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effects of the depression. If the younger herring 
have forsaken their spawning grounds and gone 
elsewhere, we may hope that they will at once 
return in force when conditions improve, and that 
the Plymouth fishery will rapidly be re-established. 
If, however, they have throughout held to their 

former migration routes, and the present dearth 
is due to lack of suitable conditions for the larvre, 
they are in the same position as the bottom fish, 
and a number of years must elapse before the 
fishery can be resumed. 

(To be continued.) 

Luminescence 

AN important series of discussions arranged by 
the Faraday Society took place in the 

Biochemical Theatre of the University of Oxford 
on September 15-17 on the subject of "Lumin
escence". A more appropriate time for the 
discussion of work in this field could scarcely have 
been chosen, and in spite of recent events, a 
surprisingly large number of visitors from overseas 
was present. The discussions were formally 
divided into three parts : luminescence of vapours, 
liquids, and solutions ; luminescence of solids ; 
chemiluminescence. The subject of luminescence 
is of particular interest at the present time for 
two reasons. First, it forms an excellent testing 
ground for some of the more recent theories, 
particularly with respect to the physical properties 
of solids, and the nature of chemical reactions. 
Secondly, a good deal of stimulation has been given 
by the technical interest in the subject. The use 
of fluorescent solids in discharge tubes as a means 
of modifying the colour of the light or increasing 
the efficiency of such devices is undoubtedly leading 
up to new work of interest, and contributions to 
the meeting were made by more than half a 
dozen industrial laboratories. 

The first two parts of the discussion dealt 
essentially with the absorption of radiation by 
matter and its emission in the form of light ; the 
final section was concerned, however, with the 
radiations emitted as a result of chemical re
actions. The now classical experiments of Polanyi 
and his collaborators on the characteristics of the 
reaction between streams of halogen and sodium 
vapour at low pressure are a specially interesting 
example of chemiluminescence, in that they are 
providing the basis for theoretical work in this 
field. 

A valuable feature of the earlier parts of the 
meeting was the way in which ideas concerning 
the precise meaning of the terms 'fluorescence' and 
'phosphorescence' were brought out. If a lumin
escent compound is first illuminated at 0 (see 
accompanying graph) with radiation of constant 
intensity, an appreciable time may elapse before 
the luminescence reaches a constant value, as along 

AB. If the exciting radiation (for example, ultra
violet) is removed at a time corresponding to B, 
a rapidly falling curve of intensity BO follows. 
Many, and in fact most, of those engaged in experi
mental work in this field have usually referred to 
the part AB as 'fluorescence' and the part BO 
as 'phosphorescence'. This usage is undoubtedly 
convenient from the experimenter's point of view, 
since the time constant of the luminescence has 
usually been measured during the period BO. It 
has of course been realized that the electrons 
returning to the ground-state during the equilibrium 
period AB do so only after a finite and possibly 
considerable time after the absorption proce..s. It 
was suggested in the course of the discussion that 
definitions based on the type of electron transition 
would be more fundamental than those already 
described. On this basis the term 'fluorescence' 

should be reserved for all processes in which 
electrons are returning from excited energy states 
of parent atoms, and the term 'phosphorescence' 
used only in those cases where the luminescence is 
dependent on temperature, and is a result of 
electrons being involved in metastable states or 
completely removed from the parent atoms. It is 
likely that the older definitions will continue to be 
used on account of their convenience, and because 
of insufficient data concerning processes. Further 
progress along these lines can only be made by a 
study of the time-dependent effects of lumin
escence, and the corresponding photo-conductivity 
properties. 

Very many substances, both liquid and solid, 
are capable of absorbing some part of the ultra
violet spectrum, but comparatively few are 
luminescent. It is to be assumed that the 



© 1938 Nature Publishing Group

780 NATURE Ocr. 22, 1938, voL. 142 

non-luminescent substances convert this absorbed 
energy into heat in the form of elastic vibrations of 
much smaller quanta than visible light, and the 
important theory of Peierls developed some years 
ago on the problem of radiationless transitions in 
solids is now receiving much attention. This problem 
ofradiationless transitions is of obvious importance 
to all branches of the subject. In liquids and solu
tions, forexample, thefluorescencemay be' quenched' 
by increasing concentration of the luminescent 
centres, or by the addition of oxygen. The problems 
associated with the quenching of luminescence by 
a close coupling between the excited molecules and 
the surrounding solvent on one hand, and the 
question of internal quenching on the other, were 
made clearer by pictorial representation in inter
secting curves of potential energy as a function of 
atomic or molecular separation. The work on 
liquids is concerned chiefly with organic solutions, 
and the complexity of the problem involved 
is shown by the fact that some organic solids 
show a large drop in the quantum efficiency of 
fluorescence when put into solution, while others 
show an equally sharp rise. 

