
 
 
 
 
 

 
 
 
 

  

      
 

   
 

  

 

  

 

 

 

    
 

    

 

 

   

   

  

      

 

 

 

 

    

      

 

    

   

  

 

  

  

   

333 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

4.1 CHEMICAL IDENTITY 

Information regarding the chemical identity of perfluoroalkyls is located in Table 4-1.  This information 

includes synonyms, chemical formulas and structures, and identification numbers.  The perfluoroalkyls 

discussed in this profile exist as linear and branched isomers depending upon the method of production 

(see Chapter 5) and the reported values for the physical-chemical properties are typically reflective of the 

mixtures rather than a single specific isomer. 

4.2 PHYSICAL AND CHEMICAL PROPERTIES 

Information regarding the physical and chemical properties of perfluoroalkyls is located in Table 4-2. 

Perfluoroalkyl compounds are very stable owing to the strength of the carbon-fluorine bonds, the 

presence of the three electron pairs surrounding each fluorine atom, and the shielding of the carbon atoms 

by the fluorine atoms (3M 1999; Kissa 2001; Schultz et al. 2003). Perfluoroalkyl carboxylates and 

sulfonates are resistant to direct photolysis, reaction with acids, bases, oxidants, and reductants (3M 2000; 

EPA 2008f; OECD 2002, 2006a, 2007; Schultz et al. 2003).  APFO was shown to decompose starting at 

196°C (Krusic 2004) and PFOA was shown to decompose rapidly in the presence of crushed borosilicate 

glass at 307°C (Krusic 2005). 

Perfluoroalkyl carboxylates and sulfonates are made of a long perfluorocarbon tail that is both 

hydrophobic and oleophobic and a charged end that is hydrophilic (3M 1999; de Vos et al. 2008; Kissa 

2001; Schultz et al. 2003). This combination of hydrophobic and oleophobic character makes these 

substances very useful as surfactants.  The ability of these substances to repel oil, fat, and water has 

resulted in their use in surface protectants (Kissa 2001).  Their ability to reduce the surface tension of 

aqueous systems to below 20 mN/m has resulted in their use as wetting agents (Kissa 2001). Based on 

the behavior of some perfluoroalkanes, perfluoroalkyls are expected to form separate layers when mixed 

with hydrocarbons and water; therefore, measurement of the n-octanol water partition coefficient is not 

practical (3M 1999; EPA 2005a). 

With the exception of PFOSA, estimated pKa values for the perfluoroalkyls listed in Table 4-2 range 

from -0.17 to 3.92 (SPARC 2008).  This pKa range indicates that these substances will exist in anion 

form when in contact with water at environmental pH.  An estimated pKa of 6.24 indicates that PFOSA 
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334 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Perfluoroalkyls 

Characteristic Information 
Chemical name 
Synonym(s) 

Registered trade 
name(s) 
Chemical formula 
Chemical structure 

Identification 
numbers: 

CAS registry 
NIOSH RTECS
 

EPA hazardous
 
waste
 

OHM/TADS 
DOT/UN/NA/IMDG 
shipping 
HSDB 
NCI 

Perfluorooctanoic acid 
PFOA; pentadecafluoro­
1-octanoic acid; 
pentadecafluoro-n-octanoic 
acid; 
pentadecaflurooctanoic 
acid; perfluorocaprylic acid; 
perfluoroctanoic acid; 
perfluoroheptanecarboxylic 
acid; octanoic acid, 
2,2,3,3,4,4,5,5,6,6,7,7,8,8, 
8-pentadecafluoro-
No data 

C8HF15O2 
O 

F
F

F OH 
F FF FF FF F
F 


F F

F 

335-67-1 
RH0781000 
No data 

No data 
UN3261 

7137 
No data 

Perfluorobutyric acid 
PFBA; heptafluoro­
1-butanoic acid; 
heptafluorobutanoic acid; 
heptafluorobutyric acid; 
perfluorobutanoic acid; 
perfluorobutyric acid; 
perfluoropropanecarboxylic 
acid 

No data 

C4HF7O2 

O 
F

F OH 
F 

F F 

F 

F 

375-22-4 
ET4025000 
No data 

No data 
No data 

No data 
No data 

Perfluoroheptanoic acid 
PFHpA; perfluoro­
n-heptanoic acid; 
tridecafluoro-1-heptanoic 
acid; heptanoic acid, 
2,2,3,3,4,4,5,5,6,6,7,7, 
7-tridecafluoro-

