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SUMMARY 

Reactions of the fluorinated amines (CF3)2NH, CF3N(OCF3)H, 

CF3N[OCF(CF3)2]H, CF3NHF and SF5NHF with the strong acid HF/AsF 
5 

form the corresponding ammonium salts Rf*Rf2NH2+AsF6- 
+ 

and RfNFH - 
2 

AsF 
6 
- in high yield. [R~~=CF~, Rf2=CF3, CF30, (CF3)2CFO; Rf=CF3, 

SF51 The colorless crystalline solids are stable for prolonged 

periods at 22'C in sealed FEP containers. They have dissociation 

pressures at 22OC ranging from 25 torr (R~NFH 
2 
+AsF6-) to a50 torr 

+ - 
[CF3N(OCF3)H2 AsF6 1. 

19 F NMR and Raman spectroscopy were used 

to identify the compounds. 

INTRODUCTION 

Fluoroammonium salts of the type NFH 
+ 

3 
,NHF+ 

22 

well known and NH F 
+ 

22 
can be prepared directly from 

and NF 
+ 

4 
are 

NF~H by protonation 

in superacid media HF/MF 5 W=AS, Sb) [2,31. ckl the other hand, NF3 cannot 

be converted to NF3H+ in the same way. Similarly, it is well known 

that fluorocarbon amines such as (CF3j3N and (CF3)2NH have very 

low basicity, but there do not appear to have been any attempts to 

protonate these and related compounds in superacid media. 
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During investigations of the chemistry of CF2=NF [41, we attempted 

to form a cation of the imine by removal of a fluoride ion with 

AsF 
5' 

Instead of the desired salt, CF2=NF and AsF5 formed a weak 

molecular complex at lower temperature which was completely dissociated 

at 22OC. While attempting to characterize this complex by NMR, 

we inadvertently prepared CF3NFH 
+. m fluorosulfuric acid solution. 
2 

This result prompted us to investigate the obvious question as to 

whether fluorocarbon amines would form stable ammonium salts. Using 

several fluorocarbon amines available from on-going research, we 

report here the facile formation of ammonium hexafluoroarsenate 

salts by reaction of (CF3j2NH, CF~N (ocF~)H, CF~N[OCF(CF~)~I, CF~NFH 

and SF5NHF with the strong acid HF/AsF 
5 
. 

EXPERIMENTAL 

General 

All volatile compounds were handled in glass or stainless 

steel Vacuum systems equipped with glass-Teflon and severe service 

stainless steel valves, respectively. Amounts of materials were 

measured by PVT measurements or direct weighing. Pressures were 

measured with a Wallace and Tiernan differential pressure gauge, 

series 1500. Temperatures were measured with a digital-indicating 

iron-constantan thermocouple. 

Infrared spectra were taken on a Perkin-Elmer 1430 instrument 

with a 3600 Data Station. Spectra involving HF were taken with 

5 cm stainless steel or 10 cm Teflon-Kel-F cells fitted with AgCl 

windows. Other spectra were taken in 10 cm glass cells fitted with 

KC1 or AgCl windows. 
19 F NMR spectra were taken on Varian 

XL-100-15, JEOL C-60-HL or JEOL FX-9OQ spectrometers with external 

CFC13 as a reference. Chemical shifts are in ppm relative to external 

CFC13, with high field shifts having a negative sign. Solutions 
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involving HF were contained in 4 mm OD thin wall Kel-F tubes inserted 

in a standard 5 mm glass NMR tube. The Kel-F tubes were filled 

by vacuum transfer and sealed before inserting them into the glass 

NMRtube. Raman spectra were taken using thin wall FEP tubes for 

sample containers, utilizing a Spex 14018 double monochromator with 

photon-counting detection. Excitation was via the 514.5-nm line 

of an Ar +. Ion laser. 

Reagents _-- 

The amines (CF3)2NH [51, CFJN(OCF3)H, CF3N[OCF(CF3)21H, 

CF3NHF [61 and SF5NHF [71, and the imines CF2=NF [4] and SF4=NF 171 were 

prepared by literature methods. Hydrogen fluoride was obtained from Air 

Products Inc. and was purified by distillation. Arsenic pentafluoride 

was prepared by heating reagent grade As 0 
25 

with excess fluorine 

at 200" in a Monel bomb. 

