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w-Hydroperfluoroalk?.lphot;phoriic estrrs (nicth>-l, ethyl, butyl, and 2-ethylhexyl), obtained by teloiiierizatioxi of tetra- 
fluorocthylcne with a dialkyl phosphoiiatr in quantitative yield, \yere hydrolyzed to the telonieric acids and converted t'o the 
st:ri)lc, volatile, dichloritlrs. proper tic^ as a function of chain length were investigated. Surface activity of the acid series 
rcwh(.d ii niasi~nuni a t  w-hydrogc,rfluoroot~tylphosphoriic acid. The telomeric acids were stable to heating with the strongly 
osiciizing aqueous 16% chromic acid solution, and are crystalline, nonvolatile solids, similar in acidity to perfluoropropyl- 
jjhosphonit: acid. 

larger aiiiouiit of higher molecular weight telomers ; 
at reactant ratios belox 2.9 moles of diethyl phos- 
phonate to one of tetrafluoroethylene a still broader 
spectrum of products was obtained. 

The minimum initial reactant ratios which could 
be employed t,o give :in all-liquid reaction product, 
mixture from rewtioii at, I:SO" varied with the 
particular dialkyl phosphoiiate from about three 
to  one with t h r  methyl ester to 2.6 to one with the 
ethyl ester aiid about t\vo to one n.ith the butyl 
ester. ;It Ion-er inole ratios, yeduced yield resulted 
and much solid product was obtained. At a reac- 
tant, ratio of 2.9 to oiie, however, there appeared 
to be iwg little diff'ereiice iii the product) distribu- 
tion ohserved for the methyl a i id  ethyl esters. The 
lomer molecular \\eight and boiling point of di- 
methyl phosphoiiate suggested that the smaller 
:imouiit of liquid present a t  the reaction tempera- 

L limiting factor. Smooth reactioii to cleait 
product mixtures occurred iii  high yield with this 
telogeii at, molc Patios as  low as two to one when 
a11 iitei,t solirelit (l,l,~-trichloro-l,I,~-trifluoroeth- 
;iiie) w:t,s piwriit, in the I-cnctioii vessel. 

Ileactioiih :i.s iisiially c*ai.riocl out i i i  ;t shaker t u h  
:ic*tuall~.  O ~ Y ~ I I I ~ I Y Y I  u-itli ; I  c~oi~staiitly ('hanging 
iwc- ta i i t  ratio. .\s the> ic~logt~ti u-~is used up, tht: 
11iole~~i11:ii~ t~s(*ess III t hc  1ctc:tioli iiiistiirct n x s  re- 
cluced c:oiitiiiiioiisly. This factor \vtis eliniiiiate(l 
iii :ii1 c.speriiiieiit in which :L liquid inistiire of telo- 
ptw. i i i i  tiator. and gaseous I-etrafluoroethyleiit~ 
\ w e  fed c:oiitiiiriously at a coilstant rate and ratio 
i t i t u  a i ~ ~ u + o i i  \,esse1 kept, liqiiicl-full. The producat, 
(list i-ihutioi i 1 )f the teloiiwi-ir methyl est crs whic t i  
uwe  o t ) l a i i i d  i I;ig. 1 )  sho\rid that the constait1,ly- 
iliait i f  : t i l  tod high te11)gt~ii t 11 t c\t i,:iflricJi,oeth?.lrii(i re- 
: i i , t : ~ i i i  1 * i l I  io i:l. I to ()llcJj g:i\.il c.o~isitic~i*:il>ly inorit 
of t h c  lo\\-w i i i o h ~ i h r  \v~igIit I)roduc:ts thaii \!.ah 

ol)sei,\-c:d i i i  h1i:tki~r t i i l w  I ' I I I IS  : i t  :L ?.!I i n  one iiiitiiil 
i w v  tal 11, ixtic ), 

I h l k y l  w-hydroperfluoro~~l~~lphosphoiiates listed 
i i i  'I'ablc I iire sufficiently stable to be distilled 
iu / " x o  lip t o  pot tenipenttures of about 150". 
Higher temperatures caiised decomposition to ole- 
fin and w-hydroperfluoroalkylphosphonic acid, par- 
1 i ( : ~  1:trl.v \vi t h cli (%et hylht:xyl)phospho~i~t c. Tru.tis- 
cstclrificxlioii \ v i l l i  cthaiiol g:ivc the ethyl c s f r r s  
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acids were not soluble in other common water- 
immiscible solvents. The pure acids and their 

would not distill up to  200" (1.0 mm.). 
The w-hydroperfluoroalkylphosphonic dichlorides 

