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The physical chemistry laboratory is a good place to in-
troduce the latest instrumentation. However, because the
physical chemistry curriculum includes important classical
topics, such as kinetics, it is important not to exclude ex-
periments related to these topics. The ideal solution is to in-
troduce experiments using modern techniques that
incorporate classical concepts. Time-resolved laser-induced
fluorescence experiments meet these criteria. They incorpo-
rate modern equipment (lasers, computers, and fast data col-
lection) and research topics (e.g., time-dependent
spectroscopy), while the time-dependent behavior can still
be analyzed and explained in terms of simple kinetic pro-
cesses. This article describes an experiment investigating the
halide quenching of fluorescence from quinine sulfate in wa-
ter. Quinine is safer and easier to handle than most samples
used in similar experiments.

Other time-resolved fluorescence experiments used in
undergraduate laboratories range from those using fluores-
cein mercuric acetate glasses (1) and acridine yellow in glasses
(2) at room temperature, where the decays can be monitored
on a time scale of seconds, to 2-acetylnaphthalene in water,
where the fluorescence lifetime, τ, is approximately 2.0 ns
(3). Other systems that have been used include N-
methylacridinium iodide (τ ≈ 35 ns) (3), 1-pyrenesulfonic
acid (τ ≈ 59 ns) (3), pyrene in hexane and tetradecane (τ ≈
400 ns) (4), pyrene in cyclohexane (τ in 400–500 ns region)

(5), and Ru(II) complexes (τ ≈ 1.1 ms) (6). In contrast to
these systems quinine is stable in acidic water solutions for
at least a year and the fluorescence is not quenched by oxy-
gen, thus the samples do not need to be degassed. Because
of the ease of handling the system up to nine students can
complete the experiment in one three-hour laboratory using
a single fluorescence apparatus, and all students get a chance
to use the equipment.

Although sophisticated equipment is required for time-
resolved spectroscopy, the quenching may also be investigated
without time resolution. Information in the Supplemental
MaterialsW and refs 7 and 8 give brief descriptions of the kind
of analyses that can be done without time resolution. Fraiji
et al. (3) give a more thorough discussion of fluorescence in-
tensity measurements and Stern–Volmer analyses (9).

The objectives of this experiment are to: (i) reinforce stu-
dent understanding of the kinetics of competing pathways;
(ii) enhance the student understanding of electronic spectros-
copy and the temporal behavior of quantum states; and (iii)
make connections with microscopic theories of kinetics
through comparison of experimental and theoretical rates of
bimolecular reactions in solution. The kinetics of competing
pathways and the temporal behavior of quantum states are
observed in time-resolved fluorescence decays. Static fluores-
cence spectra and absorption spectra allow comparison of
absorption and emission from closely related states. The col-
lisional quenching rate measured in the experiment can be
compared to the theoretical value for diffusion-limited pro-
cesses.

Experimental and Equipment Needs

The apparatus used to collect fluorescence decays is
shown in Figure 1. The excitation source is a pulsed N2 laser
(800 ps pulses, 337 nm, Laser Photonics LN1000). A small
portion of the laser beam is reflected off a quartz window to
a fast photodiode (Laser Photonics L-0T) to trigger a digital
oscilloscope (Tektronix TDS 744). The sample in a 1-cm
quartz fluorescence cuvette is placed in a PTI Alphascan fluo-
rescence spectrometer and the laser beam is directed to the
sample through an access port. The fluorescence is collected
at 90� to the incoming laser light and resolved using the
spectrometer’s monochromator set to 480 nm (bandpass of
1–2 nm). The photomultiplier tube (Hammatsu 928, rise
time of 2.5 ns) is housed in a PTI 712 housing with an inte-
gral power supply. The raw signal terminated in 50 Ω is av-
eraged over 2400 shots (∼2 minutes at 20 Hz) using the
oscilloscope’s averaging function. After (or before) each de-
cay is collected a background is collected by averaging 2400
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Figure 1. Block diagram of the time-resolved fluorescence appara-
tus. All optics are fused silica to limit fluorescence from the optics.
A UG11 filter is used to block light other than 337 nm produced
by the laser.

