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Recently conducted spectroscopic investigations of the structure of complexes in systems with a strong
hydrogen bond [1-4] have shown that the formation of ionic forms with a {ransferredproten is extremely read-
ily induced both by local perturbations during the formation of a hydrogen bond of the molecular complex
AH...B with proton donors and by van der Waals interactions with the molecules of the surroundings. There-
for, in a study of the influence of the electronic structure of proton donor and acéeptor molecules on the type
of free energy surface of the system and changes in this surface as a result of interaction with the surround-
ings, It is logical to start with the properties of the bimolecular complex AH*B in the gas phase or in the
most Inert solvents (noble gases, alkanes, perfluorccarhons). In the case of complexes of aliphatic amines
with carboxylic acids or phenols in solution, an increase in the proton-donor and proton-acceptor capacity of
the partners leads to the appearance of 2 shift of the tautomeric equilibrium molecular complex = ion pair
to the right; there is a basis for believing that another, continuous type of evolution is also possible, in that
there is no tautomerism, and the only complex passes through a stage of the so-called complex with quasi-

symmetrical hydrogen bond A, . .H.,.B[5].

 This communication presents the results of investigations undertaken in order to determine the nature
of the change in the structure of the bimolecular complex with a strong hydrogen bond in the ground and ex-
cited electronic states with a gradual increase in the interaction with the solvent, according to the electronic
absorption and emission spectra, as well as according to the IR spectra, The complex of isoguinoline (IQ) —
trifluoroacetic acid (TFAA) with a hydrogen OH,.,.N was studied in solutions in saturated hydrocarbons,
aromatic hydrocarbons, butyl chloride, chlorobenzene, o-dichlorobenzene, nitrobenzene, chloroform, and ace-
tonitrile. In the UV spectrum the work was conducted on the band 'Ly, of isoquinoline, which has a well-ex-
pressed vibrational structure (Specord UV-VIS and Hitachl H-850 instruments )}, The IR spectra were investi-
gated In the reglon of 1600-1800 em”™}, where the bands vCO of the acid and its anion lie (UR-20 instrument).

Figure 1 shows the UV spectrum of IQin solution with CCl, and iis changes when TFAA (s added. At
low acld concentrations the Intenslity of the spectrum of free IQ decreases, and the band shifted by 400-450
cm’} to low frequency appears, the Intensity of which Increases with the acid concentration. This band belongs

to. the bimolecular complex IQ—TFAA. By placing a solution of IQ [n CCly In the reference channel of

Sclentlﬂc-Research Ingtitute of Physics, A. A. Zhdanov Lenlngrad State University. (Presented by
Academician N. M. manuél‘ June 8, 1884,) Tranalated from Doklady Akademlil Naulk SS8SR, Vol, 232, No. 3,
pp. 646-849, May, 1985, Orliglnal article submitted June 14, 1984,

0012-5016/86/0005-05053% 09.50 © 1985 Plenum Publighlng Corporation 509




7 «10™*, Hien /mote scm

grsh

gst

arsr

17 37

vz-'fﬂ", em-!
Fig. 1 Flg. 2

Fig. 1. Spectra of solutions in CCl, containing 3.2- 10°° M isoquinoline
and trifluoroacetic acid at concentrations: 1) 0; 2) 2.2-107° M; 3)
4.4+107 M; 4) 8.8-107° M. Cuvette thickness 0.1 cm.

Flg. 2. Spectra of the bimolecular complex lsoquinoline —trifluoroace-
tlc acid in various solvents: 2) in octane; 3) in CCl,, experiment; 4)
in toluene; 5) In acetonitrile; 1) isoquinoline in octane. Spectra 2, 4,
and 5 were obtained by treating a family of spectra on a computer.

the spectrophotometer and selecting its concentration, it is possible to obtain the spectrum of this complex in
pure form (Fig. 2, specirum 3), The contour of the band ofthe complex repeats the general outlines of the
band of free IQ, but the vibrational structure is appreciably blurred. The value of the low-frequency shift and
the preservation of the vibrational structure are typical of IQ molecules forming a strong hydrogen bond with
proton donors [6], and, consequently, the complex has the molecular structure CyH,N,., HOOCCF,, At acid
concentrations ecomparable with the concentration of IQ, a new broad band appears, y ~ 30,000 cm'l, which in
excess acid dominates in the spectrum (Fig. 1, spectra 3 and 4). This band belongs to complexes of more
complex composition, containing two or more acid molecules, In the presence of a greater excess of acid,
when the remains of the bands of free IQ and the 1:1complex disappear, the spectrum becomes virtually
identical with the spectrum of the isoquinclinium cation (for example, in acid aqueous solution); therefore, it
can be ¢oncluded that in these complexes IQ Isprotonated, and they have an fonic structure,