(Table 11) were prepared in high yield froin the 
acids or the ethyl esters by reaction with phos- 

hydrates were hygroscopic crystalline solids, which 

TABLE I 
DIALKYL W-HYDROPERFLUOROALKYLPHOSPHOXATES AND W-HYDROPERFLUOROALKYLPHOSPHOXIC ACIDS 

40- 

35 

t- o 
3 
o 30- 

Calcd. Found 
ny C F H  P C F H  P 

/-,- 

- 

1 
2 a  
Ra 
1 
2 
3 
1 
2 
1 
2 
3J  
4 J  
5f 

72" (10 mm.) 1,4041 
58" (1.1 mm.) 1.3521 
55' (0.60 mni.) 1.3486 

95-96" (5.5 mm.)c 1.3577 
80" (0.22 mm.) 1,3507 
71-74' (0 .45 mm.) 1.3970 
88" (0.5 mm.) 1.3800 

100" (20 inm.)* 1,3700 

- - 
- - 
- - 
- - 
- - 

36.2 

30.3 31.0 
28 .4  44.9 
27.4 52.0 

13.2 41.7 
17.02 5 .9  
- - 
- - 

- - 

14.75 36.0 

13.0 30.2 32.3 
9 . 2  28.5 45.9 
7.08 27.4 52.2 

7.85 
1 0 . 5  

17.0 13.2 40.2 
11.0 16 .3  51.0 

- - 7 . 4  
6 . 2  
5.16 - 

- - 
- 

14.75 

12.9 
9 . 2  
7 . 1  

1 1 . 5  
8 .1  

16,  ' i d  
10. Ge 
7 .7Q 
6 . 0  
5.1 

a Not completely separated; accurattx malyses could not, be obtained. * .Also b.p. 87" (10 mm.); b.p. 54" (1.2 mni.). B.?. 
From the w-hydroperfluoroalkylphosphonic 54" (0.2 mm.). 

dichloride and 50% aqueous alcohol; the monohydrates were isolated. 0 Neut. equiv., 209. 
Kent. equiv. 91.0; % HZO, 0.7. e Keut. equiv. 187; % HzO, 1.1. 

I I I I 
0 1 2 3 4 5 6 7 8  

n of li((.:F~CE'z),PO(OK)z 

Fig. I .  'l'elonier product distribution of t1i:ilkyl a-hydro- 

8 l)ictt,hyl phosphonate (2.9 molcs) and tetratlrioro- 
c~t8hylenc~ (1 mole) a t  180' 

0 Sam(: at GO" 
c) L)imc>t,hyl phosphonnt,o (3 .4  1nolr.r) ant1 tcstr:Lfliinro- 

ethylone ( 1  mole) at 180"; coiist:iiit rc:ict:tnl ratio 

r)erfluoro,zlkylphoslJholl:tt~s 

which were then separated. Characteristic infrared 
nbsorptioii bands for t>he methyl and ethyl esters 
are listed in the Experimental. 

Refluxing the esters with concentrated hydro- 

w 

3 ul 

I 
,001 .o I I 1.0 IOD 
I S [  

CONCENTRATiON WT. PIN WATER. 25. - 
chloric acid for several hours gave complete hYdrolY- 
sis4 to  the acids (Table I). Extremely stable foams 

~ i ~ .  2.  Surface tension of aqueous solutions of @-hydro- 
perfluoroalkylphosphonic acids 

(4) P. C. Crofts and 0. 11. Kosolnpoff, J .  Am. Chem. Soc., H(CF&F,),PO(OH)2, n = 1: O , n  = 2: 6, n = 3; 
75, Ui!)  (1953). (3 ,  / b  = -1; @, Ik = 5, A, 1L= 2 to 6 
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TABLE I1 
W-HYDROPERFLUOROALKYLPHOSPHONIC DICHLORIDES 

B.P. 
Calcd. Found 

c 1  P CI P 

/ L  = 1 
71 = 2 
71 = 3 

n = 4  

n = 5 

n = 6  

n = 7  

n = 8  

n = 9  

95" (300 mm. j 
--0 i o  (30 mm.) 
95' ( 2 5  mm.) 

102' (20 mm.) 

