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The present work extended our earlier studies on the dissociation of the acids of phosphorus in various 

media (cf. [i]) to include the polyfluoro acids of the element. There is little information on the effect of poly- 

fluoro sabstituents on the dissociation of the phosphorus acids [2, 3]. It is, at the same time, interesting to 

study the electronic effects arising from the presence of polyfluoro groups at the P atom, CF 3 being the only 

aliphatic group of this kind for which data are presently available (or 'I~ = + 0.7 [4], with an error of • 0.3 [5]). 

With a view to obtaining additional data in this field, we have synthesized the polyfluoro acids of phosphorus 

listed in Table i, and measured their dissociation constants in 50, 80, 95, and 100% alcohol, and nltromethane. 

Bis(2,2,2-trifluoroethyl)phosphoric acid (I) was prepared by alkaline hydrolysis of trls(2,2,2-trffluoro- 

ethyl) phosphate, and acidifying the reaction mixture. Bis(2,2,3,3-tetrafluoroethyl)phosphoric acid (If), bis- 

(i, l-dihydroperfluorobutyl)phosphoric acid (III), and bis(3,3,3-trifluoropropyl)phosphoric acid (V) were pre- 

pared through alkaline hydrolysis of the respective bis(polyfluoroalkyl) chlorophosphates. The potassium salt 

of bis(l, 5-trihydroperfluoropentyl)phosphorie acid (IV) was obtained through alkaline hydrolysis of tris(!, 1,5- 

trihydroperf[uoropentyl) phosphate. Bis (3,3,3-trifluoropropyl)phosphonic acid (VI) was synthesized by the 

method outlined in [8]. Bis(pentafluorophenyl)phosphoric acid (VII) was prepared by the hydrolysis of tris(pen- 

tafluorophenyl) phosphate in air. The acids (II)-(IV) have been described in the patent literature (el. Table I), 

but have not yet been characterized in detail. 

The fact that the direct and reverse titration curves of each of these acids were identical, while the calcul- 

ated and measured neutralization equivalents were identical for each, was taken as an indication that each was 

stable toward hydrolysis under our working conditions. 

E X P E R I M E N T A L  

Bis(2,2,2-trifluoroethyl)phosphoric Acid (I). A mixture containing 17.2 g (0.05 mole) of tris(2,2,2-tri- 

fluoroethyl) phosphate, 3.4 g (0.06 mole) of KOH, and i0 ml of water was boiled for 30 rain; at the end of this 

time 30 ml of water and 7 ml of concentrated HCI were added, and the mixture extracted with ether (4 x 25 ml). 

The extract was dried over anhydrous MgSO 4, and distilled. This procedure gave an 81.7% yield (i 0.7 g) of (1) 
in the form of a colorless viscous liquid. 

Bis(2,2,3,3-tetrafluoropropyl)phosphoric Acid (II). A mixture containing 34.4 g (0.i mole) of bis(2,2,3,3- 

tetraf[uoropropy[) chlorophosphate, 14.0 g (0.25 mole) of KOH, and 20 ml water was stirred for 1.5 h, atthe end 

of which time 20 ml of concentrated HCI, 40 ml of water, and i00 ml of ether were added to it. The resulting 

water layer was extracted with ether (3 x 15 ml). The extract and the organic layer were combined, dried over 
anhydrous MgSO4, and distilled. This procedure gave a 91.7% yield (29.9 g) of (If) as a colorless viscous liquid. 

