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Abstract 

We measured the fluorescence emission spectra and intensity decays of the linear alkane tetradecane when excited at 300 
nm by two-photon excitation. The unquenched lifetime of tetradecane in neat solution is near 4.4 ns. The emission of 
tetradecane centered at 210 nm is collisionally quenched by oxygen, n-propanol and water. These results suggest that 
ahphatic groups in non-polar environments can display good fluorescence, and that the aliphatic side chains of detergents 
and lipids may serve as an intrinsic fluorescent probe of micelles and bilayers. 
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1. Introduction 

The fluorescence from aromatic molecules is of- 
ten used to study the physical properties of biologi- 
cal macromolecules [l-3]. However, unsaturated 
cyclic and linear alkanes also display significant 
fluorescence when excited in the vacuum ultraviolet 
(VUV) region of the spectrum near 140-160 nm 
[4-71. The need for VUV excitation has resulted in 
the limited study of alkane fluorescence because the 
light sources are weak, it is necessary to exclude 
oxygen, and quartz optics are not sufficiently trans- 
parent. However, we have recently shown that the 
cyclic alkanes cyclohexane and methylcyclohexane 
can be excited by two-photon excitation (TPE) near 
300 nm, and the emission over 200 nm is readily 
transmitted by standard quartz optics [8]. The use of 
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TPE circumvents the need for VUV conditions, and 
suggests the use of the intrinsic fluorescence of 
saturated hydrocarbons as an intrinsic probe. 

In the present report we extend these studies to a 
linear alkane tetradecane. Observation of emission 
from a linear alkane with TPE would support the 
notion of using the emission from detergent and lipid 
side chains as an intrinsic fluorophore. Our experi- 
ments demonstrated that the emission of tetradecane 
is collisionally quenched by water, alcohol and oxy- 
gen, which in turn suggests that the emission of 
aliphatic groups can be a sensitive indicator of expo- 
sure of the methylene chains to solvent. 

2. Materials and methods 

Tetradecane was obtained from Kodak (99% 
pure), and purified by repeated washing with sulfuric 
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acid, water, dried and passaged over activated silica 
gel and alumina until the absorption onset between 
190 and 210 nm remained unchanged. Following this 
treatment the optical density at 200 nm was less than 
0.4. 

Two-photon excitation was accomplished using 
the frequency-doubled output of a rhodamine 6G 
(R6G) dye laser at 300 nm, with the light focused to 
an approximate lo-pm diameter spot as described 
previously [8]. The emission was observed using a 
diaphragm to spatially select the focal region, and a 
stack of two interference filters (210 nm, Oriel) or a 
monochromator to isolate the emission. 

The intensity decays were measured using the 
frequency-domain (FD) method [9] with a 3.795 
MHz cavity-dumped and frequency-doubled pulse 
train and GHz detector [IO]. Steady-state intensities, 
emission spectra, and FD data were obtained on the 
same instrument. 

The frequency-domain intensity decay data were 
analyzed using the multi-exponential model 

Z(t) = Caie-‘/‘,, 

where (Y, are the pre-exponential factors and ri the 
decay times, as described previously for FD data 
[I 1,121. The fractional intensity of the ith component 
can be calculated using 

3. Results 

(2) 

The emission spectrum of tetradecane is shown in 
Fig. 1, for excitation at 300 nm. The emission maxi- 
mum is at 210 nm in this uncorrected spectrum. The 
intensity depends on the square at the incident light 
intensity as expected for TPE (insert). 

The emission of tetradecane is decreased in the 
presence of n-propanol. The decrease in intensity 
follows Stem-Volmer kinetics, as seen by the linear 
intensity Stem-Volmer plot (Fig. 2, 0). Quenching 
of tetradecane by n-propanol is most likely colli- 
sional in that the Stern-Volmer quenching constant 
of 37 M- ‘, and the unquenched lifetime of 4.4 ns 
(below), results in a bimolecular quenching constant 
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Fig. 1. Emission spectra of tetradecane with two-photon excitation 
at 300 nm. Spectra are shown for neat tetradecane (-_) and in the 
presence of 33 mM n-propanol. The insert shows the quadratic 
dependence on the emission at 210 nm, with 300 nm excitation. 

of 8.4. lo9 M-’ s-r. This value is near that ex- 
pected for 100% efficient collisional quenching in a 
solvent of the viscosity of tetradecane (2.18 cP>. 
Tetradecane and n-propanol do not appear to form 
observable exciplexes since the emission spectrum is 
unchanged in the presence of n-propanol, but future 
more detailed studies could alter the initial conclu- 
sion. Quenching by inner filter effects or fluores- 
cence resonance energy transfer seems unlikely since 
n-propanol does not absorb significantly at the exci- 
tation (300 nm> or emission (210 nm> wavelengths. 

The nature of n-propanol quenching can be deter- 
mined by measurement of the fluorescence lifetime. 
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Fig. 2. Stem-Volmer intensity (0) and lifetime (0) plot for 
n-propanol quenching of tetradecane. 
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Fig. 3. Frequency-domain intensity decay of tetradecane for a neat 
solution (top) and with 33 mM (middle) and 134 mM (bottom) 

n-propanol. 