112' (12 mm.) 
120' (20 mm.) 
132' (12 mni.) 
144" (20 mm.) 
147' (11 mm.) 

160' (11 mm.) 
176" (19 mm.) 
180" (12 mm.) 

230" (11 mm.)b 

1 ,3862 
1 ,3670 
1.3560 

M.P. 
51.5-55.5" 

90-91.5 

(109)U 
1 11-115° 
( 110y 
116-127' 
(135)= 
143-147' 
158-162' 

32.4 
22.2 
16.9 

13 .7  

11.5 

9.87 

8.67 

7.72 

6.96 

14.15 
9 . 7  
7 . 4  

6 . 0  

5.05 

4.31 

3.78 

3 .:37 

3.04 

31 .5  
2 3 . 2  
17.3  

14 .3  

1 1 . 1  

9 . 7  

8 . 7  

* -  
i . 1  

6 . 2  

14 .0  
9 . 2  
7 .3  

5 . 9  

5 . 1  

4.4 

3 . 7  

3 .3  

2 . 9  

Sinter point. Sublimed. 

reduciiig the surface teiisioii of water thaii the higher 
acids. A minimum surface tension of 21.7 dynes/ 
cm. was obtained with n = 4 a t  1%. Acids having 
longer chains thaii n = 5 were almost completely 
insoluble in water. The dichlorides (n = 4 and 5) 
aiid the alkali salts of the phosphonic acids ()L 

= 1 to 4) were slightly less effective than the acids 
themselves in reducing surface tension. Mixtures 
of the telomeric acids (of n = 2 to 6) mere of equal 
or somrnhat higher efficiency than the best in- 
dividual compouiid. IIeatiiig a O.>o/;, solution of such 
a mixture for one week at  BO" in a 16% by weight 
chromic acid solution gave no change in appearance 
or surface tension (23 dynes/cm.). 

The pH titration of pure w-hydroperfluoroalkyl- 
phosphonic a d s ,  just as reported112 for the per- 
fluoroalkyl aiialogs, reveal the enhanced acidity 
of the dibasic phosphoiiic acid group having an 
w-hydroperfluoroalkyl substitueiit as compared with 
the zmfluorinated alkylphosphonic acids. Two 
clean breaks were observed. The calculated pK 
values taken from the titration data are recorded in 
Table 111, together with the reported data. 

1s:Xl'E I1IXIl~;STAL 

(a) Diiiiethyl phosphonole-letro~irol.oelh~1~ne teloinerization. 
Ilimethyl phosphon:ite (rcdistilled, 11.p. S5.5' ( 1 0  mm.); 
n*; 1.4005; 160 g. (1.46 molcs)), tli-lert-butyl peroxide (2.0 
g.) and tetr:ifluoroc~tli~lc.lie (50.0 g.; 0.5 mole; :I mole ratio 
of 2.91) were charged to a 400-ml. silv~r-lined shaker tube 
which had been prrvioridy "conditioned" by heating three 
charges of the same materials. (The "conditioning" reactions 
gave products containing a drcreasing amount of brown 
srispcntlt~tl solid rvith each rrprated exprrimcnt and an 
increasing absorption rat(! of tetmfluoroeth?.lerie). The tube 
was sealed, attached to a pressure gauge and heated t,o 130" 
while shaking. Thc :tiitogeneou.q pressure fell from 700 
p.s.i. to zero i i i  20 miti. A second rrin gave identical results. 
T h e  protlrict (216 g . ;  100yo) WLS discharged as ;L clear liyuid 
containing a sintL11 amorint of colorless gel. 

Fr:wtioii:tt ioii of t l i c  ])rodrict i n  n 3-it, ~~lntinritn spinning 

TABLE I11 
APPARENT DISSOCIATION CONSTANTS FOR PERFLUORO-, 

Phosphonie arid PI<, (1st Break) p K ,  (2nd Break) 

W-HYDROPERFLUORO-, A N D  n-ALKYLPHOSPHONIC ACIDS 

H(CFZCFZ)~P(O)(OH)Z 
n = l  2 . 2 Q  4 . Y  
n = 2  2.1,a2.046,1.06c 4.5a,4.51b,4.42C 
n = 3  2.3a 4 .5a  
n = 4  2.1a, 1.92* 4.5a, 4.30b 
n = 5  2.2a 4.3a  

WCHzCHz)nPO(OH)z 
n = ld 2.  43d 8 .  OSd 
n = 2 d  2 .  5 g d  8.196 

CF,PO( 1.16 3.93 
GF,PO( OH), 0 . 9  3 .96  

The pK, values were taken directly from the titration 
curves obtained with a Beckmann p H  meter with a glass 
electrode a t  0.013M concentration and are the average of 
two values which agreed within 0.1 p H  unit. Calculated 
from t,he data a t  0.01351 concentration by the method cited 
in Ref. 1,2. I am indehted to Dr. J. R. Martin for these 
calculations. At 0.025M concentration. Data reported for 
0.00551 concentration; See ref. 4. e See ref. 1. 