In golution in acetonitrile, in the presence of excess IQ, a band of the cation appears and changes little
with increasing acid concentration. In aromatic solvents, however, and in the weally polar butyl chloride, a
band occupying an intermediate position is observed in the spectrum, In the presence of excess IQ in all the
solvents, the cation-like hand of complexes of complex composition dominates. The isolation of the band of
the equimolar complex for solutions In octane, toluene, and acetonitrile was performed by treating a packet of
spectra obtained in excess IQ at varioug acid concentrations on 2 computer according to the procedure of {81,
These spectra are cited in Fig. 2, spectra 2, 4, and 5. It can be seen that with increasing interaction of the
complex with the solvent, there is a broadening of the vibron components of the band and a general long-wave
‘ghift of It, These changes in the electronic spectrum of IQ in complex with TFAA are in good agreement with
the changes recorded on the bands of the CO group of the acid in the vibrational spectrum with increasing ac-
tivity of the golvent [6]. As we go from CCl, to aromatic hydrocarbons and their derivatives and then to
chloroform and acetonitrile, the band #CO of the complex ls smoothly shifted from 1765 cm ™, the position
characteristic of complexes of TFAA with a strong hydrogen bond {9], to 1695 em” !, the typical position of
¥4CO; of the anlon of the acid, which constantly remains a single band in this region of the spectrum.,

47 A study of the fluorescence spectra under the same conditions permit characterization of the structure
“of the ¢omplex In the exclted electronle atate, The fluoreacence of IQ In the gas phase and in inert solvents
18 very weak, but when a hydrogen bond s formed, the quantum yleld {5 Increased by 2-3 orders of magnltude
“(10). As Is shown by measurements in agueous solutlon [11, 12], In the singlet excited state the basicity of
“1Q I8 increased by 2-2.5 unlts of pKy In comparison with the ground state, and In an inert solvent and in the
' phase In the case of excltatlon we mlght expect shortening of the bond and phototransfer of a proton, In{10]
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Flg, 3. Spectra of excitation (a) and fluorescence {b} of a com-
plex with 1:1 composition. 1) [n heptane; 2) ln butyl chlorides
3) [n acetonitrile, Concentratlons of isoquinollne and trifluoro-
acetlc acld each 1.1°107 M; for a, Apge = 340 nm (1), 360 nm
(2, 3}; Aaxeit = 310 nm for b (1-3),

the fluorescence of complexes of IQ with fluorinated alcohols was investigated in solutiong in trimethyipentane
at 77°K, and It was found that when the molecular compiex Is excited, two bands are observed 51mu1taneously
in the emlssion gpectrum — the band of the molecular complex with characteristic vibron structure and a
broad structureless band of the cation, shifted in the long-wave direction, This ig an indication of transfer of
a proton along the hydrogen bond OH,,.N in the excited state, which was interpreted by Anton and Moomaw
[10] as evidence of the existence of two minima on the potential surface of the complex in the singlet excited
gtate. However, the compogition of the complexes was not established, and under the conditions of [10] (an ex-
cess of the proton donor, low temperature, hydrocarbon solvent), the number of complexes containing two or

more proton donors may be rather large,

In this work we obtained the fluorescence and excitation spectra of bimolecular complexes of isoquino-
line with trifluorcacetic acid in heptane, butyl chloride, and acetonitrile at rcom temperature, as well as in
the gas phase at 440°K, Figure 3 presents some of the results obtained. At equimolar concentrations (107 M)
of IQ and TFAA, the spectrum of excitation of the fluorescence in the most inert of the solvents used — heptane
{curve la) —is similar to the absorption spectrum of the bimolecular compiex in octane (Fig, 2, spectrum 2).
The fluorescence spectrum (curve Ib) is not mirror-symmetrical in the excitation spectrum in this case; how-
ever, the two spectra have a vibron structure (only a redistribution of it occurs}, the position and shape of the
fluorescence band do not depend on the wavelength of excitation, and the Stokes shift has a normal value. All
this indicates that in solution in heptane in the excited state ofthe bimolecular complex with hydrogen bond
there is no transfer of a proton and formation of an ion pair, but, in all probability, only a certain strengthen-
ing of the hydrogen bond oceurs, With increasing acid content, the fluorescence band is shifted in the long-
wave direction, is broadened, and its structure is blurred. The changes in the spectrum cease when the emis-
sion band lies around 28,000 cm ™! and has a smooth contour, The excitation band also changes similarily;
moreover, at such concentrations mirror symmetry of the emission and excitation spectra is already approx-
imately observed. It thus can be concluded that the broad cation-like fluorescence band in the indicated sol-

