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Introduction. - Physical Chemistry is the only one of the classical disciplines of 
chemistry with a known birthdate, . . . and with three fathers. These were Jacobus Henricus 
van’t Hoff (1852-191 l), Svante August Arrhenius (1859-1927), and Wilhelm Ostwald 
(1853-1932) [l]. In retrospect, however, the first chemist to practice what we would now 
call Physical Chemistry was Mikhail Vasilevich Lomonosou (1 71 1-1765)’), founder of the 
University of Moscow, now carrying his name [2] 131. However, ‘Physical Chemistry’ was 
established as a field of its own only in 1887, when Wilhelm Ostwald founded the 
Zeitschrft fur Physikalische Chemie, and when he accepted in the same year the very first 
chair in Physical Chemistry, created at the University of Leipzig. 

Sixteen years later, in 1903, Philippe-Auguste Guye2) (1862-1922) 141, then ‘professeur 
ordinaire de chimie theorique et te~hnique’~) at the University of Geneva, created the 
French pendant to Ostwald’s journal, namely the Journal de Chimie Physique, published 
until 1922 in Geneva, and since then in Paris. Irrespective of its strange name, Cuye’s 
chair was de facto the first chair of Physical Chemistry in Switzerland. Full professorships 
in Physical Chemistry were created at the Universities of Bade and Zurich only in 1920, 
although lectures in this field had been given regularly before4). 

Lomonosou was the first to look at chemistry from the standpoint of physics and mathematics. He thought 
that matter was composed of small, imperceptible particles which are the cause of all properties, and that their 
oscillatory and gyratory motions are increased, when matter is heated. He did not believe in phlogiston. His 
theory of the gaseous state assumed that the particles (atoms) moved rapidly, constantly colliding with each 
other, and his ideas about the compressibility of gases were close to those of Van der Wauls. He had a rather 
clear conception of the absolute zero, and he thought - anticipating Berzeltus - that differences in properties 
could be due to differences in the arrangement of the atoms. 
A portrait of Ph. A.  Guye has been presented in [5]. 
In a historical review, on the occasion of the 100th anniversary of the Departement of Chemistry of the 
Unversity of Geneva [6], Ch. K. Jorgensen writes: ‘On se demande silbn a demand6 le conseild’un logicien avant 
de fuire cette coexistence’. It is noteworthy that in 1922, Guye’s successor E. Briner was still asked to occupy 
this strangely named chair. 
At the University of Basle, Georg W. A. Kahlbaum (1853-1905) [7], best known for his contributions to the 
history ofchemistry, began to lecture on physical chemistry in 1892. These lectures were taken over in 1912 by 
August Leonhard BernouNi (1879-1939) [8], who became full professor in 19 17, was nominated in 1920 to the 
newly created chair in Physical Chemistry, and named the first director of the Phgsikalisch-chemisrhe Anstalt 
established in 1926. In Zurich, at the University, Paul Pfeijyer (1875-1951) [9] was charged in 1908 with the 
course on ‘Physikalische und Theoretische Chemie’, which was taken over in 1914 by Privatdozent Israel 
Lifschitz (1888-?). In 1920, Victor Henri (1872-1940) [lo] was nominated as the first professor of Physical 
Chemistry, after William D. Treadwell, then professor of Inorganic Chemistry at the Federal Institute of 
Technology, Zurich, had declined the offer [ll]. 
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To set our review in its proper perspective, some general remarks about Physical 
Chemistry in Switzerland and its reflection in Helvetira Chimira Acta ( H C A )  are needed. 
Certainly, readers of HCA can not help noticing that compared to inorganic, and 
particularly to organic chemistry, physical chemistry occupies a rather small place, even if 
we use this term as a catch-all for e.g. thermochemistry, thermodynamics, reaction 
kinetics, electrochemistry, spectroscopy, or theoretical chemistry. However, there are 
some good reasons for this ‘discrimination’. 

Switzerland being a country without natural resources - apart from hydroelectric 
power and tourists - its chemical industry is almost entirely oriented towards fine 
chemicals, e.g. pharmaceutical products, dyestuffs, or agrochemicals, fields in which the 
Swiss Chemical Companies belong to the worldwide leaders. As a consequence, organic 
chemistry plays the dominant role not only in industry but also at the universities and 
institutes of technology which provide the necessary academic manpower. It is, therefore, 
not surprising that HCA became over the years a journal mainly addressed to an 
auditorium of organic chemists, which is less interested in the - sometimes arcane -~ topics 
dear to their colleagues from physical chemistry. Thus, HCA developed into a less 
attractive medium for such contributions, which are preferentially published in special- 
ized journals, such as Guye’s Journal de Chimie Physique, and many others. This trend 
became more and more pronounced over the years, so that practically all of the present 
out-put of our Institutes of Physical Chemistry bypasses HCA. 

A second important point concerns the turn that physical chemistry took in Switzer- 
land. Because of the analytical needs of our organic-chemistry-oriented industry and 
university research groups, a large section of our physical chemists concerned themselves 
preferentially with spectroscopic methods and/or the investigation of properties of cova- 
lent molecules. Soon,’ the organic chemists themselves began to use these techniques, and 
to integrate such methods into their own research, sometimes to the extent of practicing 
what is now known as physical-organic chemistry. This makes it sometimes difficult to 
draw a sharp line between the disciplines organic/inorganic chemistry on the one side, 
and physical chemistry on the other. It is, therefore, not surprising that some of the 
publications relevant for the present review have already been included in previous 
contributions to this series. 

In contrast to the preceeding reviews, each of which dealt with the development of a 
limited field ‘as mirrored in HCA’, the development of ‘Physical Chemistry’ is certainly 
not ‘mirrored’ in HCA. What we can read in HCA are publications dealing with unrelated 
topics from quite different parts of physical chemistry, yielding at best a patchwork-type 
overview. Therefore, the reader is asked to bear with us, if our choice of topics and/or 
examples is - up to a point - somewhat arbitrary and subjective. In addition, we shall - 
for the sake of clearness - not rely on a historical sequence, but pool related publications 
into separate sections, independent of their date of publication. 
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1. Spectroscopy. - 1.1. Electronically Excited States: U V/  VIS Spectra. In 1860, 
Gustau Robert Kirchhoff and Robert Bunsen published the historical paper ‘Chernische 
Analyse durch Spektralbeobachtungen ’ [ 121 which marks the beginning of the application 
of spectroscopic methods to chemical problems. Although these early applications of 
atomic emission spectra were of a purely analytical nature, they were eminently success- 
ful, as evidenced by Bunsen’s discovery - in the same year 1860 - of the new element 
Caesium, and of Rubidium in 1861 [13]. The use of absorption spectroscopy - what we 
would now call UVjVlS spectroscopy - was introduced on a purely qualitative level in 
1879 by Walter Noel Hurtley, then professor at the Royal College of Science in Dublin. 
(For an account of the early history of absorption spectroscopy applied to organic 
chemistry, see [ 141). The first systematic investigations of such spectra, in particular their 
interpretation in terms of the structure and bonding of the absorbing molecules is mainly 
due to Victor Henvi (1872-1940)’) [lo], who became full professor of physical chemistry 
at the University of Zurich in 1920 [I 11. His field of research is best characterized by the 
title of his ‘Antrittsrede’, namely: ‘Pluralitat der Zustande der Atome und Molekel und 
deren Bedeutung fur die physikalische Chemie’. From his many fundamental contribu- 
tions to electronic spectroscopy and photochemistry, we only quote the discovery of 
predissociation in 1923 and his work on chain reactions (with RenC Wurmser) in 1927. 
Certainly his pioneering research is at the root of a long and eminently successful 
spectroscopic tradition at the University of Zurich, and thus in Switzerland. However, 
not a single one of his many papers was published in HCA. 

It is, therefore, amusing to note that notwithstanding Victor Henri’s reticence to 
publish in HCA, the very first paper [ 1.51 in the first issue of H C A  stems nevertheless from 
the University of Zurich and deals with electronic spectra. It is due to Alfred Werner‘), 
and contains the optical rotatory dispersion spectra of the isomeric forms of cis- 
[Co(NO,),(en)(pn)]X, (en = ethylenediamine; pn = propane-l,2-diamine; X = counter- 
ion) shown on page 23 of [16]. It is remarkable that this powerful method, i.e. the use of 
CD spectra for the characterization and discrimination of enantiomers ~ routinely used in 
Werner’s research group - almost completely disappeared from the literature for close to 
40 years, until it was reintroduced on a large scale by Carl Djerassi and developed into a 
fine art by Gunther Snatzke [17], both of which have published extensively in HCA, in 

5 ,  Viclor Henri, born 1872 in Marseille of Russian parents, had an unusual scientific carreer. In 1891, he first 
studied mathematics at the Sorbonne in Paris, then philosophy in Gottingen, where he obtained a ‘Dr. phi].’ 
with a thesis ‘Localisation des sensations dugout’. He returned to the Sorbonne, to do work on physico-chem- 
ical problems in biology, which led in 1902 to his second degree, a ‘Dr. i s  sciences’. He remained at the 
Sorbonne, investigating the electronic spectra of biomolecules until 1914, when he was appointed French 
ambassador in Russia, a post he occupied until 1920, the year he was offered the professorship at the 
University of Zurich. In 1930, Victor Henri left Zurich to move to the University of Liege, where he occupied 
the chair in Physical Chemistry. In 1939, at the beginning of the second world-war, he was asked to return to 
France, and to assume together with Paul Langeuin the direction of the ‘Laboratoire de Physique’ of the 
‘Centre National de Recherche Scientitique’in Paris. In June 1940, after the collaps ofthe French front, he and 
his colleagues had to leave Paris for La Rochelle, where he died the same year of a pulmonary congcstion. He 
was undoubtedly one of the most important pioneers of spectroscopy and photochemistry. A typical feature 
was his tendency to seek completely original and personal solutions, sometimes at the cost of a critical 
evaluation. Thus, he proposed benzene to be non-planar, ammonia to be flat and asymmetric, and that 
methane has a distorted structure. 
A portrait of Alfred Werner is shown in [16], p. 24. 6, 
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collaboration with various research groups from Swiss universities, cJ e.g. [18]. In this 
connection, it should be mentioned that the early theory of CD spectra is due to Werner 
Kuhn (see Chapt. 2).  

Volume Z of HCA contains the first communication 1191 of a series of contributions 
(e.g. [20]) by Friedrich Kehrmann (1864-1929) [21], professor at the University of Lau- 
sanne, which are devoted to the systematic investigation of the connection between the 
(electronic) structure and the UVjVIS absorption spectra of molecules, in particular of 
dyestuffs. 

I Friedrich Kehrmann (1864-1929) 

A short biography of Kehrmann and an appreciation of his important contributions to 
Color Chemistry has already been presented by Zollinger on pp. 1731 to 1734 of [22]. We 
might add that Kehrmann’s interest in the relationship between color and constitution 
dates back to 1890, when he was an assistant of A .  Classen at the Technische Hochschule 
Aachen. To document - in addition to Fig. 4 of [22] - the quality of absorption spectra 
obtainable around 1920, we show in Fig.] some of Kehrmann’s spectra of oxazine 
dyestuffs, a sample taken from [23], one of the long list’) of Kehrmann’s papers. 

The band envelopes of the long-wave part of the spectra were estimated visually with 
a Zeiss spectroscope, using solutions of concentrations njl500, n/3000, n/6000, down to 
n/48000, a path-length of d = 4.5 mm, and smoothing out complicated features of the 

7, This list is not easy to follow because of Kehrmann’s private and inaccessible way of numbering his contribu- 
tions: ‘Die No. X I I I  entspricht der neuen Numerirrung der Artikel ’Konstitution und Farhe’ in Band IV rrreiner 
gesammelten Abhandlungen ’, Footnote in [24]. 



HELVETICA CHIMICA ACTA - Vol. 76 (1993) 635 

F;g. 1 
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Fig. 2 
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band. The UV part was recorded with a Paschen spectrograph. The abscissae correspond 
to the instrument scales, and the ordinates are the concentrations in steps by factors of 

Another example concerns an early investigation of the solvent dependence of ab- 
sorption (and emission) spectra of organic molecules. To shed more light on this problem, 
Kehrmann investigated the solvent dependence of the position and intensity of the long- 
wave band of a dyestuff, as shown in Fig. 2 for 2-aminodiphenyl-carbazone [25]. It was 
found that the shift of the band maximum parallels the dielectric constant of the solvent, 
and that the band-shape remains the same. 

Concerning Kehrmann’s contributions to the interpretation of the color of dyestuffs 
in terms of molecular structure, the reader is referred to Zollingcr’s review [22]. 

As a further example of the state of the art of absorption spectroscopy in 1922, we 
present in Fig. 3 the long-wave VIS absorption spectrum of potassium permanganate, 
recorded by Hagenbach and Percy of the University of Basle [26] .  It also shows the 
authors’ proposal, how this wide feature should be deconvoluted into partial bands, under 
the limiting assumption that no more than three partial bands overlap at any wavelength. 

112. 

Fig. 3 

After Victor Henri’s retirement in 19305), the chair in Physical Chemistry at the 
University of Zurich was taken over by Huns Rittev uon Hulbun (1877-1947)*) [ll] [27] 
who carried on the spectroscopic tradition of the institute. 

’) Von Halhan was born in 1877 in Vienna. After two semesters at the Technische Hochschule Wien, he moved to 
the University of Zurich, where he obtained, in 1902, a Ph. D. in Inorganic Chemistry, having worked for four 
years under the direction of Werner. He then spent some time with W. Oslwald and M .  Le Blunc at the 
University of Leipzig, where he got his formation as a physical chemist. From 1909 until 1929 -interrupted by 
four years of service in the Austrian army during the war ~ he worked at the University of Wurzburg, first as 
a Privatdozent, and later as a.0. Professor for Physical Chemistry. In 1930 he returned to the University of 
Zurich, to occupy the chair of Physical Chemistry. He died, shortly before his 70th birthday, in 1947. 
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Von Hulban’s research concerned mainly two topics: the improvement of spectro- 
scopic techniques, in particular, precision measurements for the investigation of weak 
electrolytes, ion pairs or ion associations in solution, and - as we shall see later (cb 
Chapt. 2) - photochemistry. 

Fig. 4 
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As an example taken from his work on ion association [28] [29], we show in Fig. 4 the 
pH dependence of the UV spectrum of picric acid ( = 2,4,6-trinitrophenol), a molecule 
studied in great detail by von Halban. 

A detailed analysis of the sources of error in UVjVIS spectroscopy in particular with 
respect to the measured absorption intensities, has been given in [30]. As a result, it was 
proposed that the experimental set-up should consist of a particular hydrogen lamp, 
developed by AZmasyg) [3 I], a centro-symmetric Pool sector which avoids chopping the 
light beam, and only a single Baly cuvette, i.e. using the same cuvette alternatively for the 
solution and the solvent. The quality of the absorption spectra of organic compounds 
that could be obtained by this improved technique in 1944 is documented by the spectrum 
of astraphloxine perchlorate 1 (cf. Fig.5), a compound which von Halban and Karl 
Wieland introduced into UV/VIS spectroscopy as a calibration standard [32]. 

Fig. 5 

9, Felix AImasy was a student of Victor Henri. He became a Privatdozent for physico-chemical biology at the 
faculty of veterinary medicine of the University of Zurich in 1935, but worked with oon Halban in the Institute 
of Physical Chemistry [I  11. 
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I I 

1 

CH3 CH3 

By the time von Hulbun assumed the direction of the Institute of Physical Chemistry, 
i.e. around 1930, UVjVIS absorption spectroscopy was, in principle, available to organic 
chemists as an instrument for the elucidation of molecular structures - although this was 
certainly not true for every laboratory")! As an illustration we mention two early and 
important examples, both of which have already been discussed (in part) in previous 
contributions to this series. 

In 1927, Richard Kuhn and Alfred Winterstein synthesized the series of CI,W -diphenyl- 
polyenes 2 ( n )  with n = 1 to 8 [33], to investigate their properties as a function of the 
number of double bonds, n. 

