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A phospholipid, 1,2-bis(4-(n-butyl)phenylazo-4'-phenylbutyroyl)phosphatidylcholine (Bis-Azo PC), has been 
synthesised and shown to form stable bilayer vesicles. Light-scattering measurements and differential 
scanning calorimetry show that a dispersion of the lipid has a cooperative phase transition at a similar 
temperature to that of dipalmitoylphosphatidylcholine, which Bis-Azo PC resembles in overall size. The 
phase behaviour of Bis-Azo PC has been investigated by fluorescence spectroscopy and using a series of 
spin-labelled fatty acid probes. Fluorescence measurements using chlorophyll a as probe sense the onset of 
the cooperative phase transition, but this is not clearly revealed by any of the spin probes tested. Hysteresis 
in the phase transition is detected both by light scattering measurements and by fluorescence spectroscopy. 
No transition is observed for a lipid analogue having a palmitic acid chain and a single azo-containing 
substituent. Bis-Azo PC is reversibly photochromic, isomerising on exposure to ultraviolet light to a 
photostationary state mixture where c/s isomer predominates. Electron microscopy shows that photoiso- 
merisation decreases average vesicle size, and light scattering and calorimetry demonstrate that the 
cooperative phase transition is abolished. Illumination with visible light establishes a new photostationary 
state where trans isomer predominates, and the phase transition is restored. The ability to modulate bilayer 
phase behaviour reversibly has possible application to relaxation studies of bilayer membrane function, and 
to drug delivery research. 

Introduction 

Phospholipids are well known for their highly 
cooperative phase behaviour, which is strongly 
influenced by the length and degree of unsatura- 
tion of acyl chains, as well as by head group 
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composition [1]. For a given head group and acyl 
chain length, cis-unsaturation reduces cooperativ- 
ity of interactions because of packing effects due 
to the bond fixation, which results in a 'bent' acyl 
chain. Comparison between cis and trans un- 
saturated lipids of identical chain length and head 
group type shows that the trans compounds have 
phase transitions which are more cooperative and 
at higher temperature than the cis compounds [2]. 
Isomerisation of an unsaturated lipid molecule 
would thus offer a means of controlling bilayer 
'fluidity', and would be useful in principle for the 
study of the effects of bilayer order on biochem- 
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ically relevant areas such as ion transport and 
membrane-bound enzyme activity. Photoisomeri- 
sation would allow the fluidity of such lipids to be 
controlled non-invasively, and would allow time- 
resolved studies to be performed. However, simple 
unsaturated lipids are photoisomerised only by 
light of rather short wavelength, and photochem- 
ical decomposition competes in such cases. Ide- 
ally, one would wish for a molecule which could 
be photoisomerised with light of fairly long wave- 
length, so as to minimise photochemical effects. In 
addition, it is desirable that isomerisation be com- 
plete and preferably reversible under controlled 
conditions, and that isomers differ considerably in 
molecular shape to maximise effects of isomerisa- 
tion on packing. In an attempt to achieve the goal 
of a lipid analogue, the properties of which can be 
conveniently photoregulated, an azobenzene-con- 
taining carboxylic acid has been synthesised and 
incorporated into phosphatidylcholine molecules. 

The azobenzene group is well known for its 
facile photoisomerisation [3]. Irradiation with 
long-wavelength ultraviolet light isomerises the 
molecule to a photostationary state where the cis 

form predominates, while visible light absorption 
gives a photostationary state which is mainly 
trans-azobenzene. The composition of the photo- 
stationary state in each case depends on the wave- 
length of illumination and on temperature, but 
substantial conversion (more than 60%) is easily 
achieved. Photochemical decomposition is not a 
significant problem with most simple azobenzene 
derivatives. The cis isomer of azobenzene has a 
dipole moment and has phenyl groups which are 
out of plane, and the long axes of the ring are 
oriented at an angle, while the trans isomer is 
virtually planar and linear. Isomerisation of 4,4'- 
substituted azobenzenes to the cis form conse- 
quently causes the substituent chains to lie at an 
angle, as they would if a carbon-carbon double 
bond were present. Fig. la  shows the structures of 
two phospholipid derivatives which we have ex- 
amined. These are ,/-palmitoyl-fl-(4-(4'-n-butyl- 