A. N. Nesmeyanov Institute of Heteroorganic Compounds, Academy of Sciences of t~S-S-lq, Moscow. 

Voroshilovgrad Machine-Construction Institute. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimi- 

cheskaya, No. 7, pp. 1491-1497, July, 1982. 
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TABLE 2. Dissociation Constants (pK) for R2POOH Polyfluoro- 

phosphoric A c i d s  

Acid 

(I) 
(II) 

( m )  
o r )  
(v) 

(VI) 
(VII) 

CFaCHzO 
H(CF~)2CH20 
F(CFQaCHzO 
H(CF2)~CH20 
CFaCH~CH~0 
CHaCH~O 

CFaCH2CH2 
CsFsO 
CsHsO 

5o% 

2,42 
2,46 
2,47 
2,43 * 
2,45 
2,61 [ i ]  

3,04 
2,36 
2128 [14] 

pK 

EtOH 
CHaNO2 

80% 955 100% 

2,70 
2,69 
2,69 
2,70 * 
2,68 
3,}7 i l l  
335 [13, ~4] 
3,76 
2,67 
2,71 [14] 

3,78 
3,71 
3,69 
3,74 * 
3s 
4,66 i t]  

5,06 
3.60 
3,58 U5] 

4,05 
495 
4,18 

5,68 
6,79 

6,66 
3:27 
4,81 [t5] 

* P o t a s s i u m  s a t t .  

6,38 
6,38 
6,35 

8,48 
9,90 [ l ]  

f0,76 
4,02 
7,31 

TABLE 3.  Dissociation Constants for Certain ABPOOH Acids of 

Phosphorus in Various Solvents 

pK 

A 

CHaO 
C~H~O 

C6H5 
2-CHaC6H, 
C~HgO 
C6H5 
CHa 
c yclo-C.Hi~ 
CHa 

n-C~g9 

cyclo- C~H~ 

CHaO 
CaHsO 

H 
H 
C~H.O 
C6H5 
C2H50 
CsH~ 
CH3 

n-C~H9 

cyclo-CsHi, 

80% 
EtOH 

3,0t [~3, ~4] 
3 j5  [13, t4] 
3,t7 [l] 

4,24 [~4] 
4,41 
5,23 
5J5 [14] 

5,63 [t4] 

6,53 

95% 
EtOH 

4,58 D] 
4,66 [1] 

4,76 [1] 
5,oo [i] 
5,06 [~1 
5,8o [~1 
5,60 [~] 
6,65 N] 
6,64 
6,72 [15] 
7A7 
7A0 [i51 

100% 
EtOH 

6,37 
6,79 

6,73 
6,89 
6,97 
7,6I 
7.65 

8.45 
8,33 [15] 
8,91 
8,73 [15] 

CH~NO~ 

9,50 [i] 
9,90 [q 

~0,20 [q 
10,41 It] 
I0,49 [i] 
lU2 ill 
tl,6~ [t] 
12,65 
i3,18 [l] 

I 

/~,19 [1] 

N] 14,56 

Bis(l,l-dihydroperfluorobutyl)phosphoric Acid (III). To a vigorously stirred solution containing 3.8 g 

{0.068 mole) of KOH dissolved in 60 ml distilled water, 15.3 g (0,032 mole) of his (i ,i- dihydroperfluorobutyl) ehloro- 

phosphate was rapidly added dropwise. This mixture was stirred, first for 2 h at ~ 20~ and then for 2 h at 

80-90~ to it there was then added, still under agitation, 5 ml of concentrated HCI, the stirring continued for 

an additional 30 min, and the mixture extracted with ether. The extract was dried Over anhydrous MgSO~, 

and distilled. This procedure gave an 42% yield (6.2 g) of (Ill) in the form of a viscous oil. 

P__otassium Salt of Bis(l,l,5-trihydroperfluoropentyl)phosphoric Acid (IV). A mixture containing 148.0 g 

(0.2 mole) of tris(l,l,5-trihydroperfluoropentyl) phosphate, 11.2 g (0.2 mole) of KOH, and 40 m[ of water was 

stirred for 3 h at 90-100~ The volatile reaction products were pumped off, and the residue dried by azeo- 

tropic distillation of water and benzene. The resulting salt was purified by precipitation of the benzene from 

acetone solution, and dried in vacuum. This procedure gave a 98.9% yield (iii.i g) of the salt (IV) as a white, 

easily vaporized powder which did not melt, even when heated to 200~ 

Bis(3,3,3-trifluoropropyl)phosphoric Acid (V). To a stirred solution containing 4.9 g (0.088 mole) of KOH 

dissolved in 60 ml of distilled water, there was added dropwise 13.2 g (0.043 mole) of bis(3,3,3-trifluoropropy[) 

chlorophosphate, and the temperature of the mixture raised to 40~ The mixture was stirred, first for 1 h at 