C,H,-(CH=CH),-C,H, 2 ( n )  

(The relevance of this work for the investigation of carotinoids has been discussed by 
C . H .  Eugster [34].) Although the dependence of the color of these molecules on the 
number of double bonds is an obvious candidate for spectroscopic investigation, no 

Fig. 6 

I") As V .  Prelog told us, what impressed him most, when he visited for the first time L. Ruzicku's laboratory at the 
ETH in Zurich in 1937, was the Hilger UV Spectrograph. 
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spectra were recorded, not even for the work ‘Zur Kenntnis der Athylengruppe als Chro- 
nophor ’, shown in Fig. 6. In this, the number of double bonds in bixin and c( -crocetin was 
messed by matching their color with those of the above polyenes, all compounds in the 
idid state [35]. 

The lack of spectroscopic data in [35] is surprising, because Kuhn and Winterstein had 
>resented A,,, values for the long-wave transition of ‘biphenylene-polyenes’ 3 ( n ) ,  n = 0, 
I, 2 (i.e. with 1, 2, and 3 double bonds) in an earlier paper [36]. 

Only in 1935 did K.  W .  Hausser and R.  Kuhn record the UVjVIS spectra of the 
I,O -diphenyl-polyenes 2 ( n )  [37]. It was shown that with increasing number n the position 
L,,, of the first transition shifts systematically towards longer wavelengths, according to 
he empirical formula 

(1 )  
ind that the intensity, i.e. log ( E ) ,  increases. 

Another illustration of the importance of UVjVIS spectroscopy as a structure-analyt- 
cal tool in the mid 1930s is provided by the classical work of Placidus Andreas Plattner 
1904-1975)”) [38] on azulenes. (This has been reviewed in some detail by Heimgartner 
tnd Hunsen on pp. 394 to 400 in [41].) After the parent hydrocarbon azulene C,,H, (4) had 

Am,, = kl& + k2 

4 5 

’) Placidus Andreas Plattner was born in Chur in 1904. He studied chemistry at the Universities of Fribourg, 
Geneva, and Bern from 1924 to 1929, and worked for his thesis under the direction of Prof. Emile Cherbuliez 
in Geneva. After having obtained his Ph. D., he joined the Giuaudan Company in Geneva. It is there that he did 
his memorable work on azulenes, in collaboration with Alexander Stefan Pfuu. In 1937, Leopold Ruzicka 
offered him a position at the Laboratorium fur Organische Chemie of the Federal Institute of Technology in 
Zurich. In 1940, Plattner became a Privatdozent, and in 1945 Professor, a position he assumed until 1952, 
when he moved to the company F. Hoffmann-La Roche in Basel, to become its director of research. He retired 
in 1970 and died in Basel in 1975. Apart from his important contributions to organic chemistry (cf. [394l]), it 
is noteworthy that Plattner was one of the first to make extensive use in his research of quite diverse physical 
methods, thereby becoming effectively the first physical-organic chemist in Switzerland. Portraits of Plattner 
can be found in the reviews by Tamm [39], p. 2143, and by Kaluoda [40], p. 2384. 
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Fig. 7 
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been synthesized by Pfau and Plattner [42], the identity of its chromophore with that of 
native azulenes, e.g. of guajazulene ( = 7-isopropyl- 1 ,4-dimethylazulene; 5),  was demon- 
strated by Susz, Pfau, and Plattner [43] through a comparison of their UV spectra, as 
shown in Fig. 7. 

In 1941, Plattner discussed the long-wave-absorption band of azulene (4) and of 
alkyl(methy1)-substituted azulenes, to which these molecules owe their blue color [44]. 
This band, the 'L, band in Platt's nomenclature [45], exhibits a detailed vibrational fine 
structure, which allows an exact determination of the band positions. Unfortunately, this 
fine structure remained unresolved in the spectra obtained with the UV spectrographs 
then available - because of their poor dispersion in the red part of the spectrum - but the 
wave-numbers v,,, of the positions of the individual fine-structure maxima could be 
measured visually with a Lowe-Schumm spectroscope [44]. Only later, the 'L, bands of 

Fig.8 
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azulenes have been recorded using a photometrical procedure [46], yielding transmission 
curves, such as shown in Fig. 812). 

Pluttner observed [44], that alkyl substitution at C(l) ( = C(3)), and/or C(5) ( = C(7)) 
of the azulene nucleus shifts the ‘L, band bathochromically, i.e. towards longer wave- 
lengths -- as expected according to previous experience with unsaturated and aromatic 
hydrocarbons - but that alkyl substitution at C(2), C(4) ( = C(8)), or C(6) yields, surpris- 
ingly, hypsochromic shifts, i.e. towards shorter wavelength. Because these shifts occur in 
the absence of steric hindrance, i.e. without a steric inhibition of the coplanarity of the n 
system, they are called ‘natural’ hypsochromic shifts. 

In addition, Pluttner could show that the shifts follow an additivity rule, meaning that 
the ‘L, band position v,,, of a polyalkyl-substituted azulene can be predicted fairly 
accurately by adding shift increments A v ,  for each alkyl substituent in position ,u (‘Platt- 
ner ’sche Verschiebungsregel’): 

v,,, = vg + Z,,Av,, (2) 

(with mean values v, = 17270 cm-’, A v ,  = -810 cm-’, Av, = +430 cm-’, Av,  = +320 cm-’, 
A v ,  = -300 cm-’, Av,  = +400 cm-’ [47]). 

An explanation of both these observations in terms of the particular electronic 
structure of the ‘non-alternant’ hydrocarbon azulene 4 was given much later [48]. It is 
found [49] that the large bathochromic and, in particular, the ‘natural’ hypsochromic 
shifts are mainly due to the inductive effect of the alkyl groups. 

Herrnann Mohler ( 1900- 1989) 

1 2 )  Plattner’s graphical representation of the positions v,,, of the vibrational fine-structure components of the 
IL, band (mean spacing 730 cm- I )  of a series of azulenes, taken from [44], has been reproduced in [41], p. 398. 



HELVETICA CHIMICA ACTA ~ Vol. 76 (1993) 645 

In 1937, Hermann Mohler (19OQ-1989)”) professor at the Physikalisch-chemische 
Anstalt of the University of Basle and director of the Stadtisches Chemisches Laborato- 
rium of Zurich begins to publish systematic studies of the UV/VIS spectra of organic 
molecules, and especially of compounds used in chemical warfare [50]14). Fig.9 shows on 
top the UV spectra of some enones, taken from his first paper on ‘R,-R, systems’ [52], 
which, in Mohler’s nomenclature, are systems containing two conjugated chromophores 
R,, such as R, = C=C, C=O, CEN, NO,, or a halogen atom. On the lower part of Fig. 9,  
is shown a sample of the UV spectra of polynuclear aromatic hydrocarbons, which 
Mohter recorded on the request of Bergmann [53].  

”) Hermann Mohier, born in Basle in 1900, studied Chemistry at the Universities of Basle and Berne. He obtained 
his Ph. D. in physical chemistry in 1925, and was elected in 1932 as director of the Chemical Laboratories of 
the city of Zurich. In 1937 he became ‘Privatdozent’ and in 1947 a.0. Professor of Physical Chemistry at the 
University of Bade. During the years 1951 to 1954, he directed an UNESCO mission with the aim of 
establishing a chemical faculty at the University of Bagdad. After his return to Switzerland, he became 
director of the research department of the Knorr Foodstuff Company. He retired from this post in 1965, and 
died in Basle in 1989. 
Later publications in this series are concerned with the dipole moments and other physico-chemical properties 
of these compounds [51]. 

14) 
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Fig. Y 
(conl.) 

In collaboration with Schwarzenbach, Mohler investigated the absorption spectra of 
sulfone-phthaleins H,X-U-XH, (6), where U stands for the sulfurated triphenylcarbonium 
ion, and XH, for an auxochromic group, e.g. XH, = NH,. In this paper - Part IV of 
Schwarzenbuch’s series on resonance systems which will be discussed in Chupt. 3 - it is 
shown that the absorption spectra reflect the symmetry of the system, the symmetric 
systems HEX- U -XH, and H, - ,X-U-XH, ~, exhibiting the same type of band contour, 
quite different from that of the unsymmetric systems H, ~ ,X- U -XH,, as can be seen in 
Fig. ZO, taken from [54]. 

01””’” 
6 

These studies formed the background for his book ‘Das Absorptionsspektrum der 
chemischen Bindung’ [55],  to our knowledge the first book on this topic in German, aimed 
at the practicing chemist. It was widely used as an introduction to the field, and as a 
reference manual. Its popularity can be judged by the fact that its first edition was out of 
print in eight months. 
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Fig. 10 
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A further important spectroscopic contribution, which Mohler published in HCA, 
concerns the investigation of the far-UV absorption spectra of organic molecules in the 
range below 200 nm [56]. By using the experimental set-up built around a Curio-Schmidt 
spectrograph, as shown in Fig. I 1  [56], he extended substantially the spectral range, so far 
available, with conventional instruments, which had allowed only the recording of not 
very inspiring ‘end absorptions’ of ‘small’ chromophores, e.g. of carbonic acids [571. It 
should also be mentioned that Mohler built in 1941 a self-recording UV spectrometer, the 
first instrument of its kind in Switzerland [58].  

Fig. I 1  

Fig. 1 .  
M--M Manometer 
VS-VS Vakuurnapektrograph 
SZ-SZ Stickatoffzufuhrung 
Af K--M I( Mikrokuvette 
WL-WL Waaseratofflampe 
AH-AH Anschluss an die Hochvakuurnpurnpe 
M a - M a  Magnet 
F-F Funken fur Vergleich~spektrum 

We mention briefly that Briner and Perottet studied, in 1940, the pH dependence of 
the absorption and fluorescence spectra of luminol[59]. 
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Karl Wieland(l903-1991) 

At the University of Zurich, in the Institute of Physical Chemistry directed by von 
Halban, Karl Widand’’) (1903-1991) [60] began to investigate the high-temperature band 
spectra (in the range of 800 to 1200°C) of small molecules and radicals in the gas phase, in 
particular of Hgl5C1 and Hg3’C1 [61] shown in Fig. 12, of CdI, and CdI [62], and of HgI, 
and HgI [63]. 

The same technique and experimental set-up was later used by Wieland and one of the 
authors to record in 1946 the gas-phase spectrum of azulene (4) at temperatures of - 400”, shown in Fig. 13 [64]. In the course of this investigation, the rearrangement of 
azulene into its isomer naphthalene was discovered, as already mentioned and briefly 
discussed in [41]. 

Ffg. 12 

15) Karl Wieland was born in Bask in 1903, where he studied physics, chemistry, and mathematics at the 
University. He completed his Ph.D. as an experimental physicist in 1929. After having worked as a postdoc- 
toral fellow with - among others - James Franck in Gottingen, he took a position as assistant of H.  uon Halban 
at the Institute of Physical Chemistry at the University of Zurich. There, he became a ‘Privatdozent’ in 1941, 
and ‘Titularprofessor’ in 1953. After a stay at the University of California at Berkeley, he left Zurich in 1962, 
to return to Basle where he worked in the Institute of Physics of the University. He died in Basle in 1991. 
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Fig. 12 
(cant.) 

Spektrum von HgCl 
Die vollen Striche markienn die Kanten von H & P  
die punktierten Striche markieren die Kanten von H&l" 

oberer Teil: natiirlichea HgCl (CIS' : CIS' = 3.11 : 1) 
untersr Teil: angereichertes HgCIa' (CP: Cia' = 1 : 11,5) 

300mm K,. 
obemr Teil: natilrlichen H&I 
untcrer Teil: angereicherb HgCI" (wie ki a). 

a) Bendensyrtem D in Emirrion. elektrisch errcgt. 

b) Bandensystem B (Isngwelliger Teil)  in Fluoreszenz, bei Zusatz von 

Fig. 13 
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Vo’on Halban’s successor (1947) as professor of Physical Chemistry at the University of 
Zurich was Klaus Clusius (see Sect. 4.2).  Under his directorship, research at the institute 
turned towards thermodynamics and kinetics, in particular to the investigation of the 
physical and chemical properties of isotopically labeled molecules. After his death in 
1963, Heinrich Labhart ( 1919-1977)’6) [65] resumed the spectroscopic tradition of the 
institute, having been elected as its director in 1964. 

Heinrich Labhart (1 9 19-1 977) 

A large part of Labhart’s oeuvre deals with quantum-chemical problems, and will be 
dealt with in detail in Chupt.3. Here, we concentrate on two important contributions to 
experimental spectroscopy of organic molecules, namely the influence of electric fields on 
the absorption of light by such molecules, and the observation of triplet spectra of 
molecules in solution. 

A first contribution [66] deals with the theory concerning the relative change A J / J  of 
the absorbed light intensity J,  under the influence of a strong electric field F. The 

“) Heinrich Labhart was born in 1919 in Kiisnacht, Kanton Zurich. He studied physics at the Federal Institute of 
Technology (ETH) in Zurich and worked, under the direction of Paul Sehrrrer and Georg Busch for his Ph. D., 
which he obtained in 1947. After a two-year stay (1947-1948) at the laboratory of the University Hospital of 
Basle, he returned to the ETH where he worked in the Department for Industrial Research until 1951. He 
became a ‘Privatdozent’ in 1952, after having joined, the previous year, the Physics Section of Cihu AG, Bask 
He remained in this position for 13 years, with a short interruption in 1956, when he stayed with R.  S .  Mulfiken 
and John R. PIutt at the University of Chicago. In 1958, the University of Basle awarded him the title of a.0. 
Professor, and in 1964 he was elected as 0. Professor, and director of the Institute of Physical Chemistry of the 
University of Zurich. He died in 1977. 
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Fig. 14 
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theoretical results could be verified by measuring d J / J  for e.g. bixin dimethyl ester, as 
shown in Fig. 14 [67]. 

Another spectroscopic effect, due to the application of a strong electric field to a 
solution of dipole molecules, is the induction of a dichroism, as consequence of their 
partial orientation. This method, originally pioneered by Werner Kuhn and his coworkers 
[68] in 1940, and taken up by Lahhart in a more sophisticated manner [69], allows the 
determination of the orientation of electronic transition moments with respect to the 
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molecular frame, and the change of dipole moment on excitation. This permits the 
deconvolution of strongly overlapping bands, as Labhart showed, for example, in the case 
of annellated tropones [70]. As a more recent illustration, we reproduce in Fig. 15 the 
results for acenaphthylene, obtained by Seibold, Zakradnik, and Labhart in 1970 [71]. 

Fig. I5 

In 1964, Lahhart described an experimental method for the measurement of the 
singlet-triplet transition probabilities, and of the triplet spectra of organic molecules [72]. 
In Fig. 16 is reproduced the triplet spectrum of 1,2-benzanthracene obtained by this 
method. 

The last paper by Labhart, published posthumously with Huggenherger [73], dealt 
with the luminescence of luminol in various solvents. 
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Fig. I6 

To conclude this section, we quote the following isolated publications as typical 
representatives of work dealing with electronic transitions (see also Sect. I .3). 

a) Optical Rotation. As mentioned at the beginning of this section, the first theory of 
optical rotation stems from Werner Kuhn [74] (see also Chupt. 3) .  Together with 
Rometsch, he published in HCA two papers reporting their investigations of optically 
active diphenyl derivatives [75] in different solvents. As an example, we show in Fig. 17 the 
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Fig. 17 

results obtained for ‘2,2’-dichloro-6,6‘-dimethylbenzidine’ (correct name: 2,T-diamino- 
6,6’-dimethyl- 1, 1’-biphenyl) in sulfuric acid. These experiments were undertaken to 
demonstrate that the optical rotation at a given wavelength is the sum of the contribu- 
tions due to the individual absorption bands. 

An interesting application of CD measurements is due to Geovges Wagnidre and his 
coworkers at the University of Zurich, who investigated the electronic properties of 
optically active oligopeptides, in particular cyclohexapeptides [76], a sample of which is 
presented in Fig. 18. In the formulae shown, G stands for glycine, and L for L-alanine. 