oscilloscope
monochromator

collection mirror

lens

lens

sample cell

focusing mirror

PMT

photodiode

trigger

signal

beam-splitterfilter right angle prism

pulsed N2 laser
800 ps pulses

http://www.jce.divched.org/Journal/
http://www.jce.divched.org/Journal/Issues/2005/
http://www.jce.divched.org/
http://www.jce.divched.org/Journal/Issues/2005/Feb/abs302.html


In the Laboratory

www.JCE.DivCHED.org • Vol. 82 No. 2 February 2005 • Journal of Chemical Education 303

shots with the fluorescence blocked. This background is sub-
tracted from the signal to remove the large oscillations caused
by radio-frequency (RF) interference from the laser. Some
residual RF interference may be seen in the baseline of Fig-
ure 2 prior to the rise in the fluorescence. Continuously ex-
cited fluorescence spectra are collected using the PTI
spectrofluorimeter with an arclamp light source tuned to 337
nm. Absorbance spectra of the solutions are also collected to
verify that there is negligible change upon addition of
quencher.

This experiment can be performed with a less expensive
apparatus. If only fluorescence intensity measurements are
to be made the nitrogen laser may be replaced with a con-
tinuous UV light source (see the Supplemental MaterialW and
refs 3 and 8). Otherwise, an excitation light source that pro-
duces UV pulses with a duration of less than 1 ns is a neces-
sity. At present, N2 lasers are the least expensive option. The
monochromator and collection optics can be replaced by
fused silica lenses (Newport Corp. is a good source) and a
480 nm bandpass filter (Omega Optical is a good source).
Any room temperature photomultiplier housing and high-
voltage power supply may be used. Instead of a digital oscil-
loscope the data can be collected with a gated boxcar
integrator (Stanford Research Systems is a good source). Data
collection takes significantly longer using a boxcar because
data are collected at only one time delay on each laser shot.

The solutions consist of protonated quinine in water
with various quantities of quencher added. Each student pre-
pares and uses one sample; the data are pooled for analysis.
The quencher may be any halide ion, but in this experiment
Cl− in the form of KCl was used. These solutions may be
disposed of down the drain.

Hazards

The major hazards of this experiment are associated with
the laser and photomuliplier tube systems. Both use kV power
supplies that can produce lethal shocks. The laser produces
high intensity invisible radiation. The laser beams should be
below eye level and contained within nonreflective walls. All
people in the room should wear approved safety goggles that
do not allow the UV light to pass. The laser can produce
significant quantities of ozone if the N2 is contaminated with
O2; thus the system should only be used in a well ventilated
room.

The reagents used in this experiment are relatively be-
nign. All the solutions may be disposed of down the drain.
The stock quinine�sulfuric acid solution the students are pro-
vided is high enough concentration that it can cause acid
burns if not washed off the skin reasonably quickly, but will
not cause instantaneous burns.

Results

The primary task for the students is to decide whether
the Cl− ions quench the quinine fluorescence by collisionally
deactivating the excited fluorophore (commonly referred to
as “dynamic” quenching) or by forming a nonfluorescing
complex with the ground-state quinine (commonly referred

to as “static” quenching). This is not a question that can be
answered using simple fluorescence intensity measurements
(3). Thus it is necessary to collect the time-resolved decays
of the fluorescence.

