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Environmental Laboratory Exercise

Analysis of Hydrogen Peroxide by Fluorescence Spectroscopy
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Gaseous hydrogen peroxide is found in parts-per-billian
by volume coneentrations in clean and polluted atmos-
pheres. Studies show that H20z and organic peroxides are
deleterious to plant tissues (7, 2), and may play a part in
forest decline in Europe (3). Anumber of analytical meth-
ods have been developed for determining atmaospheric per-
oxides; these methods and their applications in the field
are the subject of two recent reviews (4, §).

Episodes of high concentrations of ozone, hydrocarbons,
particulate matier and oxides of nitrogen that oceur in ur-
ban areas during the summer, sometimes referred to as
“Las Angeles smog”, are complex chemical events initiated
by sunlight and invelving the free radicals OF [+ and HOge
as intermediates. Figure 1 illustrates the key chemical re-
actions invalved in the production of photochemical air pol-
lution. In spite of the central role played by free radicals,
low ambient concentration makes their measurement in
the field difficult. One of the ways we verify our under-
standing of photochemical air pollution is by comparing
field measurementa to the results of computer models (e.g.,
6, 7) that predict the time evolution of key chemical species
under specified meteorological conditions. Products such
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Figure 1. Principal reactions of gas-phase species implicated in the formation of acid rain and

photochemical poliution,
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as O, NOg, 1INOy, and Hz0g are easier to measure than
their highly reactive free-radical precursors. Such meas-
urements in conjunction with medel caleulations provide
information about free radical concenirations.

The effect of acidic precipitation on streams and lakes in
the Northeastern United States and Canada was well-
documenied during the 1980's (8, ¥, as were the conse-
quences to building materials and the ecosystem (9-110. Tt
has been demonstrated thal precipitation in these areas
contains sulfuric acid, the oxidation product of SOz gener-
ated during the combustion of sulfur-rich coal. The princi-
pal reaclions involved in acid rain formation are illus-
trated in Figure L. Although gas-phase oxidation of 502 by
OHe radical contributes to acid formation, aqueons-phase
oxidatlion pathways are believed to be more important, as
illustrated by the substantial increase in 50 oxidation
rates in power plant plumes that impact fog banks (12, 131,
Prineipal agueous-phase oxidants for 802 are HaOa, Oy,
and, in the presence of transition metal ions, Og, with
Ha0g playing the mest important role in the Northeast
(147, Its large Henry's Law coefficient, 7.4 x 10% M/atm,
ensures substantial partitioning of HzO2 into the agueous
phase (15). Field studies have demonstrated that cloud
droplets typically contain either dis-
solved SOz or Ha(lz, but nat both, sug-
gesting that the reaction belween
them goes to completion during a typi-
cal cloud lifetime (16, and laboratory
studies have elucidated the mecha-
nism of the HaOe—S(IV) reaction,
which exhibits pH-dependent kineties
DROPLET (17, 18). Beeause HzO2 may be the hm-
iting reagent in the vieinity of 502
emitters, predicting the extent of 502
oxidation requires accurate determi-
nation of HzOg in the atmosphere (18],
Recent evidence has emerged suggest-
ing thal organic peroxides are present
in the atmosphere and also play a role
in S(IV) oxidation (20, 21},

Tn this experiment, students ana-
I¥ze precipitation samples for trace
concentrations of HaOa using a newly
developed fluoreseence Lechnigue (22).
Analysis is based on the production of
OHe radical by the reaction helween
Hx(0g and ferrous ion (Fenton's re-
agent) with subsequent radical scav-
enging by benzoic acid:

—_—

Feill + 40, —» OHe + OH + Fellll)

(11
)

