
WATER SOLUBILITY

TEST SUBSTANCE

Identity:N-methylperfluorooctanesulfonamidoethanol;may alsobe
referredtoas N-MEFOSE Alcohol,FC-790, or FM-3925. (1-
Octanesulfonamide,N-methyl-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
heptadecafluoro-N-(2-hydroxyethyl)-,CAS # 24448-09-7)

'Remarks: Materialisan off-white,waxy solid.Sample was takenfrom
3M lotnumber 505. Purityinformationwas not recorded.

METHOD:

Method followed: The Veith-Comstock technique,G. D. Veithand V.
M. Comstock, J.FishRes. Board Can.,32,1849
(1975)

GLP: No
Year study was performed: 1979

RESULTS:

Value (mg/L) at18 + 1OC: 0.82

Remarks: Initialvaluesforsaturatedsolutionsresultingfrom circulating
the system for24 hours indicateda solubilityofapproximately2.3 mg/L. It
was suspectedthatthisnumber was inaccurateas itwas considerably
higherthan thesolubilityofthe closelyrelatedmaterial,N-ETFOSE
.alcohol.Since it'sknown thatwater-solubleimpuritiesand some
homologues are p@eferentiallysolubilizedby thistechnique,the saturated
waterwas replacedwithfreshwaterand was allowedtorecirculatefor5
hours. Replicatesolubilityvaluesofthe recirculatedsolutionthen
indicateda solubilityof0.82ppm.

CONCLUSIONS:

The testsubstance isrelativelyinsolubleinwater.

DATA QUALITY:

Reliability:Klimischranking= 3. Thisstudy does notmeet criteriafor
qualitytesting.Thisstudylackssufficientcharacterizationofthe test
substance purity.The propertiesofthe testwaterwere notnoted.
Additionally,thesecond circulationoffreshwaterforonly5 hourswithout
any samplingduringthattimeperiodorforextended timesisinadequate
to definitivelyconcludethatthe solubilityis0.82ppm. Althoughsolubility



-apparentlyplateauedbetween 4 and 6 hours initiallyinthefirst24 hour
cycle,itdoesn'tfollowthatthe same effectwilloccurinthe absence of
impuritiesorhomologues. Additionally,therewas no identificationofthe
homologues orimpuritiesinthe sample. Theirpresenceisassumed, thus
theyare onlypossiblyinterferingwiththesolubilizationof N-methylFOSE
alcohol.The extractionefficiencywithethylacetatewas not
characterized.The analyticalmethod was notvalidated.Electroncapture
detectorisnotanalytespecifictothetargetanalyte(FM-3925),therefore
peak used forquantitationmay not be targetanalyte.

REFERENCES:

Thisstudywas conducted by the3M Company, Environmental
Laboratory,1979.
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Submifter: 3M Company, EnvironmentalLaboratory,P.O.Box 33331,
St.Paul,Minnesota,55133
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Solubility Studies

(Veith Technique)
The solubility of FM 3925 was determined by a method
in which water was recirculated from a reservoir through

a column containing glass beads coated with FM-3925.

Analysis of water samples showed that the FM 3925

concentration reached a plateau of \,2.3 mg/l at 4 to

6 tiours. Since water soluble impurities and more
soluble chemical homologs are preferentially solubilized

by this teefinique, the saturated water was replaced with
fresh water. The second sequential circulation of water

gave an FM 3925 solubility of 0.82 mg/l. This solubility

value is considered more realistic.

:
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Introduction

FM 3925, based on its structural similarity to FM 3422, may
reasonably be expected to possess similar physicochemical
characteristics. -The latter compound is minimally water
soluble (0.05 ppm) and lipophilic.

Techniques have been developed for determining the solubilities
of so-called hydrophobic materials while at the same time
providing saturated solutions for exposure to aquatic organisms.

The data in this report reflects the results of studies; wherein,
a modification of the Veith-Comstook technique has been used in
determining the water solubility of FM 3925 (1).

Methods

The method and apparatus used in determining water solubility was
modeled after that of Veith and Comstock (1). In brief, water in
a reservoir is continuously saturated with

'
the chemical by cir-

culating the water through a bed of an inert substrate impregnated
with the chemical under investigation.

