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It is not surprising if the classical photochemist is inclined to view 
photobiology with a mixture of awe and scepticism. After all, the 
hydrogen-chlorine reaction occupied photochemists for several 
decades and the hundreds of papers published on the photochemistry 
of acetone and a few other ketones in the vapour phase have not yet 
settled even some of the most fundamental questions about this 
reaction. Yet the photobiologist has the temerity to talk about the 
photolysis of proteins and of D N A and is beginning to do so with 
success. The truth is, of course, that the complexities and subtleties of 
photochemistry are not very closely associated with the size of the 
molecule, and furthermore most of the hard won information about 
small molecules is directly applicable to polymeric molecules contain-
ing the same groups. In some respects the photochemistry of large 
molecules in solution is simpler than that of small molecules in the gas 
phase. In the latter case, at fairly low gas pressures, one has to be 
concerned with wavelength effects, the reactivity of the different 
excited states and the reactions of * hot' molecules and radicals. In the 
case of large molecules in condensed systems an important simpli-
fication is possible since radiationless conversion to a Boltzmann 
equilibrium in the lowest excited singlet or triplet state usually occurs 
before any other process, so that one is concerned always with the same 
excited molecules whatever the wavelength of excitation. 

On reading the papers in this first session on basic photochemistry 
in relation to photobiology one is struck by how little we know of the 
basic photochemistry of some of the principal groups and molecules of 
biochemical importance. In some respects we have a more complete 
story of the photochemistry of D N A than of benzene ! Because the 
quantum yields of decomposition of benzene and other aromatic 
compounds are low, usually ι per cent or less, they have not been 
considered very interesting, especially since the processes are complex 
and at least four different reactions are known already in benzene. 
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But these low quantum yields are typical of those which occur in 
proteins and other biological materials and are, therefore, quite 
significant in photobiology. At the spectroscopic level things are better 
and the absorption and luminescence spectra of most of the model 
compounds of photobiology have been studied a great deal in recent 
years. Nevertheless, the subtleties of solvent effects, the detailed 
nature of the environment and energy transfer in condensed systems 
still call for much more work of this kind on simpler molecules. 

The logical order of study of a photochemical or photobiological 
system is roughly the chronological one : 

(a) absorption spectra; 
(b) radiationless conversion processes ; 
(c) emission spectra and luminescence yields ; 
(d) energy transfer ; 
(e) chemical change ; 
(/) biological change. 

I will use this as a means of classifying the papers in this section. 
The simplest polymeric system of biochemical importance is 

perhaps the polyamide and absorption spectra of the amide chromo-
phore form, the subject of the paper by ROSENHECK. The absorption is 
in the region of 200 nm and is therefore not, in itself, of photobiological 
interest. It can, however, be used to study conformations and inter-
actions in the polymer. Protonation of the amide group is shown to 
occur less readily in the polymer than in the monomeric amide, i.e. 
the^>K is more negative. Protonation occurs on the oxygen and would 
be expected to have the effect of increasing the rotational barrier about 
the Ν — C bond, and hence of increasing overall planarity. 

Polymers contain a large number of chromophoric groups in close 
proximity and if there is interaction between these the spectra will be 
modified and different from the sum of the spectra of the constituent 
parts. The spectrum of poly iV-butyl isocyanate, where the amide 
groups are adjacent to each other, might be expected to show this 
effect most strongly, and does indeed show a double peak absorption 
in this region. This indicates rather strong exciton effects, but calcula-
tions based on reasonable regular structures are not yet in very good 
accord with the observed spectrum. 

The fluorescence, or singlet-singlet emission, of proteins is the 
subject of the paper by L U M R Y , YANARI and BOVEY. More particularly 
they have studied the part of protein fluorescence which arises from 
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tryptophane (the other principal source of protein fluorescence being 
tyrosine). The fluorescence is very sensitive to the state of the protein, 
more so than the absorption spectrum, to temperature and to solvent 
and it is the thesis of these authors that detailed study of fluorescence 
provides a powerful means of study of conformation and environment. 
The method of attack is to study the effects of these various parameters 
on the fluorescence of the model compounds indole and its derivatives. 