Frequency-domain intensity decays of tetradecane 
are shown in Fig. 3. In the absence of n-propanol the 
intensity decay is dominantly a single exponential of 
4.36 ns (Table 11, which accounts for 97% of the 

Table 1 
Intensity decays of tetradecane with two-photon excitation. in the 

presence of propanol, water or dissolved oxygen 

Compound n a, f , i, (ns) x,’ 

0, free I I I 3.36 I .a 
2 0.996 0.97 I 4.zc) 0.6 

0.00‘4 0.029 36.10 
AK I I I 3.01 2.3 

2 0.995 0.97 I 2 95 
0.005 0.029 18.X6 1.5 

Air, H ?O saturated I I I 2.85 0.9 

Air, I7 mMn-propanol I I 1 2.31 I .2 

2 0.945 0.900 2.20 

0.055 0.100 4.21 0.6 

33 mM n-propanol I I I I .‘I4 x.1 

2 0.626 0.416 0.95 

0.374 0.5x4 2.22 1.3 

67 mM n-propanol I I I I).‘)2 10.2 

2 0.597 0.364 0.55 

0.403 0.636 I .44 0.9 

134 mM n-propanol I I I 0.70 31 .Y 

2 0.x14 0.607 0.52 

0.186 0.393 I .43 I .Y 
_____ 

total intensity. With present instrumentation a 4.4 ns 
decay time can be regarded as comfortably long to 
allow detailed studies of factors affecting the emis- 
sion of tetradecane. At present we cannot explain the 
small component with a long 36 ns decay time. A 
similar small but long-lived component was also 
observed for cyclohexane and methylcyclohexane 

FREQUF.NCY I MHz) 
Fig. 4. Frequency-domain intensity decay of tetradecane in the 
absence (0) and presence (0) of dissolved oxygen from the 

equilibration with air. 
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[8], suggesting an op tical origin of this component. 
The component could originate from the cuvette or 
optical filters, which could be excited by the 210 nm 
emission of tetradecane. Since this component is 
excited in proportion to the intensity of the tetrade- 
cane emission, it is difficult to eliminate. Although 
we cannot explain the origin of this component, its 
presence does not affect the conclusions of this 
paper. 

The presence of n-propanol in tetradecane results 
in a shift in the frequency response to higher fre- 
quencies (Fig. 3, middle and bottom panels), which 
indicates a decrease in the decay time of tetradecane. 
The mean decay time of tetradecane decreases from 
4.4 to 0.70 ns as the concentration of n-propanol is 
increased to 134 mM (Table 1). The decrease in 
lifetime is comparable to the decrease in intensity 
(Fig. 21, demonstrating that n-propanol quenching of 
tetradecane is dynamic. Another indication of the 
dynamic nature of n-propanol quenching is the mod- 
est multi- or non-exponential decay in the presence 
of n-propanol. This can be seen by the elevated ,Y,’ 
values for the single exponential fits (Table 1). Such 
effects are known to occur due to transient effects in 
diffusional quenching [ 131. 

Tetradecane fluorescence is readily quenched by 
dissolved oxygen (Fig. 4). Equilibration with air, 
rather than nitrogen, decreases its decay time from 
4.4 to 3.0 ns. Using the known solubility of oxygen 
in liquid alkanes like dodecane (about 0.009 
M/atmosphere of 0, [ 14]), the bimolecular quench- 
ing constant is 4.8. 10” M-’ s-‘, which is slightly 
above the diffusion controlled limit. In previous 
studies [16] we observed oxygen bimolecular 
quenching constants near 2.2 . 10” M- ’ s- ’ in 
dodecane. The present values of 4.8 . 10” M- ’ S-I 
could be the result of absorption of oxygen at 200 
nm, which could in effect increase the interaction 
distance for quenching. Irrespective of these details, 
the sensitivity of alkane fluorescence to dissolved 
oxygen suggests that alkane fluorescence can pro- 
vide an intrinsic probe of oxygen transport in mem- 
branes. Oxygen quenching of alkanes will be the 
subject of a separate study. 

Tetradecane also appears to be collisionally 
quenched by water, as seen by a decrease in the 
decay time from 3.0 to 2.85 ns when equilibrated 
with water (Table I). The extent of quenching by 

water is limited by its low solubility in alkanes [15]. 
Using the known water solubility of near 0.01% W 
(0.005 M), we estimate the biomolecular quenching 
constant to be 3.5 . lo9 M-l SK’. 

4. Conclusion 

The fluorescence of linear alkanes can be ob- 
served without VUV excitation when excited by a 
two-photon process. The steady-state intensity and 
intensity decay of the linear alkane tetradecane are 
sensitive to both oxygen and hydroxyl groups. Im- 
proved laser sources are needed to determine whether 
alkane fluorescence can be observed from aqueous 
dispersion of amphipathic molecules. 
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