The magnetic circular dichroism of various molecules has been recorded by Harold 
Baumann, from the ETH-Zurich, in collaboration with research groups in Japan. These 
measurements were undertaken in order to assign the absorption spectra of e.g. 2-methyl- 
1,3-diazaazulene [77] (see Fig. 19) or of tropothione [78]. 

b) Transition Moments. In addition, the work of Labhart discussed above, we mention 
briefly two other methods for the determination of the transition moments of molecules, 
which have appeared in HCA. One example is due to Robert Stupp and Hans Kuhn [79] 
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Fig. 19 

who determined the orientation of the transition moments of chlorophyll by measuring 
the polarisation of its fluorescence, as shown in Fig. 20. 

The other example refers to the determination of the linear dichroism of a molecule 
dissolved in a stretched polymer. In Fig. 21 is shown the result for ‘bicyclobutylene-ben- 
zene’ [SO], obtained by Erik W. Thulstrup, one of the pioneers ofthis method, RolfGleiter, 
and their coworkers. 
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I?,,. 21 
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Fig. 21 
(cont.) 

c) Solvent Effects. In 1972, Heinz Christen, in collaboration with Peter A .  Straub [81] 
and Else Kloster-Jensen [82], investigated the influence of non-polar solvents on the 
electronic spectra of apolar solutes. The theoretical results, based on a model which takes 
only energy delocalization between solvent and solute into account, could be verified by 
recording the absorption spectra of polyacetylenes in hydrocarbon/carbon-disulfide mix- 
tures [82]. A typical example is shown in Fig. 22, which refers to di(tert- buty1)- 
pentaacetylene. 

Fig. 22 

23 
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Fig, 22 
(cont.) 

An interesting application ‘in reverse’ of the solvent effect is described in the publica- 
tion by Eriku Schmidt, Huns Loeliger, and RrnP Zurchrr [83], the title of which is 
presented in Fig.23. By matching the the ‘solvent effect’ of a polymer matrix on the 
electronic spectrum of an incorporated ‘solute’ molecule with the corresponding effects of 
different, liquid solvents, it was possible to draw conclusions about the micro-environ- 
ment, in which the molecule is imbedded in the polymer. 

Fin.. 23 

1.2. ZR and Raman Spectroscopy. In this section, we limit ourselves to either early 
publications describing the application of vibrational spectroscopy for the elucidation of 
molecular structure, or to papers dealing with either experimental or theoretical problems 
arising in this field. From about 1960 on, the use of vibrational spectroscopy especially 
the recording of IR spectra - had become a standard routinc for solving structural 
problems. Although this aspect is of considerable importance, we shall not be concerned 
with it in the following review. 
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The first appearance of IR spectra in HCA, more precisely of near-infrared (NIR) 
spectra, occurs in 1937. They are found in the summary of a talk given by J.  Errera at the 
Geneva meeting of the Swiss Chemical Society") [84]. It deals with the dependence of the 
fundamental (3600-3100 cm-') and the first overtone (at 1.51 pm) in the absorption 
spectra of OH groups, on intra- and intermolecular H-bonding. An example is shown in 
Fig. 24. 

Fig. 24 

However, the first paper in HCA dealing with the application of vibrational spec- 
troscopy to a chemical problem was published as early as in 1932 by RudolfSignev'*) and 
J .  Weiler [85]. It concerned the Raman spectrum (RE) of  polystyrene, reproduced in 
Fig. 25. It was shown that polystyrene of an average molar mass of 40 000 g'mol-' yields 
RE spectra with narrow lines, similar to those of low-molecular-weight compounds, such 
as ethylbenzene. This was an important confirmation of the chain structure suggested by 
Hermann Staudinger for such polymers [86]. 

A year later, the same authors reported a Raman study of the esters of orthosilicic acid 
and of its low polymeric forms [87], with special emphasis on the dependence of the 
characteristic mode of the SiO, group on the degree of polymerisation. 

") Although the work was performed at the LdbOratOire de chimie physique polytechnique de I'Universite de 
Bruxelles, and that Erreru was not Swiss, the paper was accepted for publication in HCA  under the then valid 
regulation -, because it had been presented at a meeting of the Swiss Chemical Society. 
A short curriculum and a portrait of Signer are presented in Sect. 4 .1 .  ") 
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Fig. 25 
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Tnfrl I. 

Fig. 6 

Fig. 2. Quechiibenpektruni. 
hg. 3. h a n . S p k t r u m  eines h i  1660 polymerbierten Stymb mit Chroniat- 

Fig. 4. hman.Spktrum eines bei I76O polynierhiertan styrob mit Ctimnist- 

Fig. 6. hmtam.Spektrum einw bei 178' plymerhierten Styrob ohne Chro- 

pig. 6. Mikrophotometerkurvedea in Fig.3 wiedergcgebnen Roman-Spktrum. 

filter aufgenommen. 

filter sufgenommen. 

matfilter aufgenommen. 
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From 1935 onwards, RE spectroscopy was used rather regularly as a structure 
diagnostic method. Among the research groups, most active in this field, were those of 
Emile Briner (1879-1965)”) [88] and of Bernard-Pierre Susz (1904-1975)20) [89], both at 
the Institut de Chimie Physique de 1’Universitk de Geneve. Typical examples of  work 
stemming from their laboratory are, for example [90] [91], or [92], in which they suggested 
the use of color film for the registration of Raman spectra. (Further contributions by 
Briner and Susz are discussed below.) 

Emile Briner (1879-1965) Bernard-Pierre Susz (19041975) 

19) Emile Briner was horn in Geneva in 1879. He studied chemistry at the Universitt de Geneve, worked for his 
doctorate under the direction of Phiiippe Auguste Guye, and obtained his Ph. D. in 1902. After having spent a 
year in Paris with Henri Moissun, he returned to Geneva. In 1903, he became a ‘privat docent’, and gave a 
course on chemical thermodynamics. In 1918, he was promoted to the rank of professor, and in 1922, he 
succeeded G u y  as director of  the Institut de Chimie Physique. Briner had widespread interests, of which we 
mention only his very detailed study of ozone, ozonides, and of the reactions of ozone, his investigations of 
chemical equilibria, his Contributions to spectroscopy in all its forms, and last but not least his technological 
work, documented by many patents. He died in Geneva in 1965. 
Bernurd-Pierre Susz was born in Geneva in 1904. He studied chemistry at the Universite de GenBve, whcre he 
also obtained his Ph. D. in 1929, after having worked under the direction of Emile Briner. He then spent a year 
in Berlin with Max Bodenstein at the Kaiser- Wilhelm-lnstitut (now Mux-Plunck-Institut). After his return to 
Geneva, he became in 1930 a ‘privat docent’ of Physical Chemistry and a close collaborator of Briner. For cu. 
20 ycars, Susz taught chemistry at the College de Geneve (now College Calvin). Onc of the authors, E. H . ,  an 
‘ancien collegien’, remembers fondly his exciting chemistry course which, in 1938/39, was much more modern 
than many of those given nowadays. In 1953, Susz was promoted to the rank of Professor, and in 1954, he 
became the successor of Emile Briner as director of the Institut de Chimie Physique de I’Universitt. He retired 
in 1970, and died in Geneva in 1975. The majority of his work is concerned with different spectroscopic 
methods (IR, RE, UVjVIS), and with the investigation of the structure of complexes between molecules 
containing a CO group, and Lewis acids. 

*’) 
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In 1945, Ernst Ganz published the first set of mid-IR spectra [93], recorded with a 
home-built, self-recording instrument ~ to our knowledge the first in Switzerland. In this 
publication, froin which Fig. 26 has been reproduced, the quantitative analysis of iso- 
meric tricresyl phosphates is described. 

The rapid technological development in anglo-saxon countries during the war made 
commerical I R  spectrometers available after 1945. The first such instrument was oper- 
ated at the Laboratorium fur Organische Chemie of the ETH, due to the initiative of 
Leopold Ruzicka”). 

”) Such instruments were still excecdingly expensive, and it took all of Ruzicku’s persuasiveness to convince the 
‘Schulratsprasident’ to makc the necessary funds availahle. After having finally agreed to provide the 
iieccssary money, the ‘Schulratspl.lsident’said : ‘K~70wing.~.ou. Prufissor Xuricku, Igurss ihuf ,you liuac dtwzd.v 
orcliwd the i r i s t rumenf’ .  To which Ruzichu replied: ‘ N o ,  No! The instruwwnt Iius rrlretr~Jv hwn in.rtcillet1. cnitl il is 
working prrfkct!).’. 
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The beginning of the aera of the use of such instruments is documented in HCA for 
the first time by a paper of Hans H.  Gunthard and Ruzicka [94], which concerns structural 
studies in the irone and ionone series. This was followed by numerous applications of IR 
spectroscopy in the important field of natural compounds, such as mono- and polyterpe- 
nes, or steroids. The power of Raman spectroscopy was significantly improved by includ- 
ing polarization measurements, as documented by the work of Susz, Briner, and their 
coworkers [95]. As a further example, we quote the investigation of azulenes [96], due to 
Giinthard and Plattner, from which Fig. 27 has been taken. 

Fig. 27 

In 1948, Paul Niggli published an elementary geometrical method for the enumeration 
of normal modes and the derivation of selection rules for symmetrical molecules and for 
crystals [97] (see Fig. 28). 

Fig. 28 
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Fig. 21Y 
(cant.) 

In the same vein, Giinthard, and his coworkers presented a fairly complete system of 
internal (vibrational) coordinates for the analysis of vibrational spectra of small 
molecules in terms of valence force fields [98], and the computation of statistical thermo- 
dynamic functions of e.g. ethylene oxide [99]. A detailed theoretical study of the typical 
vibrational spectra of chain molecules X(CH,),X in the (all-trans)-conformation was 
published by Hans Primas and Giinthurd in 1953 [loo], from which the characteristic 
pattern of the twisting frequencies is reproduced in Fig. 29. These studies served as a basis 
for the analysis of experimental IR spectra of long-chain molecules in the solid state, e.g. 
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Fig. 29 

of M,W -dicarboxylic acids, and for the determination of their length from IR data [loll, as 
shown in Fig. 30. 

Strongly distorted line shapes are often observed in IR spectra of organic molecules 
dispersed in paraffin oil. This initiated a theoretical analysis of the line shapes of vibra- 
tional transitions of spherical particles, based on Hulsf 's asymptotic approximation 
(Christiansen effect), which covered a wide range of phenomena observed when working 
with organic suspensions [102], cf Fig.31. 

From the very numerous, systematic studies of specific classes of organic compounds, 
we quote as typical examples the extensive work by Briner on ozonides [ 1031 (see Fig. 32), 
and by Th. Biirer and Gunthard on cyclanes and cyclanones [104]. 

An early attempt to measure optical rotation in the near IR region of the spectrum, 
has been reported by H .  J.  Hediger and Gunthard in 1945 [105]. Furthermore, K .  Frei and 
Gunthard described the use of modern methods of signal-detection theory, to find the 
optimum conditions for RE line detection, when photographic plates are used for their 
registration [106]. From the same laboratory stem investigations by IR spectroscopy of 
intramolecular H-bonds, e.g. in spirononanediols [lo71 (see Fig. 33) ,  or 1,Zdioles [108], to 
support and extend previous work by L. P .  Kuhn [log]. 

A detailed study of the CH stretching bands of alkanes and their halogen derivatives, 
based on solution and solid-state spectra, has been provided by M .  Avanessofl, Ho Dac 
Thang, and T. Guumann [110], which yielded a relatively simple interpretation of the 
complex data, an example of which is shown in Fig: 34. 
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Fig. 30 
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M .  Rossi and E. Huselbuch used FIR spectroscopy to study donor-acceptor interac- 
tions in weak complexes between tetracyanoethylene and hydrocarbons [ 1 1 11. Such 
interactions could be shown to give rise to typical FIR bands. 

An important contribution to the field was the development of vibrational Raman 
optical activity (VROA) spectroscopy by Werner Hug [112]. As a typical example of the 

Fig. 31 
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Fig. 31 
(cont.) 
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Fig. 32 
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Fig. 33 
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Fig. 33 
(cont.) 

Fig. 34 
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application of this highly interesting method, we show in Fig.35 such a spectrum, 
recorded in the course of an investigation by H.-J. Hunsen, H.-R.  Sliwku, and W. Hug of 
the absolute configuration of 1-methylindane (7) [ 11  31. 

Fig. 35 



HELVETICA CHIMICA ACTA - Vol. 76 (1993) 673 

7 

Applications of IR-matrix and microwave (gas phase) spectroscopy for the detection 
of short-lived reaction products, obtained in the course of a gas-phase ozonolysis, were 
reported by J.  Dommen, M .  Forster, H. Ruprecht, A .  Bauder, and Hs. H. Giinthard [114]; 
see Fig. 36. These investigations demonstrated the enormous discrimination power of 

Fig. 36 
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both techniques for the product analysis of complex gas-phase reactions, quite apart from 
providing a detailed insight into the mechanism of an olefin ozonolysis. 

As demonstrated by R.-P. Miiller, S .  Murata, M .  Nonella, and J. R.  Huber, matrix IR 
spectroscopy allows to show (see Fig.37) that HNO is an intermediate in the light-in- 
duced rearrangement reactions of organic nitrosooxy compounds and of nitrosamines 
[115]. 

Fig. 37 

The study of surface reactions on germanium by G .  Calzuferri and M .  Gori [ 1161 is a 
nice example for the use of Fourier-transform IR spectroscopy for the elucidation of the 
mechanism and of the kinetics of a reaction. A very recent development of vibrational 
spectroscopy is documented in HCA through a publication by W. D. Lupo, M.  Quack, 
and B. Vogelsanger [117] on IR laser spectroscopy, in which the potential of this new 
discipline of photochemistry is elegantly demonstrated. A similar study has been pub- 
lished by T. Gaumunn, J. M .  Riueros, and Z. Zhu [118], in which IR multiphoton ioniza- 
tion of molecular ions has been observed (see Fig. 38). 
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Fig. 38 

1.3. Photoelectron Spectroscopy and Related Topics. Although UV-photoelectron 
spectroscopy (UPS) was invented independently by Vilesov, Kurbatov, and Terenin [ 1 191, 
and by Turner and Al-Joboury [120], there is no doubt that its development into a useful 
tool is due to Turner [121], to Price [122], and their coworkers. In contrast to Siegbahn’s 
ESCA [ 1231 (ESCA = Electron Spectroscopy for Chemical Analysis), which uses X-ray 
excitation (XPS), UPS has lost by now much of its attraction, having been replaced in the 
meantime by more precise and efficient methods yielding the same (or similar) results. 

The primary process investigated by UPS is the ionization of a molecule M, usually in 
its singlet electronic ground state ‘!Po, through absorption of a photon hv, yielding the 
radical cation M’ in a doublet state ’@, and an electron e -  which carries off the excess 
kinetic energy T,: 

M(’ !Po) + hv +M+(2@J) + e-( T,) 

I ,  = E(2@]) - E(’ Yo) = hv - T, 

(3) 

(4) 

By measuring the kinetic energies T,, one obtains the ionization energies 



676 HELVETICA CHIMICA ACTA - Vol. 76 (1993) 

i.e. the energy differences between the radical cation states ’@, and the molecular ground 
state ‘Yo. However, in the majority of publications reporting PE spectra, a given ioniza- 
tion energy I, is assumed to be equal to the negative orbital energy -4 of the vacated 
molecular orbital pJ of the neutral molecule M. It is this approximation 

I, = -4 (5) 

known as Koopmans’ theorem [124], which made PE spectroscopy popular among 
chemists, because it suggested that this technique provides information about molecular 
orbitals pJ, widely used ~ in the wake of the Woodward-Hoffmann rules [125] - for the 
interpretation of physical and chemical properties of molecules. Although excessive 
application of Koopmans’ theorem may be a hazard, we shall use it for presenting the 
following examples drawn from HCA.  