Sensitized indole fluorescence of proteins due to energy transfer 
from phenolic groups is small but, as an additional precaution, 
chymotrypsin, which has a large (7:4) indole to phenol ratio, was used. 
The yield of indole fluorescence of proteins is approximately what 
would be expected on the basis of indole content. The fluorescence of 
indole itself is very sensitive to solvent. The uncomplexed species, in 
dry hydrocarbons, fluoresces at 300 nm, in dioxane this shifts to 310 
nm, in ethanol to 330 nm and in water to 350 nm. Hydrogen bonding 
to the nitrogen of indoles is relatively weak but it is nevertheless 
usually hydrogen bonded in proteins and certainly in water. Studies of 
fluorescence in mixed solvents suggests the presence of complexed 
and uncomplexed states rather than a single type of averaged solvation. 

In proteins the emission is at 330 to 340 nm and no emission from 
uncomplexed molecules at 300 nm is ever observed. This is interpreted 
in terms of efficient energy transfer from the uncomplexed excited 
species to the lower energy complexed indoles. There is, however, less 
emission at 350 nm than might be expected on the basis of water 
content. Quenching by such species as trichloroacetone is explained 
in terms of two types of indole groups, internal and external, which 
are respectively inaccessible and accessible to the quenching molecules. 
In this very extensive and detailed paper the authors also discuss 
fluorescence changes on denaturation and other conformational 
changes. The underlying complexity of many of these processes 
probably depends on energy transfer processes about which very little 
is known. There are other examples of the extreme sensitivity of 
energy levels and hence of photochemistry to relatively small changes 
in the solvent, amongst which can be mentioned the photochemistry 
of aromatic ketones and the fluorescence of chlorophyll in wet and 
dry solvents. This paper by L U M R Y et al shows that it is both possible 
and necessary to extract very detailed information about these levels 
and the structures from which they arise by comparative luminescence 
studies of biological polymers and their individual chromophoric 
groups. 
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Two types of electronic energy transfer are probably important in 
biological systems. The first occurs from the lowest excited singlet 
state and produces an acceptor molecule also in an excited singlet level. 
The second occurs from the lowest triplet and produces a triplet 
acceptor molecule. The former process has been known for a number 
of years and was studied in particular by BOWEN, LIVINGSTON and 
BROCKLEHURST. One of the classic examples of singlet-singlet transfer 
is the fluorescence of naphthacene in anthracene host crystals which is 
observable when the naphthacene concentration is as low as i o - 6 

mole/mole. This type of transfer can occur over distances of 5 nm or 
more and is well understood in terms of the dipole-dipole or inductive 
resonance theory of FÖRSTER. For efficient transfer the principal 
requirement is good overlap between the emission spectrum (fluores-
cence) of the donor and the absorption spectrum of the acceptor. 
When the molecules are closely packed this simple theory is no longer 
applicable for several reasons. First, at short distances quadruple and 
higher order interactions, as well as exchange interaction, become 
important. In the limit we can no longer regard the excitation as being 
localized at all and the exciton model is more appropriate. Finally, at 
high concentrations of donor and low concentrations of acceptor, 
transfer to acceptor will occur, even on the localized excitation model, 
after a number of donor-donor transfers proceeding in a random walk 
fashion. 

Of all biological systems which may involve electronic energy 
transfer, the chloroplast is the most important. Much is known of the 
optical and energy transfer properties of chlorophyll in dilute solutions 
but these differ considerably from the chloroplast. The interesting and 
elegant work described by TWEET, BELLAMY and GAINES is an attempt 
to reproduce a little more closely the conditions of the chloroplast by 
the study of monomolecular films of chlorophyll in a Langmuir 
trough type of apparatus. Films of chlorophyll-ß are spread on the 
water surface in a two-dimensional array, their absorption spectra are 
recorded by a monolayer spectrometer having twenty-six passes and 
the fluorescence by reflecting light from the film under water and 
comparing the reflected intensity with that emitted upwards normal 
to the surface. The chlorophyll concentration in the monolayer can be 
varied by diluting with the surface-active oleyl alcohol. In this way 
one may proceed continuously from the two-dimensional analogue of 
the strongly fluorescent dilute solution to the weakly fluorescent 
crystal or chloroplast. Quenching of the chlorophyll singlet state by 
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the non-fluorescent copper pheophytin was studied in both diluted 
and indiluted monolayers. 

