (8). Correlatigmaphs based astructually related
reference compous give the mostccurate results (9).
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Refernce compounds

11. In order to correlate the meemsii capacityactor k of a compound with its,p a
calibrationgraph using deast 6 points has to be established. It is up togleta select the
appropriate reference compuis. It is preferablthat these should Is¢éructually related to the
test substanc&Vhenever pssible, at least one reference compound shaud a B, above
that of the test &istance, and another g Below that of the test substance. For IggvBlues
below 4, the calibratiooan be based on datastained by the Shake Flaslethod. For log B
values above 4hecalibrationcan be based diterature values ithey carespond to calculated
values.

12. Extensivdists of log B, values for many groups ohenicals are available (10) (11).

If data on the partition coefficients of struetlly related compounds are not available, a more
general calibration, established with other reference cordppmay be used. Recommended
reference compowls andheir R, valuesare listed inrable 1. For ionisable substances the
valueggivenapply tahe na-ionised formThevalues vere checked fgslausibility and quality
during theinter-laboratory comparison test.

De<ription of the method

Preliminary estimate of the partition codfi cient

13. Thepartition coefficient ofthe test substance is estimapeeferably by using a
calcdation methodsee Annex), or where appropriate, by using#ti® ofthe solubilities of
the test substance in the pure solvents (12).

Table 1: Recommended Reference Compounds

Reference substance log P, pKa
2-Butanone 0,3

4-Acetylpyridine 05

Aniline 0,9

Acetanilide 1,0

Benzil alcohol 11

4-Methoxyphenol 13 pKa = 10,26
Phenoxyacetic acid 14 pKa = 3,12
Phenol 15 pKa = 9,92
2,4-Dinitrophenol 15 pKa = 3,96
Benzonitrile 1.6

Phenylacetonitrile 1,6

4-Methylbenzyl alcohol 1,6

Acetophenone 17

2-Nitrophenol 1,8 pKa = 7,17
3-Nitrobenzoic acid 18 pKa = 3,47
4-Chloranline 1,8 pKa = 4,15
Nitrobenzene 19

Cinnamic alcohol 1,9

Benzoic acid 19 pKa = 4,19

p-Cresol 19 pKa = 10,17
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Table 1: Recommended Reference Compounds

(Continued)

Reference substance log P,, pKa
Cinnamic acid 21 pKa = 3,89 cis
4,44 trans
Anisole 2,1
Methyl benzoate 2,1
Benzene 2,1
3-Methylbenzoic acid 24 pKa = 4,27
4-Chlorophenol 24 pKa=9,1
Trichloroethene 24
Atrazine 2,6
Ethyl benzoate 2,6
2,6-Dichlorobenzonitrile 2,6
3-Chlorobenzoic acid 2,7 pKa = 3,82
Toluene 2,7
1-Naphthol 2,7 pKa = 9,34
2,3-Dichloroaniine 2.8
Chlorobenzene 2,8
Allyl phenyl ether 29
Bromobenzene 3,0
Ethylbenzene 3,2
Benzophenone 3,2
4-Phenyl phenol 32 pKa = 9,54
Thymol 33
1,4-Dichlorobenzene 34
Diphenylamine 34 pKa = 0,79
Naphthalene 3,6
Phenylbenzoate 3,6
Isopropylbenzene 3,7
2,4,6-Trichlorophenol 3,7 pKa = 6
Biphenyl 4,0
Benzyl benzoate 4,0
2,4-Dinitro-6 secbutyl phenol 4,1
1,2,4-Trichlorobenzene 4.2
Dodecanoic acid 4.2
Diphenyl ether 42
Phenanthrene 45
n-Butylbenzene 4.6
Fluoranthene 4.7
Dibenzyl 4.8
2,6-Diphenylpyridine 49
Triphenylamine 57
DDT 6,2
Apparatus

14. A liqud-phase chromagpaph,fitted with a pulse-free pumgnd a stable detection
device isrequired.The use of aimjectionvalve withinjection loops is recomemded. The
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presence of polar groupstime statinary phase mageriously inpair the performance of the
HPLC column. Therefe, statioary phases should have a minimal percentagelaf gooups
(13). Commercial imroparticliate reverse-phase packingssadypacked columns can be used.
A guard column may be pitionedbetween thénjection systenandthe analytical column.

