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ABSTRACT OF THE DISCLOSURE 
Perfluoroalkyletheramidoalkyl betaines 

betaines having the formula 
ROCFOCF (CF) CON (R) 

RNB(R2) (R3)-R4-Xe 
wherein R is a perfluoroalkyl group of 1 to 6 carbon 
atoms, n is an integer of 0 to 8, R is hydrogen or an alkyl 
group of 1 to 6 carbon atoms, R is an alkylene group 
of 1 to 12 carbon atoms, R and R3 are alkyl groups each 
containing 1 to 6 carbon atoms, R4 is an alkylene group 
of 1 to 4 carbon atoms and X is selected from a group 
consisting of CO2 and SOs are useful as surface active 
agents, foaming agents, foam stabilizers and aqueous film 
spreading agents. They are particularly useful in fire ex 
tinguishant foam formulations. 

and Sulfo 

BACKGROUND OF THE INVENTION 
Surface-active agents are generally characterized as 

anionic, cationic, or nonionic depending upon the physico 
chemical properties. Anionic surface-active agents con 
tain anionogenic group, usually a carboxyl, sulfonic acid 
or sulfuric ester, which in basic solutions form anions. 
Cationic surface-active agents contain cationogenic group, 
usually an amine group, which in acidic solutions form 
cations. Nonionic surface-active agents on the other hand 
are incapable of forming ions and depend upon highly 
hydrophilic groupings such as those of ether or hydroxyl 
for their activity. 

There exists, however, another group of surface-active 
agents which is characterized by having both the anion 
ogenic and the cationogenic groups within the molecule. 
This type of compound as exemplified by aminoacids is 
amphoteric and ampholytic. In strongly basic solutions, 
ionization occurs mainly at the acidic group and the mol 
ecule is predominantly anionic and acidic. In strongly 
acidic Solution ionization occurs mainly at the amine 
group as ammonium ion and the molecule is predom 
inantly cationic and basic. 
The betaines and the sulfobetaines of this invention con 

stitute a distinct group of ampholytic surface-active agents 
in that the betaines and the sulfobetaines contain cationic 
quaternary ammonium group and anionic carboxylate or 
sulfonate group within the molecule and do not depend 
upon ionization to form these ions. They are basic and 
have a positive charge at the quaternary ammonium ni 
trogen but at the same time they are acidic and have a 
negative charge at the carboxylate or the sulfonate group. 

Betaines are defined as inner quaternary ammonium 
salts wherein the positive charge on the quaternary am 
monium nitrogen is balanced intramolecularly by an an 
ionic carboxylate group, i.e. compounds having the group 
IngS 

R2 R3 

Nér-coe 
39 

within the molecule. Sulfobetaines are defined as betaine 
compounds wherein the anionic group within the mole 
cule is a sulfonate group, i.e. the compounds having the 
groupings 
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within the molecule. 
The ampholytic surface-active agents in general have 

not achieved commercial importance of anionic, cationic, 
or non-ionic surface-active agents. Greater cost of man 
ufacture of ampholytic surface-active agents undoubtedly 
is one of the reasons for the lack of commercial accept 
ance. Absence of some unusual properties that are not 
possessed by the usual anionic, cationic or nonionic Sur 
face-active agents may also account for the lack of com 
mercial success. 

SUMMARY OF THE INVENTION 
Perfluoroalkyletheramidoalkyl betaines and sulfobeta 

ines having the formula 
ROCFOCF (CF)CON (R) 

RING(R2) (R3)-R4-Xe 
wherein R is a perfluoroalkyl group of 1 to 6 carbon 
atoms, n is an integer of 0 to 8, R is hydrogen or an 
alkyl group of 1 to 6 carbon atoms, R is an alkylene 
group of 1 to 12 carbon atoms, Rand R3 are alkyl groups 
each containing 1 to 6 carbon atoms, R is an alkylene 
group of 1 to 4 carbon atoms and X is selected from 
the group consisting of CO2 and SO3 have unusual chem 
ical properties which make them suitable not only as sur 
face active agents and foaming agents but also as foam 
stabilizers and aqueous film spreading agents. The latter 
two properties make these compounds particularly useful 
in fire extinguishant foam formulations. 

