
counterparts for the assignments and 
interpretations of the rotation-vibra­
tion spectra of specific molecules. The 
case is well made that algebraic theory 
reproduces observed spectra at least as 
well as or better than does the more 
conventional Dunham expansion and 
with somewhat fewer parameters. (I 
hope we shall see more experimental 
papers in which the interpreters of 
molecular spectra use the algebraic 
method to analyze their results.) 

Some sections of the book would 
have been clearer and probably more 
persuasive to experimenters if the 
authors had expanded their discussion 
and given fuller physical interpreta­
tions to the formal material. To cite a 
few examples: In their discussion on 
page 34 of the double well, about re­
ducing the symmetry from U(2) to 0(2), 
the authors could have discussed the 
role of tunneling and how algebraic 
theory incorporates it. For spectro­
scopists, some discussion would have 
been valuable in chapter 4 of Coriolis 
interaction and centrifugal distortion 
and how they appear in algebraic theory. 
More discussion of the physics of the 
position-dependent mass in chapter 7 
would have been both interesting and 
enlightening to me. Overall, this chapter 
is less didactic than the earlier chapters; 
I found the discussion of new directions 
of research particularly stimulating. 

One other minor carping criticism 
that I have is the occasional "hard-sell" 
rhetoric, which I found unnecessary 
and a bit embarrassing. The work is 
quite strong enough to stand on its own 
merit, and many ofus will simply have 
to learn and use it. 

R. STEPHEN BERRY 
University of Chicago 

Chicago, Illinois 
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Atomic and molecular spectroscopy is 
a vast subject with applications rang­
ing from the detection of fluctuations 
in the cosmic background radiation to 
the identification of molecular species 
in biochemical analyses. Spectroscopic 
techniques have been used recently in 
the creation and detection of Bose-Ein­
stein condensation in weakly interact­
ing atoms (PHYSICS TODAY, August 1995, 
page 17). Spectroscopy permits the 
determination of the potential energy 
curves of diatomic molecules and the 
structures of complex polyatomic mole­
cules. The extraordinary resolution 
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that can be achieved is exploited in 
tests of the fundamental laws of phys­
ics and provides the experimental sup­
port for quantum electrodynamics. 

Because spectroscopic data offer a 
specific identification of the emitting 
or absorbing species, they are used to 
learn the compositions of gases and 
plasmas and are of unique value in the 
study of remote objects. Spectroscopic 
data can be acquired at wavelengths 
across the electromagnetic spectra 
from x rays to radio waves, and they 
reflect the properties of materials at 
temperatures from near zero to a hun­
dred million degrees Kelvin. Spectro­
scopic line intensities yield information 
on energy-level populations of atoms 
and molecules, from which inferences 
can be drawn about the temperature, 
the density and the radiation environ­
ment; if magnetic fields are present, 
their strengths can also be derived. 

The diversity of the applications, the 
variety of experimental techniques, the 
complexity of the theoretical frame­
work and the sheer vastness of the 
data base would require many volumes 
to give a comprehensive accounting of 
the material. For any one book on the 
subject, therefore, stringent choices 
must be made. In Spectra of Atoms 
and Molecules, Peter Bernath empha­
sizes the development of the theoretical 
basis of spectroscopy, and the spectro­
scopic data presented are largely to 
illustrate the theoretical concepts. 

The title refers to atoms and mole­
cules, but the attention given to atoms 
is limited. In discussing line theory 
absorption and emission spectroscopy, 
Bernath gives a conventional account 
of semiclassical radiation theory, but 
he incorporates instructive discussions 
of the responses of a two-level system 
driven by laser radiation and of line 
shapes and line-broadening mecha­
nisms. A brief description of the en­
ergy-level structure of the hydrogen 
atom, derived from the Schrodinger 
equation and the empirical addition of 
electron spin, serves as an introduction 
to the independent-particle model of 
many-electron atoms. The coupling of 
angular momenta and the construction 
of the terms of a configuration are 
illustrated, and formulas are written 
down for the effects of spin-orbit in­
teractions in fine structure and hyper­
fine structure and for the Zeeman ef­
fect. The formal apparatus of angular 
momentum theory is avoided. Selec­
tion rules are explored but only for 
electric dipole transitions, and no men­
tion is made of forbidden transitions. 

The substance of the book is mole­
cules, diatomic and polyatomic. For 
polyatomic molecules, group theory is 
mandatory, and it is provided here at 
an accessible level with a clear descrip-

tion of molecular symmetries. The 
heart of the book is an extensive dis­
cussion of the classical and quantum 
mechanics ofrotational and vibrational 
motion in diatomic and polyatomic 
molecules in ground and excited elec­
tronic states. The presentation is co­
herent and well-organized, and the dif­
ficulties and subtleties are elucidated. 
The examples are of interest mostly to 
chemists. The utility of spectroscopic 
data in deriving the structure of polya­
tomic molecules is made apparent. 

Spectra of Atoms and Molecules con­
tinues with a brief chapter on rotation­
vibration Raman spectroscopy and con­
cludes with an important and extensive 
presentation of the spectroscopy and 
the rotational and vibrational struc­
ture of excited electronic states of dia­
tomic and polyatomic molecules. The 
different angular momentum coupling 
schemes for diatomic molecules repre­
sented by the different Hund's coupling 
cases are described. For polyatomic 
systems, an account is given of the 
Herzberg- Teller, Jahn-Teller and Ren­
ner-Teller effects. The chapters con­
tain a very clear exposition of parity 
in molecular eigenfunctions. 

Spectra of Atoms and Molecules is 
a textbook. Its value as such is en­
hanced by a careful selection of prob­
lems in which stimulating questions 
are asked. The book is written in a 
lucid, explanatory style at a level that 
should be accessible to readers having 
some minimal knowledge of quantum 
mechanics, and it will serve as an 
excellent introduction to the spectra of 
diatomic and polyatomic molecules. 