Mobile phase

15. HPLC-grade methanol addstilled water are used to prepare the eluting solvemnthw

is degassethefore se. Isocratic elution should be emplby Methanol/aterratios wth a
minimum water content of 25% should sed. Tyically a 3:1 (v/v) methanol-waterixture

is satisfactory for eluting compods \ith a log P of 6 within an hour, at a flow rate of

1 ml/min. For compaods with a log P above 6 it may be necessary to shtbeegiution time

(and those of the reference compounds) by decreasing the polarity of the mobile phase or the
column length.

16. Thetest sbstance and the reference compounds should be soluble in the mobile phase in
sufficient concentration &dlowtheir detectionAdditives may be usedthrthe methanol-water
mixture inexceptional cases only, sirtbey wil change the ppeerties of the column. lihese

cases a separate column of the same type shousg:dhd funethanol-water is not appropriate,
other organic solvent-waterixtures can be used, eaghanol-waterand acetonitrile-water.

17. The pH ofhe eluent igritical for icnisable compauds. It should be ithin the operating
pH range of the column, usualbetween 2and 8. Bifering is recomranded. Care must be
taken to avoidsalt precipitationand columrdeterioration \wich occur with some organic
phase/buffer mtures. HPLC measurements with silica-bastationary phases above pH 8 are
not advisable since the use of an alkaline mqihibsse may cause rapieterioration in the
performance of the column.

Solues

18. The test and reference compounds should be the purest available. Compounds to be used
for test or calibration purges aralissdved in the mobilgphase if pesible.

Ted conditions
19. The terperature during the measurements shouldvagt by morethan +/- 2 K.

Detemination of dead time t,

20. The dead timeg tan be maswed by using unretained organic compounds {leigurea
or formamide). Itcan also bederived from theretention times meased for a set of
approxinately seven mebers of a homologous seri@sg. n-alkyl nethyl ketanes) (14). The
retention timesgt(ns+1) are plotted against (n,), where pis the number of carbon atoms. A
straight line, § (n-+1) = Az(n) + (1-A)t,, is obtained, where A, representingk)/k(n), is
constantThe dead time, is obtained from the intercept (1-Agindthe slope A.



117

page 6

Calibration graph

21. Thenext step is to plot a oelationgraph of log k versus log P for appropriate reference
compounds #h log P valuesear thevalueexpected for the test substanceptactice, from

5 to 10 reference compaisare injected simultaneousihe retention timesire determined,
preferably on arecading integrator linked to thedetection systemThe coespading
logarithms of the capacitiactors, log k, are caltated and plotted as anfction of log P. The
calibration is performed at regular intervals, at lease alaily, s¢hat accountan be taken

of possiblechanges in columperformance.

Detemination of the P _of the teg substance

22. Thetest substance is injected in the smallesintity possibleThe retention time is
determined in duplicateThe partition coefficient ofthe test substance is obtained by
interpdation ofthe calculatedapacityfactor on the calibratiograph. Fovery lowand very
high partition coefficients extrafetion isnecessary. Especially in these castémntion must

be given to the confidence lits ofthe regression line.

Report
23. The folloving should béncluded inthe report:

— testandreference substancesjdtheir puity;

— description of equipmernd @erating caditions: analtical column, gard column,

— mobile phase, means détection, temperaturange, pH;

— elution profiles;

— deadtimeand how it was easued;

— quantities of tesandreferences substancegrodiwced in the column;

— retentiondata anditerature log P values faeference compaouls used imalibration;

— details on fitted regression line (log k versus log P);

— prelinnary estimate of th@artition coefficientandthe nethod sed;and if a caldation
method was sed,its full description including identification tfie data base and detailed
information onthe choice of fragments;

— averageetentiondata andnterpolated log P value fdhe test substance.
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ANNEX

P,._Calculation Methods

Introduction

This annex provides a shantroduction tathe calclation of R,,. For furtherinformation
the reader is referred to textbooks (1) (2).