. vent owes its origin to complexes containing two or more acid moelecules and already possessing an ionic

‘structure in the ground state,

In the polar structure acetonitrile, the structureless fluorescence band of the complex lies at 26,500
em™ Y its posltion and shape do not depend on the acid concentration. The execitation spectrum is analogous to
the abgorption spectrum of the 1:1 complex (Fig, 3a, spectrum 3}, so that in acetonitrile the structure of the

complex In the ground and excited states s {onie,

In soluilon In butyl chloride at a low relative content of acid, a2 band that does not have a vibron struc-
ture, which lles approximately midway between the structural band of the molecular complex in solution in
heptane and the fluorescence band of the catlon, ls cbserved In the fluorescence spectrum (Fig. 3b, spectrum
2), The excitatlon spectrum also occupies an intermediate position and has a highly blurred vibron structure,
The complete disappearance of the vibron structure In the emlssion spectrum in comparison with the exclta-
J£lon spectrum evidently Indlcates a strengthening of the bond [n the complex and an approach of its structure
to lonlc in the excited state, With [ncreasing acld content In solution there is a blurring of the structure and a
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slillt of the hand In the excltation apoctrum In the [ong-wave diraction, Thua, in aolutlon ln butyl chloride the
bimolocular ecomplox [Q—TFAA [n the oxclted state has a atructure Intermedlate between molecular and ionlc.
The addilton of & 4acond and dubsoquent acld moleoules to this complex leadd o transfer of a proton and Lhe
formution of & eatlon of lsoqulnolino, [t boeomes ciear that phototransfer of 4 proton In eomplexes of 1Q with
CECILOI aad (CFy)yCHOM, fur weakor proton donors than trifluoroacetic acid, in a frozen hydrocarhon
solution, ohysorved In [ [0], ocourred In eomplexes ¢ontainlng more than one proton donor molecule, possibly
undor conditlons of selocted dalvallon of the complex by aleohol, Eartler a simllar hypnthesls waa advanced
{n (131, whero phototransfer of a proton [rom alcohols to quinoline at 77°K was recorded {n petroleum ether
under condlilons of a substantlal excoss of aleohol,

An lnvostigation of the absorption and fluorescence apectra of complexes of IG with TTAA In the gas
phasc at 440°K showed that under these conditlons In the ground state the complex has a molecular structure,
and In the exclted state preton transfer also does not oceur; the emlssion spectrum corresponds to a molecu-

lar form with a strong hydrogen bond OH, ., N,

Hence, our [nvestigatlons of the absorption and fluorescence spectra of the [Q—~TFAA system showed
that with Increasing actlvity of the solvent there ls a change in the spectrum of the bimolecular complex from
that typical of a molecular complex with a strong hydrogen bond (gas, solutions in alkanes, CCly) to that typi-
cal of anh lon palr {golutlons [n chloroform and acetonltrile); in aromatic hydrocarbons and butyl chloride the
posltion and shape of bands are intermediate. The spectra of the free molecule, the molecular complex with a
hydrogen bond, the lon palr, and the solvated lon pass continuously from one into the other; there is no qualita-
tive boundary between them, Consequently, in this series of solvents the structure of the complex changes
smoothly from molecular to lonie with a gradual change in the position of the proton between the oxygen and
nitrogen atoms. In not one case were two bands characteristic of two types of complexes, molecular and ienie,
ohserved simultanecusly, which would have served as an indication of the existence of tautomeric equilibrium,
In the excited electronic state, the change In the structure of the complex in the series of solvents occurs
more rapidly — the Stokes shift increases with increasing activity of the solvent. Evidently the increase in the
basicity of IQ in the excited state affects the structure of the complex to a greater degree, the greater the in-
teraction of the complex with its surroundings. Phototransfer of a proton in the systems studied was not de-
tected., The addition of a second acid molecule to the bimolecular complex promotes protonation of IQ.
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