DESCRIPTION OF THE INVENTION 
The compounds of the present invention are the beta 

ines and the sulfobetaines of the formula 

ROCFO)CF (CF)CON (R) 
RN6(R2) (R3)-R4-Xe 

wherein Rf is a perfluoroalkyl group of 1 to 6 carbon 
atoms, n is an integer of 0 to 8, R is hydrogen or an 
alkyl group of 1 to 6 carbon atoms, R is an alkylene 
group of 1 to 12 carbon atoms, R2 and R3 are alkyl groups 
each containing 1 to 6 carbon atoms, R is an alkylene 
group of 1 to 4 carbon atoms and X is chosen from the 
group consisting of CO2 and SO3. 
The preferred compounds of the present invention have 

the formula 

ROCF (CF)CFOCF (CF) 
CON (R)RING(R2) (R3)-R4-Xe 

wherein R, n, R,R,R,R,R4 and X are as designated 
above. 
The most preferred compounds are 

CFOCF (CF)CFOCF (CF) 
CON (R) (CH2)-NG (CH3) (CH) CHCOe 

and 

CFOCF (CF)CFOCF (CF)CON 
(R) (CH2)3-NGD(CH3) (CH3)-CH-CHSOse. 

The starting materials for the preparation of the be 
taines and the sulfobetaines of this invention are the per 
fluoroalkylether acid fluorides of the formula 

ROCFO)CF(CF)CFO. 
These acid fluorides are available either by the polymeri 
zation of hexafluoropropylene oxide or by the polymeri 
zation of a mixture of hexafluoropropylene and oxygen. 
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The polymerization of hexafluoropropylene oxide is 
taught by Moore et al. in U.S. 3,250,808 and the acid fluo 
rides have the structure 

ROICF(CF)CFO CF(CF)CFO. 
If hexafluoropropylene oxide alone is polymerized, the 
products are 

n-CFOCF (CF)CFOCF (CF)CFO 
as described by Moore in Canadian Patent 725,740. If the 
polymerization of hexafluoropropylene oxide is carried 
out in the presence of carbonylfluoride (COF2) or a per 
fluoroacidifluoride of the formula F(CF2)CFO, the prod 
ucts are of the formula. 

F(CF)CFOCF (CF)CFOCF (CF)CFO 
where m is 0-5 as more fully described in French Patent 
1,362,548. When the polymerization is carried out in the 
presence of a perfluoroketone of the formula 

as described by Selman in U.S. Pat. 3,274,239, the prod 
uct is the formula of 

F (CF). 

cro?of (or crocF (CFCFo 
F (CF) 

where x and y are 1-4 and the total of x-y is 2-5. Thus, 
R may be a branched or straight-chain perfluoralkyl 
group of 1-6 carbon atoms. 
The acid fluorides prepared by polymerization of mix 

ture of hexafluoropropylene and oxygen are taught by 
Pasetti, Sianesi and Corti in Die Makromolekulare 
Chemie 86 pages 308-311 (1965); Sianesi and Fontanelli 
in Die Makromolekulare Chemie 102 pages 115-124 
(1967); and French Patent 1,434,537. The polymeriza 
tion is carried out at temperatures of about -100° C. to 
25° C. in the presence of ultraviolet radiation and the 
polymeric acid fluorides obtained are best characterized 
by the formula 