No data 

C7HF13O2 

O 
F

F
F OH 

F FF FF F
F 

F F
F 

375-85-9 
No data 
No data 

No data 
No data 

No data 
No data 
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335 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Perfluoroalkyls 

Characteristic Information 
Chemical name 
Synonym(s) 

Registered trade 
name(s) 
Chemical formula 
Chemical structure 

Identification 
numbers: 
CAS registry 
NIOSH RTECS
 

EPA hazardous
 
waste
 

OHM/TADS 
DOT/UN/NA/IMDG 
shipping 
HSDB 
NCI 

Perfluorononanoic acid 
PFNA; perfluoro­
n-nonanoic acid; perfluoro­
nonan-1-oic acid; hepta­
decafluoro-nonanoic acid; 
nonanoic acid, 
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9 
,9,9-heptadecafluoro-

No data 

C9HF17O2 

O 
F

F
F OH 

F FF FF FF FF F
F 


F F

F 

375-95-1 
No data 
No data 

No data 
No data 

No data 
No data 

Perfluorodecanoic acid 
PFDA; PFDeA; Ndfda; 
nonadecafluoro-n-decanoic 
acid; nonadecafluoro­
decanoic acid; perfluoro-n­
decanoic acid; decanoic 
acid, 
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9 
,9,10,10,10-nonadeca­
fluoro-
No data 

C10HF19O2 

O 
F

F OH 
F 

F 
FF FF FF FF FF F

F 

F F


F 

335-76-2 
HD9900000 
No data 

No data 
No data 

No data 
No data 

Perfluoroundecanoic acid 
PFUA; perfluoro-n-un­
decanoic acid; henicosa­
fluoroundecanoic acid 

No data 

C11HF21O2 
O 

F
F OH 

F 
F 

FF FF FF FF FF FF F
F 


F F

F 

2058-94-8 
No data 
No data 

No data 
No data 

No data 
No data 
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336 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Perfluoroalkyls 

Characteristic Information 
Chemical name 

Synonym(s) 

Registered trade 
name(s) 
Chemical formula 
Chemical structure 

Identification 
numbers: 

CAS registry 
NIOSH RTECS
 

EPA hazardous
 
waste
 

OHM/TADS 
DOT/UN/NA/IMDG 
shipping 
HSDB 
NCI 

Perfluorododecanoic acid 

PFDoA; tricosafluoro­
dodecanoic acid; 
dodecanoic acid, 
2,2,3,3,4,4,5,5,6,6,7,7,8, 
8,9,9,10,10,11,11,12,12, 
12-tricosafluoro-

No data 

C12HF23O2 
O 

F
F OH 

F 
F 

FF FF FF FF FF F
 
F
 

F F
F

F 

F F


F 

307-55-1 
No data 
No data 

No data 
No data 

No data 
No data 

Perfluorooctane sulfonic 
acid 
PFOS; 1-perfluoro­
octanesulfonic acid; 
heptadecafluoro-1-octane­
sulfonic acid; heptadecaf­
luorooctan-1-sulphonic 
acid; perfluorooctane 
sulfonate; perfluoro­
octylsulfonic acid; 
1-Octanesulfonic acid, 
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8 
,8, 8-heptadecafluoro-
No data 

C8HF17O3S 
O OH 

F SF 
F OF FF FF FF FF F

F 

F F


F 

1763-23-1 
RG9701600 
No data 

No data 
No data 

7099 
No data 

Perfluorohexane sulfonic 
acid 
PFHxS; perfluorohexane­
1-sulphonic acid; 
1-hexanesulfonic acid, 
1,1,2,2,3,3,4,4,5,5,6,6,6-tr 
idecafluoro-; 
1,1,2,2,3,3,4,4,5,5,6,6,6-tr 
idecafluorohexane­
1-sulfonic 

No data 

C6HF13O3S 

O OH 
F SF 

F OF FF FF F
F 


F F

F 

355-46-4 
No data 
No data 

No data 
No data 

No data 
No data 
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337 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Perfluoroalkyls 

Characteristic Information 
Chemical name 

Synonym(s) 