20~ and then for another 1 h at 90-95~ extracted with ether, and the extract acidified with '7.5 ml of con- 
centrated HCI. The acid which separated out was extracted with ether, the extract dried over anhydrous MgSQ, 

and distilled. This procedure gave a 67% yield (8.3 g) of (V). 

Bis(pentafluorophenyl)phosphoric Acid (VII). A solution containing 1.4 g of tris(pentafluoropheny[) phos- 
phate dissolved in 30 ml of hexane was filtered, and held in an open container for 6 h. The needle-like crystals 
which separated out were washed with hezane (2 x 5 ml), and vacuum dried. This procedure gave a 29.7% 
yield (0.3 g) of (VII). 

Butylbis(l,l-dihydroperfluorobutyl) Phosphate. To a suspension containing 1.15 g (0.05 g-atom)Inetallic 
Na and 20 ml of absolute ether there was added dropwise and with constant agitation, 18.0 g (0.09 :mole) of l,l- 
dihydroperfluorobutanol, then 50 rnl of absolute ether, and then dropwise a solution containing 4.8 g (0.025 
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Fig. I. Comparison of pK values for 
polyfluoro acids of phosphorus, (1)- 

(VII), in 95% EtOH and in CH3NO 2 (S), 
and in 80% EtOH solution (numeration 
as in Table I). The lines a and b are 
plots of the BrSnsted equations (i)and 
(2) for nonfluorinated ABPOOH acids 
of phosphorus. 

mole) of n-butyldichlorophosphate dissolved in 50 ml of absolute ether, The resulting mixture was 

stirred for 0.5 h, and then allowed to stand overnight. At the end of this time it was washed with water (3 x 
50 ml), dried over anhydrous MgSO4, and distilled. This procedure gave a 52% yield (7.1 g) of butylbis(l,l- 
dihydroperfluorobutyl) phosphate, bp 85-86~ (i ram), n~ 1.3361; d 2~ 1.5041. Found: C 27.8; H 2.6; F 51.2%; 

MR D 71.45. C12HI3FI4OaP. Calculated: C 27.8; H 2.5; F 51.3%; MR D 71.46. (cf. [9]). 

Tris(3,3,3-trifluoropropyl)phosphine Oxide. To a Grignard reagent containing 12.2 g (0.5 g-atom) of 
Mg, and 66.3 g (0.5 mole) of 3,3,3-trifluoro-l-chloropropane dissolved in 250 ml of absolute ether, there was 
added, dropwise under continuous stirring, 12.8 g (0.083 mole) of POCI 3 dissolved in I00 ml of absolute ether, 
addition being made at 0~ over a period of 45 rain. The resulting mixture was stirred for 2 h at ~ 20~ 
allowed to stand overnight, and then treated with ii0 ml of i:i HCI. The white crystalline product was filtered 
off, washed with cold water and a small amount of ether, the resulting solution dried over anhydrous MgSO 4 
and the ether eliminated from it under vacuum. This procedure gave a 96% yield (27.0 g) yield of tris(3,3,3- 
trifluoropropyl)phosphine oxide which sublimed above 130~ and had a sealed-capillary mp of 195.5~ (from 

absolute benzene). Found: C 32.2; H 3.3; F 50.1; P 9.0%. CgHI2F9OP. Calculated: C 32.0; H 3.6; F 50.6; P 
9.2%. 

The syntheses  of t r i s ( 2 , 2 , 2 - t r i f l u o r o e t h y i )  phosphate ,  t r i s ( 3 , 3 , 3 - t r i f l u o r o p r o p y l )  phosphate ,  and t r i s ( 1 , 1 -  
d ihydroperf luorobutyl )  phosphate have been desc r ibed  in [10]. 