OHe + CyH,COOH = CHOH GO0
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In the presence of O3 and dissolved iron, the eyclohexadi-
enyl radical formed in reaction 2 produces fluorescent hy-
droxybenzoic acid (OHBA) isomers (23). The substantial
increase in fluorescence intensity of OHBA upon com-
plexation with ANIIT) ion is exploited to increase senaitiv-
ity (24). Unlike standard spectroscopic and titrimetric
technigques, Fenton—OHBA analysis is sensitive enough for
the determination of ambient peroxide in precipitation,
which typically varies from 1077 to 10 M. And, in contrast
to & more widely used, highly sensitive enzyme-based
method (25), the reagents are inexpengive and easily avail-
able, and reagent solutions are stable, making this experi-
ment well-suited for the undergraduate laboratory,

Experimental Procedure’

Rainwater samples are collected as close to the Lime of
the scheduled experiment as possible, and pH measured.
To account for matrix effects, samples are spiked with
small aliquots of a known hydrogen peroxide standard and
analyzed by conventional standard additions methods
{267, For good preeision, the instructor should make a pre-
liminary determination of the 20z concentration and use
a peroxide standard which, when diluted, will approxi-
mate the unknown concentration. Although HpO2 can be
purchased in assayed 3% solution from Mallinkredt (St.
Louis, M), the concentration gradually declines, so it is
advisable to titrate the 3% solution against standardized
EMn04. We have found that Hz0Oz keeps its titer for sev-
eral months when refrigerated and protected {rom con-
tamination. If rainwater collection is impractieal, an HoOx
unknown can be prepared by the instruetor.

A multichannel peristaltic pump is used to deliver the
product of reaction between sample, fluorescence reagent
tiron{11} sulfate and benzoic acid) and enhancing reagent
(ALTIT) in acetate buffer) to a fluorometer flow-through
cell, as illustrated in Figure 2. The reaction coils in the
figure are lengths of Teflon tubing that introduce a two-
minute delay to allow the reactions o proceed substan-
tially toward completion. If a pump is unavailable, squal
volumes of the sample and flusrescenee reagent can be
mixed, and a third equal aliquot of enhancing reagent

" adetailes experimental procedure is available from J. W.- L. upan
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Figure 2. Experimental setup for Hp0, measurement. Fluorescence
reagent containg 0.8 mM FeS0, and 2.0 mM benzoic acid in pH 1.8
sulfuric acid; enhancing reagent coniains 6.0 mM AN} in 0.10 M
acesale buffer, pH 3.8, Peroxide sample preparation is describad in
text.

1054 Journal of Chemical Education

http://www.jce.divched.org/JCE/image/gif/072/11/M/124.gif

added. The reaction with fluorescence reagent should be
timed for three minutes; the AKIIL) complexation will be
eomplete in 15 min. Maximum fluorescence intensity of
the hydroxybenzoie acid—aluminum complex under the ex-
perimental conditions deseribed above is obtained with
hox=305 and hem=410 nm (1),

The low peroxide concentrations determined in this ex-
periment call for careful analytical work and attention to
detail. A few precautions are noted below

« Many comman impuritics, including detergents, flunresce. Tt
is important to clean and rinse thoroughly all glassware that
will come into contacl wilth peroxide samplea, Ringing with
nitrie or hydroflucric acid may be necessary Lo remove Lraces
of nrganic impurities.

» Background fluorescence can be minimized by using freshly
prepared reagents that have not absorhed HyO. from the air,
and protecting solutions from light, Students should be cau-
tioned to prepare all reagents from the same water for con-
siglent results.

« Rainwater should not have impacted trees or other nhjects
priar to collection. A heavy downpour is preferable to a lighe
rain, hecause callection time, and chances for contamination,
are minimized.

Safety Consideralions

« Safety glasses and protective clothing should be worn for the
procedure,

# Concentrated sulfuric and acetic acids, required for reagent
preparation, must be used with caution,

» Concentrated nitric or hydrofluorie acid, which may be
needed for rinsing glassware, must be used with care.