Registered trade 
name(s) 
Chemical formula 
Chemical structure 

Identification 
numbers: 
CAS registry 
NIOSH RTECS
 

EPA hazardous
 
waste
 

OHM/TADS 
DOT/UN/NA/IMDG 
shipping 
HSDB 
NCI 

Perfluorobutane sulfonic 
acid 

PFBuS; 1-perfluorobutane­
sulfonic acid; nonafluoro­
1-butanesulfonic acid; 
nonafluorobutanesulfonic 
acid; pentyl perfluoro­
butanoate; 
1,1,2,2,3,3,4,4,4-nona­
fluoro-1-butanesulfonic 
acid; 
1,1,2,2,3,3,4,4,4-nona­
fluorobutane-1-sulphonic 
acid; 1-butanesulfonic acid, 
nonafluoro- (6Cl,7Cl,8Cl) 
No data 

C4HF9O3S 
O OH 

F SF 
F OF F

F 
F F

F 

375-73-5 
EK5930000 
No data 

No data 
No data 

No data 
No data 

Perfluroroocatane­
sulfonamide 
PFOSA; perfluoroctyl­
sulfonamide; perfluoro­
octanesulfonic acid amide; 
heptadecafluorooctane­
sulphonamide; 1-octane­
sulfonamide, 
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8 
,8,8-heptadecafluoro-

No data 

C8H2F17NO2S 
O NH2F SF 

F OF FF FF FF FF F
F 


F F

F 

754-91-6 
RG9701400 
No data 

No data 
No data 

No data 
No data 

2-(N-methyl­
perfluorooctane 
sulfonamido) acetic acid 
Me-PFOSA-AcOH 

No data 

C11H6F17NO4S 
OCH3O NF OS 

F 
F 

OF FF FF FF FF F
F 

F F
F 

2355-31-9 
No data 
No data 

No data 
No data 

No data 
No data 
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338 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

Table 4-1.  Chemical Identity of Perfluoroalkyls 

Characteristic Information 
Chemical name 

Synonym(s) 
Registered trade 
name(s) 
Chemical formula 
Chemical structure 

Identification 
numbers: 

CAS registry 
NIOSH RTECS
 

EPA hazardous
 
waste
 

OHM/TADS 
DOT/UN/NA/IMDG 
shipping 
HSDB 
NCI 

2-(N-ethyl-perfluorooctane 
sulfonamido) acetic acid 
Et-PFOSA-AcOH 
No data 

C12H8F17NO4S 
H3C O 
O NF OHS 

F 
F 

OF FF FF FF FF F
F 

F F
F 

2991-50-6 
No data 
No data 

No data 
No data 

No data 
No data 

CAS = Chemical Abstracts Services; DOT/UN/NA/IMCO = Department of Transportation/United Nations/North 
America/International Maritime Dangerous Goods Code; EPA = Environmental Protection Agency; 
HSDB = Hazardous Substances Data Bank; NCI = National Cancer Institute; NIOSH = National Institute for 
Occupational Safety and Health; OHM/TADS = Oil and Hazardous Materials/Technical Assistance Data System; 
RTECS = Registry of Toxic Effects of Chemical Substances 

Source:  Calafat et al. 2007a, 2007b; CAS 2008; ChemIDplus 2008; RTECS 2008 
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339 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of Perfluoroalkyls 

Property PFOA PFBA PFHpA PFNA 
Molecular weight 414.069a 214.039a 364.06b 464.08b 

Color No data No data No data No data 
Physical state Solidc Liquida No data No data 
Melting point 54.3°Ca -17.5°Ca 24-30°Cd No data 
Boiling point 188°Ca 121°Ca 175°C at 742 mm 

Hge 
No data 

Density at 20°C 1.8 g/cm3f 1.651 g/cm3a No data No data 
Odor No data No data No data No data 
Odor threshold: 

Water No data No data No data No data 
Air No data No data No data No data 

Solubility: 
Water 9.5x103 mg/L at 

25°Ce 
No data No data No data 

Organic solvents No data Soluble in ethanol No data No data 
and toluene; 
insoluble in 
petroleum ethera 

Partition coefficients: 
Log Kow Not applicableg Not applicableg Not applicableg Not applicableg 

Koc 17–230h No data No data No data 
pKa 3.8i 0.08 (estimated)j -0.15 (estimated)j -0.17 (estimated)j 

Vapor pressure 0.017 mm Hg at 20°C 44 mm Hg at 56°Ce No data 4.83 x 10-3 mm Hg at 
(extrapolated); 20°C (extrapolated); 
0.962 mm Hg at 
59.25°C (measured)k 

8.4 mm Hg at 
99.63°C (measured)l 

Henry's law constant Not applicablem Not applicablem Not applicablem Not applicablem 