In dilute monolayers, the transfer distance between chlorophyll-α 
and copper pheophytin was found to be 4-1 nm compared with 
calculations based on the Förster theory modified for the two-
dimensional case of 4 nm. Chlorophyll-chlorophyll transfer under 
these conditions had a transfer distance of 5-2 nm. In undiluted 
monolayers the measured transfer distances were ι·8 nm and 1-2 nm 
respectively and these compared quite well with calculations using a 
localized excitation model with random walk transfer between 
chlorophyll molecules. This good agreement is surprising, since even 
if the localized excitation model is valid the Förster theory, based only 
on dipole-dipole interactions, should be very inaccurate at these close 
distances. 

Triplet-triplet energy transfer was first observed in rigid glassy 
solutions by TERENIN and ERMOLAEV. It appears that transfer occurs 
over small distances only, corresponding to molecular contact, and is 
therefore normally diffusion controlled except at very high concentra-
tions. In the solid state, however, contact is always present and this 
process can be very important and, in view of the very long lifetime of 
the triplet state compared with that of the singlet, it will not be sur-
prising if, in many cases, this type of transfer is predominant. 

HOCHSTRASSER and HUNTER describe studies of energy transfer from 
a host crystal to a guest impurity using mainly the naphthalene-
phenanthrene system. The energy of the first excited singlet and triplet 
levels of phenanthrene lie between those of naphthalene, so that 
energy transfer may only occur from naphthalene singlet to phenan-
threne singlet and from phenanthrene triplet to produce a naphthalene 
triplet. In organic solids the molecular interactions are normally weak 
and we may regard the excitations as essentially localized. 

When the concentration of phenanthrene in a naphthalene crystal is 
i o ~ 4 mole/mole the fluorescence intensities of the two substances are 
approximately equal but no phosphorescence of either component is 
observed under these conditions or at any other relative concentrations, 
including the pure cyrstals. The reason for the absence of phenan-
threne phosphorescence is readily understood since transfer from 
phenanthrene triplet to neighbouring naphthalene molecules must 
occur. The reason for the absence of naphthalene phosphorescence is 
less obvious. One possible explanation is decay by the mechanism of 
triplet-triplet annihilation. This process was first discovered by 
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PORTER and W R I G H T who showed that two triplet molecules of 
anthracene or naphthalene annihilate with approximately unit 
encounter efficiency in solutions or in the gas phase. PARKER later 
showed that at least part of the annihilation results in formation of an 
excited singlet by the process 

ΑΎ + ΑΎ = A + A% 

and this provided both an explanation of one type of delayed fluores-
cence and a very simple method of detecting the process. H O C H -
STRASSER irradiated the mixed crystal with light only absorbed by the 
guest phenanthrene. Direct excitation of naphthalene singlets is 
therefore energetically impossible but, since naphthalene triplets will 
be formed by energy transfer from phenanthrene triplets, naphthalene 
triplet-triplet annihilation, and consequent excited singlet formation, 
becomes possible. In fact, no fluorescence of naphthalene was observed 
in this experiment and it is concluded that the triplet-triplet annihila-
tion efficiency is less than ο·ι per cent and cannot account for the 
absence of naphthalene phosphorescence. 

Other workers, such a WILSE-ROBINSON, have taken the view that 
triplet-triplet annihilation is a process of major importance and the 
paper by M C G L Y N N , AZARRAGA, A Z U M I , W A T S O N and ARMSTRONG 

reviews some of the evidence for this. One of the important points 
made in this paper is that the order of dependence of an effect on light 
intensity is not immediate proof of whether the process is biphotonic. 
Thus, delayed fluorescence resulting from triplet-triplet annihilation 
will depend on the first power of the light intensity if the triplet decay 
is annihilation limited, and on the square of the intensity if the decay 
is unimolecular quenching or radiation limited. Usually a second order 
dependence is found which immediately points to the fact that triplet-
triplet annihilation is not the principal mode of triplet decay. 

M C G L Y N N and co-workers review the possible occurrence of 
triplet-triplet annihilation processes in delayed fluorescence, double 
photon excitation, photoconductivity and photosynthesis. There is no 
doubt of its occurrence and also of its prédominent importance in 
effects such as delayed fluorescence, but it seems unlikely that it will 
contribute significantly to triplet decay in most photochemical and 
photobiological systems at low light intensities. In photosynthesis, for 
example, the yield varies linearly with light intensity which wTould 
mean that, for triplet-triplet annihilation to be operative, this process 
would have to be the only significant decay mechanism of triplets in the 
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chloroplast even at lowest intensity. In photoconductivity M C G L Y N N 
eliminates triplet-triplet annihilation as a mode of carrier production 
on energetic grounds but suggests that exciton-exciton annihilation 
(singlet-singlet type) may be important. 

