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The Photophysics of Some Tertiary Aliphatic Amines in Solution

Richard A. Beecroft and R. Stephen Davidson*

Department of Chemistry, The City University, Northampton Square, London EC1V OHB

The absorption and fluorescence properties of some NV-methyl alicyclic amines are reported. Absorption
maxima, fluorescence emission wavelength maxima, and fluorescence lifetimes are highly dependent
upon amine structure. The Stokes shift is also dependent upon amine structure and this is suggested as
being a reflection of the extent to which the amino group is pyramidal in the ground state. In many cases,
change of solvent from cyclohexane to tetrahydrofuran causes a large red shift in wavelength for
maximum fluorescence intensity, but often has little effect upon fluorescence lifetime, which indicates
that solvent effects upon non-radiative processes occur largely before the solvated planar state of the
amine is created. Examples of the quenching of amine fluorescence by hydroxy groups and of excited
amines forming exciplexes with benzene are presented.

The photophysics of acyclic tertiary amines has been
thoroughly investigated by Halpern and co-workers.!™*
Tertiary amines exhibit fluorescence both in the gas phase ? and
in non-polar solvents such as n-hexane and cyclohexane.®>* In
cyclohexane solution the emission is usually broad and
structureless. This, together with the finding that the amines
possessing flexible structures exhibit large Stokes shifts, is in
accord with the view, that by analogy with ammonia,’ the
initially created excited amine molecule undergoes relaxation to
give a planar species from which emission occurs. This view is
also backed up by the finding that the fluorescence intensity of
these amines is temperature dependent.*

The nature of the emitting state in solution is a matter of
some debate. Muto et al.° and later Halpern ! showed that many
tertiary amines fluoresce in polar solvents such as tetrahydro-
furan. The emission is substantially red shifted from that
observed in cyclohexane solution. The current view is that these
solvatochromic shifts are due to the emission emanating from a
Rydberg state, which can be solvated by ion—dipole inter-
actions. Such a model is reminiscent of that used to explain
solvent effects upon exciplex emission.” When solvents more
polar than tetrahydrofuran are employed, the amine fluores-
cence is quenched.?

Another particularly interesting feature of amine photo-
physics is the ability of some tertiary amines to form
excimers.2'3 The structure and bonding characteristics of these
amines is a matter of some debate. Many amines, e.g.,
triethylamine, which do not exhibit fluorescent excimer
formation exhibit concentration quenching.

We now report some photophysical studies upon alicyclic
amines in which the ring size is varied and also upon the way in
which solvent affects these properties.

Results

Figure 1 shows the absorption spectra for a series of amines at a
concentration of 1072M in cyclohexane solution. It can be seen
from the Figure and from Table 1 that the molar extinction
coefficients for the amines at a particular wavelength and the
wavelength of the absorbance band edge are dependent upon
the amine structure.

The quantum yields of fluorescence for the amines in
degassed cyclohexane solution were determined at three
wavelengths (240, 250, and 265 nm), in order to observe whether
the quantum yields were concentration dependent. Fluorescence
lifetimes were determined at these wavelengths using the
technique of pulse-sampling fluorimetry (Table 2). By
combining the data from Tables 1 and 2, a crude estimate of the

self-quenching rate constants (Table 3) was obtained. In most
cases the values were close to the diffusion-controlled limit.

The amines exhibit fluorescence in tetrahydrofuran solution
and the quantum yields and fluorescence lifetimes are shown in
Table 4. In all cases, the fluorescence spectra recorded for
amines in tetrahydrofuran solution lacked any well resolved
features. In a few cases, it was noted that the spectral distri-
bution of the fluorescence exhibited a small dependency upon
oxygen concentration which suggested that, in oxygenated
solution, emission from amine—oxygen complexes may be being
observed. When solvents more polar than tetrahydrofuran were
used, e.g., acetonitrile and ethanol, fluorescence could not be
observed. The ability of the hydroxy group to quench fluores-
cence is shown particularly well by aminoalcohols (Table 5). In
cyclohexane solution, the hydroxy group of the w-aminoun-
decanol has little effect whereas with the ethanolamines, the
hydroxy groups led to almost total fluorescence quenching. The
presence of the hydroxy groups in all the amines studied
attenuates the fluorescence intensity in tetrahydrofuran solution.