Calculated values of Pare used for:

— deciding which experimentaktinod to ge: Shake Flaskethod for log B, between-2 and
4 and HPLC rathod for log B, between Gand 6;

— selecting conditions to besed in HPLC (reference compoundstimanol/wateratio);

— checking theplausibility of values btainedthroughexperimental mthods;

— providing an estimate hgnexperimental mthodscannot be applied.

Principle of cdculation methods

Calculation methodare based on thibeoreticafragnmentation othe mdecule into suitable
substructtes for which reliable log,P increments are knowiThe log B, is obtained by
summing the fragment values and theextionterms for intramliecular interactios.Lists of
fragment constants androectionterms are available, [(1) to (6)]. Some are larfyuupdated

3).

Reliability of cdculated values

In general, the reliability of calation methodsdecreases as the complexity of the
compound under study increases. In the case of simp@eutes of low molecular @ight and
with one or two functioal groups, a@eviation of 0.1 to 0.3 log,f units betveen theesults
of the different fragmntation methodandthe measured vaslean be expectedhe nargin
of error will depend on theeliability of the fragment constants used, the abilitsetagnise
intramolecular interactior{e.g. hydrogen bonds) atite correct use of cection terms. In the
case of ionising compounds the change degree of iisation must bakeninto consideration
(20).

Fujita-Hansch 11 - method

The hydrophbic substituent castantyt, originally introduced by Fiita et al. (7) idefined
as:

X = log P, (PhX) - log B, (PhH)
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where PhX is an aromatic derivatigad PhHhe parent compound
[eg."Cl=log R, (CH:CI) - log R, (CH) =2.84 - 2.13 = 0.71]

The 1 - method is prirarily of interest for aromatic compods.t - Values for a large
number of shistittents are available (4) (5).

Rekker method

Using the Rekker athod (8)the log B, value is calculated as:

log P,, = X a, f; + X (interaction terms)
i

where ais the number at which a given fragment is present in thecateand fis the log
P, increment of the fragemt. Theinteraction termsan be expressed as an integrdtipia
of one single constant,{so-called "magic constant"). The fragment constaatgdf G, have
been determined fromliat of 1054 experimental P values of 825 compounds usingltiple
regressiomnalysis (6) (8).The deterrimation ofthe interaction terms is carried out adatg
to set rules (6) (8) (9).

Hansch-Leo method

Using the Hanscland Leo rethod (4),the log B, value is calculated as:

logP,m,:}i:a,f;+§3bjF}

where fis a fragment constant; & correction term (factor), and b the correspading
frequency of occrence. Lists of atomiand grougragmentalvaluesand of carection terms
F, were derived byrial anderror fromexperimental i valles. The coection terméiave been
dividedintoseveral different classes (1) (4). Sofwaaekages have bedavelpedto takento
account all the ruleand carection terms (3).

Combined method

The calcdation of log B, of complex mieculescan be considerably improved, if the
molecule is dissected into larger substructures for which reliable,logaRes are available,
either from tables (3) (4) or by existing measurements. Such fragments (e.g. heterocycles,
anthraquinone, azobenzene) can then be combinéd tve Hanschr values or with Bkker
or Leo fragment constants.

Remarks

i) The calcdation methodsre only applicable to partly or fully ionised compasi when
the necessary oection factorsaare takennto account.
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ii) If the existence of intranmtecular hydrgen bonds can lassured, the aovespmding
correctionterms (approx. +0.6 to +1.0 log,Rinits) must be added (1hdications on the
presence of such bonds can be obtained $temeo mdels or spectroscopic data.

iii) If several tautomeric forms are possible, the most likely form should be used as the basis
of the calclation.

iv) The revisions of lists ofragment constants should be followed carefully.
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