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Water Solubility
INTRODUCTION
1. This guideline is aevised version of theriginal Guideline 105 which was adoptedli®81.

There are ndlifferences of substance between the curvension and thafrom 1981. Mainly the
format haseen changed. The revision was based on the EC methatr®blubility” (1).

INITIAL CONSID ERATIONS

2. The water solubility of a substance can be considerably affected by the presence of
impurities. This guideline@ddresses thdetermination of the solubility in ater of essentially pure
substances which areable in water and not volatile. Before determiniragev slubility, it is useful

to have somepreliminary iformation on the substae, like structuraformula, vapour presse,
dissociation constant and hydrolysis as a function of pH.

3. Two methods, the column elution method andfltagk method which cover respectively
solubilities below and above (/I are desribed in this guideline. A siple preliminary test is also
described. lallows to determine approxaely the appropriate amount of sample to be used in the
final test, as well as the time neaaysto achieveaturation.

DEFINITIONS AND UNITS

4. The water solubility of a substance is th&ugation mass concentration of the substance in
water at a iyen tenperature.

5. Water solubility is expressed in mass of solutevpme of solution. The S| unit is kgim
but g/l is commonly used.

REFERENCE SUBSTANCES

6. Reference substances do neka to be employed when invesatigg a substance.

DESCRIPTION OF THE METHODS

Tedg conditions

7. The test is preferably run at 20 = 0,5 °C. The chosen temperature should be kept constant
in all relevant parts of thequipment.
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Preliminary teg
8. In a stepwisgrocedure, increasingolumes of vater are added abom tenperature to

approximately 0.1 g of the sample (solid substances musgiubeerized) in a 10 ml glass-stoppered
measuringylinder. After each addition of an amount of water, the mixtureakeshfor 10 mintes

and is visually checkefibr any undissolved parts of the sample. If, afiddition of 10 ml of water,
the sample or parts of it remain undissolved, thpeament is contined in a 100 ml mearing
cylinder. Theapproximate dubility is given in Table 1below under that volume ofater in which
complete disglution of the sample occurs. When the solubility is low, a long time may be required
to dissolve a substance and at least 24 hours shouwdtiobe=d. If, after 24 hours, the substance is
still not dissolved, more time (up to 96 hours) shouldabewed or further dilution shuld be
attenpted to asertain whether the column elution methodlask method should be used.

Table 1
ml of water for 0.1 05 1 2 10 100 > 100
0.1 g soluble
approxmate so- | > 1000 | 1000 to 200 | 200 to 100| 100 to 50 50 to 10 10to 1 <1
lubility in g/l
Column elution method
Principle
9. This method is based on the elution of a test substance widr from a mcro-column

which is charged with an inemigport material, previously coated with an excess of the test substance
(2). The water solubility isigen by the mass concentration of tkeate when this hagached a
plateau as a fugtion of time.

Apparatus

10. The apparatus consists of a microcolufFigure 1), maitained at constant tquerature. It
is connecteckither to a recirculating pumfFigure 2) or to develling vessel(Figure 3). The
microcolumn contains an ént support held in place by a snallig of glasswol which also serves
to filter out particles. Possible materials which can be employed for the sappoglass beads,
diatomaceousarth, or other iart materials.

11. The microcolumn shown in fige 1 is suitable for the set-up with recirculating pump. It has
a head pace providing for five bed volumes (discarded at the start of {eriment) and theolume

of five samples (witdrawnfor analysigluring the experiment). Alternatively, the size cameahiced

if water can be added to the systelring the experiment toeplace the initial five bedolumes
removed with impurities. Theolumn is conacted withtubing nade of an iert material to the
recirculating pump, capable of delivering approximately 25 ml/h. The recirculating pump can be, for
example, a peristaltic or mdémrane pump Care must be taken that no contaatiion ard/or adsrption
occurs with the tube material.

12. A schemati@arrangement usinglavelling vessel is shown in figure 3. In this arrangement
the microcolumn is fitted with a one watpgcock. The corgction to the levelling vessel consists
of a ground glass joint and tubingade of an iert material. Thitow ratefrom the Evelling vessel
should beapproximately 25 ml/h.
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Figure 1

Figure 2

Dimensions in mm
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Connection for gound glasgoint

Headspace
Interior 5
Exterior 19
Plug of glass wool
Stopcock
A. Atmospheric
equilibration
B. Flowmeter
C. Microcolumn
D. Thermostatically
controlled circulating
pump
E. Recirculating pump
F. Two-way valve for

sampling
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Figure 3

A - A. Levelling vessel (e.g. 2.5 litres
chemical flask)
. Column
. Fraction accumulator
. Thermostat
Teflon tubing
Ground glass joint
. Water line(between thermostat
/ and column, inner diaater
approximately 8 mm)
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Loading of the support

13. Approximately 600 mg of support material imnderred to a 50 mtound-bottomflask. A
suitable amount of test substance is dissolved in a volakilerd of analytical reagent quality and an
appropriate amount of this solution asided to the support material. Thavent is completely
evaporated, e.g. using a rotary evaporator, as otherwise \aeation of the support will not be
achievedduring the elutiontep because gfartitioning on thewface. The loaded support material
is soaked for two hours iapproximately 5 ml of water and the suspg@n ispoured into the
microcolumn. Alteratively, dry loaded support material may be poured into the water-filled
microcolumn and two houereallowed for equilibrating.