Although it is difficult to describe accurately the solvating
ability of benzene, one knows from exciplex chemistry,” that
its ability to solvate excited complexes is less than that of
tetrahydrofuran. However, the fluorescence observed when the
amines are excited in benzene solution (Table 6) is red shifted
from that observed in tetrahydofuran solution. This observation,
together with the results from our earlier work on benzene-
amine exciplexes,”!® leads us to propose that the emissions
observed in benzene solution emanate from benzene-solvated
benzene—amine exciplexes.

Discussion

From the absorption and emission spectra of the amines it is
possible to derive the Stokes shifts for the amines (Table 6). The
largest shift is that for the N,N’-dimethylpiperazine. Other
amines, e.g., N-methylpiperidine, which have the nitrogen atom
in a six-membered ring also display relatively large Stokes shifts
as do triethylamine and N-methylpyrrolidine. As the size of the
ring is increased above six so the Stokes shifts decrease
suggesting that ring size influences the extent to which the
amino group has a pyramidal structure. The less pyramidal the
nitrogen atom in the ground state, the less configurational
reorganisation will occur after excitation and consequently the
smaller the Stokes shift. For amines in which the nitrogen is
pyramidal and cannot become planar because of its environ-
ment, Stokes shifts are not observed.?® For all the amines
studied, concentration quenching (Table 3) but no excimeric
emission was observed. This perhaps is not surprising when one
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Figure 1. U.v. absorption spectra of aerated cyclohexane solutions of tertiary alicyclic and acyclic saturated amines (1.0 x 10-2 mol dm~3) recorded at

20 °C
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considers that all the amines are conformationally mobile and,
consequently, the energy of a collision complex can be readily
dissipated non-radiatively by inducing conformational
changes.!! A similar situation was observed for excited
complexes formed between 1,1’-binaphthyl and pyrroles.!!

All the amines exhibited fluorescence in tetrahydrofuran
solution which was red shifted from that found in cyclohexane
solution. As can be seen from the Tables, the change to a more
polar solvent usually caused a decrease in quantum yield of
fluorescence and in some cases the change caused an increase in
lifetimes. This result is not without precedent,! but is difficult to
explain. One either has to assume that for some amines the
radiative decay rate constant (k;) varies with solvent or else
invoke the intervention of a non-emitting excited state, which
can relax to give the fluorescent state and/or give rise to non-
radiative processes, as shown in the Scheme. The relative
efficiencies of paths A and B will determine the quantum yields
of fluorescence but provided that path B is irreversible, the
lifetime will be governed by the radiative properties of the
solvated amine, the solvent possibly playing an important part.
It is interesting to note that the differences between the Stokes
shifts in cyclohexane and tetrahydrofuran solutions are very
similar for all the amines (see Table 6). This suggests that the
solvation by tetrahydrofuran of each of the amines is very
similar.

(2) MeN (CHy)
N 2’6
(4) NEt3
N
(6) MeN (CHj)g
A
(8) MeN 0O
N
Amine—™,  Amine* — Amine *
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Scheme.

Polar solvents also markedly affect the efficiency of the non-
radiative decay routes for the excited amine, a situation very
similar to that found for excited charge-transfer complexes.
Excited amines are known to undergo electron ejection in
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Table 1. Molar extinction coefficients (€) of a series of tertiary alicyclic amines and selected acyclic amines in aerated cyclohexane solution at
wavelengths of 240, 250, and 265 nm. The effective concentration of the amine at each wavelength is shown in parentheses

Absorbance
g/mol! dm? cm™! band edge
Amine 240 nm 250 nm 265 nm (cm™! x 10%)
7N
MeN  (CHj); 1025 360 42 357
N~ (9.7 x 100% (27 x 10 (23 x 107%)
7N\
MeN  (CH,) 520 165 13 3.60
N~ (19 x 10%) (60 x 10%) (7.6 x 107%)
7N
MeN  (CH5) 160 24 4 388
N (62 x 107%) (4.2 x 107%) (2.5 x 107?)
7N
MeN  (CHy), 350 88 55 3.70
~— (28 x 1074 (L1 x 10°%) (1.8 x 107?)
NEt; 400 84 3 3.78
(2.5 x 104 (12 x 10°%) (3.3 x 10?)
MeNEt, 171 32 2
(58 x 10%) (3.1 x 1073 (5.0 x 10%)
MeN  NMe 120 13 2 3.88
s (83 x 104 (717 x 10%) (50 x 107
MeN 0 28 4 1.5 3.88
\__/ (3.6 x 103 (2.5 x 107%) (6.7 x 107?)