Water solubility studies were carried out at 18+ 10C. in a dark
temperature-controlled chamber. 200 mg FM 3925 was dissolved in
reagent-grade acetone. This solution was then added to 2 mm solid
glass beads and allowed to evaporate off in room air. The coated
glass beads were then packed into a glass column fitted on each
end with rubber stoppers containing suitable glass-@to-tubing
connectors (2). (Attachment 1, Environmental Laboratory Protocol.)

One hundred (100) ml water samples were withdrawn at 1, 2,.4, 6,
8, and 24 hours after beginning the experiment. At 24 hours
fresh water was added to the system and following 5 hours recir-
culation, replicate samples were withdrawn for analysis. All
water flowed were retrograde: from bottom to top of column.

Samples were analyzed using the following methodology: Hewlett-
Pgckard Model 5713 gas chromatograph with electron capture using
6 Ni as the source. Columns 61 x 1/81'O.D. SS, packed with 10%
Carbowax 20M

0
on Chromosorb W-AW 60/80 mesh.

0 Temperatures -
0Detector 300 C., Injection temperature 200 C., Oven - 180 c

Isothermal; flow: 40 cc/min. 95% Argon/5% Methane. Absolute
lower detection limit - 0.5 nanograms.

Results and Discussion

Water solubilities of FM 3925 as a function of exposure time com
prise TABLE 1. Chromatographic traces, 10 ppm std., 6, 8, and
24 hours, of these results are appended as Attachment 2. The
replicated values are in good agreement,,
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TABLE 1

WATER SOLUBILITY OF FM 3925 - VEITH TECHNIQUE

Sample Time, Hrs. ppm FM 3925

1 1.72, 1.82
2 1.90, 1.87
4 2.10, 2.17
6 2.33, 2.30
8 2.34, 2.35

24 2.17, 2.14

When fresh water was added to the system and allowed to
recirculate for five hours, replicate solubility values of
0.82, 0.82 ppm were obtained (Attachment 3).

The variability in solubilities obtained during the 24-hour
run versus that obtained after the addition of fresh water
may be'explained by the presence of trace impurities in the
24-hour run samples. It is known that when testing materials
of,inherently low solubilities, it is possible that the trace
impurities may be more soluble than the material under study.
The recirculated water will then tend to solubilize the
impurities, hence higher analytical values. Upon the addition
of fresh water to the system and in the probable absence of
trace impurities, a more realistic water solubility value of
0.82 ppm FM 3925 was recorded.

all
References:

(1) Veith, G. D. and V. M. Comstock. Apparatus for Continuously
Saturating Water with Hydrophobic Organic Chemicals.
J. Fish Res. Board Can.-32:1849-1851, 1975.

(2) Environmental"Laboratory Water Solubility Protocol.
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Attachments: 1, 2, 3



Attacliment 1 AM 1/8/79

3M ENVIftONMENTAL LABORATORY PETOTOCOL FOR THE
DETERMINATION OF WATER SOLUBILITY

Discussion:

A true solution may be defined as a "physically homogeneous
mixture of two or more substances" (1). In a true solution
(particle dia ter of less than 1 um), no heterogeneity can
be detected and solutes cannot be separated from each other
by mechanical means. In general, most organic compounds are
not soluble in water and many tend to form colloids. In
colloidal dispersions (particle diameters between 1 nm and
lum),the particles may not be readily discernible, but they
will scatter light (Tyndall effect) and can be separated by
physical means.

A saturated solution in water is defined as one in which no
more solute will dissolve at a given temperkture, or the
chemical potential of the undissolved solute equals the
chemical potential of the dissolved solute.

'The principal method for determining the solubility of a
chemical at saturation is to analyze the solution by some
suitable physical or chemical method. No single method is
available to cover the entire range of solubilities in water
from relatively soluble organic chemicals to very insoluble
chemicals. Therefore, several methods can be used to cover
the range of solubilities. The method and apparatus chosen
was modeled after that of Veith and Comstock (2). Briefly,
water in a reservoir is continuously saturated with the
chemical by circulating the water through a bed of an inert
substrate impregnated with the chemical under investigation.
Experiments are carried out in duplicate.

For very hydrophobic chemicals which form colloids, concentra-
tion time studies are conducted to ensure that true saturated
equilibrium solubility has been reached as evidenced by a
plateau in such studies.