The d i s soc ia t ion  constants  for  the var ious  acids  were  de t e rmined  by po ten t iomet r i c  t i t r a t i on  in t r a n s f e r -  
ence ce l l s ,  working in aqueous-a lcohol ic  solut ion,  n i t romethane  [1], or  absolu te  a lcohol  [11]. Because  of the 
low so lub i l i t i e s  of the var ious  compounds,  no a t tempt  was made to c a r r y  out m e a s u r e m e n t s  on aqueous so lu -  
t ions .  Solutions containing HC1 d isso lved  in the r e s p e c t i v e  so lvents  at  0.5 N concent ra t ion  were  used for  
t i t r a t i ng  the po ta s s ium sa l t s  in aqueous-a lcohol ic  and alcohol ic  solution; in t i t r a t i ng  the 50 and 80% alcohol ic  
so lu t ions ,  the in i t ia l  concentra t ion  of the acid (salt) was bui l t  up to 5.10 -3 m o l e / l i t e r  so that  the logar i thmic  
dilut ion would not exceed the pK value [12]. The values of the d i s soc i a t i on  constants  obtained f rom t i t r a t i ng  
aqueous-a lcohol ic  solut ions of the acid and its sa l t  were  ident ical .  

The IR s p e c t r a  of the CC14 solutions of the p h e n o l - p h o s p h o r y l  compound complexes  were  obtained with a 
UR-20 s p e c t r o m e t e r ,  using one-p iece  NaCI ce i l s  and working at a 10 ml l a y e r  depth with solut ions of 10 -3 
m o l e / l i t e r  concentra t ion .  

D I S C U S S I O N  O F  R E S U L T S  

Ana lys i s  of the pK values of Table  2 indicated that  the in t roduct ion of polyf luoroalkyt  r a d i c a l s  into the 
var ious  acids  marked ly  inc reased  the acid s t r e n ~ h  without,  however ,  changing the gene ra l  ru les  cover ing  the 
effect  of a l t e r a t i ons  in the P - a t o m  environment ,  the s t rength  of each f luorod ia lky lphosphor ic  acid ,  (I)-(V), 
being h igher  than that  of the cor respond ing  dia lkylphosphonic  ac id ,  (VI), in each solvent .  

Within the l imi t s  of exper imen ta l  e r r o r ,  the pK value of each b i s (po lyf luoroa lky l )phosphor ic  ac id ,  (I)- 
(IV), was the s ame ,  r e g a r d l e s s  of whether  de te rmina t ion  was based  on the r e s u l t s  of t i t r a t ion  in one o r  the 
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TABLE 4. Estimated Values of the o -~ Constants for polyf luoro-  
Substituents 

CF3CH20 
H (CF2) 2CHzO 
F (CF2) 3CH20 
H (CF2) aCH20 
CF~CH2CH20 
CFzCH2CH2 

~$ * 

50% 

-0,t5 
-0,16 
-0,t7 
-0,15 
-0,t6 
-0,40 

EtOlff 
CI%NO2 80% 

0 
0 
0 
0 
0 

-0,43 

95% ]i00% 

+0,t6 ] +0,90 
+0,I9 +0.85 
+0.20 +0184 
+olt8 
+0,i5 +0,20 
-0,34 -0,22 

+0,60 
+0.60 
+0,6t 

+0,tt 
-0,4i 

CCh 

+0,5t 

+0,49:~0,02 

-0,06 
-0,42 

* Calculated f rom pK (R2POOH). 
t Calculated f rom- -AHas .  