A) Orbital Interactions. The first set of PE spectra published in HCA [ 1261 yielded an 
estimate of the size of the interaction between non-conjugated double bonds in bicyclic 
hydrocarbons, e.g. in norbornadiene ( = bicyclo[2.2.l]hepta-2,3-diene) reproduced in 
Fig. 39. 

This and closely related investigations on other bicyclodienes, such as Dewar benzene 
(8) [127], allowed a (semi)quantitative assessment of the relative and absolute sizes of 
‘through-space’ and ‘through-bond’ interactions of z orbitals, as postulated by Roald 
Hoffmann [128]. 

8 9 1 0  

11 1 2  13  

Other typical examples of these kind of interactions between three symmetry-equiva- 
lent z orbitals are provided by the ‘homo-aromatic’ molecule (Z,Z,Z)-cyclonona- 1,4,7- 
triene (9) [129], and by bullvalene (10) [130], and barrelene (11) [131]. A special case 
occurs, when two n systems are held in close proximity, such as those of the two triple 
bonds in cycloocta-1,5-diyne (12) [132], or the two benzene z systems in cyclophanes 13 
[133]. An example dealing with the orbital interactions in Ni-diallyl, stemming from Rolj‘ 
Gleiter’s group [134], is shown in Fig. 40. 

B) Polyacetylenes. Of the many applications of UPS, the extensive study of the radical 
cations of acetylene, polyacetylenes, and their halogen-substituted derivatives proved 
particularly informative, because of the high symmetry of these molecules. In Fig. 41 is 
shown the first set of monohaloacetylene PE spectra published in 1970 [135]. 

Such spectra yield information about the energies E(2@J) of the radical-cation states 
’@, (cfi formula (4) ) ,  or - in Koopmans’ approximation (5). ~ of the individual orbital 
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Fig. 39 
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Fig. 40 
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Fig. 41 



HELVETICA CHIMICA ACTA - Vol. 76 (1993) 679 

Fig. 41 
(cont.) 
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energies 4. In addition, an analysis of the vibrational fine structure of the Franck-Condon 
envelopes provides insight into the changes of interatomic distances on ionization [ 1361. 

In this particular field - and in quite a few others - traditional UPS has been made 
obsolete by the much more sophisticated and refined techniques developed - among 
others - by John Paul Maier and his coworkers at the University of Basle [137]. As an 
example, we show in Fig. 42 the AZE+g2E emission spectrum of l-chloropenta-l,3-diyne, 
recorded from a supersonic free jet [138]. 

Because of their cylinder symmetry, C,, or DWh, the radical cations of halogen-substi- 
tuted (po1y)acetylenes are ideal systems to study the influence of spin-orbit coupling on 
the energies of their doublet states ’@,. In this connection, it should be mentioned that PE 
band-splits due to spin-orbit coupling, persist in lower symmetry alkyl-halides, as can be 
seen in Fig. 43. The typical evolution of the band shape, due to the increasing competition 
between spin-orbit coupling and hyperconjugation, is well accounted for by a HMO 
treatment incorporating spin-orbit coupling parameters [ 1391. 

C) ‘Aromatic’ Molecules. An obvious field for PE spectroscopic investigations was the 
determination - always within Koopmans’ theorem ( 5 )  - of the electronic structure of 
aromatic hydrocarbons, e.g., in 1972, of the acenes [140]. Surprisingly, it was found that 
simple HMO treatments account perfectly well for the observed n-band positions. Later 
work dealt with the PE spectra of annulenes, such as E. Vogel’s bridged [14]annulenes 14 

1 4  15  

Fig. 42 
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Fig. 42 
(cont.) 

[ 1411. As an example of an annulene PE spectrum, we reproduce in Fig.44 the spectrum of 
[18]annulene, obtained by H .  Baumann, J.-C. Bunzli, and J.  F.M. 0 t h  [142]. 

The group of non-alternant aromatic hydrocarbons has also been studied extensively 
by UPS. From the large number of such PE spectra, we reproduce in Fig. 45 those of the 
two isomeric n systems azuleno[ 1,2,3-cd]phenalene and azuleno[5,6,7-~d]phenalene, 

Fig. 43 
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Fig. 43 

HELVETICA CHIMICA ACTA - VO]. 76 (1993) 

Fig. 44 
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Ffg. 45 

which were recorded by Rolf Gleiter and his coworkers [143]. The same author also 
discussed the PE spectra of TC systems related to thiathiophthene (15) which provided 
useful information about the peculiar electronic structure of this molecule [ 1441. 

D) Saturated Hydrocarbons. The study of the PE spectra of saturated hydrocarbons 
[ 1451 proved to be unexpectedly rewarding. This is particularly true for hydrocarbons 
containing small rings, because of the strong interactions between Wulsh orbitals of 
three-membered [146] or of four-membered rings [147] with other p-type orbitals. Of the 
saturated hydrocarbons containing four-membered rings, we reproduce as typical exam- 
ples the PE spectra of cubane [ 1481 and of pentaprismane [ 1491 in Fig. 46. 

Fig. 46 
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Fig. 46 
(cont.) 

A rather unexpected feature of the electronic structure of large, polycyclic, saturated 
hydrocarbons -as revealed by UPS - was the presence of so-called ‘ribbon orbitals’ [150], 
with orbital energies well above those of other CT orbitals. In the case of perhydroperylene, 
these ribbon orbitals, shown on top of Fig. 47, lead to a well detached first band in the PE 
spectrum, separated from the remaining manifold by about 1 eV [15 11. 

E) Comparison qf UVjVIS with P E  Spectra. Naive molecular-orbital pictures, espe- 
cially those of the Hiickel-type, suggest that the difference iz - I ,  between the positions of 
the first two bands in the PE spectrum of a molecule M should correspond to the 
difference v,,, (2) - v,,, (1) between the corresponding first two maxima in its UVjVIS 

Fig. 47 
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Fig. 47 
(cont.) 

spectrum. Unfortunately, this is an artefact of independent electron models. However, as 
shown by Edwin Haselbach and Andreas Schmelzer [152], simple rules can be derived, 
which allow a qualitative (or sometimes a semiquantitative) correlation of excitation and 
ionization-energy differences, if electron-electron interaction is taken into account. They 
yield useful information about the changes in structure and/or electron population which 
accompany the ionization and excitation processes, as for instance in the case of pyrazine 
[153], CJ Fig.48. 

FI:. 48 



686 HELVETICA CH~MICA ACTA ~ VoI. 76 ( 1  993) 

A closely related problem concerns the matching of the PE spectrum of a molecule M 
with the UVjVIS spectrum of the corresponding radical cation M', the latter usually 
contained in a solid matrix at low temperatures. In contrast to the above comparison, 
mis-matches between the two types of spectra are due to structural changes only. As in the 
example reproduced in Fig. 49, taken from work by Haselbach et al. [ 1541, where the PE 
spectrum of [3]radialene (16) is matched with the UVjVIS spectrum of its radical cation, it 
is possible to draw important conclusions about the structure of the relaxed radical 

Fig. 4Y 
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16 

cations. In this connection, work from the same group on ‘non-Koopmans’ states, and 
their importance in UPS studies should be mentioned [155]. 

F) Miscellaneous PE Spectroscopic Work. UPS has been used, in conjunction with ion 
cyclotron resonance (TCR) measurements of gas-phase basicities (GB), to gain quantita- 
tive insight into the substitutent-induced charge dispersal in substituted quinuclidines, 
postulated by Cyril Grob [156]. The trend in lone-pair ionization energies Zl for qui- 
nuclidines substituted by CH,, C1, or CN at C(2), C(3), or C(4), is shown in Fig.50, 
together with the corresponding A GB values from the ICR measurements [ 1571, obtained 
by Raymond Houriet (see also [ 1581 for similar measurements on furans and diols). These 
results, taken in conjunction with pK measurements in solution by C. Grob, M.G.  
Schlageter, and B. Schaub [159], allow to draw conclusions about steric inhibition of 
solvation in the 2-substituted derivatives. 

Fig. 50 
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Fig. 50 
(con t .  ) 

UPS has been widely used by Hans Bock and his group at the University of Frankfurt, 
as an analytical tool to follow and monitor gas-phase reactions. As an example of such 
work, we show in Fig.51 the PE spectrum of the parent compound di(tert-buty1)- 
azomethane and of the decomposition products obtained at 710 K [160]. 

Finally, we mention the assessment of the fragmentation pathways accessible to a 
radical cation M’ in a given electronic state ‘Oj. This can be observed in a photoelectron- 
photoion coincidence experiment. As an example, we show in Fig. 52 the results for the 
strained radical cation of bicyclobutane, due to R. Bomhach, J .  Dannacher, J.-P. Stadel- 
mann, and R.  Neier 11611. The same technique has also been applied to study the 
fragmentation of the penta-1,3-diyne radical cation [ 1621. 

G )  Related Topics. The investigation of PE spectra, especially of the Frunk-Condon 
envelopes of their bands, necessarily raised the question about the structure of the radical 
cations, in particular in their electronic ground state. In this connection, one should 
mention Haselhach and his group who investigated radical cations and their photophysi- 

Fig. 3 I 
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Fig. 51 
(cont.) 

Fig. 52 
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Fig. 52 
(cont.) 
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cal behavior in solid matrices at low temperature, e.g. the pair norbornadiene radical 
cation/quadricyclane radical cation, 17/18, and their conversion, or the determination of 
the structure of the oxirane molecular cation [163]. 

17 18 

ESCA has been used to determine the structure of protonated azo groups. It has been 
shown that they prefer the classical structure over the non-classical, symmetric one, i.e. 
that the proton is linked to only one of the two N-atoms [164]. 

Photoionization thresholds of alkali-metal atom clusters have been determined in the 
course of the pioneering work by Ernst Schumacher and Samuel Leutwyler at the Institute 
of Inorganic and Physical Chemistry of the University of Berne, of which we show an 
example in Fig. 53 [ 1651. 

Fig. 53 
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To conclude this section, we show in Fig. 54 a sample of the work by Michael Allan of 
the Institut de Chimie Physique de I’Universitk de Fribourg [166], who has measured 
forbidden electronic transitions by forward electron scattering, and the energies of 
negative ion states, i.e. electron affinities of organic molecules. 

Fig. 54 

1.4. Nuclear Magnetic Resonance ( N M R )  and Electron Spin Resonance (ESR, 
ENDOR) Spectroscopy. NMR is certainly the most powerful method used routinely 
for the elucidation of the structure of organic and inorganic molecules in solution, and 
- in some special cases - in the solid state. This is documented in H C A  by 
innumerable publications. In the following overview, we shall restrict ourselves only to 
NMR work published in the early, pioneering period of the 1950s, or to papers dealing 
with problems of spectroscopic interest. However, it should be realized that this will not 
do justice to fundamental NMR work performed in Switzerland, since some of the most 
active research groups - for instance that of Richard Ernst - did not publish their results 
in HCA. 



HELVETICA CHIMICA ACTA - Vol. 76 (1993) 693 

Fig. 55 



694 HELVETICA CHIMICA ACTA - Vol. 76 (1993) 

The first paper in HCAdealing with NMR is due to Hans Primas, Karl Frei, and Hans 
H .  Gunthard. It appeared in 1958 [167]. As shown in Fig.55, the authors presented the 
high-resolution proton resonance spectra of the lower cyclic ketones and ethers, taken 
with a home-built high-resolution spectrometer**) [168]. It was shown that the proton 
signal of cyclopentanone consisted, surprisingly, of a single line. 

Already in 1961, H. A .  Christ, P. Diehl, H .  R .  Schneider, and H. Dahn published an 
extensive list of "0 chemical shifts, measured with a commercial instrument [ 1691. From 
about this time, NMR instruments became readily available, and were routinely used for 
structure determinations in the course of organic-chemical research. 

Fig. 56 

22) This instrument became the prototype for a commercial NMR spectrometer produced by Trueh-Tiiuher & Co. 
in Switzerland. Bruker Physics took over Trueh-Tuuber N M R  to form Specfrospin A G ,  which is presently a 
florishing company. 
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An early attempt to break down proton shifts, observed in the spectra of substituted 
benzenes, has been reported by Peter Diehl[170]. The same author published papers on 
the theoretical analysis of NMR spectra of simple molecules [171] and on the DMR 
spectra of deuterium-enriched organic compounds [172], as documented in Fig. 56. 

A further important contribution from the Basle group headed by Diehl, concerned 
the NMR spectra of oriented molecules, using nematic liquids as solvents [173]. This 
contribution was followed by further publications on the same subject [ 1741. 

The potentialities of 'H- and "C-NMR for the determination of kinetic and dynamic 
processes was demonstrated by J.F.M. Oth, K.  Miillen, and their coworkers, using 
bullvalene (10) [175], benz[c]octalene (19) [176], and organolithium compounds [ 1771 (see 
Fig.57) as substrates. The same group also published methods for the kinetic analysis of 
temperature-dependent (decoupled) NMR spectra [ 1781. 

19 

The use of the nuclear Overhauser effect (NOE) for the determination of 3'P/'H, and of 
T, relaxation times in palladium-phosphine complexes has been reported by W. Bosch 
and P.S. Pregosin [179]. 

Finally, the use of solid-state magic angle spinning (MAS) in a I3C- and 'H-NMR 
study of species adsorbed on aluminium oxide, or on silicates, has been reported by 
Harald Giinther and his coworkers [180], as shown in Fig. 58. 

In analogy to what has been said about NMR at the beginning of this section, much of 
the work on electron spin resonance (ESR) spectroscopy carried out in Switzerland 
(almost all of it at X-band frequency) has been submitted to other journals. However, 
some of the research groups most active in this field - in particular the one of Fabian 
Gerson, first at ETH-Zurich, then at the University of Bade -have published extensively 
in HCA. 

The first ESR paper in HCA (in 1963), due to F. Cerson and J. D. W. uan Voorst [18 11, 
describes the spectra of the radical anions of cyc1[3,2,2]azine (20) and its 1,4-deuterated 
derivative, as shown in Fig. 59. 

20 21 

This paper marked the beginning of a long series of studies by Gerson's Basle group, 
of radical ions in solution, obtained e.g. by reduction with sodium or potassium of a wide 
range of polycyclic molecules possessing extended 7z systems. Both radical cations and 
anions were investigated, and it was shown that the ESR spectra could be satisfactorily 
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Fig. 57 
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Fig. 58 
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Fig. 5Y 
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interpreted using HMO-type molecular-orbital models. We mention as typical examples 
work on the radical ions of bridged annulenes [182], or of bridged annulenyls [183] (see 
Fig.60). These molecules are of special interest because of the non-planarity of their 
perimeter E systems. More often than not, the use of ENDOR spectroscopy is needed to 
assign their complicated ESR spectra. 
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Fig. 60 
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Other examples of important contributions by Gerson’s group concern the ESR, 
EN DOR, and triple-resonance spectra of radical ions derived from cyclophanes, e.g. 
1,2:9,10-dibenzo[2.2]paracyclophane (21) [184], shown in Fig. 61, or the ESR spectra of 
non-alternating aromatic systems, such as 1,3,5-tri(tert-butyl)pentalene [185], shown in 

Fig.61 
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Fig. 62, which is of particular interest in connection with the phenomenon of fluctuating 
double-bond localization. 

Fig. 62 

Further nice examples of the use of ESR spectroscopy are Gerson’s studies of the 
electron transfer, i.e. the electron delocalization between aromatic moieties separated by 
alicyclic groups [186], or the ESR and ENDOR investigation of radical cations isolated in 
solid freon matrices at low temperature [187] (see Fig.63). 
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Fig. 63 
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Necessarily, quantum-chemical calculations of ESR coupling constants are often 
included in papers of thls type, as for instance in a study by H .  Baumann and J .  F. M .  0 t h  
on the [18]annulene radical anion [188], where these constants have been computed by 
semi-empirical methods. 