RO(CFO)CF (CF)CFO. 
The above-described perfluoroalkylether acid fluorides 

are converted to perfluoroalkylether amidoalkylamines of 
the formula 

ROCFOCF (CF)CON (R)RN (R2) (R3) 
by the reaction of the acid fluoride with a suitable diamine 
or by the reaction of an alkyl ester derived from the 
above perfluoroalkylether acid fluoride with the diamine. 
The formation of perfuoroalkyletheramide by the reac 
tion of perfluoroalkylether acid fluoride with an amine is 
described by MacKenzie in U.S. Pat. 3,274,244. The reac 
tion is preferably carried out in the presence of inert sol 
vents such as diethylether, tetrahydrofuran, benzene, tri 
chlorotrifluoroethane and the like. Hydrogen fluoride 
formed in the reaction may be removed by using the 
amine in excess of that required for the reaction or by 
using an acid scavenger such as pyridine or triethylamine. 
The perfluoroalkylether amidoalkylamines of the for 

mula 

ROCFOCF (CF)CON (R)RN(R2) (R3) 
may also be prepared by first converting the perfluoroal 
kylether acid fluoride to the corresponding alkylperfluoro 
alkylether ester and preferably the methyl ester of the for 
mula 

ROCFOICF (CF) COCH3. 
The esters are prepared by esterification of the corre 
sponding acid fluoride using standard methods, for exam 
ple, reaction of the acid fluoride with an alkanol such as 
methanol as taught by Diesslin et al. in U.S. Pat. 2,567, 
011. Preferably, the esterification is carried out by react 
ing the perfluoroalkylether acid fluoride with excess meth 
anol at 10-20 C., optionally in an inert solvent, in the 
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4 
presence of sufficient pyridine to consume the hydrogen 
fluoride formed. In place of methanol one can also use 
ethanol, propanol, butanol or the like equally well. The 
alkylperfluoroalkylether esters are then reacted with di 
amines of the formula 

HN(R)RN(R2) (R3) 
to form the perfluoroalkylether amidoalkylamine of the 
formula 

RO(CFO)CF (CF)CON (R)RN(R2) (R3) 
by well-known procedures such as those described in U.S. 
Pat. 2,764,603. 
A large number of diamines of the formula 

A special procedure is required to obtain a perfluoro 
alkylether amidoalkylamine wherein Riis-CH-. They 
are readily prepared by the reaction of the perfluoroal 
kyletheramide of the formula 

RO(CFO)CF (CF)CONHR 
with formaldehyde and hydrogen chloride to form N 
chloromethylperfluoroalkyletheramide of the formula 

RO(CFO)CF(CF) CONCR) CHC1 
which is then converted to the tertiary amine by the re 
action with a secondary amine HNCR2) (R3). 
The betaines and the sulfobetaines of the present in 

vention are then prepared by reacting the above described 
perfluoroalkyletheramidoalkylamines with salts of haloal 
kylcarboxylic acid or haloalkyl sulfonic acid. The forma 
tion of quaternary ammonium salts by the reaction of a 
tertiary amine with haloalkyl compounds are well-known 
and is described for example by Ahlbrecht in U.S. Pat. 
2,764,602. Haloalkylcarboxylic acids and haloalkylsul 
fonic acids from which salts, for example the alkali metal 
salts, are readily obtained, are well-known and useful ex 
amples include bromoacetic acid, chloroacetic acid, 2 
bromopropionic acid, 3-bromopropionic acid, 2 - chloro 
propionic acid, 3-chloropropionic acid, 3 - chlorobutyric 
acid, 4-chlorobutyric acid, 5 - chlorovaleric acid, chloro 
methylsulfonic acid, 2-bromoethane sulfonic acid, 2 
chloroethane sulfonic acid, 1-chloroethane sulfonic acid 
and 3-chloropropane sulfonic acid. 
The betaines and the sulfobetaines of the present in 

vention are particularly effective surface active agents in 
water, and in neutral, strongly acidic and strongly basic 
aqueous solutions. In contrast to the usual cationic and 
anionic surface active agents whose activities are mark 
edly altered by the acidic or basic nature of the solu 
tions, the compounds of the present invention are equally 
effective in neutral, strongly acidic and strongly basic 
aqueous solutions. It is clear from the structural feature 
of the compounds of this invention that the ionic charac 
ter of the molecule is maintained in neutral, acidic and 
basic aqueous solutions. 
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The compounds of this invention are particularly useful 
in the formation of aqueous foams and in stabilizing such 
foams after they are formed. The ability to form foams 
and to stabilize such foams are valuable, for example in 
fire extinguishant foam formulations. The insensitivity 
of the compounds to the action of acid, alkali or salt 
make these compounds particularly valuable since the 
loss of foams upon contact with acid, alkali or salt solu 
tions is eliminated. 
The compounds of this invention are useful in spread 

ing aqueous film over the surface of hydrocarbon sur 
faces. As is known, when a drop of water is very carefully 
placed on the surface of a hydrocarbon liquid, the water 
drop remains as a drop on the surface until subsequent 
agitation causes it to sink. If a drop of water containing 
a compound of this invention is placed on the surface of 

