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simple yet highly effedive means of demonstrating

the use of a standard Pd/Chydrogenation catdyst

to initiate be explosve readbn of hydrogen and

oxygen gases is repoted. Addtion of

The addition of apprximatdy 30 mg of 5% Pd/C to a wediter dasic soda

battle containing a 1:1 hydrogen and oxygen mixture results in,

5% Pd/C after a bref induction peiod, a draatc exploson that is
provides a novel louder than that of a similar mixture initiated by a flame.

means of
initiating the
Introduction

d.ramatlc Catalysis is pewvasve in moden chemistry [1], but only a few
reaction betweendemonstratons are availade to illustrate this important concept.
hydrogen and Most involve readons d hydrogen perodde or metd-
catdyzed «idation reacions d NH; or dcohols [2]. It has

OXygen gases. been said that hydrogen and oxygen can be sed to illustrate all
the pinciples d chemistry [3]. The well-known explosve

reacton of hydrogen and oxygen gases initiated by a flame is

an effecive and often used denonstraton in introductory
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chemistry coursed]. In this report we describe how to initiate this reaction using a
standard palladium on carbon hydrogenation catalyst as a dramatic means of
demonstrating how a catalyst can provide a new pathway for transforming reactants to
products $]. This demonstration is appropriate for introductory courses in general,
organic, or physical chemistry.

Procedure

Caution: Hydrogen gas is highly flammable and forms explosive mixtures with oxygen.
Ear protection should be worn by the demonstrator and the audience cautioned to
shield their ears.

One-liter plastic soft drink bottles are filed by water dsgiment with an
approximately 1:1 mixture of Hand Q gases. A 20-by-10-mm hole is cut in the bulb of

a plastic Beral pipet and a 30-mg sample of 5% Pd/C catalyst is placed in the bulb. The
bottle is clamped on a ring stand and the pipet containing the catalyst is dropped into the
bottle immediately after the cap is removed. The demonstrator should step back from the
bottle. After a short (approximately 5-second) delay a violent explosion ensues. The
bottle is slightly warm to the touch.

At a distance of 3 meters (front row of a 350-seat lecture hall), a Tenma 72-860 Digital
Sound Survey Meter recorded a peak reading of 126 dB. For comparison, a second
bottle ignites from a flame source near the mouth of the bottle instantaneously when the
cap is removed using a string. This gave a peak reading of 115 dB. Similar results can be
obtained using 591-mL (20-0z) plastic soda bottles (catalyzed, 125 dB; flame, 115 dB).
Most of the catalyst remains in the pipet for easy reuse (which may be demonstrated) or
disposal. Somewnhat longer delay times are noted when the catalyst is reused. Because
trace amounts of catalyst may remain inside the bottles, we do NOT recommend that the
bottles be refilled with hydrogen.

Results and Discussion

Noble metal catalysis of the,#D, reaction was noted as early as 1819 by Erman, who
reported that Pt wire heated to 50 °C caused the gaseous mixture to Ggnikbe]
addition of 5% Pd/C provides a novel means of initiating the dramatic reaction between
hydrogen and oxygen gases. A 1:1 mixture of gases gives reliable ignition without an
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unduly long delay after the catalyst is placed in the bottle. A modified Beral pipet
provides a safe and convenient means of delivering the catalyst into the bottle and of
reusing the catalyst. Compared to the instantaneous ignition with a flame, the short
induction period prior to the explosion in the case of the catalyzed reaction can be
ascribed to activation of the catalyst with hydrogen. Qualitatively, a larger quantity of
catalyst leads to shorter induction periods. The length of the induction period is also a
function of the size of the hole in the pipet bulb and the history of the catalyst. Because
of the induction period, this method is not a useful means of probing the stoichiometry of
the reaction. We have not attempted, nor do we recommend attempting, this
demonstration on a larger scale, but containers smaller than 250 mL exhibited more
erratic initiation behavior, possibly because of escape of hydrogen gas from the
container. Quantitative sound-level measurements confirmed our qualitative impression
that the intensity of the catalyzed explosion was greater than that of the flame-initiated
reaction. This may be a consequence of increased rate of initiation (production of
hydrogen radicals) on the catalyst surfade [

ACKNOWLEDGMENTS

We thank J. A. Driscoll (Department of Chemistry) for recording the video of the
demonstration and Z. A. Peacock (Department of Physics) for loan of the sound meter.
G. Owens (State University of West Georgia) was supported as an NSF REU student.
We are grateful to the Fund for Improvement of Postsecondary Education of the United
States Department of Education for support of this work.

REFERENCES

1. Cusumano, J. Al. Chem. Educl995 72, 959; Oyama, S. T.; Somorjai, G. A. Chem. Educ.
1988 66, 765. Kolb, D.J. Chem. Educl979 56, 743.

2. Gilbert, G. L.Tested Demonstrations in Chemistry and Selected Demonstrations from the Journal
of Chemical EducatigrDepartment of Chemistry, Denison University: Granville, @QB94, Vol.
[, pp 11-161; Battino, R.; Letcher, T. M.; Rivett, D. E.; KrauseJPChem. Educl993 70, 1029.

3. Haight, G. quoted in Bent, H. A.; Bent, H.EChem. Educl98Q 57, 609.
4. Shakhashiri, B. ZChemical Demonstrations, A Handbook for Teachers of Chermlistiyersity

of Wisconsin Press: Madison, WI, 1985; Vol. 2, p 131; Battino, R.; Battino, S. S.; Li, Y.;
Liaguno, C.; Long, J. WI. Chem. Educl993 70, 1030.



4/ VOL. 1, NO. 4 ISSN 1430-4171
THE CHEMICAL EDUCATOR http://journals.springer-ny.com/chedr
© 1996 SPRINGER-VERLAG NEW YORK, INC. S 1430-4171 (96) 04045-9

5. Haim, A.J. Chem. Educl989 66, 935.
6. Farber, EThe Evolution of Chemistryrhe Ronald Press: New York, 1952; pp 154-5.

7. For a discussion of the kinetics of &, explosions see Atkins, P. Whysical Chemistry5th ed;
Freeman: New York, 1994, p 904.