- 

l)aiid column (Colunin A) :tt rcdricwl pressure gave the fol- 
lowing materials: 1)inic.t hyl phosphonate (I 11 9.) containing 
11.9 g. of dimethyl 2-H-~~c~rfliiororth~lpliosphonate, calcii- 
lated from the refr:tctivr indices; 48.4 g. of dimethyl 2-H- 
perflitoroeth!.lphosphoitste (a total of 59 wt. yo of product) 
I1.p. 72-74' (10 mni.); n*: 1.4041; 17.2 g. of dimethyl 4-H- 
perflrioro~~utylpliosphonate and dimethyl 6-H-perfluoro- 
hexylphosphonate (not completely separated), b.p. 58" 
(1.1 mm.); n y  1.3521; aiid h p .  55' (0.60 mm.); n'," 1.3186; 
and 34.0 g. (34 wt. 7o of product) of thick gel products which 
would not distill a t  :t pot temperature of 173" (0.6 mm.j. 
The approximate composition of the residue based on the 
ether-soluble phosphonic acids (25 9.) obtained by hydroly- 
sis with concd. hydrochloric acid was H(CFzCF2).PO(OH),, 
n = averaye of 4. 

Anal. Cslcd. for C8FI,,H,POI: P, 6.44; S.E. 241. Found: 
P, 6.7: N.E. 23G. 

Thv c~tlic~r-insoliil,II. :Lci(l \vrighril 2.4 g. 
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.it 2.56 and 2.36 mole ratios of diniethj.1 phosphonate to 
tetrafluoroethylene, a much slower reaction occurred and the 
products contained a brown solid. .4t mole ratios of 2.30 
to 1.82 using 100 g. of 1! 1,2-trifluoro-1,2,2-trichloroethane as 
solvent, pressure drops and yield of telomer product corre- 
sponding to about 80-905;; utilization of tetrafluoroethylene 
were obtained during an &hr. reaction time. The product 
mistures consisted of a light gray colored gel and a liquid 
of increasing thickness as the reactant ratio of telogen to 
tetrafluoroethylene was reduced. 

( b )  Dimethyl phosphonate-tetru~iioroethylene telomerization 
in a n  oi'erjfou: autoclaue.5 -4 1.4-1. "Magna Dash" stainless- 
steel autoclave was charged with a 1 x t .  yo solution of di- 
tert-butyl peroxide i n  dimethyl phosphonate and heated t o  
130". A total of 4633 g. (41.6 moles) of dimethyl phosphonate 
eolution and 1217 g. (12.2 moles) of tetrafluoroethylene (3.41 
inole ratio) were fed into the autoclave at -100 p.s.i. (gauge) 
pressure over a 2.5-hr. period :it the rate of 454 g. of tetra- 
fluoroethylene per hr. The tetrafluoroethylene was com- 
pletely absorbed. The product (5850 g., 100%) was a clear 
liquid. 

Fractionation in Column 1 gave an  PZ = 1 and I L  = 2 telo- 
mer: the residue was hydrolyzed to a mixture of acids nhich 
n-as converted to dichlorides by reaction with phosphorus 
pentachloride and fractioiiated i x e  iielon-). The products 
totaled: n = 1, 1560 g. (7.4 iiioles; 6 1 5  yield based on 
tetraflr1or;ethylene): ti = 2 ,  397 g. 11.21 moles: 2 0 7 ) :  
71 = 3, 200 g. (0.49 mole: 12!;): ) z  = 4, 96 g. (0.16 mole: 
5.2r i ) :  n = >-&, 38 g, The corresponding K t .  c; of total 
product 12300 g.) \sew t i  = 1 ,  Ci8L;: /I  = 2.  1( i .4c i :  ti = 
3, 8.7( ;; /( = 4, 4.2:c. 