O 

6 
low solid, obtained in 97.4% yield. Elemental analysis 
showed the following: Percent fluorine calculated 50.6; 
percent fluorine found 50.7; percent nitrogen calculated 
4.4; percent nitrogen found 4.3 

Examples 2-10 
Using the procedure of Example 1 and equimolar 

amounts of the starting materials listed in Table I the 
perfluoroalkyletheramidoalkyl betaines listed in Table I 
Were prepared. In Table I, A, B, C and D have the mean 
ing as follows: 

A=CFOCF (CF)- 
B=CFOCF (CF)CFOCF (CF)- 

TABLE I 

Percent fluorine Percent nitrogen 
Example Reactants Betaine Caic'd Found Caled Found pist 

2.------------- ASNESH)N(CH): and A-CONCH)(CH2)3. Ne(CH3)2CHCO2e------ 42.3 42.2 5.7 5.8 90.6 
3-------------- B-CON (C2H5)(CH2)N(CH3)2 B-CON (C2H5)(CH2)2Ne(CH3)2CH2CO2e. 49.5 49.4 4.3 4.3 92.4 

and ClCH2CONa. 
4-------------- PSNSSH):N(CH): and B-CON (H)(CH2)3NG(C2H5)2CH2CO.e.------ 48.5 48.2 4.2 4.1 93.2 
5-------------- Pe:SS2 SS-N (CH3)2 and B-CONCH)(CH2)3.Né(CH3)2(CH3)2CO2e.---- 49.5 49.3 4.3 4.2 97.3 
6-------------- PSS: SS N(CH3)2 and B-CONCH)(CH2)3.NéP(CH3)2(CH2)2COe- 46, 8 46.6 4, 1 4.0 94.3 

- - - - - - BSSNSFSH)N(CIH): and B-CON (H)(CH2)3.Né(CH3)2CH2CO2e.---- 44.7 44.5 3.9 3.9 97.3 

8-------------- PoSSNS: SS)N(CH). and B-CONCH)(CB)3Ne(CH)2(CH2)2CO2e.-- 43.9 43.8 3.8 3.7 94.2 
9-------------- CESSSSB)N(CH). and C-CONCH)(CH2)3NG)(CH3)2CH2CO2e ------ 58.5 58.3 2.5 2.3 92.7 
10------------- D-CON (H)(CH2)N(CH3)2 and D-CONCH)(CH2)3Ne(CH3)2CH2CO2e------ 60.8 60.4 1.5 1.4 96.3 CCH2CO2Na. 

a hydrocarbon liquid, the water drop immediately spreads Example 11 
and covers the hydrocarbon surface with an aqueous film. 
The ability to form aqueous film in hydrocarbon surface 
is not a general property of surface active agents. It is 
not known at present, which structural portion of the 
compounds of the present invention is responsible for 
the aqueous film spreading ability but it is believed that 
the perfluoroalkylether chain of the molecule is involved 
in this unique characteristic. 
The aqueous film spreading property is extremely valu 

able, particularly in aqueous foam fire extinguishant com 
positions wherein rapidly covering of burning hydrocar 
bon surfaces is desirable. After such a fire has been ex 
tinguished, it is desirable to maintain foam covering to 
prevent reignition. 