The explanation given by HOCHSTRASSER for the absence of phos-
phorescence in crystals of naphthalene is that radiationless conversion 
to the ground state is very rapid in crystals owing to rapid transition 
from a localized (slow moving) exciton state into phonon states of the 
lattice. Molecules with shorter radiative triplet lifetimes such as 
benzophenone and halogenated naphthalenes do, in fact, phosphoresce 
in crystals and HOCHSTRASSER concludes that the actual life is usually 
about i o - 3 sec. Exchange integrals between 7r-orbitals on adjacent 
molecules are of the order 1 - 1 0 c m - 1 which means that excitation is 
localized on one molecule for about i o - 1 1 to i o ~ 1 2 sec and excitation 
passes over about i o 8 molecules before being degraded radiationlessly. 

These observations and conclusions are very reminiscent of the 
rapporteur's earlier struggles to understand the absence of phos-
phorescence in fluid solvents. Here, again, the obvious explanation 
seemed to be in terms of rapid radiationless conversion, but it is now 
known that, owing to the long life of the triplet, the impurity level 
necessary for observation of phosphorescence is often lower than can 
be achieved by any known techniques. Since the triplet excitation in a 
naphthalene crystal must pass over i o 1 2 to i o 1 3 molecules before 
phosphorescing, the impurity requirements here are even more 
stringent and this appears to be an alternative explanation of the 
absence of phosphorescence in crystals. 

We now pass to the next degree of complexity, photochemical and 
photobiological systems which actually show some chemical change. 
PITTS, HESS, BAUM, SCHUCK, W A N , LEERMAKERS and VESLEY give a 

summary of their published and unpublished work on the photo-
chemistry of aliphatic ketones. As already mentioned these are one of 
the most intensively studied of all photochemical systems. The 
reasons for this are not difficult to find, absorption by the carbonyl 
chromophore occurs in a convenient region, quantum yields are often 
near unity and these compounds exhibit a wide range of photochemical 
reactions which include dissociation into radicals, dissociation into 
molecules, intramolecular hydrogen abstractions followed by isomer-
ization, cis-trans isomerization, hydrogen abstraction from the solvent 
and a variety of luminescence and energy transfer phenomena. One 
of the striking facts which is now well established from studies of a 
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variety of ketones is the very specific requirement for six-membered 
ring intermediates in intramolecular hydrogen abstraction (tauto-
merization) by the carbonyl group. A more subtle and even more 
interesting point is the different reactivity of states of different 
electronic type even though they may be of the same energy. Here is 
a very clear illustration that a light source is not to be regarded as a 
kind of Bunsen burner ; it is the changed electronic distribution rather 
than the total energy in the molecule which principally determines the 
course of reaction. 

The explanations of the striking effect of various substituents on the 
photochemistry of carbonyl compounds in terms of η-π* and π - π * 
states given by PITTS and co-workers, ourselves and others have always 
left many facts unexplained. For example, since the spectra are nearly 
identical and the electron donating power is known to be likewise, why 
is OH substitution effective whereas OMe usually has little or no 
effect? How can the remarkable spectra of these compounds be 
accounted for ? A detailed investigation of benzophenone derivatives 
by SUPPAN has recently provided a consistent account of the photo-
chemical and spectroscopic behaviour of these compounds in terms of 
charge transfer states and the data of PITTS on butyrophenone fission 
into acetophenone and ethylene are in good accord with these ideas. 

PITTS and co-workers also describe some interesting work which 
they have begun on the photolysis of organic compounds in alkali 
halide matrices. Unimolecular isomerization, such as that of o-
nitrobenzaldehyde, is perhaps not unexpected, but more surprising is 
the dimerization of anthracene and the bimolecular benzophenone 
benzhydrol reaction. An understanding of these processes depends 
critically on the nature of dispersion. In their experiments on photo-
chemical reactions in alkali halide matrices, CHILTON and PORTER 
showed by electron-microscope studies that they were actually dealing 
with a suspension of microcrystals of organic material in the salt. 
PITTS and co-workers believe, however, that they have a uniformally 
dispersed system, and if this is the case the method will have interesting 
applications. 

