
~ h i m i ~  ~ B i o p ~  Acta 860 (198~ 253-262 253 
~ 

BBA 73245 

T h e  format ion  and L a n g m u i r - B l o d g e ~  depos i t ion  of  m o n ~ a y e r s  of  n o v d  

photochromic  a z o b e n z e n e < o n t a i ~ n g  phosphol ip id  m o l e c u l e s  

S.S. S a n d h u  a, y . p .  Y i a n &  a, C .G.  M o r g a n  a,,, D . M .  T a y l o r  b and  B. Z a b a  ~ 

~ D~amm~t ~ ~olog~l Sci~c~ ~ ~ ~ ~ M5 4 WT and b S ~ l  ~ E ~ I  E n ~ n ~ n g  
S ~  U n i v ~  ~llege ~ North W a ~  D~n ~ Bango~ G~nedd, LL57 1 UT ( ~ )  

( R ~ v e d  ~ u a r y  11~, 198~ 

Key words: ~ o ~ s m ;  Langmuir-Blodgett deposition; ~rface m ~ ;  A ~ n ~  phom~omefi~fion; 
~ p i d  ~ s e  ~ m  

A ~ o ~  M n ~ d  phosphol~d m ~  h ~  b ~ n  ~ n ~ e s i s ~ ,  ~ wM~  o ~  ~ b o ~  ~ ~ M m  h ~  ~ 
~ e d  ~ ~ ~ o ~ e - c o n ~  ~ T h e e  ~ ~ e  p h o t ~ o ~  ~omefi~ng from ~ e  t m ~  
form ~ whi~  ~ e  ~ o ~ e ~  ~ R  ~ ~most Hne~ to a ~ form ~ t h  a ~ n t  c h ~  The ~fluence of t~s  
i ~ m e ~  on ~ e  p m ~  ~ m o n ~ e ~  ~ ~ e ~  ~ on ~ a ~ u s  s ~ e  h ~  b ~ n  i n v e ~ g a t ~  
u s i ~  the L~gmuir ~ough. The lipi~ are shown ~ form ~mpact monolaye~ when ~ the tram ~rm,  ~ut ~ 
h ~ e  ~eater m ~  are~ ~tcr ~ o m ~ s ~ o n .  All ~ co~d ~ ~ a m ~  ~ a ~ s  ~ U a t e  ~ 
L ~ g m ~ ~  ~ f i ~ .  E v ~  m ~ e ~  d phase equi~fia ~ ~ ~ r  ~ d ~ e  m ~ e ~  d ~ e  
d the H~ds, whkh ~ s h o ~  ~ d a tem~rature-de~ndent ~ e  ~ f i ~  ~ ~ sca~e~ng when 
~ s ~ r s e d  ~ ve~des ~ w a ~  Marked ~ s ~ s  ~ seen ~ e e n  ~ d e s  of ~ m p r e ~  a ~  expan~on for 
~ d ~ e  monoi~ers d ~ w H ~  ~ f ~ e  and M~r photoisomerisafion. 

Amp~p~hic  m ~ e c d ~ ,  i n d u i n g  impo~ant 
membrane componen~ such as phospholipid~ 
readi~ form organised arrays by sdf as~mbly. On 
the surhce of water under appropfi~e conditions, 
such m~ecul~ form monom~ec~ar films [1], and 
the study of such m o n d a y . s  ufing the Langmuir 
~ough ~ves information on m~ecdar  area and 
packing [~. Surface m o n d a y . s  can be ~anderred 
to a sofid s u b s ~  and multilayer s~u~ures b~R 
up by 'Langmuir-Blodgetf (L-B) depofit~n [3]. 
Although L-B depofition ~ a well established 
~chnique with a long ~story, there has recently 
been an upsurge of in~re~ in this are~ The 
current in~re~ has Rs ofi~n in part in the (as ye0 
speculative area of 'mdecular eleclronics' [4] and 

* To whom co~espondence should be addressed. 

fimihr 'en~neefin~ appficafions including bio- 
lo~call~responsNe sensors. Langm~Blodget t  
multilay~s are ex~emdy su~ab~ for ~udi~ on 
oriented mdec~es,  and have ~ven rise to a ho~ 
of ingen~us phy~c~ ~udi~ of fundament~ im- 
poaanc~ including fluorescence energy ~ans~r 
measu~men~ [5], magnetic d ~ s  in two dimen- 
sions [6], and de~ron tunnelling [7]. 