phenylazo)phenylbutyroyl)-L-a-phosphatidylcho- 
line (palmitoyl Azo-PC) and fl,y-bis(4-(4'-n- 
butylphenylazo)phenylbutyroyl)-L-a-phosphati- 
dylcholine (Bis-Azo PC). Space filling models of 
these molecules, showing the structures of the cis- 

and trans forms, are presented elsewhere [4]. 
In a previous paper we have investigated the 

steric properties of palmitoyl Azo-PC and Bis-Azo 
PC, using the Langmuir trough to study surface 
monolayers of these lipids [4]. The effect of iso- 
merisation of palmitoyl Azo-PC on permeability 
of a host lipid bilayer has also been studied [5]. In 
this paper we show that the azobenzene-contain- 
ing phospholipids described are capable of for- 
ruing small lipid vesicles, and that the presence of 
the azo linkage does not preclude cooperativity. It 
is shown that Bis-Azo PC has highly cooperative 
phase behaviour not exhibited by palmitoyl Azo- 
PC. In addition, it is shown that photolysis has 
clearly detectable effects on bilayer packing and 
vesicle size for Bis-Azo PC. These observations 
point the way to further experiments on the con- 
trol of bilayer vesicle properties by light absorp- 
tion. 

Materials and Methods 

The synthesis of Bis-Azo PC involved esterifi- 
cation of L-a-glycerophosphorylcholine as the 
CdCI 2 complex using 4-(4'-n-butylphenylazo)- 
phenylbutyric acid, itself prepared by reaction of 
4-nitroso-n-butylbenzene (I) with 4-aminophenyl- 
butyric acid (II). Compound (I) was prepared by 
oxidation of n-butylaniline (Aldrich) with either 
peroxybenzoic acid or m-chloroperoxybenzoic 
acid, while compound (II) was prepared by cata- 
lytic hydrogenation of 4-nitrophenylbutyric acid 
(Aldrich). Details of the synthesis of the azoben- 
zene containing acid and mixed phospholipid de- 
rivatives have been published [5], and the prepara- 
tion and purification of Bis-Azo PC are described 
elsewhere [4]. The spin labels 5-, 7-, 12- and 16- 
doxylstearic acid were obtained from Aldrich, and 

Fig. 1. (a) The structures of the photochromic lipids used in this study. (b) Absorption spectra for the photochromic lipids as 
sonicated aqueous dispersions in the cis and trans photostationary states as described in the text. (c) (i) Absorption spectra for 
trans-palmitoyl Azo  PC at 20 ° C  in: (a) chloroform solution; (b) 2% w / w  mixture with DPPC codispersed by sonication in 50 mM 
phosphate buffer (pH 7.5); (c) vesicular dispersion of pure palmitoyl Azo PC in the same buffer. (ii) Absorption spectra for 

trans-Bis-Azo PC under the same conditions as those in c) (i). 
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9-doxylstearic acid from Molecular Probes. They 
were used without further purification. 

ESR measurements were made on a Varian E-9 
spectrometer using capillary cells maintained at 
fixed temperatures regulated to +0.1°C, at a mi- 
crowave frequency of 9.2 GHz and incident power 
of 10 mW. The magnetic field was modulated at 
1 • 105 Hz with an amplitude of 1 G. Data were 
accumulated in a Nicolet 1170 signal averager 
before transfer to a Hewlett-Packard HP 85 com- 
puter for analysis. The microwave cavity of the 
spectrometer was shielded from light to prevent 
photoisomerisation during measurements. Light 
scattering and fluorescence were measured in a 
Perkin Elmer 1000 fluorometer equipped with a 
thermostatted cell compartment and an electronic 
thermometer for continuous monitoring of tem- 
perature profiles. Scattering was measured at a 
wavelength (540 nm) not significantly absorbed by 
any isomer of Bis-Azo PC. A differential thermo- 
gram of Bis-Azo PC was recorded using a Perkin 
Elmer 7 Series Thermal Analyser (courtesy of 
Perkin Elmer Ltd., Beaconsfield, U.K.) in addition 
to thermograms recorded using a Mettler 300 ther- 
mal analysis system. 