Autoignition Not applicablen Not applicablen Not applicablen Not applicablen 

temperature 
Flashpoint Not applicablen Not applicablen Not applicablen Not applicablen 

Flammability limits Not applicablen Not applicablen Not applicablen Not applicablen 

Conversion factors 1 ppm=17.21 mg/m3; 
1 mg/m3=0.058 ppmc 

1 ppm=8.90 mg/m3; 
1 mg/m3=0.11 ppmo 

1 ppm=15.14 mg/m3; 
1 mg/m3=0.07 ppmo 

1 ppm=19.29 mg/m3; 
1 mg/m3=0.05 ppmo 

Explosive limits Not applicablen Not applicablen Not applicablen Not applicablen 
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340 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of Perfluoroalkyls 

Property 
Molecular weight 

PFDeA 
514.084a 

PFUA 
564.085p 

PFDoA 
614.1b 

Color No data No data No data 
Physical state 
Melting point 

No data 
No data 

No data 
97.9–100.3°Cd 

No data 
No data 

Boiling point 219°C No data No data 
Density at 20°C No data No data No data 
Odor No data No data No data 
Odor threshold: 

Water No data No data No data 
Air No data No data No data 

Solubility: 
Water No data No data No data 
Organic solvents No data No data No data 

Partition coefficients: 
Log Kow Not applicableg Not applicableg Not applicableg 

Koc 

pKa 
Vapor pressure 

No data 
-0.17 (estimated)j 

7.62x10-4 mm Hg at 20°C 
(extrapolated); 23.5 mm Hg 
at 129.56°C (measured)q 

No data No data 
-0.17 (estimated)j -0.17 (estimated)j 

3.44x10-4 mm Hg at 20°C 
(extrapolated); 4.62 mm Hg 
at 112.04°C (measured)q 

5.11x10-60 mm Hg at 20°C 
(extrapolated)q 

Henry's law constant 
at 25°C 

Not applicablem Not applicablem Not applicablem 

Autoignition 
temperature 

Not applicablen Not applicablen Not applicablen 

Flashpoint Not applicablen Not applicablen Not applicablen 

Flammability limits 
Conversion factors 

Not applicablen 

1 ppm=21.37 mg/m3; 
1 mg/m3=0.05 ppmo 

Not applicablen 

1 ppm=23.45 mg/m3; 
1 mg/m3=0.04 ppmo 

Not applicablen 

1 ppm=25.53 mg/m3; 
1 mg/m3=0.04 ppmo 

Explosive limits Not applicablen Not applicablen Not applicablen 
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341 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of Perfluoroalkyls 

Property PFOS PFHxS PFBuS 
Molecular weight 500.03b 400.12b 300.1b 

Color No data No data No data 
Physical state No data No data No data 
Melting point ≥400°C (potassium salt)q No data No data 
Boiling point No data No data No data 
Density at 20°C No data No data No data 
Odor No data No data No data 
Odor threshold: 

Water No data No data No data 
Air No data No data No data 

Solubility: 
Water 570 mg/L (potassium salt in No data No data 

pure water)q 

Organic solvents No data No data No data 
Partition coefficients: 

Log Kow Not applicableg Not applicableg Not applicableg 

Koc No data No data No data 
pKa 0.14 (estimated)j 0.14 (estimated)j 0.14 (estimated)j 

Vapor pressure 2.48x10-6 mm Hg at 20°C No data No data 
(potassium salt)c 

Henry's law constant Not applicablem Not applicablem Not applicablem 

at 25°C 
Autoignition Not applicablen Not applicablen Not applicablen 

temperature 
Flashpoint Not applicablen Not applicablen Not applicablen 

Flammability limits Not applicablen Not applicablen Not applicablen 

Conversion factors 1 ppm=20.79 mg/m3; 
1 mg/m3=0.05 ppmo 

1 ppm=16.63 mg/m3; 
1 mg/m3=0.06 ppmo 

1 ppm=12.48 mg/m3; 
1 mg/m3=0.08 ppmo 

Explosive limits Not applicablen Not applicablen Not applicablen 
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342 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of Perfluoroalkyls 

Property PFOSA Me-PFOSA-AcOH Et-PFOSA-AcOH 
Molecular weight 499.15b 571.21 (from structure) 585.24b 

Color No data No data No data 
Physical state No data No data No data 
Melting point No data No data No data 
Boiling point No data No data No data 
Density at 20°C No data No data No data 
Odor No data No data No data 
Odor threshold: 