Table 3. Estimated self-quenching rate constants for a series of alicyclic
tertiary amines in degassed cyclohexane solution, based upon data from
Tables 1 and 2

Table 2. Quantum yields of fluorescence (relative to toluene ¢; =
0.14) and fluorescence lifetimes (ns) of a series of alicyclic tertiary
amines in degassed cyclohexane solution at the excitation wavelengths

shown Self-quenching
rate constant
Aexe. 240 nm A, 250 nm A, 265 nm Amine (dm? mol ! s~V
A/m_in\e Pr Te/ns P¢ Tg/ns @ T/ns N
9
MeN (CHy, 052 34 063 36 044 32 MeN__[CHz)7 53610
A
7\
7N\ 9
MeN (CHp) 050 35 055 38 019 30 MeN _(CHzlp 635 x 10
N
N
MeN/_\(CHZ)S 020 32 022 41 (001) 18 MeN__(CH2)s
NG
~~
7N\ 9
MeN (CH), 050 31 048 34 013 24 MeN __(CH2 465 x 10
N
8
NEt3 044 37 044 54 027 32 NE13 354 x 10
/7~ \
/N MeN  NMe 1.3 x 10°
MeN  NMe 048 116 023 110 105 \
—_/
VAR
7N\ MeN O 7.78 x 10°
MeN O 032 3 004 24 00l N,

(
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Figure 2. Fluorescence spectra of aerated cyclohexane solutions of MeNACHZ)(, (absorbance 0.1 at 275 nm) + benzene (ul): (1) 0.0M; (2) 10 pl,
3.75 x 1072m;(3) 20 ul, 7.5 x 1072m; (4) 40 pl, 1.5 x 107'M; (5) 80 pl, 3.0 x 107'm; (6) 125 pl, 4.69 x 107'M;(7) 200 ul, 7.5 x 107 m; (8) 500 ul, 1.88M;

(©)] MeN;.zCHZ)6 in benzene (absorbance 0.1 at 290 nm)

Table 4. Quantum yields of fluorescence (relative to toluene ¢, = 0.14)
and fluorescence lifetimes (ns) of a series of tertiary alicyclic amines in
degassed tetrahydrofuran solution at an excitation wavelength of 250 nm

Amine ®¢ T¢/ns
7N\
MeN  (CH5), 0.34 43
N
VR
MeN (CH»5)g 0.31 46
—
VR
MeN  (CH,)g 0.15 37
N
P
MeN  (CH,), 0.29 35
N—
NEt3 0.30 53
MeN NMe 0.09 39
/
MeN 0 0.07 36
/

highly polar solvents and this process is akin to that of the
formation of radical ions from exciplexes. Alcohols are effective
quenchers of exciplex and amine fluorescence.'? This was
observed for the ethanolamines in cyclohexane solution. The
situation is somewhat alleviated in tetrahydrofuran solution
where the hydroxy groups hydrogen bond to the solvent. The
presence of the hydroxy groups also causes a red shift in the
fluorescence of the amines, suggesting that they play a part in
the solvation of the excited amine. From the conditions
employed it is impossible to assess the extent to which this is
intermolecular. The most difficult result to explain is that for the
aminoundecanol, where the quantum yield of fluorescence

Table 5. Fluorescence maxima (nm) and quantum yields of fluorescence
(relative to toluene ¢, = 0.14) for selected aminoalcohols in degassed
cyclohexane and tetrahydrofuran solutions at 20 °C

