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SUMMARY 

Infrared spectra obtained for seven alkyl esters of pentafluoropropionic acid 
show that six of the nine stretching vibrations of the CF$F,COO group and the 
three CFs deformation vibrations have characteristic frequencies, with average 
deviations of 5 cm-i or less. These frequencies are compared with the corresponding 
values in the acid and the trifluoroacetate esters. 

INTRODUCTION 

Infrared spectra have recently been presented for a number of esters of 
trifluoroacetic acid that show most of the vibrations of the trifluoroacetate group 
have characteristic frequencies - 1 3. Spectra have also been reported for penta- 
fluoropropionic acida, and, in order to check for group frequencies of the CF3CF2- 
COO group in esters and to compare them with the acid and trifluoroacetate values, 
infrared spectra have now been obtained for seven pentafluoropropionate esters, 
including the methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl and n-pentyl esters. 

EXPERIMENTAL 

Infrared spectra were obtained with a Beckman IR-12 spectrophotometer. 
The esters were all prepared from pentafluoropropionic acid and the corresponding 
alcohol. No appreciable amounts of impurities were detected by gas chromato- 

graphy. 

RESULTS AND DISCUSSION 

The CF3CF2CO0 group has 24 fundamental vibrations, including nine 
stretching, 13 bending and two torsional modes. Most of the bending and the 
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torsional frequencies lie below the region investigated and were not observed, so 
the present work was limited to a study of the stretching frequencies and CFs 
deformation frequencies. 

Liquid-state infrared spectra for the seven esters are shown for the 406 
3200 cm-r region in Figures 1-7, and the characteristic frequencies that were 
observed are listed in Table 1. 

Carbonyl stretching frequency 
The average C=O stretching frequency, 1784 cm-r, is higher than the normal 

ester carbonyl frequencys, ca. 1740 cm-l, but lower than the average value for 
trifluoroacetate esterss. The CF,COOX frequencies listed in the last column of 
Table 1 are vapor-state frequencies. For the carbonyl bands, the liquid-state fre- 
quencies are about 10 cm-r lower than the vapor-state frequencies, so the difference 
between CF,COOX and CF3CF2COOX carbonyl frequencies is not as large as 
indicated in Table 1. However, the propionate carbonyl frequencies are a little 
lower than for the acetates (ca. lo-15 cm-l) because the CF,CF, group electro- 
negativity is less than that of the CF, group4. The carbonyl frequency for the methyl 
ester is significantly higher than for the other six esters, which show a range of 
only 5 cm-l. Methyl trifluoroacetate showed the same behaviorj. 

The C=O stretching frequency for the acid monomer is about 20 cm-l higher 
than for the esters. The monomer does not exist in the neat liquid, but the C=O 
stretching frequency is 1802 cm-r in Ccl4 solution. 

2400 cm-l 1600 800 

Fig. 1. Infrared spectrum of methyl pentafluoropropionate liquid. Path length: (a) 0.015 mm 
(b) film. 
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3200 2400 cm-l 1600 1200 800 400 

Fig. 2. Infrared spectrum of ethyl pentafluoropropionate liquid. Path length: (a) 0.015 mm; 
(b) film. 

I I I 

3200 2400 cm-l 1600 1200 800 400 

Fig. 3. Infrared spectrum of n-propyl pentalluoropropionate liquid. Path length: (a) 0.015 mm; 
(b) film. 
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Fig. 4. Infrared spectrum of i-propyl pentafluoropropionate liquid. Path length: (a) 0.015 mm; 
(b) film. 
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Fig. 5. Infrared spectrum of n-butyl pentafluoropropionate liquid. Path length: (a) 0.015 mm; 
(b) film. 
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Fig. 6. Infrared spectrum of i-butyl pentafluoropropionate liquid. Path length: (a) 0.015 mm; 
(b) film. 