EXAMPLES 
Example 1 

N-dimethylaminopropylamide of perfluoroalkylether 
acid, 
CFOCF (CF)CFOCF (CF) 

CON (H) (CH2)N(CH3)2, 
50 g. (0.086 m.) and the sodium salt of chloroacetic acid, 
CICHCONa, 10.1 g (0.086 m.) and 20 ml. of iso 
propanol were placed in a 500 ml. reaction flask equipped 
with a reflux condenser, a thermometer and an agitator. 
The reaction mixture was heated at reflux (83. C.) with 
agitation for 16 hours. The reaction mixture was then 
cooled to room temperature and the precipitated sodium 
chloride was removed by filtration. The filtrate was trans 
ferred to a distillation assembly wherein isopropanol was 
removed by distillation at reduced pressure. The iso 
propanol was considered to be completely removed when 
the contents of the distillation flask reached 50° C. at 
5 mm. Hg pressure. The residue in the flask weighing 53.7 
g. was the product, which was a very tacky, slightly yel 
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N-dimethylaminopropylamide of perfluoroalkylether 
acid, 

CFOCF(CF)CFOCF(CF) 
CON (H) (CH)N(CH), 

50 g. (0.086 m.) sodium salt of 2-bromoethanesulfonic 
acid, Br-CH2CH2-SONa, 18.2 g (0.086 m.), 300 ml. 
isopropanol and 300 ml. water were placed in a 1-liter re 
action flask equipped with a reflux condenser, a thermom 
eter and an agitator. The reaction mixture was heated 
at reflux (83° C.) with agitation for 16 hours. The reac 
tion mixture was transferred to a distillation assembly 
wherein isopropanol and water were removed by distilla 
tion at reduced pressures. The residue in the distillation 
flask was extracted with 300 ml. of isopropanol. The iso 
propanol extract was then placed in a distillation assem 
bly wherein isopropanol was removed by distillation at 
reduced pressures. The isopropanol was considered to be 
completely removed when the contents of the distillation 
flask reached 50° C. at 5 mm. Hg pressure. The residue 
in the flask weighing 53.1 g was the desired product, 
which was a sticky yellow semi-solid, obtained in 91% 
yield. The elementary analysis showed the following: Per 
cent fluorine, calculated 46.9, found 46.8; percent nitro 
gen, calculated 4.1, found 4.0 and percent sulfur, cal 
culated 4.7, found 4.5. 

Examples 12 and 13 
Using the procedure of Example 11 and equimolar 

amounts of the starting materials listed in Table II the 
perfluoroalkyletheramidoalkylsulfobetaines listed in 
Table II were prepared. In Table II 
B=CFOCF (CF)CFOCF (CF)- 
D=CFOICF(CF)CFOCF (CF)- 
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TABLE II 

Percent Percent 
fluorine nitrogen Yield 

u-rammamm- anrem--a- e 

Example Reactants Sufobetaine - Calc'd Found Calc'd Found percent 
12--- --- B-COHCCH)(CH2)3.N(CH3)2 B-CON (CH3)(CH2)3Ne(CH3)2(CH2)2SO3e. , 45.2 45.4 3.9 3,9 94.2 

and C(CH2)3SO3Na. 
13------------- D-CONCH)(CH2)3.N(CH3)2 D-CON (E)(CEI)3Née (CH3)2(CH2)2SOge--- 59.3 59.1 1, 5 1,3 94.2 

and Br(CH2)2SO3Na. . 

Examples 14-19 10 ample. As discussed above, the spreading of an aqueous 
film on the surface of a hydrocarbon is of particular 
importance to aqueous fire extinguishant foam formula 

data summarized in Table III below which shows measure- tions. The aqueous film spreading test was carried out by 
ments of surface tension of dilute aqueous solutions of carefully placing 10 drops of the aqueous solution of the 
these compounds at 25° C. using a DuNouy tensiometer. l6 compounds on the surface of cyclohexane contained in a 

The utility of the compounds of the present invention 
as surface active agents is clearly demonstrated by the 

It is to be noted that even at a concentration as low as 125 mm. diameter evaporating dish and recording the 
0.001% outstanding reduction in the surface tension is time (in seconds) for the cyclohexane surface to be cov 
evident. It is also to be noted that even in the presence ered by the aqueous film. Example 24 is comparative 
of 5% hydrochloric acid or 5% sodium hydroxide the using the prior art compound of Examples 19 and 21. 