Almost a whole day was given up to the dis
cussion of luminescence in solids, and on the 
whole this was the most successful feature of the 
meeting. It is now clearly recognized that there 
are two chief classes of luminescent solids. The 
more restricted class contains pure solids, and it is 
sometimes possible to recognize these by the 
fluorescence of their solutions ; notable examples 
of this kind are the uranyl salts, the platino
cyanides, and certain rare earth compounds. The 
fluorescence in the first two examples appears to 
be associated with co-ordination groups ; in the 
rare earths the sharp line spectra are connected 
with transitions within the 4f shell, but it has not 
been explained why only certain of the rare earths 
are fluorescent. 

Most luminescent solids, however, owe their 
properties to the deliberate addition of some 
impurity. But between the two well-defined groups 
of pure and deliberately impure solids are a number 
of others, the cause of luminescence in which is 
still in some doubt. Zinc oxide, for example, 
fluoresces in the near ultra-violet with an easily 
recognizable spectrum, and while it is assumed 
that the luminescence is linked up with the 'self' 
impurity of excess zinc, no direct proof of this 
has yet been obtained. The presence of foreign 
metal atoms in a solid may be made a matter of 
direct spectroscopic or chemical test, but other 
means will have to be adopted in cases such as 
that of zinc oxide. Calcium tungstate is also 
fluorescent when free from other metallic impurities, 
and it has been suggested that the WO, co-ordina· 
tion group is of fundamental importance to the 

luminescence; it may well be, however, that the 
excess or defect of one of the lattice constituents has 
a bearing on this problem also. 'Pure' zinc sulphide 
presents a problem of even greater difficulty. Zinc 
sulphide has been prepared by several workers during 
the last few years in a state apparently free from 
foreign metallic impurity, and the fluorescence is a 
bright blue. The precipitation of zinc sulphide 
free from oxide is, however, a matter of great 
difficulty, if not impossible, and experiments have 
yet to be carried out to prove whether the 
luminescence is a property of the pure ZnS lattice 
or of a lattice containing (a) excess zinc or (b) some 
oxygen replacing sulphur atoms. These points 
have been mentioned merely to indicate that the 
problems of interpreting the luminescence of solids 
are by no means confined to the theoretical side. 

The discussions at Oxford showed also the 
importance of low temperatures in the investiga
tion of luminescence in solids. The spectra are, 
apart from a few exceptions, generally of a con
tinuous nature at room temperature. The use of 
temperatures in the neighbourhood of 90°-20° K. 
has shown that many new features may be brought 
out, either in resolution, or in the comparison of 
various substances with a common activator. In 
quite a number of solids, luminescence is apparent 
only at these low temperatures. The difficulties 
of measuring the absorption spectra of solids in 
powder form are well known, but the discussion 
brought to light a new technique that will doubt
less be of value in this field . Single crystals will, 
when obtainable, be of value, but the distinction 
between surface and volume luminescence was 
emphasized as a point of importance. 

The theoretical aspects of this part of the dis
cussion were of value in making clear the advance 
in ideas from the rather restricted zone theory as 
applied to semi-conductors a few years ago. On 
this theory the sharp energy levels of an isolated 
atom were converted in the solid to a series of 
possible energy bands, separated by 'forbidden' 
regions. In a pure insulating solid, it might be 
possible to raise an electron from the highest full 
band to the next possible empty band. When 
this happened, the electron would be free to move 
through the crystal under an applied field ; such 
a case would correspond to the ionization of the 
parent atom, and the recombination of the electron 
with its positive 'hole' would give rise to the 
emission of radiation. The advance in theory is 
concerned with a possible series of excitation levels 
lying between the highest full band and the lowest 
conduction band. The 'forbidden' zone on these 
ideas no longer exists in simple form, and it is 
possible, as might be expected, to excite electrons 
in solids without making them free for photo
conduction. An important feature of the newer 
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theoretical ideas is that it should be possible to 
distinguish between excited and ionized atoms in 
the solid by tests on photo-conduction and on 
phosphorescence. In the simplest cases the phos
phors with a hyperbolic decay law should be 
photo-conducting, while those with exponential 
decay laws should not. The well-known high 
efficiency of alpha-particle excitation of lumin
escence in zinc sulphide phosphors, it was pointed 
out, is not due to the absorption of energy by the 
whole lattice and its subsequent transfer to the 
activating impurity atoms, but to the production 
of numbers offairly high-energy electrons (S-rays) 
colliding directly with the impurities. 