The use of ESR as a detector of radicals which occur as photoproducts, has been 
reported by K .  Heusler and H. Ladiger for the light-induced decomposition of lead 
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carboxylate [189], by F. Graf, K.  Loth, and Hs. H.  Gunthard for the determination of 
chlorine coupling constants in photochemically generated, C1-substituted phenoxy radi- 
cals [190], and by K .  Loth and F. Gruffor the determination of the parameters for the 
description of intramolecular dynamic processes involving symmetrical and unsymmetri- 
cal H-bonds in systems derived from diacetyl and CI -aminooxyl radicals [191]. 

The application of ESR spectroscopy to the structural analysis of complexes was first 
reported in HCA by K.  Wuthrich for V02' complexes in aqueous solution [192], as shown 
in Fig. 64. 

Fig. 64 
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Other examples of this type are the single crystal spectra obtained by W. Schneider 
and A .  von Zelewsky for Cu*+-pyridine complexes [ 1921, as can be seen from Fig. 65. 

Fig. 65 

ESR data for the triplet ground state of a metal complex with radical ligands have 
been reported by P. Clopath and A.  von Zelewsky [194]. A .  von Zelewsky and M .  Zobrist 
studied planar Cu" and low-spin Cu" complexes in nematic phases and in single crystals 
[ 1951 (Fig. 66). They observed that, in the liquid crystal host, orientation of the complex 
takes place only if it is sufficiently non-isotropic in its mean molecular plane. 

Fig. 66 
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Fig. 66 
(cont.) 

The structural Jahn- Teller distortion of orbitally degenerate sandwich complexes, 
incorporated in diamagnetic host crystals, was investigated by J. H .  Ammeter, N .  Oswald, 
and R. Bucher [I961 (see Fig.67). They found that the distortions depend sensitively on 
the structure of the host crystal. 
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Fig.67 
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Only a single paper of an ESR study of radicals generated by irradiation was pub- 
lished in HCA. M. Geoffroy and A. Llinares observed that two different radicals are 
generated, when dimethyl arsinate single crystals are irradiated by X-rays [ 1971. 
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1.5, Spectroscopy at Radiofrequencies: Nuclear Quadrupole Resonance and Micro- 
wave Spectroscopy. The first papers in HCA devoted to solid-state nuclear quadrupole 
resonance (NQR) spectroscopy were published in 1971. They stemmed from the research 
groups headed by E.A.C. Lucken and by H. Labhart, both groups using home-built 
superregenerative oscillators. In the publication by S.  Ardjomand and E. A.  C. Lucken 
[ 1981, the NQR resonances of polycrystalline adducts of BC1, with a variety of organic 
nitrogen and oxygen compounds were studied and interpreted in terms of the Townes- 
Dailey theory (cf. Fig.68). 

Fig. 68 

The publication by P. Gerber, H. Labhart, and E. Kloster-Jensen [199] (Fig.69) 
contains the 35C1-NQR data of chloroacetylenes in the polycrystalline state and makes use 
of a modified Townes-Dailey treatment for the analysis of the observed quadrupole 
coupling constants. 

Fig. 69 
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Fig. 6Y 
(cont.) 

Microwave spectroscopy of molecules in the gas phase was an outgrow of the enor- 
mous progress in radio and microwave electronics during the second world war. Only a 
single paper from this field has been published in H C A  [200]. In it, A .  Baudev, F. Tank, 
and Hs. H .  Gunthard describe the microwave spectrum of cyclobutanone, measured with 
home-built X- and K-band spectrometers, and the structure of the molecule, as shown in 
Fig. 70. 

Fig. 70 
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Fig. 70 
(cont.) 

2. Photochemistry. - Over the years, a considerable number of publications on 
photochemistry have appeared in HCA. However, the major part of them must be 
classified as ‘Organic Chemistry’, because photons are only used as ‘educts’ in the 
preparation of compounds not easily accessible by ground-state reactions. This is particu- 
larly true for the synthesis of molecules in configurations which are determined by 
excited-state mechanisms, i.e. governed by the Woodward-Hoffmann rules [ 1251. In such 
publications, the accent is either on the synthetic potentialities of photochemical reac- 
tions or on the elucidation of the structure of the photoproducts, rather than on the 
reaction mechanism itself. Unfortunately - from the point of view of this review -quite a 
number of publications hover on the borderline between organic and physical chemistry, 
which makes it difficult to draw the line. Not to overload our review, we have chosen to 
concentrate on two examples of the early history of photochemistry in HCA, and only on 
a few selected examples from more recent times. We hasten to add that this does not 
reflect the importance of work not mentioned in what follows. 

The first paper on photochemistry published in VoZ. 2 of HCA (see below) stems from 
Emit’ Buur (1 873-1 944)23) [20 I], professor of Physical Chemistry at the ETH-Zurich. In 
his research, he pursued many diverse ideas, some of them well in advance of their time, 
and some rather wild. He was one of the first to work on fuel cells, tried to convert 
graphite into diamond at high pressures and high temperatures, studied the gold content 
of the oceans, and proposed that energy should be stored in the form of hydrogen, 

23) EmiJ Baur was born in 1873 in Ulm. He studied Chemistry in Munich and in Berlin, where he obtained his 
Ph.D. in Physical Chemistry. In 1901, he became ‘Privatdozent’ in Munich. After having worked at the 
‘Kaiserliche Gesundheitsamt’ in Berlin, he was elected, in 1907, as Extraordinarius for Physical Chemistry at 
the Technische Hochschule in Braunschweig. In 191 1, he became the successor of G. Bredig and director of the 
Laboratorium fur Physikalische Chemie at the ETH-Zurich, a post which he occupied until his retirement. He 
died in Zurich in 1944. 
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Emil Baur (1873-1944) 

obtained by either electr~lysis~~) [202], or by photochemical processes [203]. On the other 
hand, he tried to show that the second law of thermodynamics is not generally valid2’). 

His photochemical studies began with the proposal of a theoretical model, linking the 
properties of the excited state of a molecule - which he called its ‘Lichtzustand’ - with 
those arising during electrolysis [204], as shown in Fig. 71. 

Fig. 71 

24) 

25) 

He writes in 1921 (!) [202]: ‘In den Alpenlandern ist es eine vielbesprochene Fruge, wie die uberschiissigen 
Sommer- und Abfullwusserkrajle zweckmassig gespeichert werden konnten ’. 
One of the authors remembers his sometimes confusing lectures because of some quaint definitions, e.g. 
explaining the crystal lattice: ‘Dus Kristullgitter ist dreidimensional. Dreidimensional heisst. so nuch vorn und 
hinten’. 
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Fig. 71 
(cont.) 

These ideas were then applied, in a series of theoretical and experimental studies, to 
the important problem of the photolysis of carbon dioxide, of which we show the title of 
the first paper [205] on top of Fig. 72. This was followed by a number of later contribu- 
tions, finally collected in the book ‘Erforschung der Photolyse der Kohlensaure’, published 
a year before his death [206Iz6). 

Of Baur’s later papers, dealing with photolysis, we quote the one on the photolysis of 
uranyl oxalates and uranyl acetates [207], of the influence of light on dissolved silver salts 
in the presence of zinc oxide (2081, and a theoretical paper [209], the beginning of which is 
reproduced in the lower part of Fig. 7227). 

Another important photochemical investigation, which covered close to 30 years, was 
the study, by Hans von Hulban [l 11 [27], of the behavior of tetrabenzoylethylene under the 
influence of light. He began these studies in 1920, when he was still at the University of 
Wurzburg [210], but the first paper on this topic published in HCA, by H .  Keller and H .  v. 

Fig. 72 

26)  The book ends with the following statement, showing where Baur’s sympathies lied in the then raging world 
war 11: ‘Ubrigens sehe ich kommen, dass die Menschheit des technischen Fortschritts iiberdriissig wird, 
wahrend die Lust an der Erkenntnis der Natur, obwohl von Ost und West bedroht, sorange der Drachentoter 
sfandhalten mug, wohl lebendig bleibt’ (our italics). 

27) The Footnote 1 to this paper (cJ Fig. 72) documents another side of Baur’s idiosyncrasies, namely the use of 
words at odds with current usage. As can be seen, the editors of HCA lost the battle. 
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Fig. 72 
(cont.) 

Halban [211], appeared only in 1940. In Fig. 73, we reproduce the beginning of part IV of 
this series [212], in which the originally assumed photochemical process of the transfor- 
mation of tetrabenzoylethylene (Verbindung A) into the unknown, yellow photoproduct 
B is shown. However, as further studies revealed, the processes involved were much more 
complex than surmised, and this is illustrated by the revised scheme reproduced at the 
bottom of Fig. 73. 

Fig. 73 
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Fig. 73 
(cont.) 

As it turned out, the unravelling of the intricate interplay between the primary and 
secondary processes, which follow the formation of compound B, was beyond the scope 
of simple UV/VIS spectroscopic observations. It needed the help of a competent organic 
chemist - in this instance of Hans Schmid - to establish the structures of the various 
molecules present in the mixture of photoproducts. The solution of this problem was 
reported in two publications by H .  Schmid, M .  Hochweber, and H.v .  Halban [213], of 
which we reproduce part of the proposed reaction scheme in Fig. 74.  

Fig. 74 
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Fig. 74 
(cont.) 

We conclude this section with a small, random selection of papers, which we believe 
documents the variety of photochemical work of a more physico-chemical nature, pub- 
lished in HCA. 

In 1971, Werner Schmidt studied a remarkable, photoinduced valence isomerization 
[214] (Fig.75), in which a bridged annulene is converted into a metacyclophane by a 
Woodward-Hoffmann -forbidden process. 

A fair number of photochemical and photophysical investigations published in HCA 
stems from the group of Hans Jakob Wirz at the University of Bade. Earlier examples 
concern the photohydrolysis of trifluoromethyl-substituted phenols and naphthols [215], 
or the photolysis of the azo precursors of 2,3- and 1,8-naphthoquinodimethane (22 and 
23, respectively) [216]. Only 22 was obtained in a rigid matrix at 77 K, whereas 23 reacted 
immediately to yield acenaphthene. 
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Fig. 75 

22 23 24 25 

In Fig. 76 are shown the mechanism and the correlation diagram for the photoenoliza- 
tion of 2-methylacetophenone [217]. From the same group stem detailed studies of the 
photoisomerization pathways of 8,16-methano[2.2]metacyclophane- 1,9-diene (24) [218], 

Fig. 76 



716 HELVET~CA CH~MICA ACTA - Vol. 76 (1993) 

Fig. 76 
(cont.) 
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and of the conjugated biradical intermediates obtained from 2,2-dimethyl- 1,3-perinaph- 
thadiyl(25) [219]. 

Edwin Haselbach reported on the laser-flash photolysis of the p-chloranil/naph- 
thalene system [219], and later on the free-energy dependence of the ion yield of photo- 

717 

Fig. 77 

induced electron-transfer reactions in solution [220] (Fig. 77), an interesting contribution 
to the theory developed by R.  A .  Marcus. 

In 1979, Jean-Marie Lehn and his coworkers discussed in the paper shown in Fig. 78 
[221] (see also [222]) an approach to the photochemical conversion and storage of solar 
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Fig. 78 
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energy. At the same time, the group around Michael Gratzel published a paper on the 
same subject [223], as evidenced in Fig. 79. 

Photochemical work by J . R .  Huber and his coworkers on the light-induced rear- 
rangement of nitrosooxy compounds and nitrosamines has already been mentioned [ 1 151 
(Fig. 37). Finally, attention should be drawn to the photochemical studies, carried out by 
AndrP Braun and his research group at the Ecole Polytechnique Fkdkrale Lausanne 
[224]. 
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Fix. 79 
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3. Theoretical Chemistry and Quantum Chemistry. - Traditionally, the birthdate of 
Quantum Chemistry is given as 1927, the year in which were published 0yvind Burruu’s 
solution of the Schrodinger equation for the ground state of the hydrogen molecule ion 
H: [225] and the treatment of the electron-pair bond of the hydrogen molecule H, by 
Walter Heitler and Fritz London [226]. However, if one wants to put the accent on 
‘Chemistry’, quantum chemistry got its start in the early 1930s, mainly through the work 
of Linus Puuling [227] and of Erich Hiickel [228]. Later, important steps in making 
quantum chemistry a useful tool for the practicing chemist were a five-part publication by 
Michael J .  S. Dewar in 1952 [229], the formulation of the Woodward-Hojfmann rules in 
1965 [ 1251, and the availability of semi-empirical and ab initio procedures in computer- 
ready form, due to a large extent to M .  J .  s. Dewar and to John Pople [230]. 

As far as HCA is concerned, the first quantum-chemical contribution appeared as late 
as 1948, in the form of Huns Kuhn’s proposal of the ‘electron-in-a-box model’ for cyanine 
dyestuffs [23 11, to which we shall come back later. Of course, the electronic structure of 
molecules and its relevance to their properties had been discussed before in HCA, albeit 
on a purely qualitative level, and without (explicit) use of quantum mechanics. 

Already the first volume of HCA contains two papers [232] that qualify as ‘Theoreti- 
cal Chemistry’. They are due to August Leonhard Bernoulli ( 1879-1939),*) [8], professor 

August Leonhard Bernoulli ( I  879-1 939) 

’*) August Leonhurd Bernoulli, born in 1879 in Basle, first studied Chemistry at the University of Bade before 
moving to the University of Munich, where he devoted himself mainly to physics. He did his doctoral work 
with W. C. Riintgen. and obtained his Ph. D. in Physics in 1903. After a short stay at the University of Bonn, he 
became, in 1907, ‘Privatdozent’ for Physics at the Technische Hochschule Aachen. In 1912, he came to the 
University of Bask, first as a.0. Professor of Physical Chemistry, and then, from 1917 on, as o. Professor. He 
assumed the directorship of the newly founded ‘Physikalisch-chemische Anstdk’ in 1920, the same year in 
which the official chair in Physical Chemistry was created. His early research concerned problems of Theoret- 
ical Physics, but his work in Bade dealt, among other things, with optical and thermal properties of metals, 
reaction kinetics, thermodynamic properties of multiphase systems, and photochemistry. Another noteworthy 
contribution was the development of calorimeters for precision micro-calorimetry. Bernoulli died in Bask in 
1939. 
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of Physical Chemistry of the University of Basle. These papers deal with a proposal to 
refine Einstein’s formula for the specific heat of crystals, by linking its characteristic 
frequency to spectroscopically observed frequencies, e.g. those derived from IR spectra. 
In the second of the two papers, Bernoulli proposed to use such IR data, e.g. those 
obtained by Rubens for alkali halides, to calibrate the characteristic frequency of the 
Nernst-Lindemann formula for the specific heat of ionic crystals. Although, in retrospect, 
this work did not have the expected impact, it is noteworthy that it constitutes the first try 
to link observed optical data with the thermodynamic properties of a substance, a method 
which is now routinely used as a convenient means to compute thermodynamic data of 
molecules. 

In a third contribution [233], Bernoulli described a procedure, aimed at calculating 
heats of formation on the basis of observed IR band positions. In the light of present-day 
knowledge, this is a rather curious publication. To obtain the desired results, Bernoulli 
had to make the following two assumptions: a )  that the frequency of light emitted by an 
atom or a molecule is equal to the frequency of the ‘periodic motion’ (rotation) of its 
electrons, and b )  that the forces acting on an electron or an atom within a molecule are 
equal, i.e. that the ratio vei/vvib of the frequencies of electronic transitions and vibrational 
frequencies equals the ratio rnatom/meicccion of the atom and electron masses. 

We mention in passing two papers by H .  Decker [234], in which are derived simple 
formulae connecting the number of C- and H-atoms in hydrocarbons of different degree 
of unsaturation. 

In 1928 and 1929, Friedrich Ebel and Egon Bretscher discussed the concept of ‘Haft- 
festigkeit’ (between two atoms and/or groups) in two publications [235] [236]. As men- 
tioned in the introduction to their first paper (see Fig. 80, taken from [235]), the authors 
realized that this was a rather vague concept. The difficulty they faced (and which they 
could not resolve at the time) was that they lacked experimental information and a 
clear-cut definition which would have allowed them to discriminate between - what we 
now call - bond enthalpies, dissociation energies, and activation energies. The typical 
example for vastly different sizes of ‘Haftfestigkeit’, e.g. between two C-atoms, was 
‘hexaphenylethane’ (which, as we now know, has a different formula from the one 
assumed in Fig. 80). 