TABLE IV 
Aq. film 

Concentration spreadin 
Example Compound (g/100ml.) time (sec. 

22------------ ----------- 69 G 0. (1) 
CFOCF (CF)CON (H)(CH2)3.N(CH3)2CH2CO 0 4. 

28.---------------------- CFOCF (CF)CFOCF (CF3)CON (H)(CH2)3N P(CH3)4CH,Co.9 1. 45 
.0 2 

24.---------------------- C.Fiscon (H)(CH3):NP(CH3)2(CH.).co. ... O () 
Does not spread. 

same reduction of surface tension is evident. Example 19 I claim: - 
is comparative using the closest known prior art com- 1. A composition of matter having the chemical for 
pound. In Table III Rt-CF3-CF-CF-. mula 

TABLE II . 

Compound concentration (g/100 ml.) 
Surface tension (dynes/cm.) at 25 C. 

Example Compound Medium 0 0, 001 0, 0. 0.1 1.0 

14.-------- ROCF (CF)CFOCFCFCON (C2H5)(CH2)2NC(CH3)2CH2CO29-...--------... Water------- 7, 9 5.3 
15.------ ROCF (CF3)CFOCF (CF3)CON (H)(CH2)3.N69(CH)2(CH2)2CO29.--------------------- do-------------- 15.4 
16...----- ROCF(CF3)CFO)4CF (CF3)CON (E)(CH2)3.Nb(CH3)2CH2CO29----------------------do--- ---- 20. 
17--------- ROCF (CF3)CFOCF (CF3)CONCH)(CH2)3.N(B(CH3)2CH2CO2e.-------------------- 5% E61. 730 . 

5%N6E. 5 i? 
18--------- RioCF (CF)CFOCF (CF)CONH(CH):NG (CH3)2(CH),SOse......... - a as a Efe,- - - - 2. 3. is, 

6.N6H. S. 56.3 i. i. i. 
19--------- CF15CON (H) (CEI)3NP(CH3)2(CH2)2CO29-------------------------------------- Eoi 2. 42 i. 3. : 

- 5%N6ii. 5, 43.6 7. 26.6 1.6 

Example 20 CFOCF (CF)CFOCF (CF)CON (R) 
RING(R2) (R3)-R4-Xe 

The utility of the compounds of the present invention wherein 
as foaming agents and as foam stabilizers is illustrated in n is an integer of 0 to 8, 
this example. The test was conducted by placing 50 ml. 5 Ris hydrogen or alkyl of 1 to 6 carbon atoms, 
of a 1% aqueous solution of the compound in a 1000 ml. R1 is alkylene of 1 to 12 carbon atoms, 
Erlenmeyer flask, stoppering the flask and then shaking R2 is alkyl of 1 to 6 carbon atoms, 
the flask vigorously for 10 seconds. The volume of the R3 is alkyl of 1 to 6 carbon atoms, 
foam produced, the nature of the foam, and the stability R is alkylene of 1 to 4 carbon atoms, and 
of the foam were observed. Tests with a 1% solution of 60 x is COSO the compound of Example 1 gave a foam volume of 400 1S CO2 or SU3. 
ml. which was thick and uniform and was stable for References Cited 
hours. Example 21 UNITED STATES PATENTS 

65 3,681,413 8/1972 Sweeney et al. ---- 260-501.13 
Using the procedure of Example 20 and the prior art 2,764,602 9/1956 Ahlbrecht ----- 260-501.13 X 

compound of Example 19 a 1% aqueous solution of the 3,147,065 9/1964 Koshar et al. ---- 260-567.6M 
compound gave a foam volume of 800 ml, but the foam 
was non-uniform with very large bubbles and was un- HOWARD T. MARS, Primary Examiner 
stable. M. W. GLYNN, Assistant Examiner Examples 22-24 
The utility of the compounds of the present invention U.S. C. X.R. 

as aqueous film spreading agents is illustrated in this ex- 26-501.13, 561 HL; 252-3, 8.05, 307, 311, Dig. 7 

  