Phospholipid dispersions for ESR measurement 
were prepared by hydrating a mixture of lipid and 
spin-label with water or buffer at a temperature of 
60 °C and suspending by repeated uptake into a 
Pasteur pipette. Labelling ratios of 1:100 and 
1 : 230 (mole : mole spin label : lipid) were used. 
The samples were allowed to stand at room tem- 
perature for 1-2 h before measurement. A similar 
technique was used to prepare samples for 
calorimetry. Samples were photolysed in the 
capillaries used for ESR measurement, using a 
long-pass ultraviolet filter (centred at 360 nm) 
with a medium pressure mercury arc source fitted 
with a heat filter. Control experiments showed no 
significant destruction of spin label by light under 
these conditions. After photolysis, samples were 
stored in the dark at room temperature, and were 
measured within 3 h of preparation. No signifi- 
cant thermal reversal of isomerisation was found 
under these conditions. Phospholipid vesicles for 
light scattering measurements were prepared by 
ethanol injection into vortexing buffer above 
60 o C, and were held at 40-45 °C for 30 rain to 
equilibrate trapped ethanol before measurement 

[6], or were prepared by brief sonication. Samples 
prepared by both methods gave similar results. 
Chlorophyll a (Sigma) was incorporated into 
vesicles of Bis-Azo PC by co-evaporation from 
ethanolic solution followed by brief sonication. 
Chlorophyll fluorescence was excited at 402 nm 
(which does not disturb the photostationary state 
composition of photolysed vesicles), and emission 
was monitored at 670 nm. 

Results and Discussion 

The absorption spectra of dispersions in phos- 
phate buffer (pH 7.5, 50 mM) of palmitoyl Azo-PC 
and Bis-Azo PC are shown in Fig. lb, both for the 
predominantly t rans  forms, which are stable in 
visible light at room temperature, and for the 
photostationary states produced on irradiation 
with ultraviolet light. The spectrum of the Bis-Azo 
PC in the t rans  form (i) shows a slight blue shift 
in absorption relative to the lipid containing the 
palmitoyl chain (ii), and both show blue shifts 
relative to solutions in chloroform (Fig. lc), or 
dispersions in the host phospholipid /3,7-di- 
palmitoyl-L-a-phosphatidylcholine (DPPC). These 
shifts are to be expected for dispersions of the 
pure azo-lipids, where interchromophore interac- 
tions will be important, and similar absorption 
spectra have been reported for other amphipathic 
azobenzene molecules [7]. The close resemblance 
of the absorption spectrum of a dispersion of 
Bis-Azo PC in DPPC vesicles to that seen for 
solution in organic solvents suggests that the lipid 
does not show a very marked tendency to phase- 
separate into concentrated clusters within the host, 
at least at low molar ratios. Photolysis results in 
enhancement of the weak n-~r* transition re- 
sponsible for visible absorption, with an accompa- 
nying shift to shorter wavelength of the main 
~r-rr * transition. 

Fig. 2a shows light-scattering data for disper- 
sions of palmitoyl Azo-PC and for Bis-Azo PC in 
phosphate buffer in the t rans  photostationary 
state. While there is no evidence for any co-oper- 
ative phase transition for the palmitoyl Azo-PC, 
Bis-Azo PC clearly shows a sharp phase transition. 
The light scattering data are supported by the 
scanning calorimeter trace shown in Fig. 2b, which 
clearly shows an endothermic transition with an 
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Fig. 2. (a) Light-scattering data at 540 nm as a function of 
temperature for dispersions of Bis-Azo PC in (i) the cis and (ii) 
the trans photostationary state. Data are normalised to the 
same initial value. Dispersions were 0.1 m g / m l  lipid in 50 mM 
phosphate buffer (pH 7.5). The data were obtained on heating 
samples previously cooled to below 20 o C: results depended on 
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enthalpy of approx. 9.1 kJ .  mol-1. There is reason 
to expect that the phase behaviour of Bis-Azo PC 
will not be simple, as light-scattering data show 
clear evidence of marked hysteresis [4], and the 
calorimetric data are influenced by thermal his- 
tory of samples. Thus, it is likely that the samples 
are not truly at equilibrium under typical scan 
conditions. Not all calorimetric scans showed a 
peak as markedly asymmetric as the endotherm 
shown in the figure. Recently, a report has ap- 
peared in which a phospholipid containing two 
azobenzene chromophores was used in a circular 
dichroism investigation of lipid phase behaviour 
[8]. While the lipid used was somewhat different 
to the azo-lipids discussed here, it is interesting to 
note that hysteresis was also seen by these workers. 
Such hysteresis is analogous to 'supercooling' in 
organic compounds, and is a consequence of a 
metastable state in a system which is not at true 
equilibrium. 

