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This overview paper provides a short introduction into the topics discussed at the International Autumn

Bunsen Discussion meeting 1997 on “Hydrogen Transfer: Theory and Experiment” which took place in Ber-

lin during 10-13 September 1997 under the auspices of the Deutsche BunsengesellsdPlaysikalische
Chemie and the Freie UniverditBerlin.

Introduction these effects. This picture is based on the description of
Gamov [14] for the description of the emissionwparti-

There is no other element at the interface betweecr]es by radioactive nuclei. When a material wave hits a

physics, chemistry, biology and technology like hydroger‘barrier, there is a certain probability that the wave tunnels

It forms covalent bonds and hydrogen bonds in morganuf‘,]rough the barrier even if its energy is not large enough

organic and biochemical systems, e>_<|sts as free or 9 overcome the barrier. This phenomenon should occur
vated proton, hydrogen atom or hydride anion, quantum:-

: . ; ; more frequently for hydrogen than for any other atom,
mechanical material wave and has four isotopes, i.e. my

. 1 2 3 _ due to its light mass. Using the tunneling explanation,
nium (Mu.),. H (H), H (D), H (T)’ exhibiting the mass Bell could explain the kinetic H/D isotope effects on the
ratios 1/9:1:2:3, leading to large isotope effects. Thus, Hy—I vsis of A h £ Kinetic i ¢
drogen Transfer has been a hot topic for experiments ar?cFCtro ysis of water. new t. eory of kinetic |sotope e

fects was proposed by Bigeleisen [15] by the combination
is not surprising in times of the rapid development OF his theory of equilibrium isotope effects with Eyring’s

theory for decades [1-11], and the interest in this elemen

novel experimental and theoretical methods. The Interna[-ans't'o.n state theory [16]: Here, the effects are described

. X ; . « 4. Mmainly in terms of zero-point energy changes between the

tional Autumn Bunsen Discussion meeting 1997 on “Hy- "
reactant and transition states. In later years, Bell com-

drogen Transfer: Theory and Experiment” which took : : L L .
place during 10-13 September 1997 under the auspiceslbél?ed Bigeleisen's theory with his tunneling model, today

the Deutsche Bunsengesellschaft fahysikalische Che- known as the _BeII -r_nodel_, which treats tunne_'llng n
. . - o terms of a one-dimensional incoherent process with a con-
mie and the Freie UniversitaBerlin in the Harnack-

inuous distribution of states on both sides of the barrier.

House of the Max-Planck-Gesellschat reflects this .dev.eklaturally, this model is oversimplified, and different theo-
opment. In 52 talks and 62 posters international scientists

. : . retical approaches based on quantum-mechanical descrip-
presented their new results and discussed their — som& " re needed on the way towards an “ab initio” de-
times _dlffer.ent_ and complementary VIEWS of the — pro'scription of molecular rate processes. For an experimen-
gress in this field. The present special issue represents[

partial account of this discussion a?'lst, it is still a big task to develop criteria to separate

tunneling and over-barrier contributions to rate constants

and kinetic isotope effects.

A. Coherent vs. Incoherent Hydrogen Dynamics The problem of the transition between coherent and
Across or Through a Barrier incoherent proton transfer came into attention already

he fi £ th ; h | t coh several decades ago [17]. A special type of tunneling

In t € wstart Oht e conierence the problem ohco €lwhere this transition can be observed directly is the case
ent vs. incoherent hydrogen dynamics across or throughyg ginydrogen bound to transition metals. Therefore, these
barrier taking place in polyatomic molecules in the gas

h d d d dd d The si compounds are interesting models for the study of this
phase and condensed matter was addressed. The S'mé%ﬁfsition. In addition, these systems are important since

coherent hydrogen transfer process involving a symmetige mobility of hydrogen in transition metal compounds is

double well potential is the inversion of ammonia in thele central problem of chemical energy storage using the
gas phase. The description of this phenomenon was ﬁrﬁ}trdrogen technology.