ALEXANDER DALGARNO 
Harvard-Smithsonian Center 

for Astrophysics 
Cambridge, Massachusetts 
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Volumes 19 and 20 of Advances in 
Photochemistry are the lastest contri­
butions to the longest continuing series 
of reviews of recent developments in 
photochemistry. The editorial policy 
articulated in the initial volume (edited 
by J . N. Pitts, G. S. Hammond and 
W A. Noyes in 1963) was "to explore 
the frontiers of photochemistry 
through the medium of chapters writ­
ten by pioneers who are experts." By 
and large the series-roughly one vol­
ume a year-has maintained a quality 
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consistent with this goal. 
During the last three decades, how­

ever, the enormous success of photo­
chemistry as a discipline adopted by 
organic chemists, physical chemists, 
biochemists, material scientists and 
others has made the subject matter for 
the series more diverse. Any potential 
purchaser will need to pay specific at­
tention to the topics selected. How­
ever, the overall quality of the series 
and the timeliness of selections and 
authors warrant continuation of the 
series by any library wishing to main­
tain a first-rate reference series to the 
photochemical literature. 

Volume 19 contains four articles. 
The first, by Helmut Gomer and Hans 
Jochen Kuhn, is entitled "cis-trans 
Photoisomerization of Stilbenes and 
Stilbene-Like Molecules." This is an 
excellent, comprehensive review of the 
mechanistic features of the cis-trans 
isomerization of stilbenes. A historical 
perspective is also included. 

The second article, by Gerd Kaupp, 
is "AFM and STM in Photochemis­
try, Including Photon Tunneling." The 
author has been a pioneer in the use of 
AFM and STM to study photoreactions. 
The focus is on organic photochemistry 
with suggestions of the eventual appli­
cation of AFM and STM to biological 
photochemistry. 

The third article, by Ying Wang, 
is "Photophysical and Photochemical 
Processes of Semiconductor Nanoclus­
ters." Like the previous article, this 
one can be considered a review of ma­
terial science photochemistry, in this 
case the photochemistry of small semi­
conductor particles and the use of pho­
tochemically produced electrons and 
(positive) holes to drive reactions. Of 
particular note is a very readable account 
of the effect of the particle size on the 
photochemistry. 

The final article, by Julian A. 
Davies, David L. Boucher and Jimmie 
G. Edwards, is "The Question of Arti­
ficial Photosynthesis of Ammonia on 
Heterogeneous Catalysts." This article 
focuses somewhat on what might ap­
pear to be a topic with a minor photo­
chemical component. There is, however, 
a certain connection to the previous ar­
ticle in that the use of photochemical 
excitation of semiconductors to drive ar­
tificial photosynthesis is discussed. 

Volume 20 contains five articles ex­
ploring a range of topics. The first, by 
Tatsuo Arai and Katsumi Tokumaru, 
is "Present Status of the Photoisomeri­
zation About Ethylenic Bonds." This 
article focuses on a phenomenon, termed 
"one way photoisomerization," that 'Ib­
kumaru's group has investigated exten­
sively. This phenomenon typically re­
fers to systems for which cis to trans 
isomerization is unaccompanied by the 
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reverse trans to cis isomerization. 
The second article, by Christoph 

Zander and Karl H. Drexhage, entitled 
"Cooling of a Dye Solution By Anti­
Stokes Fluorescence," focuses on the 
possiblity of cooling a dye solution by 
anti-Stokes fluorescence, and describes 
in detail an experiment that makes 
a quantitative investigation of anti­
Stokes cooling possible. 

The third article, by Joseph S. Fran­
cisco and M. Matti Maricq, is "Atmos­
pheric Photochemistry of Alternative 
Halocarbons." This is a timely topic, 
given that the 1995 Nobel Prize in 
Chemistry was awarded to pioneers 
who investigated the environmental ef­
fect of pollutants such as halocarbons. 
The offending chlorofluorocarbons are 
being systematically replaced by hy­
drofluorocarbons with the expectation 
that the chlorine-mediated photochem­
istry of CFCs responsible for damaging 
the ozone layer will abate when HFCs 
rather than CFCs are released in the 
atmosphere. This article is an excel­
lent point of reference for information 
on atmospheric photochemistry in gen­
eral and atmospheric halocarbon pho­
tochemistry in particular. 

The fourth article, by Horst Weller 
and Alexander Eychmuller, is "Photo­
chemistry and Photoelectrochemistry 
of Quantized Matter: Properties of 
Semiconductor Nanoparticles in Solution 
and Thin-Film Electrodes." The article 
is closely related to that by Wang in 
Volume 19, but it focuses on models for 
photoinduced fluorescence in semicon­
ductors and how fluorescence can be 
employed in surface chemistry. 

The final article, in Volume 20, by 
Itamar Wilner and Bilha Wilner, is 
"Artificial Photosynthetic Transforma­
tions Through Biocatalysis and 
Biomimetic Systems." It provides a 
compact review of a wide range of 
material involving two general ap­
proaches for modeling photosynthesis: 
the mimicking of the functions of the 
photosynthetic reaction center by syn­
thesis analogs and the mimicking of 
photosynthesis by integrated assem­
blies that duplicate the functions of the 
natural process to the extent that light 
is converted to stored energy of products. 

Overall the nine articles in these 
two volumes should be quite readable 
by scientists with an interest and back­
ground in photochemistry. Instructors 
who teach advanced courses that in­
clude photochemistry should be aware 
of the articles, which can serve to bring 
students rapidly up to date on the areas 
covered. 

NICHOLAS J. TURRO 
Columbia University 
New York, New York 