TABLE 5. Charac te r i s t i cs  of the H-bonds in Phosphoryl 
Complexes with Phenol, in CCI 4 Solution, and Values of 
the ~ Constants for Polyfluoro Substituents 

--kH, ~ 
Compound ~v'cm-1 kcal/mole* 

(CFsCH20) 3PO 
(CF~CF2CF2CH20) 3PO 
(CF~CF2CF2CH20) 2P (0) 0Cr 
(CF3CH2CH~O) 3PO 
(CFzCHzCHQ 3PO 

t68 
t68 
218 
258 
328 

3,75 
3,75 
4,42 
4,90 
5,63 

+0,5 l  
+0.51 
+0,47 
-0,06 
-0,42 

* Calculated f rom Eq. (4). 

other of the var ious  solvents.  Thus, an increase  in the length of fihe polyfluoroalkyl component of the 
RFCH20 substituent at the P atom had p rac t i ca l ly  no effect on the acid strength.  This was in line with 
the work of [16] on the effect of polyfluorination of the carboxylic acid and alcohols. Since the Gr* constants 
for the F atom and the CF 3 group a re  c lose in value (3.08 and 3.00; 2.85 according to [17]), the replacement  of 
an F atom by a CF 3 group in a potyfluoroalkoxyl substituent,  or  the lengthemng of the polyfluoroalkyl component 
of the substituent,  could be expected to have only minor  effect on the acid strength. 

On the other  hand, it could be anticipated that the elimination of a fluorinated group from the reaction 
center  would lead ;o a reduction in the acid strength.  In fact,  acid (V)was sometwo orders  s t ronger  than acid 

(i) in ni t romethane solution. The s t rengths  of these two acids were,  however,  identical in 80% aqueous-alcoholic  
solution, and this despite the fact  that a difference of 1.3 o rde r s  would have beenpredieted from Eq. (2) (vide infra) 
and the measured  difference in s t rengths  in ni t romethane solution. The fact  that differences in acid strengths tend to 
be less pronounced in aqueous-alcohol ic  solution than in aprotic  dipolar solvents has also been reported in [18]. The 
effect inquest ion seems ,  however,  to be especial ly  marked in the polyfluorophosphoric acids. Comparison showed 
that although acid (1) was s t ronge r  thani ts  unfluorinated (EtO) 2POOHprototype in each solvent, the difference var ied  
f rom 3.5 and 2.6 o rde r s  in CH~NO 2 and EtOH, respect ively ,  to 0.2-0.5 o rde rs  in 50 and 80% EtOH. Similar relations 
were observed in the diarylphosphoric  acids.  The difference in the acid strengths of bts(pentafluorophenyt)- 
phosphoric  acid (VID and its (PhO) 2POOH prototype was three o rde rs  in rdtromethane solution, 1.5 o rde rs  in ab- 
solute alcohol,  and essent ial ly  zero  in aqueous-alcoholic  solution. In distinction to the phosphoric acids,  how- 
ever ,  the difference in s trength of (VI), a fluorophosphonic acid (cf. Table 2), and Bu2POOH, an unfluorinated 
dialkylphosphonic acid (Table 3) was essent ial ly  the same,  in alcohol (2.2 pH units) and in aqueous-alcoholic 
solution (1.9-2.1 pK units). 

Figure  1, a plot of pK (95% EtOH) vs pK (80% EtOH), shows that each of the acids studied here  followed 
the BrSnsted equation: pK (S I) = apK (S 2) + const,  in the form applicabIe to the nonfluorinated phosphorus acids 
(Table 3), the lat ter  serving as compar ison "s tandards ,  " 

pK (95% EtOH) = t.57 @ 0,98 pK 
(80% ErOS)J" (1) 

n = 7, r = 0,992, s = 0.t4, sp = 0,06 

Deviations f rom this type behavior  were observed,  however,  when s imi lar  comparisons were set up using 
data on the fluoro acids in ni t romethane and in absolute alcohol. By way of illustration, a pK (CH~NO 2) vs 
pK (80% EtOH) plot is included in Fig. 1. Here,  the points for the acids (I)-(III) and (VII) depart  markedly 
from the line for (2),the "s tandard acid" form of BrSnsted equation 