Diethyl  phospho,iate-leti~ciprtol.oelii//ir/ie tulo//iei izu1ioti.s. ( u  , 
.it 130" Zisztig 1.46 ijioles of d ie thy i  phosphorlate an t1  0..i 
mole of tet,cc"fliiui.octh~letie. The product from the reaction 
done as in (nj nbove was n clew liquid (252 g.: loo';, con- 
version of tetrafliioroetliyleriej ir.irh ii sninll amount. of SLIP- 
pended floc xhich passed through filter paper. It was dis- 
tilled in Column .i. There \vi13 recovered 141.9 g. of diethyl 
phosphoiiate. 37 g. (40 n-t. c ; \ i  of n = 1 telomcr and 10 
g. of n = 2 telonier (not  coiiipletel>. ~ l i a r n t e d  from each 
other) before tleconipositioii i n  the pot forced shiit-down of 
distillation. The residiie )\-:IS 45.7 g of telonieric esters 
which \vas Iiydrolyzecl 1 ) ) -  rrHining Ivith 100 cc.  of concd.  
hydrochloric acid for 19 hr.  The \\-:iter rii icl  alcohol ivere dia- 
tilled. ;i n-hite gel collected in the tlon~nrrurti coiideii.Ger which 
!vas extracted into eth(Ar :inti the rthrr  evaporated. The oil 
weighed 1.3 g. und shelved stroily OH aiid C-F hn:ids in the 
infrared spectrum. Its  infrared sper t rum and ailalysis corre- 
sDonded to a telonieric alcohol misturc of the ncecage coni- 
position H(CFXFNH(OH)CH,. 

Anal. Calcd. for CBHaF120: C, 30.0; F, 63 4. Found: C, 
29.4. F. 64.2. 

The pot residue 1,52.9 g.j ~ v n s  extracted into ether, leaving 
4.2 g. of insoluble pho~phoiiic :icids, The ether \vas removed 
and water emporated clon.ri to 15 inni. prem1i-e a t  145' pot 
temperaturf.. The resiclur of mixed phosphonic acids n-eighed 
37.8 g. The total product tlietributiun as deterniiiirld 1):. 
Fubsequent distillation of dichlorides \vas )I = 1. 30.0', , 
(by  wt.):  ~i = 2, 15c;: :3, !4,6(;: 4, 5.9'; 5 ,  5,3(:: 6. 7 ,  :ilitI 
8, :< 7 ' ; ;  >8, 4 , s r i .  

( h )  Krcictiori ut 60' ((sirig s i i c t i t i i (  cicid p e i a r i i l e  i r ~ i t i i i i o t .  

The rPartion donc :LS in f ;I) ahovi ot 180 g, (1.3 nioit3s) of 
redistilled diethyl phosphonate, 50.0 g (0.5 mob) of tetra- 
fluoroethylene ( a  2.6 to one mole ratio) and 2.0 g. of "Luci- 
dol" succinic acid poroside a t  60' gave 50% of the total 
pressure drop in 1 hr. The teniperatlure rose exothermically 
to 64". In 4 hr. the pressure had dropped to 37 p.s.1. The 
product (22i  g.: 90yc conversion of tetrafluoroethylene! 
\vas a viscous light gray gel (neutral pH). Distillation from 
:tn oil bath heated u p  to 180' gnvv 2ti.l g. of diitillui,k tei- 

nieric esters ( 1 1  = 1 ahout 14 g.: )L = 2, 9.U g., :in([ n = :3. 
6.0 g.)  and 38.5 g. of solid residue. 

The residue contained 11.9 g. of n solid insoluble in 100 
cc. of boiling alcohol. Hydrolysis of 24.0 g. of soluble esters 
was carried out by refluxing with 7 5  cc. of coned. hydrochloric 
acid for 8 hr. at 86". The ether-soluble phosphonic acids 
rvhich separat 'd on cooling Iveighed 19.4 g. They were 
converted t o  a mixture of dichlorides, n = 4 to  8 (about 1.5 
g. each). 

