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The structure of complexes of 2-heptafluoro

naphthol with aliphatic amines was investigated 

according to electron absorption and fluorescence 

spectra in the temperature range 130-180·C in the 

gaseous phase and in a hydrocarbon solvent. In 

the gaseous phase, in contrast to a solut ion. the 

complex with an intermolecular hydrogen bond OH ... N 

in the ground and excited states has a molecular 

structure. Proton phototransfer does not take 

place either In solution or in the gaseous phase. 
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A study of complexes with hydrogen bonds formed by 

molecules that behove like strong acids and bases In 

aqueous solutions shows that the strlJcture of such a 

complex depends largely on its interaction with the 
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surrounding medium (1). Whereas in inert nonpolar 

solvents such as alkanes or CCl. and in inert gas 

~trices the complex formed by hydrogen halides or 

trifluoroacetic acid and amines has an ion pair 

structure, in the gaseous phase the absence of 

proton transfer from donor to acceptor has been demon

strated both experimentally and theoretically in sev

eral cases [2-8]. An attempt is made in the present 

work, on the basis of electron absorption and emission 

spectra, to establish the structure of complexes form

ed in the gaseous phase between 2-heptafluoronaphthol 

(HFN) C,oFyOH and aliphat ic amines, and to invest igate 

to what extent the process of proton transfer in the 

ground and basic states is hindered in the gaseous 

phase compared with an inert solvent. 

It WI;lS previous ly found (9] that in these systems 

in hydrocarbon solvents an equilibrium exists between 

a molecular complex with a hydrogen bond. and an ion 

pl;lir 

ROH ... XR=RO- ... HX+R, (1) 

the eqUilibrium being strongly displaced to the right 

at room temperature. On account of the low vapour 

pressure of the complexes the absorption spectra of 

the gaseous phase in our experiments can be success

fully observed only at temperatures above 150·C, and 

fluorescence spectra only above 130·C. At these tem

peratures the concentratton of the ion pairs In solu

tion in alkanes is lower than the concentration of 

molecular complexes in free molecules of HFN (9]. 

Accordingly the experimental conditions were chosen so 

that it was possible to compare the absorption and 

fluorescence spectra of the solutions. when the exist

ence of the ion forms is reliably recorded. with the 



spectra of gaseous mixtures of similar composition at 

the same temperature. Triethylamine and diethylamine, 

which differ substantially as regards their affinity 

for protons, were chosen as acceptors [10). 

ane was chosen as solvent. 

n-dodec-

The absorption and fluorescence spectra were re

corded on Specord UV-VIS and Hitachi-850 instruments. 

The experiments were performed 1n sealed quartz am

poules 13 mm in diameter, placed in a furnace with 

quartz windows. The naphthol concent.ration in the 

solution and in the \lapour under conditions of com

plete vaporisation was (l.5-2.0)x10-· molell, and the 

amine concentrat ion was (0.1-0.3) molel1. The absence 

of any thermal decomposition of the substance was 

checked spectroscopically. The accuracy of the tem

perature measurement is ±2·C. 

At a t~mperature of -l50·C the heptafluoronaphthol 

anion band at 28,800 cm- I at the edge of the band cor

responding to the molecular form is still visible in 

the absorption spectrum of HFN solut.ions in dodecane 

with a large excess of amine. The intensity of the 

band decreases with increasing temperature, and be

comes unnoticeable above 200·C. In t.he HFN spectrum 

in the gaseous phase and under a similar excess of 

amine, the ion form band is not observed right up to 

the minimum temperature of l50·C, at which the spec

trum can be successfully recorded. The absorption 

spectrum of the HFN anion in the ion complex with 

trioctylamine in solution at 20·C, as well as of the 

HFN triethylamine system in solution and in the gase

ous phase at 170·C, when the ion form band in solution 

is fully Visible, are illustrated by way of example in 

Fig. 1. In the gaseous phase, in the presence of both 

diethyl ether and triethylamine, the spectrum of the 



moleculer form of HFN is slightly shifted to lower 

frequenc ies, and the vibrat ional structure. is somewhat 

blurred (Fig. 1). These changes in the spectrum of 

nephthol vepour indicete the formation of a molecular 

complex with a hydrogen bond [9]. Such data are ob

teined for the HFN-diethylamine system. for which a 

roughly 1.5 times greater concentration of ion pairs 

in the solution may be expected. This evaluation is 

performed according to the results given in [9]: for 

e solution in undecene at 170·C the ratio of concen

trations of molecular complex and ion pair in the 

system HFN+ (C4R.)3N is about 4.5, and in the system 

HFN+(C.H9)2NH is about 3.5. In this connection, the 

proportion of naphthol included in the composition of 

the molecular complexes and ion pairs is roughly 60% 

and 13% in the first system. and 70% and 20% in the 

second system. It is clear that if equilibrium (1) 

exists in the gaseous phase, it will be strongly 

shifted to the left compared with a solution in al

kanes. 