The apparatus for these solubility determinations is housed in
a temperature-controlled walk-ino environmental room whose
constant temperature (usually 18 C)is kept below that of room
temperature to prevent hydrophobic compounds from precipitating,
congealing, or otherwise coming out of solution once it is
transferred from this environmental room to the laboratory for
further analyses. The possibility of such an event happening
would be more likely if the room temperature is below that of
the environmental chamber.
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TI,C OF Biodegrada .it)n Studic-s on P-.:tdiotetive r-C-95. and
FM 3422 (47703; 6-14, 21, 25-27, -35; 39-43, 46)

Details of the bic)degradation studies on labeled FC-95, FC-143,
FNI3422, and controls are described in E. A. Reiner's report (14).
In the present woi,k, the nineteen samples each fi-omsludge, water,
and ethyl acetate extracts generated from biodegradation studies
were applied directly to plates (20x2O cm, E. Herclt GF 254 silica
g(al). The plates were developed in ethyl acetate then examined
first by ultraviolet light (long and short wavelength) and then by
autoradiography. The plates were exposed to Kodak x-ray film for
one week, and the film was then developed and examined. Comparison
with control sampl(@s indicated no significant di.frerences.

In a second part or this experiment, a portion of the ethyl acetate
extract from the v;irious samples was methylated wi.th diazometh.-Ine
to convert any nonvolatile components to GC volatile species. Both
the unmethylated ind methylated samples were then analyzed by gas
chromatography. No differences were noted between these and control
samples. GC conditions are detailed in Notebook 47703-43.

Determination of tiieSolubility of iZ-Methyl FOSE Alcohol FM 3925
-1-8; 4626 - - 4

About 20 g of FM 3925 Lot 505 was melted (steam bitth) to obtain a
homogeneous sampl(,. The cooled, solid material, 200 mg, was dis-
solved in about 20U ml of reagent grade acetone, and this solution
was added to pre(tl(,,iiic-d2 mm diamc,t:(-r-,olid glass head.,@,containe(i
in a beaker. BeU(i.-iWL'L*Cpi*t--e.lt@ant-dsut-.ecssivt!.Lywitli llci)Lane,
chloroform, acetoil(@,water, methanol, and then a4@rdried. The
FM 3925 coated gl;iss beads were placed in a glass coluwn (350xl8 mm)
and supported by wool (preti-eated with

R
Gla-;Lz-eat The end

rubber -,toppers wt-i*(?connected to li(?v-],iii(@V tul)iiigtiidL peristaltic
pump was used to t-ircu.Latedeionizt!d water thrc)ugliLlic(;c)lumn. The
entire setup was (-t)nductedin thg dark in t temperature-controlled
wLLik-in environm@iilttl i-uuiii(18+1( Lt) Llic.,-,L:Li*Lol* Lhi:.-i
experiment, water was pumped for 5 hours through the setup, and
this water was di.-icarded. The purpose of this was to remove any
impurities that wt)uldbe as soluble as, or more soluble than,
FM 3925. Fresh w:ilerwas ther.plteed into the system and at intervals
(see Table 3), 100 ml (volumetric pipel) t)rwater was withdrawn from
the main 2-liter storage chaml-er. Each or the 100 ml samples was
quantitatively tr;tiisferredto '.tsl-liaratoryfunnel, and 10 ml of
saturated aqueous sodium chlo;-ide was added followed by 15 ml or
ethyl acetate. Tli(@mixture wt--;extracted and the separated organic
pliase was quantit:tlively tran.,-@rerredtu a 10-ml volumetric flask.
TtiL@aqueous phase wis reextra(-.Ledwith 4 ml of ethyl acetate, ,tnd
the organic phase was added tc, thL@10-ml volumetric flask whose
volume was finall.@-brought to the mark with ethyl acetate. An
aliquot was used it)rgas chrc.)mLLtographyusing an electron clpture
detector and a six-rt)ot (1-8 nictei'-,)column of Carbowax CW20M
run at 180-. The i-L,,.iultsire rep(irted in Table 3.
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Table 3

Su'lubility of FM 3925 in Water

Time of Watc-r Circulation (hrs.) FM 3925 (ppm)

1 1.72; 1.82
2 1.90; 1.87
4 2.10; 2.17
6 2.33; 2.30
8 2.34; 2.35

24 2.17; 2.14

Avg. (Hrs. 4-24) 2.3 ppm

The solubility of I'M3925 is forty-six times that of FM 3422.
Ttic r(!tention tiitw-()I'I-M3925 is (-.Iosc)to Lli:ttol' I-M3122, tncl
the gas chromatogi,,Lphicpattei-ns (see Figure 2 in reference 1)
are essentially tlit@same.
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