Synthesis of ammonium salts 

In a typical reaction, 1 ml of HF was distilled 

at -196"C, followed by 3.0 mm01 of AsF5. The mixture 

a solution of AsF5 in HF. The reactor was then cooled 

into a 10 ml FEP reactor 

was warmed to 22'C to fort 

to -196' and perfluoro- 

methanimine (3.0 rmnol) was added. The mixture was warmed to 22OC 

and let stand for 1 h. It was then cooled to -7OOC and pumped on 

through an FEP U-trap. Pumping to co,.stant weight at this temperature 

resulted in a fine white crystalline solid corresponding to 94% 

yield of CF3NFH2+AsF6- based on the starting CF2=NF. Similar results 

were obtained starting with CF3NHF. Other salts were prepared from 

the amines using similar procedures. When pumped on at -7S0c to 

remove excess HF, the yields were quantitative within experimental 

error. All the salts sublimed readily at 22'C in sealed FEP containers 

to form large transparent crystals. 
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AB+ - 
CF3 NF H2zF6 : P22@ torr; NMR (HF,-34OC) A -74.5(d), B -92.2(q); 

J AB=17.5 HZ; Raman 1291(w), 1200(w), 961(w), 773(m), 667(s), 

639(w), 493(w), 451(s), 442(sh), 394(m), 340(w), 288(m) cm-l. 

FA B * + LF4zH2KF6 -: P220C=7 torr; NMR (HF, -52'C) A 52(m), B 51.7(m), 

X -68.9(br, s); JAB=150r JBx and J AX 
not readily determined; Raman 

1064(m), 753(s), 692(s), 666(m), 564(w), 521(w), 449(m), 379(w), 

371(m), 119(w), 79(w) cm-l. 

CF N(OCF )H +AsF -: 
-3---3-2-6 

P 220C"50 torr; NMR not determined; Raman (s, 

-196'C) 1245(W), 1185(~), 1162(vwl, 1054(w), 909(s), 773(w), 709(s), 

690(sh), 685(s), 574(m), 333(w), 297(w), 221(w), 192(vw) cm-l. 

(E3A)2NH2+AsF6-: P220C<0 torr; NMR (HF, -28OCl A -58.3(s); Raman 

not determined. 

CF3N[OCF(CF3)21H.,+AsF6-: P 
22OC 

-10 torr; other data not determined. 

RESULTS AND DISCUSSION 

+ - 
??3NE2AsF6 

The formation of fluorotrifluoromethylammonium 

hexafluoroarsenate, CF3NFH2+AsF -, 
6 

occurs in high yield 

of either CF =NF or CF NFH with a stoichiometric amount 
2 3 

on reaction 

of AsF 
5 

in excess liquid HF at or below 22OC. Excess AsF5 can also be 

employed with similar results. 

CF2=NF + HF - 
CF3NFH 

CF3NFH + AsF + HF 
HF 

5 
CF3NFH2+AsF - 

6 

Removal of the excess HF at -70°C gives a nearly quantitative yield 

of the ammonium salt. The HF can also be removed near O'C with a 

resulting lower yield of the salt. At this temperature, the salt 
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already has a measurable dissociation pressure and some of the starting 

amine and AsF5 are removed along with HF. At 22'C, the dissociation 

pressure is -7 torr and the IR spectrum of the equilibrium vapor is 

that of CF3NFH and AsF 
5 
. At this pressure the HF is not visible, but 

its presence is readily discernible by its attack on glass forming 

SiF 
4' 

Support for the structure of 
+ 

CF3NFH AsF 
2 6 

- comes from the 

Raman and lg F nmr spectra. Raman spectra were only of marginal 

quality because of strong fluoresence in all samples under a variety 

of conditions, including low temperature Kel-F, FEP or Pyrex sample 

containers, HF solutions and varying the wavelength of the laser 

excitation. Nevertheless, sufficient quality spectra could be obtained 

to readily assign vl of AsF - at 667 cm -1 as the most intense band 
6 

in the spectrum of the solid. This value compares favorably with 

related AsF - salts of 
+ 

6 
NF H 

22 
and NF 4+ [81. * Other observed bands 

are reasonable for the salt but no effort was made to assign them. 