$Calculated f rom the data of Table 3. 
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pK (CH3N0~) = 4.95 + i.53 pK (80% EtOH) * 
n = 8, r = 0.981, s ~ 0,42, sp = 0,i3 (2) 

The  data on the phosphonic acid (VI) and the phosphor ic  acid (V) did,  however ,  s a t i s fy  this  l a t t e r  r e l a t i on .  
Th i s  might  be ind ica t ion  that  the so lva t ion  of the s t anda rd  ac ids  and the polyf luoro  ac ids ,  (I)-(IV),  (VII), a n d /  
or t he i r  an ions  a r e  affected d i f f e r en t ly  on p a s s i n g  f r o m  aqueous  so lven t s  to anhydrous  so lven t s  such  as n i t r o -  
methane .  F o r m a l l y  such d i f f e r ence  could be expected f r o m  the p r e s e n c e  of two polyf luoro  g roups ,  RFCH20 
and A r F O ,  at the P a tom.  The r e s u l t  of r e m o v i n g  the O a tom f r o m  the molecu le  (phosphonic acid (VI)), or  
e l i m i n a t i n g  the f luoro  group f r o m  a r e a c t i o n  c e n t e r  (acid (V)), should be that  the change  in po ly f luoro  acid 
so lva t ion  on pa s s ing  f r o m  aqueous  a lcohol ic  so lu t ion  to n i t r o m e t h a n e  or  abso lu te  a lcohol  would be  exac t ly  the 
s a m e  as that  of the " s t anda rd"  phosphorus  acid.  

Since the H a m m e t t  and BrSns ted  equat ions  a r e  i n t e r r e l a t e d ,  these  s a m e  d i f f e r ences  a l s o  a p p e a r e d  in  the 
r subs t i t uen t  cons t an t s  ca l cu la t ed  f r o m  the pK va lues  of the va r i ous  ac ids .  Unfo r tuna t e ly ,  the a v a i l a b l e  data  
a r e  too l imi ted  to p e r m i t  the ca l cu l a t i on  of comple t e ly  t r u s t w o r t h y  va lues  of these  c o n s t a n t s .  T h e  a ~  va lues  
ca lcu la ted  f r o m  (3), and f r o m  the va r i ous  f o r m s  of H a m m e t t  equat ion  given in the l i t e r a t u r e $  a r e  t h e r e f o r e  
only p r o v i s i o n a l  (Table  4). G e n e r a l  t e n d e n c i e s  did a ppe a r ,  however ;  when ana lyzed ,  t hese  t e n d e n c i e s  p e r -  

mit ted c e r t a i n  conc lu s ions  c o n c e r n i n g  so lven t  effects  to be d rawn.  

The  f o r m  of Hammet t  equa t ion  shown as (3) below was developed f rom our  m e a s u r e d  p K a  (EtOtD v a l u e s  
for  nonf iuor ina ted  acids  of phosphorus  ( " s t anda rd"  acids)  (cf. T a b l e  3) and used for  c a l c u l a t i ng  a ~ va lues  for  

so lu t ions  in abso lu t e  a lcohol  

pKa (EtOH) = 6.i5--1,17Eo r :~ 
n = 9, r = 0,992, s = 0.14, sp = 0.07 (3) 

The effect of the sotvent on the a '~ value of the polyfluoroalkoxyl substituent was studied by determining this 
value by the IR spectroscopy of CCI 4 solutions. This involved measuring the phenolic AvOH in the IR spectra 
of the various R3(PO) H-complexes, fotlowed by calculation of-AH and ~b [19] through Eqs. (4) and (5) 

(A//p = 0.ti (A~o~ -- 40) (4) 

--AH ~ 4.78--0,67E(~ ~ (5) 

M e a s u r e d  and ca lcu la ted  values  a r e  g iven  in T a b l e  5. 