Fig. 2c shows a light scattering trace for a 
dispersion of Bis-Azo PC after ultraviolet photoly- 
sis to the photostationary state. The phase transi- 
tion is abolished, and a continuous trace is seen, 
even if scans are taken to higher or lower tempera- 
tures than shown in the figure. Photoisomerisation 
of such a sample back to the trans photosta- 
tionary state using visible light causes the phase 
transition to reappear. These results were con- 
firmed using scanning calorimetry (not shown). 

Electron microscopy shows that photolysis of 
Bis-Azo PC dispersions resulted in a reduction of 
apparent vesicle size, as shown in Fig. 3. It may be 
that isomerisation fragments large vesicles as a 
result of packing constraints on the bulky cis 

isomer. Alternatively, since the cis isomer is more 

sample history (see text). (b) Thermogram obtained courtesy of 
Perkin Elmer Ltd. for Bis-Azo PC in the trans photostationary 
state as a dispersion in distilled water. Sample weight was 4.7 
rag before hydration. Scan rate was I K/ ra in .  (c) Light-scatter- 
ing at 540 nm for a dispersion of trans-palmitoyl Azo  PC (0.1 
rag/m] in 50 mM phosphate buffer (pH 7.5)). Data were 
obtained on heating at approx. 2 K / ra in  a sample previously 
kept below 20 o C. (d) Fluorescence emission for chlorophyll a 
in trans Bis-Azo PC 0.2 m g / m l  (1:200 mol:mol)  in 50 mM 
phosphate buffer (pH 7.5). Results were obtained on heating, 
and depended strongly on previous thermal history of the 
sample. Excitation was at 402 nm, emission at 700 nm. Heating 

rate was approx. 2 K / mi n .  
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polar than the t rans  isomer, vesicles might be in 
equilibrium with monomer or micellar forms of 
the lipid. 

Although scanning calorimetry is an excellent 
technique to quantitatively investigate phase be- 
haviour, it gives no information on the motion of 
lipid chains in defined regions of the bilayer. 
Fluorescence methods based on polarisation of 
emission from fluorophores in well defined bilayer 
locations (e.g., the anthroyloxy-labelled fatty acid 
probes [9]) are often used to complement calori- 
metric investigations. Unfortunately, such meth- 
ods are not easily applicable to dispersions of the 
azo-lipids. The absorption spectrum of the azo- 
lipids in the ultraviolet overlaps that of most 
useful fluorescence probes (including the anthro- 
yloxy group), and the visible n-~r* absorption 
efficiently quenches most fluorescence emission by 
energy transfer through dipolar and higher order 
interactions. The fluorescence of chlorophyll a 
has been used previously to monitor lipid phase 
equilibria [10]. For our present purposes, chloro- 
phyll fluorescence has the advantage of emission 
in a spectral region remote from absorption by 
Bis-Azo PC. In addition, chlorophyll a has useful 
absorption at wavelengths not significantly ab- 

sorbed by either isomer of Bis-Azo PC. Chloro- 
phyll a was therefore used as a fluorescence probe 
for our study. In Fig. 2d are shown data obtained 
on heating a sample of Bis-Azo PC containing a 
low concentration (1:200 mol fluorophore:lipid) 
of probe. Results parallel those previously cited 
[10] for phase transitions in the DPPC system. In 
fact, the actual shape of the trace was variable, 
depending on the number of heating and cooling 
cycles undergone by the sample. All traces, how- 
ever, showed a breakpoint at the same tempera- 
ture on heating, and showed marked hysteresis on 
cooling. The likely origins of fluorescence changes 
seen using chlorophyll a include changes in probe 
stacking and orientation, and are discussed in Ref. 
10. 

In addition to fluorescence measurements, we 
used the ESR methods of spin labelling to study 
the phase behaviour of dispersions of azo-lipids. 
ESR probes are available as fatty acids containing 
the 'doxyl' group in defined positions on the acyl 
chain [11]. The amphiphilic spin labels partition 
into lipid bilayers, where they align with the sur- 
rounding lipid molecules. The polar carboxylic 
acid group, which localises in the bilayer/aqueous 
interface, is relatively immobilised. The lipophilic 

Fig. 3. Electron micrographs of Bis-Azo PC in the cis (a) and trans (b) photostationary states. Samples were prepared by sonication 
and negatively stained with 1% uranyl acetate. Bars represent 100 rim. 



polymethylene chain extends into the bilayer, its 
mobility increasing with increasing carbon num- 
ber. Axial rotation of the spin label is rapid in the 
bilayer. Spin labels are generally held to provide 
an efficient means to monitor the lipid environ- 
ment at different depths within a bilayer. 