Cyclohexane THF
Amine Auax./NM ©  Apy/nm g
NEt, 285 0.44 335 0.30
Et,N(CH,),,OH 287 0.31 335 0.05
Me,NCH,CH,OH 294 0.01 357 0.06
MeN(CH,CH,0OH), 290 <0.01 360 0.05
N(CH,CH,0H), 290 <0.01 363 0.02

plummets on change of solvent from cyclohexane to tetra-
hydrofuran. In this compound, the hydroxy group is sufficiently
remote from the amino group for there to be an insignificant
intramolecular interaction and therefore the lack of an effect in
cyclohexane solution is not surprising. The quantum yields of
fluorescence in tetrahydrofuran solution similar to those for the
ethanolamines, suggesting that the solvent favours some
solvation or protonation of the excited amine.

From Figure 2 one can see the profound influence that
benzene solvation has upon benzene-amine exciplexes and that
when high benzene concentrations are employed, the emission
resembles that of a benzene-solvated benzene—amine exciplex.
Since care was taken to ensure that most of the exciting light was
absorbed by the amine, by utilising an excitation wavelength of
275 nm, we propose that the excited amines form an exciplex
with benzene, which then undergoes solvation. The very low
molar extinction coefficients of some amines at 275 nm
prevented us examining all the amine systems.

Experimental
Solvents used for the absorption and fluorescence spectroscopy
were as follows: cyclohexane (Hopkin and Williams Spectrosol
grade), benzene (Merck, Uvasol grade), and tetrahydrofuran
(BDH Chemicals). The latter was distilled from lithium
aluminium hydride prior to use. The amines (Aldrich) were
distilled and purified by preparative gas-liquid chromatogiaphy
(Pye Unicam 105, 20%;, Peg A column) prior to use.

U.v.—visible absorption spectra were recorded using a Perkin-
Elmer 402 spectrometer and fluorescence spectra measured with
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Table 6. Fluorescence wavelength maxima (nm) of selected tertiary alicyclic amines and triethylamine in degassed solutions of cyclohexane, benzene,
and tetrahydrofuran together with Stokes shift values in cyclohexane and tetrahydrofuran solution

Amax/NM Stokes shift (x 10*> cm™)

Amine Cyclohexane  Benzene THF Cyclohexane THF Cyclohexane-THF
N\

MeN  (CHj)7 287 365 340 0.9 6.3 5.4
N
7N\

MeN  (CH,)g 289 363 345 1.4 7.0 5.6
N
VR

MeN (CHo)g 295 384 355 49 10.6 5.7
N
7N\

MeN  (CHy), 295 367 345 3.1 8.0 49
N/

NEt3 285 360 335 2.7 7.95 525
/7 \

MeN NMe 316 380 7.2 13.5 6.3
_/

MeN o} 280 340 3.1 94 6.3
N/

an uncorrected Perkin-Elmer MPF-4 fluorescence spectrometer. References

The fluorescence spectra of the solvent blanks were run in each
case, to check that they showed negligible emission at maximum
sensitivity over the wavelength range monitored for the amine
emission experiments. For recording the amine emission
spectra, solutions of the amines were made up in 1 cm path-
length quartz rectangular fluorimeter cells to an absorbance of
0.1 at the excitation wavelengths (240, 250, and 265 nm). The
solutions were degassed via several freeze-pump—thaw cycles.
Quantum yields of fluorescence were determined relative to
toluene (¢; = 0.14).!3

Fluorescence lifetimes were determined using the pulse-
sampling method.'* Excitation was provided by the discharge
from a free running nanosecond flash lamp (Applied Photo-
physics model 311) giving repetition rates up to ca. 10 KHz
(depending upon the applied voltage, gas pressure, and elec-
trode gap), with a discharge duration of 1-2 ns. The light was
passed through a Bausch and Lomb monochromator before
falling on the sample and the emission was detected by an
EMI Type 9813 KB photomultiplier tube. The output of the
multiplier tube together with that from a trigger photomultiplier
tube (EMI 931A tube) were fed to a Bradley Electronics
Sampling Adaptor Type 158, the output of which was displayed
on a X-Y recorder (Advance, HR-100). Decays were digitised by
hand and the reported lifetimes are the average of ten separate
measurements.
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