It can  be s een  f r o m  T a b l e  5 that  the a~  va lues  for  the po lyf luoroa lkoxyl  s u b s t i t u e n t s  w e r e  not  a c tua l l y  
cons t an t ,  t h e i r  v a r i a t i o n  be ing  p a r t i c u l a r l y  p ronounced  on pa s s i ng  f rom nonaqueous  to aqueous  media .  In the 
ca se  of the polyf luoroa lkoxyl  s u b s t i t u e n t s ,  the a~ va lue  was found to r i s e  con t inua l ly  as the c o n c e n t r a t i o n  o[ 
a lcohol  in the so lven t  i n c r e a s e d .  This  i n c r e a s e  p roceeded  r a t h e r  s lowly ,  going f rom - 0 . 1 5  to - 0 . 1 7  in  50% 
alcohol  so lu t ion ,  to 0 in 80% so lu t i on ,  to 0 .15-0.20 in 95% solu t ion .  P a s s a g e  f rom the  95% so lu t ion  to abso lu te  
a lcohol  b rought  about  a rap id  r i s e  of o~ to 0 .84-0 .90.  The  a~ va lues  for  these  groups  w e r e  c o n s i d e r a b l y  h igher  
in the anhydrous  so lu t ions  than in the aqueous  so tu t ions ,  v a r y i n g  f r o m  0.49-0.51 in CC14 to 0.60-0.61 in n i t r o -  
me thane ,  and 0 .84-0.90 in abso lu t e  a lcohol .  Despi te  the p r o v i s i o n a l  c h a r a c t e r  of the va lues  in q u e s t i o n  h e r e ,  

it s e e m s  c l e a r  tha t  the n a t u r e  of the so lven t  was an e s s e n t i a l  fac tor  in f ixing a~ for  each  s u b s t i t u e n t .  It  should 
be pointed out that  a v a r i a t i o n  of ~ with a l t e r a t i o n  of the so lven t  has  been  obse rved  in the a lky lened iox ide  

group [1, 20]. 

In d i s t i n c t i o n  to the va lues  g iven above ,  a~ va lues  for  the CF3CH2CH 2 and CF3CH2CH20 groups  c a l c u l -  
ated f r o m  the m e a s u r e d  pK proved to be unaffected by  a change  in the so lvent .  The  r e s p e c t i v e  m e a n  va lues  

of these  groups  in CC14 w e r e  - 0 . 3 7  + 0.10 and 0.04 + 0.15. 

C O N C  LU SI O N S  

1. Var ious  polyf luoro  ac ids  of phosphorus  have been  syn thes i zed .  P o t e n t i o m e t r i c  t i t r a t i o n  in t r a n s -  

f e r e n c e  ce i l s  has  been  used to d e t e r m i n e  the d i s s o c i a t i o n  cons t an t s  of t hese  acids  in n i t r o m e t h a n e  and in  50, 

80, 95, and 100% alcohol  so lu t ions .  

*Calcu la ted  f r o m  the da ta  of T a b l e  3. 
$ F o r  50% EtOH: pK = 2 .05-1 .24  Ea r [4]; fo r  80% EtOH: pK = 2 .70-1.22 Ecr $ [4]; for  95% EtOH: pK = 4 .20-1 .27  

Ea 4~ [1]; for  CH3NO2: pK = 8 .97-2.16 E ~  [1]. 
SThis d i f fe r s  only s l igh t ly  f r o m  the  equa t ion  g iven  e a r l i e r  in [15]: pK a (EtOH) = 6 .37 -1 .03Eo  ~ ,  n = 8, r = 0.989. 
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2. The differences in strength of the polyfluoro acids of phosphorus tend to be minimal in aqueous al- 

coholic solution. 

3. The spectral characteristic (A~OH) of the H-bonds of phenol-polyfluerophosphoryl complexes have 
been measured in CCI 4 solution. 

4. The cr4~ values of pe!yfluoroalkoxy[ substituents are radically different in aqueous and in water-free 
solvents. The companion values for 3,3,3-trifluoropropoxy and 3,3,3-trifluoropropyl groups are not affected 
by changes in the solvent. 
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