The other papers presented form a group and are all concerned with 
photochemical and photobiological effects in proteins and the sen-
sitization of these and other processes by flavins. M C L A R E N asks the 
simple question : How is the quantum yield of enzyme inactivation in 
the u.v. region related to the sum of the yields of the principal known 
photochemical degradations of the side chain residues and disulphide 
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linkages ? Depolymerization of proteins by splitting peptide linkages 
or of nucleic acids by splitting the phosphorus sugar chain have very 
low efficiencies at 254 nm. He finds quite good general agreement as 
to order of magnitude. In some cases agreement is better if cystine 
fission only is considered and in one case (insulin) agreement is poor. 
This is an interesting exercise and suggests that, unless the agreement 
is entirely a coincidence, co-operative effects between the component 
parts of the protein are not of predominant importance in the photo-
inactivation. 

VLADIMIROV reviews the evidence for energy transfer in proteins and 
concludes that, although transfer in the sequence phenylalanines 
tyros ines tryptophane appears likely by inductive resonance since 
the energy levels are favourable, the experimental evidence on the 
whole indicates that transfer is not important (unlike nucleic acids 
where transfer seems to occur over three or four nucleotides). Studies 
of the luminescence and photochemistry of aromatic amino acids and 
proteins are reported, the method used being to observe the' bleaching ' 
of luminescence by u.v. irradiation. 

At room temperature two types of reaction occur, one in the presence 
of oxygen and another which is anaerobic, and appears to be a reaction 
of the aromatic rings with neighbouring groups in the peptide chain. 
This latter appears to be the more important in proteins. Irradiation of 
proteins and amino acids in rigid glasses at 77°K exhibits many 
interesting effects such as reversible bleaching of fluorescence and 
phosphorescence, the formation of at least two transient products, 
thermoluminescence on warming the irradiated solutions and also an 
antistokes photoluminescence. Both the blue phosphorescence and 
the u.v. fluorescence are observed on exposure of the u.v. irradiated 
rigid solution to red or yellow light. VLADIMIROV considers the part 
played by singlet and triplet states in these reactions. He considers 
that both are involved but is unable, at present, to explain the relation 
between all these complex phenomena. 

Inactivation of enzymes may also be effected by visible light by the 
use of certain dyes. This is photosensitization and is known biologically 
as photodynamic action. Usually oxygen is consumed in the process 
and the whole reaction is very reminiscent of the well known photo-
sensitized oxidation reactions which this type of molecule produces in 
solvents such as alcohols. Quantum yield measurements of the photo-
dynamic inactivation of trypsin are presented by SPIKES and G L A D for 
a number of dyes. They show that the quantum yield is independent of 
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intensity and decreases linearly with trypsin concentration and 
generally the yield is zero below pH 7 and then increases rapidly. 
Quantum yields are of the order of ο·ι per cent or less and flavins seem 
to behave differently from other dyes. 

There is no obvious correlation between activity of a dye and other 
properties except that, as already mentioned, the active dyes are, in 
general, those which undergo reactions of the semiquinone type, that 
is, hydrogen abstraction followed either by disproportionation to 
quinone and original dye or reaction with oxygen to give hydrogen 
peroxide and the original dye. The effect of substituents on anthra-
quinones is exactly what is found in the simpler photosensitized 
oxidation of alcohols. 

SPIKES and G L A D conclude that these reactions could be usefully 
studied by flash photolysis and two of the last three papers take up this 
challenge. These papers are all concerned with the photochemistry of 
flavins. Riboflavin and flavin nucleotides are implicated in many 
biological processes. Flavin mononucleotide (FMN) participates in 
photosynthetic phosphorylation, enhances bioluminescence and is 
present in the retina. RADDA'S paper deals with the photochemistry of 
flavin nucleotides and analogues. Riboflavin is photolysed to lumiflavin 
and lumichrome but lumiflavin, which has only a methyl side chain, 
is unchanged on photolysis in water. Thus a side chain or an external 
donor is necessary as is found in general for photochemical semi-
quinone formation. Water is one of the few really inert solvents for 
this type of reaction. The effect of metal ions is partly correlated with 
their paramagnetism which is some evidence for participation of a 
triplet state. The rather strange statement is made that if the excited 
state is a triplet it seems plausible that it will abstract a hydrogen rather 
than a hydride ion due to rules of spin conservation. The effect of 
external hydrogen donors such as ethylene diamine tetracetate (EDTA) 
and reduced diphosphopyridine nucleotide (DPNH) is studied. Using 
'collision' theory the lifetime of the excited intermediate is calculated 
as I O - 4 to i o - 5 sec and it is concluded, very reasonably, that this is the 
triplet state. This lifetime is in good accord with the flash photolysis 
measurements to be described. The participation of the triplet rather 
than the singlet state is supported by the absence of any effect of 
D P N H on the fluorescence yield. Inhibitors of the reaction are mainly 
substances which are good electron donors to F M N and RADDA argues 
that this is due to formation of a charge transfer complex between the 
F M N triplet and the inhibitor. 
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HOLMSTROM gives a brief summary of some of his recent work on 
the flash photolysis of riboflavin phosphate. In previous work this 
author has identified the semi-quinone intermediate (DH) as a 
transient following flash photolysis of riboflavin phosphate in the 
presence of various reducing substances. In the absence of oxygen the 
fully reduced form (DH 2) is obtained as a stationary product but in 
the presence of oxygen it also only appears as a transient. In aqueous 
solutions with no reducing agents some D H is observed and there is 
considerable permanent decomposition. Tryptophane acts as an 
inhibitor of the photoreduction rather than an activator and other 
unidentified transients are observed. The flash photolysis of trypto-
phane alone results in transients and it is not clear whether these are 
the same as those found in the presence of riboflavin phosphate. 