( e )  Reaction at 60' of 1.45 ticoies o j  diethi& phosphonate 
and  0.5 mole of tetraji ioroefhylene (2.9 to one mole ra t io) .  
The reaction v.as repeated tivo times as in ( a )  above giving 
251 g. and 252 g. of telonier prodiict mixture as a thick gray 
gel. Distillation of the combined material in a 16 x 1-in. 
column filled with stainless steel protruded packing gave the 
folloihy fraciions: I, diethyl yhosphonate, b.p. 68-70" 
(11  mm.j: 1.405: 306.8 g.. 11, 1j.p. 72-81" (10 mni.): 
ti: l.:iW: 18.ti g.: 111, diethyl 2-H-perfluoroethylphospho- 
nate, b.p. 82-92" (10 nim.): ng 1.;3720: 34.3 g.: I V ,  b.p. 
95-105' (10 nun.); n y  1.3659: 11.2 g.: diethyl 4-H-per- 
fluorobutylphosphonate! b.p. 105-107O (10 mm.); n*: 
1.3612; 8.7 g.: leaving a solid residue of 125.3 g. 

The residual niisture of esters n-as h!-drolyzed by refluxing 
with 333 cc. of concd. h!-drochloric acid for 9 hr.; the alcohol, 
dkyl  chloride. :ind m t e r  mixture \vas distilled and the 
process \vas repeated. After reflusing of the thick and foamy 
misturr for 22 hr.. ivater i w s  removed through a 16-in. 
roluniii. The gray gel remaining xeighed 251.5 g. Ether 
chxtraction removed most of the soluble phosphonic acids 
:ind the gel which rcrnained separated into a n'ater layer and 
solid. The solid \vas dried in air. and the water evaporated. 
Thorough rther extraction left 17.8 g. of insoluble solid 
phosphonic acids n-hich svere anal\xed. 

. inal.  Found: C, 22.0: F, 70.2; P, 2.1. 
ThP soluble phoaphonic acids (95.2 g.) were converted 

t o  dichlorides and fractionated. The total products a-ere: 
, 14.3c;: : 3 ,  lO.OC,;;; 4, 7,4(yL: 5 ,  5.lc;;; 6, 3.2';; 

7, 3.2c;: 8, 3.0 ' ; :  > 8, 9.7?;. 
n i ( ~ - e f h y l h e x y i ) p h o s p h o / i u t e - t e t i . a j i / o r o e f / ~ y ~ e i i e  telomeriza- 

ti'on. lieaction of 50 g. (0.5 mole) of tetrafluoroethylene, 2.0 
g. of di-f-butyl peroxide, and 200 g. (0.6 mole) of "Dioctyl" 
(actually 2-ethylhesyl) phosphonate (mole ratio 1.19) in a 
ahaker tulle :it 134-130" for 3 hr. gave 231 g. of liquid clear 
product (100';). .\ttenipted distillation in Column B at 0.40 
nim. pressure gnvr iiiuch #;is evolution. The product 
\\-as collected in the D r y  Ice t r ap .  Thr  prePsure rose to 1.2 
min.. as only i . 5  g. liquid, b.p. 47-53' 10.7 mni.): n y  1.4232 
\vas collected. The residue n-eighed 213.5 g. h change to a 
straight take-off still \vas made, and 22.5  g. of liquid, b.p. 
87-130' (1.2-5.0 mni. I :  pot temperature 158-171'; n2: 
1.4165 n-as obtained. The trap liquid, 3 X l  g . :  nzl: 1.4111 
n-as  primarily 2-ethyl-I-hesene xhich was redistilled (see 
beion-). The liquid residue (135.1 g.) had nzg 1.4106 and was 
strongly acidic. I t  \vas composed primarily of H(CF:CF?),- 
P(O)fOH)?, n = rlcei.nye of 4$ according t o  titration. 

.41~ul .  Found: S e u t .  tquiv., 215. 
Glassware xhich had contained the  :icitl solution was 

highly repellent to benzene or carlioii tetrachloride, shoxing 
that :I fluorocarbon coinpound had been strongly absorbed 
ori the surface. The above comhiiied trap and distillates 
(ti8.0 g. 'I ~ 3 s  fractionated i n  u 2-it .  spinning hand coliimn to 
give 37.0 g.; b.p. 12U--120.5°: n'< 1.4156 a.hich had the in- 
frared spectrum and properties rcported foi, l?-rthylhexciie-l, 
(b.p. 119O; n'," 1.4135).6 Fractions, b.p. $2.5-43' (40 mm.!: 
ray 1.4162; 2.6 g. and h.p. 103-100D 1-10 inm.): nZL: 1.4239: 
12.2 g. were also ohtaiiied. 