The last part of the meeting was occupied with 
chemiluminescence, which is usually concerned with 
the production of light during chemical reactions ; 
more recently, it has been shown that some re
actions produce feeble radiations in the far 
ultra-violet. Bioluminescence is now generally 
regarded as a chemiluminescence in which the 
luciferin is oxidized in the presence of molecular 
oxygen and the enzyme luciferase. The work 
of Polanyi and Evans on sodium and chlorine 
vapour reactions is typical of one type of chemi
luminescence and indicates that the production of 
light is a consequence of the following steps : 

Na + X 2 = NaX +X, 
X + Na2 = NaX* + Na, 
NaX* + Na = NaX + Na + hv, 

where X is Cl, Br or I, rather than one involving 
a neutral halide molecule and an excited sodium 
atom. Bawn has recently extended this type of 
work to reactions involving organic halides such 
as CH 2Cl 21 CH3.CCl 2.CH3, etc. 

The other type of chemiluminescence to be dis
cussed was the oxidation process appearing in the 
luciferin reaction already mentioned, the oxidation 
of the Grignard reagents, the dimethyldiacridylium 
salts, and many others. Two methods of approach 
were apparent at the discussions. Weiss adopted 
the more physical method, and discussed the cases 
where the chemiluminescence can be regarded 
as the reverse of photochemical dissociation 
(A + B +1: AB + hv) and the quantum conditions 
associated with this type of reaction. Drew, on 
the other hand, has attacked the problem of chemi
luminescence in the phthalic hydrazides from the 
purely chemical point of view of investigating the 
reactions that lead to their formation, the effects 
of the nature and position of substituents, and the 
interaction of the hydrazides with hydrogen 
peroxide. 

The discussions as a whole were of value in 
making clear the precise nature of some of the 
important problems to be solved, and both the 
official meetings, and the more informal exchanges 
of views that inevitably take place on occasions 
of this kind, played their part. 

.J. T. RANDALL. 

The State and Medical Research in Great Britain* 

THE annual Harveian Oration was delivered 
by Sir Edward Mellanby, secretary of 

the Medical Research Council, on October 18 at 
the Royal College of Physicians, London, the 
subject of his discourse being "The State and 
Medical Research". 

Sir Edward first paid a tribute to Harvey, who 
"stands out as one of the greatest investigators, 
and his work- a wonderful combination of obser
vation and experiment-is an example of the 
finest achievement of the human mind". Harvey's 
election in 1630 as physician-in-ordinary to 
Charles I brought him into close a.;sociation with 
the head of the State, and one result of this asso
ciation was permission to make use of deer and 
other animals in the royal demesnes for study
probably the first instance, with certain legendary 
exceptions, of State support for medical research. 
Harvey's example has induced more and more 
individuals to take up research, and the revolu-

• Substance of the Ha.rveian Oration before the Royal College 
delivered by Sir Edward Mellanby, K .C.B., F.R.S. , 

tionary changes in medicine during the past sixty 
years only increase the appreciation of his fore
sight and skill. These revolutionary changes 
include the introduction of new methods for the 
diagnosis, treatment and prevention of disease ; 
the enormous increase in hospital accommodation ; 
the formation and development of the clinical 
laboratory and radiological department ; and the 
expansion and multiplication of the public health 
services. 

Increase of knowledge has been mainly respon
sible for these developments, and it has come to 
be realized that health and disease are not condi
tions conferred upon man for his humble accept
ance, but that by a certain method (Harvey's 
method) disease may be controlled and death 
itself warded off, and more and more men and 
women proceed to investigate and to accumulate 
knowledge. 

The acceptance in Great Britain of the new urge 
for research has been comparatively recent. The 
late Earl Balfour said in 1896, "I have all my life 
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