proposed by Hund [12]. It leads to split vibrational states

delocalized in both potential wells. The splitting of states

corresponds in the time domain to the frequency of coheg proton Localization in Hydrogen Bonds

ent tunneling observed for ammonia in the gas phase by

microwave spectroscopy. The barrier for proton transfer is strongly reduced when
On the other hand, in polyatomic molecules protoithe proton donors are able to form strong hydrogen bonds

transfer corresponds, generally, to a rate process involvingth the bases to which the proton is going to be trans-

kinetic H/D isotope effects. Initially, an incoherent tunnelferred. Various experimental techniques are applied to this

ing process had been invoked by Bell [13] to explairproblem, such as IR, Raman, Inelastic neutron scattering,
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NMR and Crystallogaphy which provide often different
views. Here, the problens of proton transfey hydrogen
bond geoméry and hydrogenbond dynamnics merge [18].
Hydrogen appearsas a divalent elemen able to be en-
gage in two covalentbondswith two heay atoms,char
acterzed by a bond orderof about1/2 anda quant pro-
ton motion. H/D isotopeeffectsapper relatedto structir-
al changesand zero-pointenegy changesafter deutera-
tion, arisingfrom a protonmotionin very anharmaic po-
tentids. Thesephenomera are strongly depadenton the
envionmentin which the hydrogenbords are enbedded.
Thus, the questim ariseswhether a polar solvent changes
the hydrogenbormd symmery and the potertial for the
proton motion. This problem appers when acid-base
propetiesin aproticenvionmentssuchasorganicliquids,
solids, surfacesetc. becane important.

C. Excited State Proton Transfer

All of the probdems encainteredin the ground-state
proton transfer casesare now combined and even ex-
tended On one hand,the excitedstateconstititesa com-
plicaion dueto the presege of addtional and competimy
processg such as internal conversion, intersystemcross-
ing, and the difficulty to evalua¢ ab initio potental en-
ey surfaesandwavepacketdynamicswith adegateac-
curacy On the otherhand,it providesa simplificaion as
the propagationof seletive stats canbe followedin the
gasphaseor moleallar beans. In theliquid state,ultrafast
proton transfes in the excited state may proceel more
rapidy than competirg relaxdaion phenomea inducel by
the envronmen, i.e. the proton transfes are often con-
fined to single moleales or molecularcomgexes. Solid
state measurerents allow one to tailor the geametric
structre of the reactants.The time scale of thos pro-
cessess typically in the doman of femtoseondsto pico-
secouls, calling for adequa methods of femtosecod
chemstry [11].

D. Proton Transfer in Complex Systams, Liquids
and Biological Systems

As far as protontransferis concened, liquid and solid
water representextreméy complicded systemsas they
exhibit a large numbe of coupledhydrogenbondswhich
breakand form, reorientag¢ in space,reactto the eledric
field of ions comgicating the descrigion of the multiple
proton transfes. Although these proesseshave been
studiedexperimentaly by Eigen et al. [19] yearsago, the
theoetical descriptionof the proton motion in water is
still a disputedsubgct [20]. Protontransferplays an im-
portant role in envimnmentalchemisty, e.g.during ozone
degradabn on stratospheg ice suffaces, in organic
liquids, solid stateproton conductorsand enzymeswhere
they often representhe key steps.It is refreshing to ob-
servethat both experimengl and theoetical methods do
not fear to attack the mog complex systemslike en-
zymes.

Conclusions

As corclusion we hope that the preseh specialissue
may be consideed as stimulatng interim report, repre-
sentingimportantprogesswhich hasbeenmaderecenty
and, simultareously pointing to enormais challerges for
the forthcoming years. Corntinuous fascindion about the
advanceswhich hawe beenmaderecenly, and encairage-
ment for researchtowards many additional discoveies,
was conveyed adequatelyby Professo R. R. Ernstin his
closing “Dahlem”-lecture“Interdisciplinary Reseech. Nu-
clearMagneic Resmance,a Show Piecepar Excellence”.
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edged.Our specialthanksgo to Prof. R. R. Ernst, a pioneerof the
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lem lecture.We are also very grateful to many colleagueswho in-
vestedtime and expertiseas refereesjn orderto edit this specialis-
suefor the community

References

[1] ProtonTransfey FaradaySymp.Chem.Soc.Vol. 10 (1975).