The product from a second teloiiierization rr:iction iising 
the same conditions ivas estracted u i th  100 cc. of .5' sodiiini 
bicarbonate solution in order to remove the free acid prior to 
the distillation of the neutral ester. An eniiiision formed 
that n'as not broken t)y thv addition of salt, ether, ethanol, 
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or aluminum sulfate on standing 48 hr. Filtration on cloth 
on a Buchner funnel merely plugged the cloth; 100 cc. of 
chloroform was added to the liquid emulsion filtrate which 
stood for several days. The chloroform layer which separated 
was washed with 100 cc. each of 5% sodium bicarbonate 
solution and 5y0 sodium carbonate solution and fractionat'ed 
in Column A. The distilled products were the ethyl esters 
formed by ester exchange as shown by infrared spectra and 
analyses: H(CFZCF&PO(OCzH5)2, n = 1, 20.6 g.; n = 2, 
14.0 g.; = 3, b.p. 74-76' (0.22 mm.); ny 1.3515; 7.0 g.; 
n = 3 (4),  b.p. 79-107' (0.25 mm.); ny 1.3466; 8.3 g.; n > 
3 ,  5.0 g. 

2-H-Perfluoroethylphosphonic acid. In  a flask containing 
a polgtetrafluoroethylene-covered magnetic stirring bar, and 
fitted with a reflux condenser and an exit line connected to a 
trap to  quench hydrogen chloride fumes, was placed 35 g. 
(0.147 mole) of redistilled diethyl 2-H-perfluoroethylplios- 
phonate and 100 cc. of concd. hydrochloric acid. The mixture 
was refluxed a t  78-110" for 5 hr. The acid went into solution 
in 1 hr. The volatile products were distilled by downward 
distillation and the residue of slightly yellow liquid (32.5 
g.) was heated to 192" (0.8 mni.) with no signs of vapors 
distilling after removal of the water. The liquid residue crys- 
tallized on standing (25.6 g.; 95.67;). It was very hygroscopic 
and liquefied a t  room temperature in the air when pressed 
between cover plates. 

In like manner ~-H-perJluoro-n-biti~~lphosphosphon~~ acid was 
obtained as large, colorless crystals ( O i ( , L  of theory) which 
were transferred to  vials i n  a nitrogen-filled 110s for malysis. 
A sealed capillary gave m.p. (sinters :it :<!),5') -40.5--43.5' 
(sample contained I .  1 yo water). 

6-H-Perjhcorohexylphosphonic acid.  To 6.2 g .  (0.015 inol(3) 
of the dichloride (b.p. 102' (28.0 nim.); 7~:: 1.3560) \WS 
added 3 cc. of 5oyO aqueous alcohol solution. The tempera- 
ture rose to 82" and fell to room temperature as T cc. of 
addit,ional 50Cj, aqueous alcohol was added. A homogeneous 
solution was obtained. Water, alcohol, and hydrogen chlo- 
ride were evaporated out by heating, which left 5 . i  g. 
(99.6yo) of white crystalline solid. The acid contained one 
molecule of water of hydration as indicated by phosphorus 
and neutral equivalent analysis. 8 - H y d r o p ~ r ~ i t o r o o c t ~ ~ p h o s -  
phonic acid and  lO-hydroper~iiolodec!ilphosphonl'c arid 
were prepared in an a~ialogous fashion, :tiid isolated :is 
inonohydrates, unchanged by heating for :3 Iir. :it 115'. 

w-Hydroperfluoroalkylphosphonic dichloritles. ( u )  F/,otir 
telomeric phosphonic acids. A typical mixture of w-hydro- 
perfluoroalkylphosphonic acids (4T.0 g. ) was dried by azeo- 
tropic distillation wit,h benzene. Phosphorus pent,achloride 
(60.0 g.; 0.29 mole) was added in portions by means of :i 
powder addition tube a t  45-118' while the mixture was 
stirred. Hydrogen chloride (which came out vigorously) was 
trapped in water. Phosphorus oxychloride refluxed towards 
the end of the reaction. A preliminary distillation gave 38.0 
g. of phosphorus oxychloride, b.p. 62-115', aiid 33.0 g. of 
mixed w-hydroperfl~~oroalkylphosphonic dichlorides, b.p. 
62-115" (20 mm.), leaving a solid residue of i . 7  g. The phos- 

phonic acid chloride fraction \vas redistilled in Colu~nn A 
operated a t  reduced pressure and high reflux ratio. An azeo- 
trope, b.p. 108' or b.p. 80" (300 nim.); I L ~  1.4418 containing 
7670 of phosphorus oxychloride and 2-H-perfluoroet,hyl- 
phosphonic dichloride was obtained in Colunin 4. 