Fig. 80 
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Fig. 80 
(cont.) 

The arguments of Ebel and Bretscher were commented upon by Gerold Schwarzen- 
b a ~ h ~ ~ )  [237] who made the important point - c$ Fig.81 ~ that one should distinguish 
between bond enthalpies and dissociation energies, the latter being mainly determined by 
the stability of the dissociation products. 

Fig. 81 

Two rather intriguing papers concerning the constitution of boron hydride B,H, were 
published in 1928 by Fritz Ephraim [238] and in 1929 by Egon Wiberg [239]. Fig.82 shows 
the title and an excerpt from the discussion in Ephraim’s paper [238], where a formula -- 

based on the Lewis-Kossel octet theory - is proposed for B,H,. This proposition has been 
commented upon and reformulated by E. Wiberg [239], as shown in Fig. 83. It is postu- 
lated that an electron pair can bond more than two atoms, i.e. that we could have a 

Fig. 81 

29) For a portrait of Srhwarzenhach and an appreciation of his work, see the review by Venanzz [16]. 
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Fig. 82 
(cont.) 

three-centre bond, as shown in Ephraim’s formula. If the two central H-atoms in the 
latter had been placed up and down, instead of in the plane of the remaining four 
H-atoms, one would have predicted the correct structure of B,H, already in 1929. 

Probably the most important series of theoretical papers before the appearance of 
quantum chemistry in HCA are the investigations of resonance systems by Schwarzen- 
buch and his coworkers. Fig.84 shows the title of the first contribution [240] and a short 
excerpt which draws attention to the conceptual difficulties with which chemists not 
acquainted with the principles of quantum mechanics had to cope. Thus, resonance 
between ‘limiting structures’ is discussed in terms of a chemical equilibrium. (Note that 
Schwurzenbach’s paper was published seven years after Puuiing’s seminal valence-bond 
publications, on which the qualitative resonance theory is based). 

Notwithstanding such difficulties, a large body of observations could be rationalized 
and systematically compared. The following two papers of the series [241] report the 
preparation and investigation of substituted ‘aniline sulfon-phthaleins’ 26, the absorp- 
tion spectra of which have then been studied by Schwarzenbach in collaboration with 
Hermann Mohler and Forster [54], as already discussed in Sect. 1.1, cf Fig. 10. A notewor- 
thy feature of this work is that Schwarzenbach’s treatment led him to expect a strong 
dependence of the spectral band pattern on the symmetry of the resonating 71 system of 
the molecule, and not on that of the a frame in which it is embedded, or on differences in 
charge, an expectation fully confirmed by the experimental results. 

25 



124 

Fig. 83 
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Fig. 84 
(cont.) 

26 27 X = O -  
28 X = (CH&N 

Further papers in this series deal with the UVjVIS spectra of phthaleins [242], of 
indophenols 27, and indamines 28 [243]. Finally, as shown in Fig. 85, a classification of 

Fix. 85 
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the electronic spectra of the simplest chromophores was derived with reference to the 
number of equivalent resonance structures [244]. 

As mentioned at the beginning of this section, the first quantum chemical publication 
in HCA was, in 1948, Hans Kuhn’s treatment of cyanine dyes, using the electron-in-a-box 
model [23 11. (In the same volume of HCA, Werner Kuhn published a theoretical treatment 
of polyenes, to which we shall come back below.) Hans Kuhn’s paper has already been 
discussed in some detail by Zollinger on pp. 1739 and 1740 of his review [22]. In this 
model, the linear a system of a cyanine dye, e.g. of the Brooker dye shown in Fig.86, is 
approximated by a linear ‘box’ of length L containing the R electrons, where L is either 
equal to the distance between the terminal N-atoms, or includes a correction d L  at both 
ends of the n system, to take care of the ‘overshooting’ of the n electrons. Depending on 
the former or latter choice of L,  Kuhn obtained the theoretical values listed under G1. (17) 
or G1. (19) in the Table of Fig.86. As can be seen, the corrected values agree almost 
perfectly with the observed band positions. In particular, the model accounted for the 

Fig. 86 
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observation that the wavelength A,,,,, of the first band in the cyanine-dye spectra is a linear 
function of the (corrected) length L of the n system: A,,,cc L. 

The model was extended by Hans Kuhn to branched n systems, by introducing 
continuity conditions for the wave functions at the branch centres [245]. This meant that 
the partial free electron wave functions U,, valid within the segments j meeting at a branch 
center, must have the same value and the same slope at this point. As can be seen from 

I21  

Fig. 87 
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Fig. 87 (taken from [245]) vastly different and much improved results are obtained by 
applying this model to e.g. dipyridyl violet (29), as compared to those derived from the 
(unrealistic) linear model. (Slightly different branching conditions were later introduced 
by K.  Ruedenberg [246], who re-investigated the model in great detail; see below.) 

29 

Fig. 88 is a typical example of Hans Kuhn’s ‘hands-on’-way to deal with theoretical 
problems. It concerns the ‘experimental’ determination of the size and direction of the 
transition moment, and thus of the intensity, associated with the electronic long-wave 
transition of a linear cyanine dye [247]. 

Fig. 88 
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Fig. 88 
(cont.) 

A further refinement introduced by Hans Kuhn into the ‘electron-in-a-box’ model 
consisted in taking variations of the potential function into account via a perturbation 
treatment [248]. In the particular example shown in Fig. 89, the perturbation, due to the 

Fig. 89 
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replacement of the central C-atom by an N-atom, leads to a lowering of the LUMO, but 
leaves the HOMO invariant, the latter orbital having a node at the centre of replacement. 
As a result, one expects a bathochromic shift of the absorption band corresponding to the 
HOMO-LUMO transition. 

Nowadays, the major attraction of the free-electron model are its didactic potentiali- 
ties. Apart from allowing to introduce most quantum-chemical concepts in a transparent 
fashion, as nicely demonstrated by H.-D. Forsterling and H. Kuhn in their book 011 

Physical Chemistry [249], the wave functions derived from the model yield sometimes 
useful trial approximations for the solutions of the Schriidinger equation, if the lengths 
L,, L,, and L, of the box are used as adjustable parameters within a variational treatment 
[250]. Otherwise - with a few exceptions - the model is now obsolete, and this for mainly 
three reasons: a )  it was tailor-made for analogue rather than digital computers; 6 )  
introducing electron-electron interaction, as has been tried by Labhart [25 11 and by 
Ruedenberg [246], needs either unrealistic ad hoc assumptions, or leads to involved 
computations; c )  it has been shown by Ruedenberg that the free-electron model of 
branched 7t systems is completely equivalent to the Huckel treatment [246], which is very 
much easier to handle. 

We mention briefly the description, by Labhart [252], of a purely mechanical device 
for solving the Schrodinger equation for the ‘electron-in-a-box’ model. 

In the same volume of HCA,  in which Hans Kuhn introduced the ‘electron-in-a-box’ 
model for cyanine dyes, Werner Kuhn presented a model [253] (cf. Fig.90), aimed at 
explaining the electronic spectra of linear polyenes, which had been recorded by Richard 
Kuhn3’) and his coworkers [35] [37]. The model is a semi-classical one, consisting, for a 
polyene with n double bonds, of n coupled oscillators (‘Ersatzresonatoren’). The compu- 
tation leads to a secular determinant, shown in Fig. 90, which is formally equivalent to 
that obtained from a Hiickel-type treatment using two-centre 7t orbitals as basis func- 
tions. 

Fig. YO 

The standard Huckel treatment appears in H C A  for the first time in a paper by Linus 
Pauling [254] dealing with the stability of (Z/E)-isomerized polyenes (cf. Fig. 91). 

30) Richard Kuhn, Hans Kuhn, and Werner Kuhn - the latter two working in the same lnstitute of Physical 
Chemistry of the University of Bade - are not related to each other. 
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Fig. 91 

Beginning in 1949, 0. Klement, professor of Physical Chemistry at the University of 
Fribourg, published a series of papers in which the standard valence bond treatment of 
hydrocarbon 7-c systems, in the form originally introduced by Pauling and his group [227], 
has been applied to a number of aromatic molecules [255]. The method, involving the 
‘superposition’ of canonical structures, was used to derive relative charge distributions in 
naphthalene [256], benzene, anthracene, and phenanthrene [257], but the results, ob- 
tained with restricted sets of basis functions - and before the availability of computing 
facilities - were of limited significance. The same procedure was used by W. Heitler - of 
Heitler-London fame 12261 - to discuss the electronic structure of small hydrocarbons 
[258], in particular their ‘Bindungsenergien’. Unfortunately, Heitler ’s criticism of the 
well-tried additivity of bond increments for the estimation of enthalpies of formation is 
based on the confusion of such increments with bond dissociation energies. 

Publications, in which the HMO technique was applied systematically for the study of 
aromatic hydrocarbons, in particular of non-alternant ones, began in 1952 with a discus- 
sion of the basic properties of azulenes [259], as reported in some detail by Heimgartner 
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and Hansen on pp.415 and 416 of their review [41] (where a Huckel matrix is shown in 
Fig. 74). An amusing application concerned the azulene aldehyde lactaroviolin, the struc- 
ture of which was determined by a combination of spectroscopic measurements and 
HMO calculations [260], as summarized in Fig. 92. To our knowledge, this was the first 
time that the structure of a natural compound was elucidated by using quantum-chemical 
calculations. 

Fig. 92 

In the early 1950s, the only computing facility available at ETH-Zurich consisted of a 
Zuse 24  computer - now at the Deutsches Museum in Munich - which worked with 
electric telephone relays, had a mechanical storage for 64 numbers (of which one was 
broken), and allowed only linear programs, with a single subroutine, which had to be 
punched on old movie films. To perform HMO calculations, it was, therefore, necessary 
to first compute the secular polynomials by hand. To this end, an algebraic method was 
developed [26 11, which yielded the polynomial for a large, composite system, starting 
from the polynomials of its components, as shown in Fig.93. 

Fig. 93 
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Fig. 93 
(cont.) 

In a similar vein, and for the same reasons, graphical methods were proposed for the 
factorization of secular determinants [262] and for the calculation of large systems 
consisting of repeating units [263]. In some special cases, the latter method allowed to 
obtain the eigenvalues of the Hiickel determinant, i.e. the orbital energies, in closed form. 

In 1956, it was shown by Gunthard and Primas [264] that the results of the standard 
HMO treatment, i.e. using only the Coulomb integral a and the resonance integral p as 
adjustable parameters, were purely topological in nature (see Fig. 94) .  Linking the results 
of such a HMO calculation to the properties of the graph representing the connectivity of 
the 7c system, in particular to its adjacency matrix, opened the way for the large number of 
graph-theoretical investigations of molecules that have appeared since. 

Fig. 94 



734 HELVETICA CHIMICA ACTA - Vol. 76 (1993) 

Taking advantage of the symmetry properties of a molecule leads to a considerable 
simplification of quantum-chemical calculations. In a series of three communications, it 
was shown how symmetry-adapted linear combinations of s-type [265] or p-type [266] 
atomic orbitals can be formed, using the irreducible representations of the point group in 
matrix form. 

A quite general problem in quantum chemistry consists in solving the Schrodinger 
equation for the movement of a particle, e.g. an electron, in a one-dimensional potential 
V ( x ) .  In 1956, the authors, in collaboration with Raymond Gerdil [267], proposed a 
variational method for the particular case that V ( x )  is given as a polynomial of degree n. 
It consists of writing the wave function as a linear combination of N >> n harmonic 
oscillator eigenfunctions. The advantage of this procedure is that the matrix elements can 
be given in closed form, i.e. perfectly adapted for computer generation. The disadvantage 
was that N must be rather large to ensure a good approximation. It was a lucky 
coincidence that Heinz Rutishauser of the Institute for Applied Mathematics of the ETH, 
one of the fathers of the programming language ALGOL -which later became PASCAL 

~ and one of the foremost applied mathematicians of his time, had invented the so-called 
LR-algorithm [268] for obtaining the eigenvalues and eigenfunctions of band-matrices, 
such as those arising in the above problem. This provided HCA with its first computer 
flow-chart, shown in Fig. 95 [269]. 

Fig. 95 
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As an example for the application of this procedure, we reproduce in Fig.96 the 
results obtained by Fabian Gerson for a symmetric double-minimum potential [270]. 

We skip the many applications of simple independent electron models, such as the 
HMO treatment, to chemical, physico-chemical, and spectroscopic problems, to turn to 
the use of semi-empirical and ah initio calculations [230], which appeared in HCA after 
the corresponding computer programs became generally available. In almost all publica- 
tions of this kind, such calculations are used only as a tool, the fundamental papers 
dealing with the development of the methods, and the programs having been published 
before in other (specialized) journals. 

An extension of the HMO model to encompass both the CJ and the n systems of a 
molecule is Roald Hoffmann’s extended Huckel model (EHT) [271]. This was used, for 

Fig. 96 
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Fig. 96 
(cont.) 

example, by Rolf Cleiter and Rolf S e g e r  to predict the structure of the ferrocenyl-methyl 
cation shown in Fig. 97 [272]. 

Fig. 97 
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Fig. 97 
(cont.) 

The same procedure underlies the detailed discussion of the electronic mechanism of 
the Grob fragmentation, given by Rolf Gleiter, Wolf-Dietrich Stohrer, and Roald HoH- 
mann [273], from which we reproduce the correlation diagram in Fig. 98. 

Fig. 98 
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Another, very successful semi-empirical procedure was the MIND0/2 procedure 
developed by Michael J. S.  Dewar and Edwin Haselbach [274]. As an example, we present 
in Fig. 99 the predicted structure of the 1,2-benzyne molecule, as obtained, according to 
the MIND012 procedure, by Haselbach [275]. (For further examples, see [276].) 

Fig. 99 

In this connection, a useful program, written by E.  Haselbach and A .  Schmelzer 
should be mentioned, which allows the transformation of computed orbitals into easily 
read graphical representations [277], such as those shown in Fig. 100 for the interaction of 
the p orbital of a methylene group with the Walsh orbitals of a cyclopropyl moiety. 

Fig. I 0 0  
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Fig. 100 
(cont.) 

The heuristically useful, albeit artificial dissection of orbital interactions into 
‘through-space’ and ‘through-bond’ terms, as proposed by Roald Hoffmann [ 1281, has 
been re-examined within the framework of different semi-empirical methods, using local- 
ized molecular orbitals [278]. This provided insight into the built-in biases of the different 
methods. 

After W. Kuhn and R .  Rometsch had discussed different theoretical approaches for the 
interpretation of optical activity [279] (see also [75] and Fig. 17), semi-empirical methods 
were used to deal with this problem. Examples are the work by Urs P. Wild and his 
coworkers [280], and the treatment of optically active oligopeptides by Georges Wagnizre 
and his group [281], shown in Fig. 101. 

Fig. I01 
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Fig. 101 
(cont.) 

To document the usefulness of semi-empirical methods for the interpretation of 
UVjVIS spectra, we mention the results obtained by H. Baumann and J. F.M. 0 t h  for 
[18]annulene [282] (see also Fig.44), and by M .  Gisin and J .  Wirz for conjugated biradi- 
cals in their lowest triplet state [283]. 

To conclude this section, we present some selected examples of the many applications 
of ab initio methods. Thus, Martin Jungen calculated the electronic reorganisation ener- 
gies of radical cations in their Koopmans’ states [284], which are of prime importance for 
the interpretation of the PE spectra of the corresponding molecules. A theoretical study 
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of complex formation has been published by Tae-Kyu Ha, Urs P .  Wild, and their 
coworkers [285], of which we show an electron density difference plot in Fig. 102. 

Ah initio methods have also proved useful for the study of the interaction of 
ionophores with cations, e.g. with CaZ+ or Mg2+, as depicted in Fig. 103, taken from work 
by Wilhelm Simon in collaboration with M .  Wehrli, E. Pretsch, and E. Clementi [286]. 