[2] Protons and lons involved in Fast Dynamic PhenomenalP.
Laszlo,ed. by Elsevier AmsterdamOxford New York 1978.

[3] Protonand ElectronTransfer FaradayDiscuss.Chem.Soc. Vol.
74 (1982).

[4] Spectroscopyand dynamics of elementaryproton transferin
polyatomic systems,ed. by P. Barbaraand H.P. Trommsdorf,
Chem.Phys.136 (2), 153—-360(1989).

[5] PhotoinducedProton Transfer Michael Kasha Festschrift, J.
Phys.Chem.95, No 25, 10215-105241991).

[6] Electronand ProtonTransferin Chemistryand Biology, ed. by
A. Miller, H. Ratajczak,W. Junge, E. Diemann, Studiesin
Physicaland TheoreticalChemistry Vol. 78, Elsevier Amster
damLondonNew York Tokyo 1992.

[7] Ultrafast Reaction Dynamics and Solvent Effects, ed. by Y.
Gauduel,P.J. Rossky American Institute of Physics, Confer
enceProceeding¥ol. 298,1994.

[8] The “Journal of Molecular Structure”publishesregularlya spe-
cial issuewith the Proceeding®f the conferenceon “Horizons
in HydrogenBond Research”.

[9] The Journal “Physica C” publishesregularly a special issue
with the Proceedingf the conferenceon “Quantum Tunnel-
ling of AtomsandMoleculesin Solids”.

[10] The Journal“Solid Statelonics” publishesregularlya specialis-
suewith the Proceeding®f the conferenceon “Solid StatePro-
ton Conductors”.

[11] (a) J. Manz, L. Woste, FemtosecondChemistry Vols. 1 and 2,
VCH Weinheim 1995, Chapter 2 by A.H. Zewail “Femto-
chemistry: Conceptsand Applications” and Chapter18 by Th.
Els&ser “FemtosecondintramolecularProton Transferin the
CondensedPhase”.

[12] F. Hund, Zur Deutungder Molekelspektrenlll. Bemerkungen
Uber das Schwingungs-und Rotationsspektrunbei Molekeln
mit mehrals zwei Kernen,Z. Phys.43, 805 (1927).

[13] (a) R.P. Bell, Proc.R. Soc.London A 139, 466 (1933);(b) ibid.
141, 241 (1935); (c) R.P. Bell, The Proton in Chemistry
Methuenand Co. Ltd., London 1959; 2" Edition Chapmarand
Hall, London1973;(d) R.P. Bell, The Tunnel Effectin Chemis-
try, Chapmanand Hall, London 1980; (e) Proton Transfer ed.
by E. Caldin,V. Gold, ChapmarandHall, London1975.



H.-H. LimbachandJ. Manz: HydrogenTransfer:Experimentand Theory

291

[14] G. Gamow Zur Quantentheorieles Atomkerns,Z. Phys. 51,
204 (1928);52, 510(1928).

[15] H. Eyring, J. Chem.Phys.3, 107 (1935).

[16] (a) J. Bigeleisen,M. G. Mayer, J. Chem.Phys.15, 261 (1947);
(b) J. BigeleisenJ. Chem.Phys.17, 675 (1949).

[17] (@) J. Brickmann, H. Zimmermann, Ber. Bunsenges.Phys.
Chem. 70, 157 (1967); (b) ibid. 70, 521 (1967); (c) ibid. 71,
160 (1967).

[18] (@) P SchusterG. Zundel, C. Sandorfy(Eds.), The Hydrogen
Bond; North Holland Publ. Co.: Amsterdam,1976; (b) G.A.
Jefrey, W. SaengerHydrogenBondingin Biological Structures,
Springer Berlin, 1991.

[19] M. Eigen, Ang. Chem. 75, 489 (1963); Ang. Chem. Int. Ed.
Engl. 3, 1 (1964).

[20] R.G. Schmidt,J. Brickmann,Ber. BunsengesPhys.Chem.101,
1816(1997).

E 9794



