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Of necessity, a he second lawnay be“time's arrow” but activation
d f energies (chmical kinetics) prevent second law
good protessor predictions fron occurring for fentoseconds to
makes sure that a eons. This is hmanly important: Activation
student’s first energies not owl protect all the organic chgcals in our
: duction to bodies and our oxidizable possessionaifiiestant conbustion
|ntro. uction ~in air, but also our breakable skis and surfboards (and legs)
reaction rates ISfrom disastrous fracture. Murgts Law is often applied to
via thoroughly chemical and plsical mishaps—things going wrong. But
i things donot always follow the second law and burst into
studied, flame or break! Chmaical kinetics is the reason Murgls Law
mathematically usually fails.

simple reactions:

1 Erank L. Lambert, Professor Emeritus, 2834 Lewis Drive, LaVerne, CA 91750.



2/ VOL. 3, NO. 2 ISSN 1430-4171
THE CHEMICAL EDUCATOR http://journals.springer-ny.com/chedr
© 1998 SPRINGER-VERLAG NEW YORK, INC. S 1430-4171 (98) 02189-5

Introduction

The second law of thewodynamics is awe-full in its breadth and depth of
applicabiliy—from quarks to camos fran chemical reactions to perpetuahotion
machines. Its supmacy has never been expressadre eloquentt than ly Sir Arthur
Eddington [l] many years ago, with the fin conclusion:...if your theoy is found to
be against the Second Law of Timedynamics, | can giveyou no hope; there is
nothing for it but to collapse in deepestrmhlation.” Sir Arthur had previously
summarized the second lag/ pertinence to our intuitive sense afiei by describing it
as“ time's arrow”; however, when the vital role of kinetics in i@l reactions was
recenty coupled with his aphoms to yield [2]: “The second law of theodynamics is
time's arrow, but chmical kinetics is tme's variable clock.” unexpectadl same
chemists’ reactions were lukewar [3]. Certainl/, eveyone agrees that the field of
kinetics is basic to understanding ohstry but, equalf certain, it is not as far
reaching nor as fund#ental to understanding all of nature as the second law. How can
the two be coupled and thusplied to be of conparable mportance? That question is
answered in this brief article.

The Teaching of Chemical Kinetics:  Rates of Reaction, Energies of Activation

Of necessit, a good professanakes sure that a studenfirst introduction to reaction
rates is via thoroughlstudied,mathamatically simple reactions. This usuglimeans
that themechanisns are also siple, but it surel does notmply that the substances
discussed are camon eveyday materials. The decoposition of NOBr or the reaction
of F, with NO, do not involve cheiicals that students encounter in large quantities in
their dom rooms or on the quad. As the subject of kinetics is further developed in
texts or lectures, additional substances, which are also far drstuderis daily
experience are used. This is part of learning, as is hearingiasathemodynamically
spontaneous reactions are hindered or bloclettido bond-breaking requiments that

lie behind energies of activation. Activation enerdE.,) is therely seen as the
energetic barrier that prevents the second lam foeing obged instany. Students,
however,may tend to recall the kinetics-thao conflict most vividly in connection
with exotic chenicals. NOBrmay stick in theirminds even after thyeare shown that,

In our oxygen-rich enviroment, the sane kinetic hindrance applies toyaoombustible
substance.



3/ VOL. 3, NO. 2 ISSN 1430-4171
THE CHEMICAL EDUCATOR http://journals.springer-ny.com/chedr
© 1998 SPRINGER-VERLAG NEW YORK, INC. S 1430-4171 (98) 02189-5

The Second Law is Meaningless Without Chemical Kinetics?

Professors rarglmention oxidations of organimaterials in their initial developent

of rates of reaction because the kinetics medhaniss are so amplex. Still, even a
first-year student who camerely balance the atns on both sides of an equation does
not find it canplicated to calculateAG for the reaction of oxygen with organic
compounds toyield CO, and water. The conclusion is breathtaking to a novice: All the
free energies of oxidation of organics withygen are negative; therefore, no organic
substance, including ewepne essential for life—no organic substance could exist in
the presence of air if it were not for the activation epdariers thatmpede the rapid
execution of the second lawVithout chenical kinetics (fundementally, without the
dominance of bond breaking over bondrfang in reactions) there would be no life in
the universe. Air makes life impossible unless the barri&gois present.

The second law is supre, but howmeaningful would it be without the intelligence of
ary life form to discern it? Life cannot exist withouatultitudes of obstructions to
cheamical reactions deeed spontaneousylthe second law, ¢hE,, obstaclesWhat
better justification is there for insisting that to propeléscribe the behavior afatter

in the real world in which we and other life fiag are present, Eddingt@ndescription
of second-law actiomust be constrictedyb “but chenical kinetics is tme's variable
clock™?

Chemical Kinetics are the Reason Murphy’s Law Usually Fails

Murphy’s Law originaly was applied to hman foibles and our working with ogplex
systems [4]. Obviousy it is hyperbole, but it can be a morous relief for our
frustrations. Frequent] however, thé'Law” is extended to situations or events that
anng or ham us, yet principally involve the behavior of clmécal substances and
material objects, not other peopWe may react with,"Why do things go wrong?” or
even“Why me?” In these situations, then, it is& for chenists to explain the bases of
such happenings both to nonscientists and to scientists in other fields:

* Things usually don’'t go wrong.

» Common substances do not instantly change in air or moisture.

* Most objects hold together and do not immediately break.

* The reason for stability is chemical kinetics, implemented by activation energies.
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* When plysical misfortune does occur it is uswalllue to enenginput that exceeds
the criticalE,.; of some component.