Fig. 102 

Fig. 103 
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Fig. 103 
(cont.) 

Furthermore, such calculations serve as a sound basis for the derivation of reaction 
mechanisms, as exemplified by the investigation of hydrogen migration in metal com- 
plexes, due to J.  Silvestre and Roald HoJfmann [287], from which Fig. 104 has been taken. 

Finally, the results of ab initio calculations are integrated routinely into organic-chem- 
ical work, sometimes in conjunction with semi-empirical ones, e.g. those published by 
Hanspeter Huber in collaboration with M .  Nikles, D .  Bur, and U. Siquin [288], shown in 
Fig. 105. 

Fig. 104 
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Fig. 104 
(cont.) 
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Fig. I05 
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4. Thermodynamics, Kinetics, and Statistical Mechanics. - 4.1. Polymers and Mi- 
celles. Polymer chemistry, as documented by publications in HCA, is essentially tied to 
four names: Hermann Staudinger, Kurt H .  Meyer, Rudolf Signer, and Werner Kuhn. 
Although the first two were organic chemists, mainly interested in the structure elucida- 
tion and the synthesis of polymeric compounds, they had to concern themselves - by 
necessity - with the physico-chemical properties of these materials. This resulted in 
important contributions to physical chemistry of polymers. On the other hand, both R. 
Signer and W. Kuhn were physical chemists, and their work, especially that of Kuhn, 
belongs to the highlights of Swiss Physical Chemistry. 



HELVETICA CHIMICA ACTA ~ Vol. 76 (1993) 145 

In his publication ‘Uber Polymerisation’ [289], which appeared in 1920, Hermann 
Staudinger (1 88 1-1965y’) coined the name ‘macromolecule’, which implied a radical 
departure from the then assumed structure of such molecules. An important tool in his 
investigations was the study of the relationship between the specific viscosity vsp of 
solutions of macromolecules and their molecular mass M ,  that lead him to the following 
‘Viskositatsgesetz’, 

V s p l ( c M )  = Kn (6) 
which was going to play a central role in his research on this class of compounds. In 
collaboration with W. Heuer, he applied the relationship (6) to solutions of paraffins, and 
obtained thereby an estimate of the constant K, % 3 .  [290]. Fig. I06 shows the title 
and the conclusion of a publication by H.  Staudinger and R. Nodzu, [291], in which the 

Fig. 106 

viscosity law (6) was applied to solutions of ‘Hydrokautschuk’, i.e. hydrogenated rubber, 
the molecules of which are homologue paraffins with methyl side chains. 

Staudinger’s views about the geometry of such molecules is summarized in Fig. 107, 
taken from his 59th contribution to the field [292]. He assumed that the molecules were 

Fig. 107 

”) Hermann Staudinger studied chemistry in Halle, where he obtained his Ph. D. in 1903. After having occupied 
the chair of Organic Chemistry at the University of Karlsruhe, he accepted, in 1912, to become the head of the 
Laboratorium fur Organische Chemie at the ETH-Zurich, a post he occupied until 1926. He left Zurich for the 
University of Freiburg im Breisgau, where he founded the world-famous Institute of Macromolecular 
Chemistry. He retired in 1950 and died in 1965 in Freiburg. His seminal views on the structure ofwhat we now 
call polymers earned him in 1953 the Nobel Prize in Chemistry, with the laudatio: lfor his discoveries in thefield 
of macromolecular chemistry’. Staudinger’s contributions towards the creation of HCA have been mentioned 
in a previous review [5 ] .  
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Fig. 107 
(cont.) 

more or less linear, albeit undergoing bending motions, that their thickness was about 
d = 5 A, and that their zone of influence - the ‘Wirkungsbereich’ - was equal to the 
volume generated, when the molecule rotates about a perpendicular axis through its 
midpoint. (The assumption of a rod-like structure of the macromolecules was successfully 
challenged by Werner Kuhn, as we shall see below.) 

The general reluctance to accept the idea of a macromolecule - whatever its detailed 
shape - is nowadays difficult to understand. As told by Robert Signer [293]: After 
Staudinger had held his last public lecture in Zurich, before moving to the University of 
Freiburg, the famous ETH crystallographer Paul Niggli gave him the following advice: 
‘Herr Staudinger, wenn Sie Ihr Polystyrol genugend reinigen wurden, wiirde es 
kristallisieren wie Naphthalin oder Benzoesiiure.’ And Nobel Prize winner Heinrich 
Wieland, who had attended Staudinger’s first lecture in Freiburg, slapped him afterwards 
on the shoulder and said: ‘Mein fieber Staudinger, organische Molekiile mit mehr als 50 
C-Atomen gibt es nicht.’ 

At about the same time, Kurt H. Meyer (1883-1952)32) [294] investigated polymeric 
compounds at the University of Geneva, in particular cellulose, chitine, and rubber. In 
connection with this work, he became much interested in the physical properties of these 
materials. As examples, we quote in Fig. 108 his analysis, in collaboration with C .  Ferri, of 
the origins of the elasticity of rubber [295]. His conclusion were that the mechanism of 
rubber elasticity is entropy-controlled, and not due to bond-length or bond-angle 
changes, as had been assumed before. 

32) Kurt H. Meyer was born in Dorpath, Esthonia, in 1883. He studied chemistry, first at the University of 
Marburg, then at University College London. After having obtained his Ph. D. in 1907 under the direction of 
Arthur Hantzsch at the University of Leipzig, he moved to Munich, to work with J.  F. A .  uon Baeyer, and to 
become a ‘Privatdozent’ in 191 1. After the war, when R.  Willstatter had succeeded von Baeyer, K .  H .  Meyer 
was nominated as a.0. Professor. After a stay, from 1921 to 1932 at the Badische Anilin und Soda Fabrik, 
Ludwigshafen, he accepted a call from the University of Geneva, where he occupied the chair of Organic 
Chemistry until his death in 1952. 
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Fig. 108 

Together with A .  van der Wyk, he proposed a model for the structure of soap micelles 
[296], shown in Fig. 109. This particular publication is remarkable, because of the clear 
postulation of what was later called the ‘hydrophobic’ bond, i.e. that it is the high surface 
tension of the solvent water that keeps the micelles together. 

Fig. 109 
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RudolfSigner (1903-1990) 

An outstanding figure in Swiss Polymer Chemistry was Rudolf Signer (1903-1990)”) 
[293] [297]. Although he occupied the chair of Organic Chemistry at the University of 
Berne, most of his work qualifies as physical chemistry, or organic-physical chemistry. I t  
was strongly influenced by Staudinger, who held Signer’s many original contributions to 
polymer chemistry in high esteem, and who was also instrumental in directing him 
towards an academic 

Signer began his physico-chemical studies of polymers about 1930 with the investiga- 
tion of their flow birefringence, an extension of earlier work by Vorlander on stearic and 
palmitic acid. In 1933, during his stay at T.  Svedberg’s institute in Uppsala, he and his 
collaborator H .  Gross carried out ultracentrifuge investigations, which resulted in three 
important publications. In the first one [298], he obtained the molecular masses of 
polystyrenes by measuring their sedimentation velocities, and in the second one, [299], by 
determining their sedimentation equilibria. The aim of this work was to prove the 
superiority of Staudinger’s empirical formula (6)  over those derived from theoretical 

33) Rudolf Signer was born in Herisau in 1903 and went to school in St. Gallen. He studied chemistry at the 
ETH-Zurich, where he obtained his diploma in 1925. In 1928, he passed his doctorate examinations, after 
having worked under the direction of If. Sfaudinger, whom he followed to the University of Freiburg im 
Breisgdu, where he became ‘Privatdozent’ in 1930. He spent some time with W.L.  Brugg at the University of 
Manchester, and the year 1933 with T. Suedberg at the University of Uppsala. Both these stays had a strong 
influence on his further research, which turned mainly towards physical chemistry. In 1935, he accepted to 
become the successor of Fritz Ephraim at the University of Berne first as a.0. Professor, and then, in 1939, as 
Ordinarius and as director of thc Institute of Organic Chemistry. He held this post Tor 37 years to retire in 
1972. He died in Berne in 1990. 
When, in 1935, Signer was offered simultaneously an industrial position at Cihu in Bade and a professorship 
at the University of Berne, he asked Staudinger’s advice, who told him: ‘Wenn Sie Auto fahren wollen, sollten 
Sie nach Baselgehen, wenn es Ihnen aber nichts ausmacht, zu Fuss herumzulaufen. dann wuhlen Sie Bern’. Signer 
chose to walk [293]. 

34) 
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models, in particular that of Werner Kuhn (see below). Fig. 110, taken from [299], shows 
the comparison of qSJc derived from different formulae. Although Signer believed that 
his results supported Staudinger’s views about a rod-like structure of macromolecules, it 
turned out later that they provided convincing evidence for W .  Kuhn’s proposal of a 
statistical coil. 

749 

Fig. I10 

Signer’s third publication, stemming from Uppsala [300], was devoted to the determi- 
nation of the dispersion of molecular masses of polystyrenes, e.g. of a sample of mean 
molecular mass 80 000, as shown by the Table presented in Fig. 1 1  I. 

Another of Signer’s fields of research concerned the development of efficient methods 
for the purification of polymers, in particular of the counter-current distribution. These 
methods became of special importance, after his interest in nucleic acids had been 
stimulated, when T. Casperson and E. Hammersten asked him to measure the streaming 
birefringence of thymonucleic acid. This work resulted, in 1938, in the joint publication 
‘The Molecular Shape and Size of Thymonucleic Acid’ [301], which Signer considered to be 
his most important publication [293]. Using his improved separation methods, he pre- 
pared in 1948, in collaboration with H .  Schwunder, highly purified nucleic acid, as shown 
in Fig. I I2 [302]. 

At a symposium, organized by Ciba in London, Signer presented the chairman, 
J . A .  V. Butler, with 15 g of this material, which was then distributed to different institu- 
tions. One sample went to the University of Cambridge, England, where F. H .  C. Crick 
and J .  Watson used it for the structure determination of DNA [303]. 

Fig I I I 
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Fig.111 
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Fig. 112 
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Fig. 112 
(cont.) 

To gain insight into the interactions between dissolved polymers, e.g. of polystyrene, 
and the solvent, the thermodynamic properties of model mixtures, such as those of 
ethylbenzene, toluene, and acetone, were studied in great detail [304]. 

Certainly, the most fundamental contributions to polymer chemistry published in 
HCA are those of Werner Kuhn (18YY-1Y63)35) [305] [306]. 

Werner Kuhn ’s fundamental publication, ‘Uber die Gestalt fadenformiger Molekule in 
Losung’ appeared in 1934 [307]. This and his ensuing theoretical and experimental 
investigations had a profound influence on polymer chemistry [308]. There is no doubt 

Werner Kuhn (1899-1963) 

35) Werner Kuhn was born in Maur in 1899, went to school in Zurich, and began his studies of chemistry at the 
ETH-Zurich in 1917. After having obtained his diploma in 1921, he became assistant of V .  Hcnri a1 the 
University of Zurich, and worked under his direction for his Ph. D. (1923). He then spent two years with Niels 
Bohr in Copenhagen, where he did his well known work on the sum rule of electronic transitions. After his 
return to Zurich, he became a ‘Privatdozent’ in 1927, but left the same year for Heidelberg, to work in the 
institute of Karl Freudenberg. It is there that his interest in optical activity was aroused, which led to his 
important theoretical contributions to the field (see Sect. 1.1 [74] [75], Fig. 17, and Chupt.3 12791). In 1930, he 
was made an a.0. Professor at the University of Karlsruhe, where he began his work on the structure of 
polymers. Finally, in 1939, he accepted the chair of Physical Chemistry and the directorship of the 
Physikalisch-chemische Anstalt at the University of Basle. He died in Bade in 1963. 
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that only his untimely death in 1963 prevented him from sharing the Nobel Prize with 
Paul J .  Fiery in 1974, the laudatio of which was: ‘f.r fundamental achievements, both 
theoretical and experimental, in the physical chemistry of macromolecules’. 

The assumption that macromolecules are randomly coiled systems was a radical 
departure from the prevailing assumptions, e.g. that of H .  Staudinger. Together with 
Franz Griin, Kuhn derived the exact statistical parameters needed for the characterization 
of dissolved, coiled macromolecules [309], and from these, the expectation values for 
some of the observable properties of such solutions. His first publications in HCA, in 
collaboration with Hans Kuhn [310] (Fig. 113), deal with the change in overall shape of 
randomly coiled macromolecules in a flow gradient, i.e. with the dependence of viscosity 
and streaming birefringence on the velocity gradient of the streaming solvent. The 
theoretical predictions derived were fully confirmed by the experimental results published 
previously by R.  Signer and H .  Gross, as mentioned above [298]. 

The relevance of the model for understanding the inner viscosity and the resistance to 
change in shape of the coiled molecules, in particular the relaxation times for inner 

Fig. I I 3  



HELVETICA CHIMICA ACTA - Vol. 76 (1993) 153 

motions, was discussed in detail by W. Kuhn, and H. Kuhn in two HCA papers [311], from 
one of which stems Fig. 114. As can be seen from the Table of rotational barriers - taken 
incidentally from L. Puuling’s ‘Nature of the Chemical Bond’ -= W. Kuhn was among the 
first to take hindered rotation explicitely into account in his calculations concerning 
conformational changes. 

Fig. 114 

In this connection, one of the major problems was to assess the functional relationship 
between the degree of coiling of the macromolecule and the viscosity of the permeating 
solvent. Eventually, this was solved using mechanical models, but most of the relevant 
papers were not published in HCA (for details, see [306]) except the work of Peter 
Baertschi, one of W. Kuhn’s coworkers [312] (cf. Fig. 11.5). In these experiments, differ- 
ently packed wire coils were dropped through a close fitting tube filled with a viscous 
liquid. 

Further studies on macromolecules by W. Kuhn, P. Moser, and H. Mujer concern the 
behavior of coiled macromolecules in an electric field [3 131. It is shown that in such a field, 
these molecules assume a more extended shape. Such observations led to an investigation 
of the influence of ‘chargeing’ on the degree of coiling of a macromolecule, e.g. by 
deprotonating a polyacrylic or polymethacrylic acid. In collaboration with 0. Kiinzle and 
with Aharon Kutchalsky (later tragically killed by terrorists at Lod Airport, Tel Aviv), W. 
Kuhn could show that deprotonation uncoils the molecule to a completely extended 
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Fig. 115 
(cont.) 

structure, and that it resumes the coiled structure on reprotonation [314] (Fig. 116). This 
interesting behavior led later to the construction of ‘synthetic muscles’ [3 1.51. 

Apart from an early suggestion by K.  H .  Meyer about the structure of micelles (see 
Fig. 109 [296]), all the work on such systems published in HCA, stems from the groups of 
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Fig. 116 

26 
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Hans-Friedrich Eicke at the Institute of Physical Chemistry of the University of Basle. 
Fig. 1 I7 is taken from an investigation by him and J.  Rehak [3 161, in which it is shown that 
in tenside-containing liquid/liquid emulsions, a tenside molecule occupies a thermody- 
namically well defined surface under equilibrium conditions. 

Fig. I1 7 

We mention further the study of the percolation of nano-droplets in fluid mesophases, 
carried out by H.-F, Eicke in collaboration with R.  Hilfiker and M .  Holz [317], yielding 
important indications of the discrete nature of such droplets, which form fractal struc- 
tures (Fig. 118). 

More recent work by H.-F. Eicke, R .  Hilfiker, and Gu Xu [318] is concerned with 
‘mesogels’. 
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Fig. 118 

4.2. Isotope Separation and Isotope Chemistry. The first report in HCA on isotope 
separation is due to Hans Erlenmeyer and Hans Gurtner of the Institute of Inorganic 
Chemistry of the University of Basle [319], who reported on the enrichment of D,O 
during the electrolysis of aqueous sulfuric-acid solutions using lead electrodes (see 
Fig. 119). (On the other hand, examination of various biological liquids did not reveal any 
significant change in the H,O/D,O ratio [320].) 