The fluorescence spectra enable this conclusion to 

be confirmed. The structureless fluorescence band of 

HFN at 170·C in a hydrocarbon solvent has a maximum at 

a frequency of 27,100 cm-I <Fig. 2), and in the gase

ous phase at 26,750 cm- I (Fig. 3). Under the forma

tion of a molecular complex with a hydrogen bond this 

band undergoes a noticeable low-frequency shift, which 

1s larger than in the absorption spectrum: in the 

presence of diethyl ether at 170·C in solution this 

shift is 1200 cm- I (Fig. 2)', in the gaseous phase is 

450 cm- I <Fig. 3), and in diethyl ether at 20·C the 

shift is 1700 em-I. At the seme time the quentum 

yield is reduced 6-7-fold. A significently larger 

shift is observed during proton transfer and the form-



ation of an ion pair. In an inert solvent at 20'C the 

HFN anion in the ion complex with an aliphatic amine 

has a wide structureless fluorescence band with a 
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Fig. 1. Absorption spectra of HFN: in solution In dodeeane 
(1,5x10-' mole/l) In the presence of 0.15 molell of trloctylamlne 
at 20'C (I), triethylamine at 170'C (2); In the gaseous phase at 
130 (3). 170'C (4-). In the presence <1: lOS) of diethyl ether at 
170'C (5), and of triethylamine at 170 (6) and 200'C (7) 

Fig. 2. Fluorescence spectra of solutions of HFN (1.5x10-· 
molell) in dodecane at 170'C (1); in dodecane in the presence 
(0.15 molell) of diethyl ether at 170'C (2), .... b=30,800 em-I; 
trloctylamine at 20'C (3); triethylamine at 170'C (4-), .... b=29,~ 
cm- I 

Fig. 3, Fluorescence spectra at 170'C of HFN vapours (1); 1n 
the presence (1: 10') of diethyl ether (2), triethylamine (3) • 
.... b=30.800 cm- I 



maximum v .. at 21,700 cm-' <Fig. 2>, and the quantum 

efficiency is roughly 4 times less than in the case of 

free naphthol molecules. At a temperature of about 

150'C, as in the absorption spectrum this band is ob

served In the form of a shoulder on the edge of the 

molecular form band, and at a temperat.ure above 200'C 

it is practically unnoticeable. Fluorescence spectra 

of the HFN-triethylamine system in solution and in the 

gaseous phase at 170'C are illustrated in Figs. 2 and 

3. In contrast to the solution, in the gaseous phase 

fluorescence of the ion complex is absent and cannot 

be recorded up to 130·C. In the presence of trIethyl

amine the HFN fluorescence band lies at v .. 26,000 cm-', 

and that of diethylamine at v .. 26,100 cm-' (in solu

tion, 26,300 cm-' and 26,200 cm-' respect ively). The 

excitation spectra, as in the case of the complex with 

diethyl ether, coincide with the absorption spectra. 

Thus, in the gaseous phose in the temperature range 

130-180'C complexes of HFN with aliphatic amines have 

only a molecular structure. The position of the flu

orescence bands of these complexes leads to the con

clusion that, in the gaseous phase, a secondary ali

phatic amine does not differ from a tertiary aliphatic 

amine as regards proton acceptor ability. 

Heptafluoronaphthol and its anion do not fluoresce 

in aqueous solution, and accordingly an evaluation of 

the acidity in the excite,delectron state may be made 
" only from the position of the absorption bands of the 

neutral and deprotonated forms. In both aqueous and 

aprotic solvents the long-wave shift due to ionisation 

of HFN is 1500-1700 cm-'. According to the reaction 

scheme given in (11], this corresponds to an increase 

in pK. in the excited state of 3-3.5 units. The shift 

of the electron band of HFN in the fluorescence spec-



trum as a result of the formation of a hydrogen bond 

with dlethyl ether Is greater than in the absorption 

spectrum (150 and 1200 cm-' in a solution in dodecane. 

and 100 and 450 cm-' in the gaseous phase) and this 

may be regarded as evidence of the strengthening of 

the hydrogen bond under electron excitation. However. 

under excitation of the tautomeric complex between HFN 

and amines. a band due to expulsion of the anion is 

not observed in the molecular form band in the gaseous 

phase. and in solution no shift of the equilibrium in 

the direction of the ion pair can be detected: with 

an increase in temperature the luminescence spectra 

change in a similar manner to the absorption spectra. 

Clearly. the equilibrium between the molecular complex 

and ion pair cannot shift noticeably during the life

time of the excited state. since no phototransfer of a 

proton from HFN to amines is observed in solution or 

In the gaseous phase in the temperature range 130-

180·C. 

The results obtained show that Interaction between 

the complex and molecules of a nonpolar solvent play 

an Important rOle in the formation of ion pairs. ini

tiating transfer of a proton via the hydrogen bond. 

It is difficult to say anything definite about the 

mechanism of this interaction. though various possi

b1lities are considered in [1. 121. 
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