Water No data No data No data 
Air No data No data No data 

Solubility: 
Water No data No data No data 
Organic solvents No data No data No data 

Partition coefficients: 
Log Kow Not applicableg Not applicableg Not applicableg 

Koc No data No data No data 
pKa 6.24 (estimated)j 3.92 (estimated)j 3.92 (estimated)j 

Vapor pressure No data No data No data 
Henry's law constant Not applicablem Not applicablem Not applicablem 

Autoignition Not applicablen Not applicablen Not applicablen 

temperature 
Flashpoint Not applicablen Not applicablen Not applicablen 

Flammability limits Not applicablen Not applicablen Not applicablen 
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343 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

Table 4-2.  Physical and Chemical Properties of Perfluoroalkyls 

Property PFOSA Me-PFOSA-AcOH Et-PFOSA-AcOH 
Conversion factors 1 ppm=20.75 mg/m3; 

1 mg/m3=0.05 ppmo 
1 ppm=23.75 mg/m3; 
1 mg/m3=0.04 ppmo 

1 ppm=24.33 mg/m3; 
1 mg/m3=0.04 ppmo 

Explosive limits Not applicablen Not applicablen Not applicablen 

aLide 2005.
 
bEPA 2008h.
 
c3M 2008c.
 
dKunleda and Shinoda 1976.
 
eKauck and Diesslin 1951.
 
fKroschwitz and Howe-Grant 1994.
 
gThe log Kow is not measureable since these substances are expected to form multiple layers in an octanol-water
 
mixture (3M 1999, 2008c; EPA 2005a).

hPrevedouros et al. 2006).
 
iBurns et al. 2008.
 
jSPARC 2008.
 
kKaiser et al. 2005.
 
lKaiser et al. 2005.
 
mHenry's law constant is not applicable for these substance since they are dissociated in the environment.
 
nPerfluorocarboxylates and perfluorosulfonates are nonflammable (3M 1999, Kissa 2001, OECD 2007).  However,
 
they readily degrade via incineration (Krusic and Roe 2004; Krusic et al. 2005; Yamada et al. 2005).
 
oCalculated using molecular weight.
 
pChemID Plus 2008.
 
q3M 2000.
 

Et-PFOSA-AcOH = 2-(N-ethyl-perfluorooctane sulfonamide) acetic acid; Me-PFOSA-AcOH = 2-(N-methyl­

perfluorooctane sulfonamide) acetic acid; PFBA = perfluorobutyric acid; PFBuS = perfluorobutane sulfonic acid;
 
PFDeA = perfluorodecanoic acid; PFDoA = perfluorododecanoic acid; PFHpA = perfluoroheptanoic acid;
 
PFHxS = perfluorohexane sulfonic acid; PFNA = perfluorononanoic acid; PFOA = perfluorooctanoic acid;
 
PFOS = perfluorooctane sulfonic acid; PFOSA = perfluorooctane sulfonamide; PFUA = perfluoroundecanoic acid
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344 PERFLUOROALKYLS 

4. CHEMICAL AND PHYSICAL INFORMATION 

will exist as both the anion and the neutral species (SPARC 2008). Perfluoroalkyl salts, such as APFO, 

will form the corresponding anions when dissolved in water.  Prevedouros et al. (2006) report a Krafft 

point of 22°C and critical micelle concentration of 3.7x103 mg/L for the perfluorooctanoate anion (PFO). 

At temperatures above the Krafft point, the solubility of PFO is expected to increase abruptly due to the 

formation of micelles. 

Vapor pressures at 25°C were extrapolated for PFOA, PFNA, PFDeA, PFUA, and PFDoA using Antoine 

coefficients. Experimental vapor pressures were as follows:  0.962–724 mm Hg (59.25–190.80°C) for 

PFOA; 8.40–750 mm Hg (99.63–203.12°C) for PFNA; 23.5–750 mm Hg (129.56–218.88°C) for PFDeA; 

4.62–750 mm Hg (112.04–237.65°C) for PFUA; and 6.42–750 mm Hg (127.58–247.36°C) for PFDoA 

(Kaiser et al. 2005). 

***DRAFT FOR PUBLIC COMMENT*** 


	4.  CHEMICAL AND PHYSICAL INFORMATION
	4.1   CHEMICAL IDENTITY 
	4.2   PHYSICAL AND CHEMICAL PROPERTIES 