Whereas the first electrolytic experiments yielded only enrichment factors of the same 
size as obtained a year earlier by G. N. Lewis, the two authors could report the prepara- 
tion of 99 O/O pure D,O a year later [321]. This made it possible to prepare and investigate 
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Fig.119 
(cont.) 

a series of deuterium-labeled molecules, in particular chiral molecules of the type 
C H D R R  [322]. In collaboration with A .  Epprecht and G. Schwarzenbach, H .  Erlen- 
meyer investigated thermodynamic and kinetic isotope effects in deuterated compounds 
[323], using the experimental set-up shown in Fig. 120. 

Fig. 120 
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Klaus Clusius ( 1903- 1963) I 

The most important work on isotope separation and isotope chemistry published in 
HCA stems from Klaus Clusius (1903-1963)36) [324] who had succeeded H. von Hulbun as 
Ordinarius of Physical Chemistry at the University of Zurich. 

In 1938, K.  Clzisius and G. Dickel published their first paper on the ‘Trennrohr’, a 
device for the separation of isotopes and isotopomers by thermal diffusion in the gas 
phase [325]. Fig. 121 shows the experimental set-up used in Zurich for the preparation of 
pure ”N, as described by K .  Clusius in HCA in 1950 [326]. 

Fig. I21 

36) Klaus Clusius was born in 1903 in Breslau, where he studied chemistry at the Technische Hochschule. It was 
the influence of Arnold Eucken that turned him towards physical chemistry, and it was under Eucken’s 
direction that he worked for his Ph. D. He then spent some time with C. N .  Hinshelwood at the University of 
Oxford, where he did work on chain reactions, and on the basis of which he became ‘Privatdozent’ for Physical 
Chemistry at the University of Gottingen in 1930. Shortly before moving to Gottingen, he had worked with 
W. H. Keesom at the Kammerling-Onness Institute, to acquaint himself with low-temperature techniques, 
which were going to play an important role in his later research. In 1934, he was offered an a.0. professorship 
at the University of Wiirzburg, which he occupied for two years, before he accepted in 1936 an ‘Ordinariat’ in 
Munich. It is there that he made his most important invention, that of the ‘Trennrohr’, a device for the 
separation of isotopes by thermal diffusion. In 1947, he became the successor of H .  tion Hdban at the 
University of Zurich. He died in Zurich in 1963, well before reaching retiring age. 
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Fig. 121 
(cont.) 

Beginning 1950, K.  Clusius, Ernst Schumncher [327], and their coworkers reported the 
systematic application of the Clusius-Dickel method for the isolation of pure isotopes and 
isotopomers, e.g. of "N [326], 36Ar, 3RAr, CL Fig. 122, [328], or I8O [329]. In addition, the 
isotopically labeled compounds that became thus available were used in studies of 
reactions mechanisms, e.g. of "N-labeled molecules [330-3321. 

Clusius discussed also the isotope separation in technical processes, such as I*CH,/ 
"CH, [333], l4N/I5N in the HNO, synthesis [334], or of the isotopomers of NO [335]. 
Finally, one should mention his investigations, together with Ernst Schumacher, of the 
influence of the hydrogen/deuterium ratio on laminar flames in air [336]. 

In 1942, Werner Kuhn and K. Ryffel had worked out a theory of fractional distillation 
[337]. Based on these results, a large precision distillation column was built in the Institute 
of Physical Chemistry in Basle [338] for the distillation of water, to allow the separation of 

Fig. 122 
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Fig. 122 

the different isotopes of oxygen. In Fig. 123 is shown a scheme of this installation. It 
served as a prototype for commercial Kuhn columns built in Switzerland. 

For obvious reasons, Kuhn's group was much interested in the chemistry and physics 
of isotopically labeled compounds. Together with Peter Baertschi, W. Kuhn discussed the 
anomalous behavior of the vapor pressure of liquid isotopomers containing "C [339], and 
with Max Thiirkauf the isotope effects in phase transitions [340]. P. Baertschi studied the 
fractionation of "CO, and "CO, during the assimilation process in certain plants, and 

Fig. 123 
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Fig. 123 
(cont.) 
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found separation factors of the order of 1.026 [341]. The same author reported mechanis- 
tic studies of exchange reactions [342], of which we show an example in Fig. 124. 

Fig. 124 

An interesting application of isotopically labeled compounds for mechanistic studies 
is provided by Heinrich Zollinger 's investigation of the isotope effects in coupling reac- 
tions of diazonium compounds [343], from which Fig. 125 has been taken. An approxi- 
mate theory of such isotope effects has been presented by A .  V .  Willi [344]. 

Fig. 125 
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Fig. 125 
(cont.) 

A large number of mechanistic studies of isotope-exchange reactions have been 
published in HCA by the very active group of Tino Gaumann at the Ecole Polytechnique 
Fkderale in Lausanne. They concern applications to IR spectroscopy [345], problems in 
radiation chemistry, and mass spectrometry of isotopomeric hydrocarbons [346] (see 
Fig. 126), including the study of isotope effects in their physico-chemical properties [347], 
or gas-phase kinetic isotope effects [348]. 

Fig. 126 
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Fig. 126 
(cont.) 

4.3. Electrochemistry. In the following, we restrict our review to only a few examples 
of those papers published in HCA, which deal with the more physico-chemical aspects of 
electrochemistry. We shall not be concerned with applications. 

As already mentioned in Chupt.2, devoted to Photochemistry, Emil Baur and his 
student A .  Rebmann reported in 1921 on investigations of the sensitized photolysis of 
water [203] [207], and of the electrolysis of water at high temperatures, i.e. of water-con- 
taining molten NaOH [202]. The aim of this work was to provide a convenient energy 
storage in the form of hydrogen. At about the same time, E. Buur began a long series of 
attempts at sensitized and nonsensitized photolysis of CO,, which met with little success, 
for reasons which were unterstood only much later. The interesting part of these writings 
was - as already discussed in Chupt. 2, -that Buur assumed that photochemical processes 
involved an intramolecular charge separation, followed by something like an electro- 
chemical reaction [209] (see Fig. 71). 

Electrolysis, Faraduy ' s  law, and ion-discharge potentials in liquid ammonia have 
been investigated by M. G. del Boca in 1933 [349]. Later, J.  Kuspar published a generalized 
treatment of the electrolytic double layer, which includes ion adsorption (so-called Stern 
layer) [350]. This theory allowed to define the conditions for the occurence of logarithmic 
adsorption isotherms. In connection with his extensive work on ozone, Emile Briner 
described the construction of an ozone electrode, in collaboration with A. Valda [351]. In 
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1945, Fritz Almasy discussed the kinetics of the formation of stationary states in Donnan 
layers, and the implications of such states for biochemistry [352]. 

G .  Trumpler was the successor of Emil Baur as professor of Physical Chemistry at the 
ETH-Zurich. His main field of interest was polarography. In collaboration with R.  Bieber 
and P.  Ruetschi, he analyzed in detail the kinetics of the polarographic reduction of 
aldehydes, in particular the mechanism underlying multistep polarograms [353]. As an 
example, we show in Fig. 127 an excerpt from his paper on the polarographic behavior of 
formaldehyde. 

Fig. 127 
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Another series of investigations, which G. Triimpler carried out with Norbert Ibl, was 
devoted to the study of the diffusion processes which accompany electrolysis [354]. They 
worked out the theory, and they measured the convection and concentration fields near 
electrode surfaces using intereferometric techniques, as exemplified in Fig. 128. These 
results turned out to be important for electrolytic procedures used in powder metallurgy, 
which was Norbert Ibl’s field of research after he became a professor at ETH-Zurich. 

Fig. 128 

At the University of Zurich, Ernst Schumacher and his coworkers described in a series 
of papers the very sensitive and versatile method of focussing ion exchange in an electric 
field, which they had developed [355], and from which we reproduce the example shown 
in Fig. 129. 

Certainly, one of the most important contributions to analytical electrochemistry 
stems from the Laboratorium fur Organische Chemie of the ETH-Zurich, where Wilhelm 
Simon and coworkers studied ion-specific electrodes which found numerous analytical 
applications, especially in biology and medicine. It is not surprising that the know-how 
acquired in the course of this work, and the closeness to V.  Prelog’s research group in the 
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Fig. 12Y 
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same institute, induced W. Simon to start a detailed investigation of the mechanism and 
selectivity of alkali-ion transport in membranes doped with carrier antibiotics. In Fig. 130 
we show one of the earlier titles [356] from the vast number of publications of W. Simon, 
in which he proved, in collaboration with H.-K. Wipf and A .  Olivier that the ion transport 
is due to the carrier relay (‘Trager-Stafette’) mechanism. This work involved also numer- 
ous measurements of free enthalpies of formation of the alkali ion/antibiotic complexes, 
e.g. [357]. 
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Fig. 130 

A spectacular development of this work was the construction of liquid membranes, 
incorporating chiral ionophores, and the determination of the dependence of their mem- 
brane electrode potentials on the chirality of the ions, as shown in Fig. 131 [358]. 

Fig. 131 
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Fig. 131 
(cont.) 
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The revival by Michael Gratzel of Emil Baur’s ideas about energy storage, i.e. the 
photochemical generation of hydrogen, has already been mentioned in Chapt. 2 [223]. As 
a complement, we shown in Fig. 132 an excerpt from one of his publication [359] on the 
sensitized photo-electrolysis of water, using zinc-porphyrin derivatives as sensitizers. 

The same research group has also published on electrochemical reduction and oxida- 
tion in micro-heterogenous systems [360] and in systems containing colloidal dispersions 
of semicondacting TiO, and Fe,O, [361]. 

Fig. 132 
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4.4. Dielectric and Electric Dipole Studies. The first report in H C A  concerning 
measurements of dielectric properties stems from Emile Briner ’s and Bernhard Susz’s 
group at the University of Geneva. They determined in 1936 the dielectric constant 
(permittivity) of ozonides, and found that it was noticeably higher than that of the educts, 
e.g. maleic acid diesters [362]. As already mentioned in Sect. 1.1, H .  Mohler and C. T. 

Fig. 133 



HELVETICA CHIMICA ACTA ~ Vol. 76 (1993) 

Zahn published, in 1938, dipole moments of various compounds used in chemical warfare 

In connection with his work on macromolecules, discussed in Sect. 4.1 [307-3 151, 
Werner Kuhn also provided a theory of the dependence of the size of the dipole moment of 
such molecules on their degree of coiling. This resulted in explicit predictions of their 
relaxation time spectra, an example of which is shown in Fig. 133 [363]. 

The electric dipole moments of cyclanones were studied by Hs. H. Giinthard and T. 
Gaumann [364], who found a significant dependence on ring size. The bulk dielectric 
properties of cyclanones were investigated over a wide range of temperature and fre- 
quency ranges [365]. The results, a sample of which is presented in Fig. 134, yielded insight 
into the phase transitions and dielectric relaxation of these compounds. 

773 
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Fig. 134 
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The same group measured the dielectric increments of polar mixtures [366], e.g. 
waterldioxane, when highly polar molecules, such as amino acids, are dissolved in them, 
and it presented a model for the solvation of spherical ions, based on electrostatics and 
thermodynamics [367]. Systematic attempts to derive dipole moments and relaxation 
times from dielectric measurements involving polar solutions were published by A.  
Beguin and T. Gaumann [368]. Finally, T. Gaumann and his coworkers used electric dipole 
moment measurements to shed light on the structure of larger organic molecules [369]. 

Unusual temperature dependences of (apparent) dipole moments of polar molecules 
in apolar solvents were observed (see Fig. 135) and discussed by H.-F. Eicke and his group 
[370]. 

Fig. 135 

This behavior could be explained in terms of specific solute/solvent interactions. In 
addition, H.  F. Eicke and J .  C. W. Shepherd discussed the complex problem of the dielec- 
tric behavior of apolar micelles in solutions at frequencies below 10 MHz [371]. 

4.5. Electronic Instrumentation for Physico-Chemical Measurements. The first men- 
tion in HCA of the use of an electron tube, in this instance for potentiometric and 
conductometric measurements, can be found in 1925 in a publication by William D. 
Treadwell [372] shown in Fig. 136. It is worth mentioning that the first use, by K .  H .  Goode 
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Fig. 136 

[373], of an electron tube for measuring the potential of a hydrogen electrode dates from 
1922. 

Five years later, a considerable improvement in sensitivity was reported by Gerold 
Schwarzenbach [374], who used a differential amplifier - Wheatstone bridge combination. 
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After 1930, sensitive electron tube voltmeters for potentiometric measurements became 
commerically available, and were routinely used in subsequent electrochemical investiga- 
tions. 

The development of electronic instrumentation for dielectric measurements on highly 
polar liquid mixtures, incorporating a radiofrequency T-bridge, was described by Tino 
Gaumann, Jiirg Hoignk, and Hs. H .  Giinthard [375]. In addition, the same group built 
instruments for high-frequency (conductivity or dielectric) titrations [376], and an auto- 
matic spectropolarimeter with periodic half-shadow modulation [377]. Pulse electronic 
circuitry for the control of flash discharges and signal detection has been reported by Urs 
P. Wild and Hs. H. Giinthard [378], and by Rolf E. Biihler [379], which was later used in 
numerous applications, e.g. for the study of photochromy [380] or in pulse-radiolysis 
experiments [379]. 

Although many groups at Swiss Universities, and in particular at the ETH-Zurich, 
were actively engaged in developing modern electronic instrumentation in connection 
with their research projects (NMR, ESR, ENDOR, flash photolysis, microwave spec- 
troscopy, molecular beams, Fourier -transform methods), this considerable activity is - 
with rare exceptions -not reflected in HCA.  We quote only two such instances. 

In 1963, A .  Rauder, F. Tank, and Hs. H .  Giirzthard described the Stark-microwave 
spectrometer [381] shown in Fig. 137. 

Fig. 137 

Finally, P.  Gerber and H. Lahhart built a superregenerative oscillator for nuclear 
quadrupole resonance measurements, which they used, in collaboration with Else 
Kloster-Jensen, for an investigation of chloroacetylenes [382], shown in Fig. 138. 
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Fig. 138 

We conclude by reminding again our readers that we have tried to document only the 
variety of topics and the style of physico-chemical contributions in HCA.  Our choice of 
examples, which is - up to a point - subjective, does not necessarily reflect on the relative 
importance of the papers included, and certainly not on the importance of those not 
quoted. We, therefore, offer our apologies to readers who will not find references to 
publications they cherish ~ perhaps their own. 

As mentioned at the beginning of this review, the majority of physico-chemical 
investigations carried out in Switzerland - especially during the last two decades - have 
been submitted to foreign, specialized journals, through which the authors could reach a 
more receptive auditorium. Apart from this valid reason, the decision to shun H C A  was 
made easier by a change in the parochial attitude of our chemists, which had prompted 
their elders to propose in 1921 a ‘Table Suisse despoids atomiques’, ofwhich we reproduce 
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a small part in Fig. 139 [383]. This was coupled with the recommendation that, within 
Switzerland, it should be used exclusively instead of the International Table, or - God 
forbid! ~ the German one. 

Fig. 139 

The authors are greatly indebted to many calleagues for their kind and effective assistance, i.e. by providing 
background material or by helping to select typical examples from the considerable amount of relevant material. 
Our thanks go to (in alphabetical order): Prof. H.-F. Eicke (University of Basle), Prof. T. Guumunn (EPFL, 
Lausanne), Prof. F. Gerson (University of Basle), Prof. E. Haselbuch (University of Fribourg), Prof. L. Jenny 
(University of Basle), Prof. E. A .  C. Lucken (University of Geneva), Mrs. R. Rohner (University of Berne), Prof. P .  
Signer (ETH, Zurich), Prof. G. Wagnzere (University of Zurich), and Mrs. E. Wieland-Grisebach (Basle). 

Finally, we wish to thank Mr. J .  Meienberger, for having allowed us to use the library of the Department of 
Chemistry of the ETH-Zurich sometimes at odds with its strict regulations. 
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