Would it not be useful for all professors in beginningmiséry to pose questions that
involve several dmaatic exanples ofE,y obstructing thenodynamically spontaneous
reactions? Why can wooden chairs or toast or liyrdnooks be exposed to air and not
vanish instanyf? Why do all of us hmans not spontaneoystombust?” Just asking
students to look around their lecture mowould allow the lecturer to underscore the
enoimous mportance of activation energies in oxidation: Ytile cenent and plaster
of the roam would be there at thaoment if there were n&.. If, in that roon and
just outside it, activation energwere suddenl “abolished,” all students (and
instructors), evstthing not alreag in its most stable oxidation state—clothing and
other fabrics, paints, pghers, steel, alminum, and lecture bench—all would vanish
in a fireball to becme carbonmonoxide, carbon dioxide, nitrogen oxides, and hot
metal oxide particles as sufficient yggen flowed into the ran. Their bikes outside
would be changed to incandescent showersnetal oxide while their cars would
explode while expelling huge quantities of glowimgtal oxide dust, plus the gaseous
CO, CQ, and nitrogen oxides fro paints, plastics, rubber, upholstend oils. Those
sentences alone would be enough (without describing a worldwide scene of a wasted
planet after the destruction of all cellulosic and oxidizabdgerials, Imited only by
the available oxgen) to fix in studentaminds the importance of chmical kinetics to
existence and to our prized artifacts—whil; as the guardian of kinetic control. It is
only when an ignition source is provided (as in the oxidation ofbcstibles) or a
cataltic, E,q-decreasing, agent inserted (as in the oxidation, corrosionetads) that
Murphy’s Law wins.“Why do things go wrong?” has a rgadnswer in chmical
events that incidentgllor disastrousi upset hmans, that is;when activation energies
are exceeded.” Oxidative destruction of our prized artifacts, like aue$obikes, or
cars is preventedylE,.; thus, quantitativgl and statisticayl, thingsmost often do not
go wrong chemically. Poor Murphy is mainly a loser thanks to chemistry’s kinetics.

Breaking Things: “Physical Change” That Causes Human Distress

Probaby the majority of unpleasanmaterial happenings in our lives do not involve
chamical changes. Murphs Law more often sems to threaten us dgilby the
breakage or wearing out ofrae thing that we need or treasuvéear inmachines (or
tires) is due tonultiple fractures of clmps of atans ormolecules fron a solid object.
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In tearing a car fender in an accident or breaking am—ar even the ternfing
disaster of having our house degtgd in a tropical hurricane or a California
earthquake—the things altered in these distressful events 'hdean chmically
changed. Fracturing solids is aygital change, not related to chieal change, is it
not? Certainl, the free enesgof the bulk of thematerial in a ski before and after it is
broken is essentigllthe sane, but interatmic or intemolecular bonds have been split
and new ones fared along and near the break line in the process. So, activation
energies are involved. Unfortunateho E, that is general to a cimgcal type of solid,
even if it is a relativgl pure cellulosic or phenolic substance or steel, can be
detemined as for a chmical reactiormixture. This is true because of the variable non-
fundamental factors in the fracture of a particular solid object: its shape, yhistor
fabrication, strains and defects withinntinor and trace efleents and their sites, as
well asmarny other considerations including the rate of application of load at a specific
point on the object. However, as has been described and is injutglwabus, a plot

of themechanical force or load that can be applied toesthing at a particular point
until it breaks is at anaximum for the specific situation and objecarnediatey prior

to its fracture $]. This maximum can be defined as tH&,; soig for that individual
event because it is the engigput required to initiate the process of fracture; it bears
the sane relation to breaking a solid that a oheal E,x has to pemitting a
spontaneous reaction to occur. yrare each theninimal input of energ required
before change occurs, eitherypltal or chenical. If the plysical change or cinacal
change to which theappl is undesirable to us, it is tl& soig OF Eaet that protects us
from mishap or even traggd“A fractured leg in a ski accident, a corroded fitting in
Chuck Yeages X1 rocket plane that newrkilled him, a broken tnhing gear in a
Corvette, a fire in a frateryithouse startedyba forgotten cigarette, a California
freeway collapse in an earthquake—all these aremgtes of activation energies being
exceeded, whether in ainecal reactions or pysical fractures. Theinvolve “things
going wrong” in peoples lives. ...Activation energies in cimecal and pRsical events
protect us and our prized objects from undesirable as well as disastrous éhange |

Conclusion

Purely from a human viewpoint chmnical kinetics is asmportant as The Second Law
of Themodynamics. Neither hmans nor ay other organis could exist in air ifE
was not an energetic barrier to the second law because all orgampowuls are
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themodynamically unstable in oyxgen. The infinite varigtof solid objects that we use
or prize are held together, despite their rtiedynamic metastabiliy toward violent
external enengflows, by chamical bonding, and thus theare protected fim change
by E.ct soic EQualy vital to us all, themany essential or treasured mbustible and
oxidizable things about us, froforests to hmes to steel artifacts, are protected from
change in air Y activation energies. Fortunateffor us “The second law of
thermodynamics is time’s arrow but chemical kinetics is time’s variable clock.”
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% There are enough erroneous ascriptions of Mgsphaw to justif its existence solgl from the mis-

citers Bloch, the least academic source, still has the most authoritative account from George E.
Nichols, the Qualit Assurance Manager of the NASA Viking Project in 1949. He first assigned the
title “Murphy’s Law” to a statement from Captain Edward Murpdr. about a technician who had
wired a strain gage incorregtl‘If there is ag way to do it wrong, he will.” The law was then rapidly
generalized (applied to objects as well as to individuals) on the project and throughout the world.
Even a recent informal schoblartbook, Why Things Bite BackEdward Tenner, Vintage: New York,
1997; pp 22-23), has a slightly misleading account and also misspells Bloch’s name.
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