Spin label measurements concentrated on Bis- 
Azo PC, since other techniques showed no evi- 
dence of a phase transition for palmitoyl Azo-PC. 
Dispersions of Bis-Azo PC were labelled with 
fatty acids containing the 'doxyr group in the 5-, 
7-, 9-, 12- and 16-positions, and samples were 
investigated both in the eis and in the t rans  pho- 
tostationary states. Fig. 4 shows plots of the sep- 
aration of the outer extrema of the ESR spectrum 
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Fig. 4. Plots of 2T, as a function of temperature for a series of 
spin labels in dispersions of Bis-Azo PC in 50 mM phosphate 
buffer (pH 7.5). Data were obtained on heating. Sample pre- 
paration and conditions were as described in the text. 
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(the so-called 2T, value [11], measured as shown 
in the inset to Fig. 5a) versus temperature for the 
series of spin labels in t rans  photostationary state 
Bis-Azo PC dispersions. This presentation is pre- 
ferred relative to the usual plot of order parameter 
versus reciprocal temperature, because it is not 
reasonable to ascribe precise physical meaning to 
apparent order parameters without complex, 
model-dependent, computer analysis of line- 
shapes. A decrease in 2T~ value is broadly associ- 
ated with an increased motional freedom for the 
spin probe. In labelled Bis-Azo PC dispersions, it 
can be seen that motional freedom generally in- 
creases, as one would expect, with depth in the 
bilayer and, at constant depth, with temperature. 
An anomaly is seen for the 5-doxyl-labelled stearic 
acid probe, which crosses over the plot for the 
9-doxyl-labelled acid near 20 o C. Molecular mod- 
els show that the 'doxyl' moiety in the 5-positions 
is close to the azo-nitrogens of the lipid, and thus 
might be expected to have an environment some- 
what different from that of the remainder of the 
labels. 

If 5-doxyl stearic acid is used as probe with 
vesicles prepared in distilled water, rather than 
buffer, a plot of 2T, vs. temperature is superim- 
posable on that obtained for the 7-doxyl labelled 
material in buffered solution. It has previously 
been shown [12] that pH and ionic strength in- 
fluence the spectrum of 5-doxylstearic acid. The 
study cited concludes that in distilled water the 
probe is un-ionised, and moves a distance 
equivalent to two methylene units into the bilayer 
interior relative to its position when ionised. This 
is in accord with our observation. 

The most striking aspect of Fig. 4, is that none 
of the spin labels shows evidence of the phase 
transition clearly demonstrated both by light 
scattering and by calorimetry. Data for the 16- 
doxyl label show changes in slope at elevated 
temperature, but the shape of the plots is quite 
different to that seen for DPPC and similar 
well-characterised lipid systems. 

The data in Fig. 5a shows the effect of pho- 
toisomerisation of Bis-Azo PC on the temperature 
profile of 2T, for the 5- and 16-labelled 
doxylstearic acid probes. In both cases, the 2T, 
value is decreased at constant temperature after 
isomerisation. Similar effects are seen with the 
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Fig. 5. (a) Plots of 2T n as a function of temperature for 
5-doxyl stearate (5-DS) and 16-doxyl stearate (16-DS) spin 
labels in Bis-Azo PC dispersions in the cis and trans photosta- 
tionary states. The dotted traces show for comparison results 
for DPPC at the spin label ratio used (1:100 real:mole 
probe:lipid). Inset is a typical ESR spectrum showing how 
2T. is measured. (19) A plot of the relative height of the central 
peak of the ESR spectrum for 5-doxyl stearate in dispersions 

other spin labels. For comparison, typical data for 
DPPC are included in the figure. The data suggest 
that motional freedom is highly restricted in the 
Bis-Azo PC dispersions at low temperature, but 
that the activation energy for molecular motion is 
higlh. A change in slope is seen at elevated temper- 
attire for data from a 16-doxyl-labeUed sample 
after photoisomerisation. The data are similar to 
those for the t rans  photostationary state mixture, 
though at a lower temperature. Since it was shown 
by light scattering and calorimetry that isomerisa- 
tion abolishes the phase transition, it must be 
assumed that these changes in slope are not di- 
rectly related to occurrence of a phase transition. 