I I I 

400 3200 2400 cm-l 1600 

Fig. 7. Infrared spectrum of n-pentyl pentafluoropropionate liquid. Path length: (a) 0.015 mm; 
(b) film. 
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Carbon-fluorine stretching frequencies 

The spectra of all seven esters are very similar in the region of the C-F 
stretching frequencies, and certainly the 1160, 1191 and 1223 cm-r bands can 
easily be assigned to carbon-fluorine stretching modes. The 1311 cm-l band is 
characteristic of the CF3CF2 groups and is usually assigned as a CF, stretch. 
However, normal-coordinate calculations for other fluorinated compounds may 
indicate that this band is due mainly to a mixture of C-C and C-F stretchesh. 
Only four C-F stretch bands were observed for each of the esters, except for the 
n-propyl. Two bands were resolved slightly for that ester, at 1155 and 1162 cm-l. 
The other esters probably have two accidentally degenerate C-F stretches. All 
four C-F stretching frequencies are slightly lower than for the acid, and three of 
them are in good agreement with the three frequencies for the trifluoroacetate 
esters. However, the 1311 cm-r band in the propionates may correspond to the 
1240 cm-t band in the acetates. 

It is not uncommon for C-F stretching frequencies of the CFJCFz group to 
be accidentally degenerate. For CF,CF,CN and CFsCF2CH=CHP, bands equi- 
valent to the propionate 1311 and 1036 cm-i bands were observed, but only two 
bands in between these were observed7. 

Carbon-carbon stretching frequencies 

The two C-C stretching vibrations are assigned to the intense band at 
1036 cm-t and the weaker band at 833 cm-i. As mentioned in the discussion of 
carbon-fluorine stretching frequencies, there is probably mixing among C-F and 
C-C stretching modes and these bands may actually have their greatest contribu- 
tions from C-F stretches. The 1036 cm-l band is absent in trifluoroacetates, but 
there is a band equivalent to the 833 cm-t pentafluoropropionate band. This 
band frequency is the least constant of the 10 vibrations listed in Table 1 and the 
intensity of this band varies considerably among the different esters. 

Carbowfluorine bending,frequencies 

The assignments made here are limited to the CF, group because little work 
has been done relative to CF2 frequencies and the CF3 group seems to have relatively 
characteristic frequencies. The 736 and 595 cm-* bands in the propionates are in 
excellent agreement with the acetate values, which indicates very little influence of 
the CF2 group on these frequencies. The 736 cm-i band has medium intensity in 
all the esters (both acetates and propionates), but the relative intensities of the 
two lower-frequency bands differ in the two ester families. The 596 cm-i bands in 
the acetates are all very weak and the 526 cm-i bands are several times more 
intense than this. In the propionates, the 595 cm-l bands are more intense than 
the 544 cm-1 bands, with the intensities of both bands being relatively constant in 
all seven esters. The band-width/band-height ratio of the 595 cm-l band is larger 
than for any of the other bands in the spectrum for all the esters. 
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CONCLUSIONS 

Nine of the 10 vibrations listed in Table 1 seem to be good group frequencies, 
having average deviations of 5 cm-i or less. Not only are these nine frequencies 
quite constant for all the compounds, but the intensities are approximately the 
same, being more constant than those for the trifluoroacetates. Most of the fre- 
quencies of CF,CF.$OOH lie outside the average deviation range of the esters. 
In general, there is good agreement between frequencies of corresponding vibra- 
tions of trifluoroacetate and pentafluoropropionate esters. 

ACKNOWLEDGEMENT 

The author is grateful to The Robert A. Welch Foundation, Houston, Texas, 
for financial support of this work. 

REFERENCES 

1 G. A. CROWDER AND D. JACKSON, Spectrochim. Acta, 27A (1971) 1873. 
2 G. A. CROWDER, Spectrochim. Acta, 28A (1972) 1625. 
3 G. A. CROWDER, J. FIuorine Chem., I (1971) 219. 
4 G. A. CROWDER, J. Fluorine Chem., I (1971) 385. 
5 N. B. COLTHUP, L. H. DALY AND S. E. WIBERLY, Introduction to Infrared and Raman Spectro- 

scopy, Academic Press, New York, 1964. 
6 E. C. TUAZON, W. G. FATELEY AND F. F. BENTLEY, Appl. Spectroscopy, 25 (1971) 374. 
7 G. A. CROWDER, unpublished results. 

J. Fluorine Chem., 2 (1972/73) 