A kinetic analysis (see the Supplemental MaterialW) of
the two situations leads to the following expressions for the
concentration of excited fluorofore, [F*], versus time, t, after
the laser pulse ends:
dynamic quenching

F Q* = − + [ ]( )
i f qk k texpF*

(1)

static quenching

F F* *= −( )
i

fk texp (2)

where kf is the fluorescence decay rate (also including the non-
radiative decay rate), kq is the collisional deactivation rate con-
stant, [Q] is the quencher concentration, and [F*]i is the
excited fluorofore concentration when the laser pulse ends.
[F*]i decreases with increasing [Q]. Both are first-order ex-
ponential decays, but in the dynamic case the observed de-
cay rate is linearly dependent upon the quencher
concentration. Since the fluorescence intensity is proportional
to [F*], students fit the fluorescence decays for each solution
to single exponentials (Figure 2). Note that the faster decays
do not fit an exponential well. This is because the instru-
ment cannot respond quickly enough. This can be corrected
for by fitting the decays to an exponential convoluted with

Figure 2. Some of the fluorescence decays collected in one class.
The faster decays are for samples of higher chloride ion con-
centration. The exponential fits to the decays are shown as
smooth solid curves. The monochromator slits were adjusted for
every sample to keep the maximum intensity about the same.
Notice that the single exponential does not fit the faster decay
very well.
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the instrument response function (Figure 3), see the instruc-
tor notes in the Supplemental MaterialW and ref 5 for more
discussion of convolution. A plot of the fluorescence decay
rate versus the quencher concentration suggests the quench-
ing is dynamic, since the lifetime decreases with increasing
[Q].

Plots of the decay rate versus chloride ion concentration
for a student data set that was fit to single exponentials and
a data set that has been corrected for the instrument response
are shown in Figure 4. Except for the two data points at the
highest chloride concentration the uncorrected data fall al-
most on the line given by the corrected data. The “roll off ”

of the last two data points reflects that the decay rate is ap-
proaching the response time of the instrument (∼2.5 ns). The
unquenched lifetime predicted from the corrected data set
(the inverse of the y intercept) is 20.4 ± 0.5 ns (95% confi-
dence limit). From the uncorrected data set the value is 18.5
± 0.4 ns (95% confidence limit). The literature value is: 19.3
± 0.6 ns (95% confidence limit) (10–12).

The slope of the line in Figure 4 corresponds to kq and
is equal to (5.2 ± 0.1) × 109 M�1 s�1. This is a little lower
than the theoretical range, 5.8 × 109 M�1 s�1 to 6.5 × 109 M�1

s�1, expected if all collisions lead to quenching. Theoretical
values were calculated from

k
RT

T
D =

( )
8

3η (3)

where kD is the rate constant for diffusion, R is the gas con-
stant, T is the absolute temperature, and η(T ) is the sol-
vent viscosity of 0.5 M H2SO4, which in general drops as
temperature increases (13, 14). The measured value is still
close enough to suggest that quenching is quite efficient.
Once corrected for the higher viscosity in this experiment
these results are essentially the same as the literature value
of 6.2 × 109 M�1 s�1 determined in 0.05 M H2SO4  (10).

Summary

The halide ion quenched fluorescence of quinine in
acidic solutions has proven to be an ideal experiment for use
in physical chemistry laboratory. The experiment is popular
with the students. The samples are easy to handle. It pro-
vides the students experience with modern equipment (la-
sers, fast data collection, and computer data analysis), while
also requiring the students to review and use what they know
about the kinetics of competing processes and electronic spec-
troscopy. All students get a chance to use the equipment in a
three-hour laboratory. A second three-hour period is used to
assist the students while they perform the computer data
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Figure 4. Plot of decay rate versus chloride ion concentration. The
line is a linear least-squares fit to the convolved data with the points
weighted based on the errors in the decay rates. Error bars on the
data from single exponential fits are ±1 s. Error bars on the con-
volved data set are estimated as the maximum range of decay rates
that give residuals showing only noise.

Figure 3. Comparison of a fit to a single exponential decay and
an exponential decay convolved with the instrument response func-
tion. Notice that it is even possible to fit the signal rise quite well
when the instrument response is taken into account. The instrument
response was collected as fluorescence at 480 nm from a sample
quenched with enough Cl- to reduce the lifetime to less than 200
ps ([Cl-]˜1 M).
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analysis. The results are good, yielding unquenched lifetimes
and collisional quenching rates close to literature values.
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WSupplemental Material

Detailed instructions for the students and notes for the
instructor are available in this issue of JCE Online.
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