A typical spectrum of 5-doxylstearate in Bis- 
Azo PC is shown in Fig. 5. An apparent measure 
of the polarity experienced by the 'doxyl' group is 
given [13] by the isotropic splitting constant, a'. 
Comparison of a '  as a function of spin label 
positions suggests that the apparent polarity expe- 
rienced by the spin probe is maximum for label in 
the 7-position. One normally expects a polarity 
gradient with the 5-doxyl label having the highest 
polarity [14]. As previously mentioned, the 5-doxyl 
label is close to the azo-group, and this might 
explain the observations. The a '  parameter is 
influenced to some extent by molecular motion, in 
particular the rotational motion of the probe, and 
thus can only strictly be compared within similar 
environments [15]. 

The spin label study rather surprisingly shows 
that the co-operative nature of the phase transi- 
tion of Bis-Azo PC is not reflected by a dis- 
continuity in the plots of 2T~ or 27"1 for any of 
the labels tested. However, changes in the height 
of the central peak of the spectrum from 5-doxyl 
stearic acid, which is sensitive to changes in lin- 
ewidth, show a slight discontinuity around the 
temperature of the phase transition for a lipid : spin 
label ratio of 100:1 (Fig. 5b). This is also ob- 
served at a ratio of 25:1, but is undetectable at 
400:1. Photoisomerisation of the lipid at a 
lipid:spin label ratio of 100:1 abolished the dis- 

of Bis-Azo PC as a function of temperature, state of isomerisa- 
tion and spin label concentration. O, trans-Bis-Azo PC, molar 
ratio of lipid : spin label, 400 : 1; e,  cis-Bis-Azo PC, lipid : spin 
label 100:1; II, trans-Bis-Azo PC, lipid:spin label 100:l; 

Buffer and conditions as shown in Fig. 4. 
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continuity. The presence of low concentrations of 
spin labels is not sufficient of itself to abolish bulk 
phase transitions through an ' impurity'  effect. The 
phase transition can still be detected by light 
scattering when spin labels are present in samples 
at similar concentrations to those used in this 
study. It is possible that the spin label is cluster- 
ing, forming microscopic domains of highly per- 
turbed lipid. One would expect this type of be- 
haviour to be accompanied by pronounced spec- 
tral broadening due to spin-spin interaction. Some 
broadening is detectable at high concentrations of 
spin label in the gel phase. On the other hand, the 
results obtained at the lowest spin label concentra- 
tion suggest that the spin labels might simply be 
incompatible with cooperative behaviour for bulky 
acyl chains such as those of the azo lipid, and 
might locally prevent chain melting whilst having 
little effect on global lipid properties. A detailed 
study using a variety of physical techniques will be 
needed to discover more about the acyl chain 
dynamics and packing for Bis-Azo PC dispersions. 

Although the spin label measurements cause 
local perturbation, they do consistently demon- 
strate increased motional freedom of probes after 
photoisomerisation. The fluorescence measure- 
ments appear to involve less perturbation, a 
surprising result considering the size of the chloro- 
phyll a molecule. The study shows clearly that 
bilayer fluidity can be photoregulated, and the 
abolition of a phase transition is a particularly 
striking result. This opens up the possibility of 
many interesting experiments on reconstituted 
biological systems. Work is presently underway to 
determine the phase behaviour of mixtures of Bis- 
Azo PC with other lipids, with a view to optimis- 
ing photo-induced changes in bilayer properties. A 
preliminary study has shown that gel phase vesicle 
fusion can be photosensitised by Bis-Azo PC, and 
that trapped aqueous marker dye is rapidly and 
totally released upon irradiation of such sensitised 
vesicles. A detailed study will be published sep- 
arately. Apart from the scientific interest of such 
work, there may be aspects relevant to practical 
areas such as drug delivery as an adjunct to pho- 
totherapy. Additional areas of interest include 
'molecular electronic' devices such as memory ele- 

ments. Photochromic molecules showing hysteresis 
and reversible control of refractive index and ab- 
sorbance are under intense study as switching 
elements in thin film optics. For practical applica- 
tions, factors such as rate of thermal reversal of 
isomerisation, photostability and switching speed 
are of great importance. Although Bis-Azo PC is 
unlikely to be optimised for use in such devices, 
fundamental studies of molecular motion in 
organised assemblies underpin all practical ap- 
plications. 
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