The strongest support for the cation CF3NFH2+ comes from its 

19 F NMR. In RF solution, CF3NFH2+AsF6- shows a doublet for the 

CF3 (-74.5) and a quartet for the fluorine on nitrogen (-92.2) with 

3J 
FF 

= 17.5 Hz. Cooling to as low as -7O'C did not result in any 

observable J HF coupling. This is in contrast to the free amine 

in CFCl 
3' 

where a doublet of doublets is observed for the CF 3 (-74.2) 

and a doublet of quartets for the NF f-126.71, with 3J FF = 26.7, 

2s 
H-RF 

= 9.5 and 3JH_cF = 9.5 Hz [6]. Clearly, CF3NH2F+ is exchanging 

3 
protons with the solvent HF and the concentrations of both CF3NM2+ 

' The "1 band for NF2H2+AsF 
-1 

6 
- occurs at 714 and 674 cm 

and a frequency of 667 cm-1 for CF NFH2'AsF 
3 6 

- is very reasonable. 
See ref. 2 and references therein. 
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Fig. 1. "F NMR OF CF3NFH2+~s~ - 
6 

in HOS02F. 1000 Hz. sweep 

width. Relative area NF:CF3=1.0:3.0. CF3 signal shows littls 

change with temperature. 

and CF3NHF may be comparable*. the latter conclusion is supported 

by the 19 F NMR of CF3NFHZ+AsF - 
6 

in fluorosulfuric acid. The temperature 

dependent spectrum is shown in Figure 1. The doublet of relative 

area 3 due to the CF3 (-69) and the triplet of quartets of relative 

area I, due to the NF (-65) can be explained by 3J FF = 14 and 2JH_NF ~42 

Hz**. The large change in the chemical shift of the NF group, and 

the observable 2s HF coupling, clearly imply that the species is 

*Proton exchange of NH2FZiAsF6- in HF could be suppressed by 

addition of excess AsF 
5 
to the solution (ref. 2). We attempted 

this with CF3NEX 
+ 
AsF - 

2 6 
without SUCCBSS, 

** In a sample of CF3NFH 
+ 
AsF 

2 6 
- in HOSO2F at 30°C, the AsF - 

6 
anion is visible as a very broad signal near -63 ppm. 



393 

predominantly the CF3NFH2+ cation in HOS02F and its exchange of 

protons with the solvent is slow on the NMR time scale at lower 

temperatures. This is in contrast to HF as a solvent where the 

exchange is fast and where CF NHF is probably a major species. 
3 

If the latter is true, the chemical shift of the NF group in HF 

might be expected somewhere between that of pure CF3NHF (-126.7) 

in CFC13 and CF3NFH 2+ (-65) in HOS02F. Fortuitously, it is found 

at -92, very near the average of the two values. 

Other examples of fluorinated ammonium salts 

Other ammonium salts can be similarly formed from (cF~)~NH, 

CF3N(OCF3)H, CF3N[OCF(CF3)2)H and SF4=NF or SF5NHF. The least stable 

salt was observed with CF3N(OCF3)H, which exhibited the highest 

dissociation pressure at 22OC. The stability of SF5NFH 
+ 
AsF - was 

2 6 

similar to that of CF NFH 
+ - 

3 2AsF6* 
The Raman spectra for CF3N(OCF )H +- 

3 2 

AsF - 
+ 

6 
and SF5NFH 

2 
AsF 6- both contained strong bands assignable to 

- "1 of AsF at 690 and/or 685, 
-1 

6 
and 692 and/or 666 cm , respectively. 

The lQ F NMR spectra of (CF3)2NH2'A~F - and SF5NFH 
+ 

6 
AsF 

2 6 
- in HF solution 

are similar to that of CF3NFH 
+ 
2 AsF 6- in HF. The 3J HF coupling readily 

observed in (CF3)2NH is absent in the solution of the ammonium salt 

and the chemical shift of CF3 groups is only slightly different 

from that of the free amine (-58.3 vs. -57.1). Similarly, HF 2J 

is not observable for SF NFH 
+ - 

5 2AsF6- 
As with CF3NFH, a substantial 

change is observed for the NF chemical shift in SF5NFH 2+ (-68.9) 

vs. pure SF5NRF (-74.7). The shift in the axial S-F fluorines of 

SF5 group is even larger (52 vs. 64.6), whereas the equitoral flu- 

orines show little change (51.7 vs. 52.6). 
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CONCLUSION 

The facile formation of fluorinated alkyammonium hexafluoro- 

arsenate salts has been demonstrated by reaction of fluorinated 

amines with AsF5/HF. While only a few examples have been prepared 

it seems clear that a variety of amines of the type RfNFH and 

Rf1Rf2NF will react similarly. It would be of interest in the future 

to determine if related compounds such as R NF 
f 2' (Rf)*NF and (R,)3N 

will also form ammonium salts under similar conditions. 
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