KNOWLES and ROE describe some new work on the same lines which 
gives a very clear and complete picture of at least the preliminary stages 
of photosensitization by flavins. They observe directly after flash 
photolysis of lumiflavin, not only the transient semiquinone but also 
the triplet state. Unfortunately, the two absorptions occur in the same 
region and have similar lifetimes but careful densitometry, and use of a 
beam-splitting method has enabled them to separate the two transients 
and to derive their spectra. 

Lumiflavin is used because it is as effective a sensitizer as riboflavin 
and is less readily photoreduced. It absorbs at 440 nm and a filter is 
used to isolate this region. In water solution 50 per cent conversion of 
lumiflavin occurs after the flash and this is nearly completely reversible. 
The two transients observed are : 

(1) flavin semiquinone, similar to Holmstrom's riboflavin semi-
quinone and having a bimolecular decay constant of i o 9 litre m o l e - 1 

s e c - 1 which is near to the diffusion controlled rate; 
(2) the triplet with a first order decay constant of 60 s e c - 1. 

In chloroform only the triplet is observed (substances such as anthra-
quinones in their triplet states readily abstract from chloroform, so 
clearly the reduction of lumiflavin triplet is relatively difficult). 

The identification of the second transient as the triplet-triplet 
absorption of lumiflavin is made by an elegant method which is 
becoming increasingly useful for this purpose. Acridine has a low-
lying triplet state, but its first singlet absorption is at higher energies 
than that of lumiflavin. By the use of filters it is therefore possible to 



28 B A S I C P H O T O C H E M I S T R Y 

flash a mixture of lumiflavin and acridine but to excite only the lumi-
flavin. When this is done it is found that 

(a) the lifetime of the lumiflavin triplet is drastically reduced; 
(b) the lifetime of the semiquinone is unaffected but the amount 

formed is greatly reduced ; 
(c) the triplet of acridine, which is absent in the absence of 

lumiflavin, appears strongly. 

These experiments leave little doubt as to the correctness of the 
identification of both triplet and semiquinone transients. 

Preliminary work has been carried out on the reaction of lumiflavin 
triplet with the nucleotides guanylic and adenylic acid. It appears that 
the triplet reacts rapidly forming a semiquinone which complexes with 
the nucleotide and, therefore, has a rather different spectrum. This is 
a good illustration of one of the fundamental differences between 
photochemistry and photobiology. Up to this point in the flavin 
reactions we might as well have been studying a quinone or ketone in 
solution, the reactions, lifetimes and transient spectra are almost 
identical. Then, suddenly, nucleotides are added and the spectra 
change even though the reactions are nearly the same and complexes 
are being formed which immediately add a whole new parameter and 
a whole new order of difficulty. We can no longer identify spectra as 
readily from one system to another. On the other hand, complexing 
between molecules is one of the principal characteristics of biological 
systems ; it is their modus operandi. If our spectral measurements had 
not been able to reveal this occurrence it would have concealed one of 
the most important observations which have to be made. It seems 
likely that in these transient experiments, just as in the static ones 
described by LUMRY and co-workers, increasing attention will be paid 
to the small differences in spectra which provide clues to the detailed 
environment and change of environment of the intermediates as well 
as of the reactants and products. 