» The dilute Ho(h reagent used here pozes no safety hazard,

Results

A typical graph of fluorescence intensity versus volume
of added standard H302 is shown in Figure 3. Far this rain
sample, the concentration of HzOu, determined from Lhe
ratio of intercept to slope, as described in this Journal (26),
is 1.9 3 107" M. On rare occasions, rain samples show no
measurable Ha(0s because it has heen titrated by an excess
of dissolved 802, When this occurs, calibration curves may
exhibil nonlinearity due to reaction belween 50z and
added Hs0a, Tt should be noted that the Fenton-OHBA
method shows limited sensitivity lo some arganic perox-

19

18

17

16

15

14

13

FLUORESCENCE (ARBITRARY UNITS)

12

11 u ' . :
po0 02 04 06 08 10 1.2

mL H,0, ADDED

Figure 3. Results of standard addition analysis of HQO;.S 'n pracipita-
tion. Abscissa shows mililiters standard Hz O {4.5 = 107°M) added to
25 mL samples.
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ides in addition to HaOg. However, its high solubility and
greater stability under ambient conditions make H2Oz the
predominant peroxide observed in precipitation.

Conclusion

This experiment is appropriate for an upper-level instru-
mental analysis or integrated laboratory course, Although
it can be conducted as a simple quantitative procedure us-
ing commercial HzO2 unknowns, the experience can be
broadened by having students collect and handle anthen-
tic environmental samples, examine the excitation and
emission spectrum of the flusreseent product, or analyze
precipitation samples for 3(IV) and other inorganic ions.

Blank solutions may exhibit substantial background
fluorescence, precluding the use of the most sensitive
seales an some fluorescence detectors. This, eoupled with
low ambient peroxide concentrations may challenge in-
strument detection limits in this experiment. Unlike most
conventional laboratory exercises that specifically are de-
signed to avoid such conditions, this experiment gives stu-
dents valuable practical experience with some of the other-
wige abstract concepts we teach; ie, noise, detection limit
and sensitivity. Because hydrogen peroxide is ubiguitous
in the atmosphere and highly soluble, the experiment also
illustrates the critical importance of blank measurements.

The Fenton method has been used recently to monitor
peroxide concentrations in air, cloudwater, precipitation
and surface waters in a number of field missions (27, 28).
Our students have earried out this experiment. for several
years with good results. They are enthusiastie about col-
lecting and analyzing authentic precipitation samples,
The experiment alse serves as a point of departure for dis-
cussions on environmental chemistry and environmental
regulation. The 1990 Clean Air Act mandated a 10-million
ton per year reduction in 30 emissions from 1980 levels
through improved scrubber technology and the use of 502
emissions trading allowances, a market-based approach
toward environmental improvement. Each emitter is pro-
vided with & number of emission allowances that can be
used to emit S03 or can be sold to other emitters by plants
ihat suceessfully reduce their own emissions. Both HzOz
and 80g are required for the production of acid rain, as
illustrated in Figure 1, but peroxide must be present in
excess il the mandated 830z reductions are to have the de-
gired effect. Chemistry students who understand the con-
cept of the limiting reagent know that the total amount of
product (e.g., H2304) cannot be deereased by lowering re-
actant concentration (e.g., 502) iff Hz0z is a limiting re-
agent. Details such as this illustrate the role of careful sei-
entific work in formulating public policy (291,
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Classic Urea Synthesis: Micro and Macro Scale
To the Editor:

The synthesis of urea by Tanski, Petro, and Ball (I)
reproduces on a miero scale Friedrich Wahler's work of
1828 (2), universally recopnized as a chemical classic
(7). Those interested in the historical background and
significance of Wahler’s experiment, its medification for
the undergraduate laboratory on a macro scale from
commereial silver eyanate ar lead cyanate ar from silver
cyanate prepared by either cation ar anion exchange,
and tests to differentiale urea from ammonium eyanate
as well as additional eonfirmatory tesils for urea may
wish to eonsull our “modern version of a classic experi-
ment” (4) that we developed in 1978 to commemaorate
the sesguicentennial of Wihler's synthesis. Whether
students perform the micrs (1) or macro version (4}, they
“should gain the satisfaction of having duplicated a clas-
sic experiment and should emerge [rom this experience
with a greater appreciation for the experimental and ob-
servational skills of a master scientist™4).

George B. Kauffman and Steven H. Choaljlan
. Califamia State University, Fresno
Fresno, CA 93740
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