( b )  FTONL a telonieric ester n~iztzcre. Reaction of 86.0 g. 
(Calcd. 0.33 mole) of a "telomer" ester mixture with phos- 
phorus pentachloride (146 g., the calculated amount for 
0.33 mole of ester) was carried out as above using a Dry 
Ice trap to condense volatile products. -4fter initial vigorous 
reaction, the material reacted more slowly, and the flask 
was heated. Addition required 1.5 hr. at '75-105'. The 
mixture was rcflnsed further for 1.5 hr. a t  110-120". Ethyl 
chloride and a sinal1 amount of higher boiling chloro coni- 
pounds collected in the trap. Dist,illation of the reaction 
product in Column h guve a series of dichloride fractions 
with soine color-forming iinpiirit,iPs cont:iiniri:iting the 
higher boiling ciits. 

Infrared spectra. The spectra were taken in a Perkiii- 
Elmer Model 21 Infrared Spectrometer using rock salt 
prisms. The solid compounds gave poorly defined spectra, 
but the liquid rompounds showed several features of inter- 
est relating to their unique structures. H(CF2CA),POC12 
( n  = 1,2,3) had a single CH (stretching) band a t  3.35 p, 
CH deformation bands a t  7.20 a i d  i .35 p, a single P +. 
0 (stretching) band a t  i.'iO-i.T2 p, and several CF bands 
and CH skeletal vibrution l)ands. 2-H-Perfluoroethylphos- 
phonic dichloride hud CF bands a t  8.20, 8.75-8.90, and 
!).75 p only and :i siiigle 1)antl a t  12.25 p.  4-Hydroperfluoro- 
I~utylphosphonic dichloride had C F  bands :it 8.25 (weak), 
8.50, 8.80, Y.50, and 9.W p ;  : u d  bands at 10.78, 11.25, 11.55, 
17.80, 12.40, 12.65, 13.08, and 14.40p. 

(j-H-PelfluolohesyIphosphoriic dichloride had C F bands 
:it' 8.80-8.75, 9.40, and 9.00: and bands at 10.65, 11.08, 
12.00, 12.25, 13.00, 13.70; 1 4 . 4 0 : d  14.85p. 

H(CFGF,),,P(O)(OCH,)2 ( n  = 1,2) had CH (stretching) 
bands a t  3.35, 3.40, arid 3.50 1.1: CH (deformation) bands 
a t  6.85--6.!)0 p (CH,) and of the H(CFz), group at 7.20, and 
7.40 p ;  I' + 0 (free) a t  7.23 p and P -f 0 (OCH:I)2 a t  8.45- 
8.50 p and a t  !).50-9.70 p.  Dimethyl 2-11-perfluoroethyl- 
phosphon:tte had C F  bards nt 8.20 :md Y.00 p and skeletal 
vibration bands :it 10.95, and 11.85 p ;  dimethyl 4-H-per- 
f l i i o robu t~y lphos~~h~~~: t t~  had (>F bids a t  8.25 : i d  9.00 p 
:ind skrletd b:mds nt 10.i0, 11.85, 12.50, 13.25, 13.50, 
13.95, aiid 14.50 p.  H(CF,CF,),~P(o)(oC,Hj)? n = 1,2,3) 
had CH (stretvhing) I x "  a t  3.35, i5.40, and :3.50 p (iveak); 
CH (deforniation) bands at 6.75, (i.!)O, and 7.:30 p (C-CH,); 
and a t  7.20 aiid 7.40 p (H(CFz),); P + 0 (free) at 7.80- 
7.82 p ;  P -c 0 (OC2Hj)y at 8.40 and Y.GO p and various CF 
and skeletal bands. Iliet,hyl 2-H-perfluoroethylphosphonate 
had C F  bands at 8.25, 8.45, 9.00, and 9.75 p ;  and bands a t  
10.50, 12.25 (strong), 12.55, and 13.20-13.40 p.  Diethyl 4-H- 
perfluorobutylphosphonate had CF bands a t  8.30, 8.75, 9.00, 
and9.75p, and bands at 11.10, 11.50, 13.00, 13.T5, and 14.50 
I.1. 
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