14. The loading of the support material ntaysegproblems, leading to erreous results, e.g. when
the test substance is deposited as an oil. Tpresdems should be examined and the details reported.

Procedure using a ecirculating pump

15. The flow through the column itasted. It isrecommended that dlow rate ofapproxinmately

25 ml/h, corresponding to 10 bedlumesper hour for thecolumn described, be used. lkast the

first five bedvolumesare discarded to remove water solubleumities. Following this, the pump is
allowed to run util equilibrium is establisd, aglefined by five successive samples whose
concentrations do not differ byare than £ 30% in a random fashion. These samples should be
separated from each other by time intervals corresponding to the passatgasftan bedolumes.
Depending on the analytical method used, it may be preferable to establish dretionéme curve

to show that equilibrium is reached.

Procedure using a levelling vessel
16. Successive eluate fractions should be collected amgzan by the chosen method. Fractions

from the mddle eluate range, where the contcationsare constant within £ 30% in at lediste
consecutivdractions,are used taletermine the solubility.
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Notes applicable to both pocedures

17. Double distilled water is the preferretbent. Deionized ater with a resistivity above 10
megohms/cm and a total organic carbon corltetdw 001% can also be used.

18. Under both procedures, ecend run is performed at half the flow rate offihst. If the results
of the two runs are in agement, the test issfactory. If the measured solubility is higher with the
lower flow rate, then the halving of thfeow rate must continue until twaiscessive runs give the
same solubility.

19. Underboth procedures, th&actions sbuld be checked for the presence of colloidal matter by
examination of the Tyaall effect. The presence of particles invalidates the test and the test should
be repeated after ipnovement of the filtering action of the column.

20. The pH of each saste should be measured, preferably by using special indicator strips.
Flask method

Principle

21. The substance (solids must be puleat)zs dissolved in water at a temperature somewhat above
the test temperature. When saturation is achieved, the mixtweolsd and kept at the test
temperature Alternatively, and if it is assed by appropriate sgiing that the aturation equilibrium

is reached, the meaement can bperformed directly at the test temperature. Subselyyuéme mass
concentration of the substance in tagueous aution, which must not contain any undils®d
particles, igdetermined by austable analytical method (3).

Apparatus

22. Following naterial is needed:

normal laboratory glassware andtmsertation;

a device for the atation of solutions uder controlled constant terarature;
if required for emulsions, a cgifuge (preferably thermostatted); and
analyticalequipment.

Procedure

23. The quatity of test substanceegesary to saturate the desiredlume of vater is estimated
from thepreliminary test. About five times traatartity is weighed into each of the glass vessels
fitted with glass stoppers (e.g. tafuge tubes, flasks). Arolume of water, chosen in function of the
analytical method and solubility range, is addeddoch vessel. The vessalg tightly stoppered and
then agitated at 30 °C. A aking or stirringdevice capable obperating at constant temperature
should be used, e.g. magneticrisig in a thermasitted water bath. After orday, one of the vessels
is equilibrated for 24 hours at the test temperature ogttasional siking. The contents of the vessel
are then cenifuged at the test teperature and the condeation of the test substance in tblear
aqueous phase idetermined by austable analytical method. The other two flasks are treated
similarly after initial equilibration at 30 °@r two and three days respectively. If the coneions
measured in at least the two last vessels dalifier by more than 15%, the test is satisfactory. If
the resultdrom vessels 1, 2 and 3 show a tendency ofeiasing values, the whole test should be
repeated using longer equilibration times.
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24. The test can also be performed withpreincubation at 30 °C. lorder to estimate the rate of
establishment of the saturation equilibrium, phea aretaken until the tiring time no longer
influences the concentrations meweesl.

25. The pH of each sagrte should be measured, preferably by using special indicator strips.

Analytical deteminations

26. A substance-specific method is preferred since small amounts of soluble impurittesisan
largeerrors in the measured solubility. Examples of such methods are: gas or liquictcigiaphy,
titration, photonetry, voltanetry.

DATA AND REPORTING

Data
Column elution method

27. For each run, the mewalue and standadtkviationfrom atleastfive consecutive samplégken
from the sturationplateau should be calculated. The mean vahi#ainedfrom two tests with
different flows slould not differ by more than 30%.

Flask method

28. The individual resultBom each of the three flasks, which should not differ lyrerthan 15%,
areaveraged.

Tes Report

Column elution method
29. The test report must include tfoilowing information:

- the results of thereliminary test;

- chemicalidentity and impuritiegpreliminary purification step, if any);

- the concentrations, flowates and pH for each spte;

- the means and standard deviatifnosn atleast five samplefom the aturation plateau
of each run;

- the average of deast two successive runs;

- the temperature of the wateduaring the saturatioprocess;

- the method of analysis;

- the nature of the supportaterial;

- loading of the support material,

- solvent used:;

- evidence of any cheigal instability of the substanaturing the test;

- all information relevant for the interpretation of theules in particular with regard to
impurities and physical state of the substance.

Flask method
30. The test report must include tfilowing information:

- the results of thereliminary test;
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- chemicalidentity and impuritiegpreliminary purification step, if any);

- the individual analyticatleterminations and the averageend more than one value was
determined for eacflask;

- the pH of each sample;

- the average of thealues fordifferentflasks which were in agement;

- the test temperature;

- the analytical method,;

- evidence of any cheigal instability of the substanaiuring the test;

- all information relevant for the interpretation of theules in particular with regard to
impurities and physical state of the substance.
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