In t~s pap~  we d i~u~  the synthesis of novd 
phosphatid~choline derivatives (Fig 1) where one 
or both ac~ chins  has been ~placed by an 
azobenzen~cont~ning m ~  and investig~e the 
surface properties of mon~ayers of these m~e- 
cul~. In ad~fio~ ufing Langm~Blodget t  d~ 
pofitio~ we show th~ ofien~d mult~ayer films 
can be formed ~om these fipids. Azobenzen~con- 
t~ning compounds such as these are photochro- 
mic [8], ~omefifing to a photostationary state 
mixture of 'c~ '  and ' trans' ~omers with a com- 
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pofition de~rmined by the ~umination wave- 
leng~ and ~mper~ure. Illumination with ~ 
f i~et  ~ght produces a mixture where c~ ~om~ 
predomin~es, while exposure to heat or ~fiNe 
light ~forms the t rans  ~omer. Isomerisation 
changes both m~ec~ar  shape and p~ari~.  The 
t rans  azobenzene unit is appro~m~dy planar with 
no m~ec~ar  ~ p o ~  momenL whi~ the c~ ~omer 
has benzene rings oriented at an an~e and has a 
fig~ficant m~ec~ar  &p~e moment [9]. The' bent' 
ch in  of a c~ azobenzen~cont~ng  m~ec~e  
~ m b ~ s  an unsaturated h ~ y  add chin,  and 
~omerisation has effe~s on m~ecdar  pac ing  
and a~od~ed  prop~fi~ such as refractive index. 
Oriented films of photochromic m~erials are of 
i n ~  as posfible high densi~ ~formation sto~ 
age me&a [1~ and though azobenzen~cont~n~g 
chromopho~s are not ideally s ~ d  to practic~ 
app~cation because of therm~ r e v e ~  of iso- 
merisation, they are very u~ful as modal sys~ms 
to investigate ~ s  of m~ecdar  do~-pac~ng 
on photoisomerisation. Such changes in m~ecdar  
pac ing  and p~ar i~  might be exploited to c o n ~  
the acti~ff of membran~bound m~ecu~s of bio- 
~ c ~  ~ r ~ t  ~nzym~, channel-forming peptid~ 
e~.) to form sensor~ and the work described here 
is a necessary prdiminary to such experiment~ 

Matedfls and Methods 

Except where ~a~d, all chemicals used were 
purchased from Aldrich Ltd. 

~(4-mautylpheng~ph~gbuWric acid (I) 
was prepared by coup~ng e q ~ m ~  amounts of 
~aminophen~bu~ric add ~ p ~  by ~talytic 
hydrogenation of & ~ o p h e n ~ b ~ y r i c  add) with 
~ o s ~ n ~ m ~ b e n z e n e  (~om ~n~utyla~l ine by 
p~oxybenz~c add ofidatio~ ~ ~ a d f l  acetic 
add. Coupling was c o m p ~  after ~an~ng over- 
~ght ~ ~ o m  ~ m p ~ u ~ .  The ~ a d d  w ~  
purified by chrom~ography on ~ a  gd (Kiesel- 
gd 60 f o m  M~c~ .  Details of the ~nffiefis have 
been ~ven dsewhere [11]. 

1-Palmitoyl-~(4-(4-n-buWlphenylazo)phenyl- 
b u ~ m ~ h o ~ h ~ h ~ e  (II) ~ m i ~ y l - A z o -  
PC) and 1 - o ~ o ~ - ~ O ( ~ n ~ p h e n ~ p h e n ~ -  
buffmyl)pho~hat id~chol ine  ~ o y l - A z ~ P C )  
(III) were prepared by ac~ation of the ap- 
propria~ ~sophosphafid~cho~n~ ( fom ~gma 

Ltd.) ufing a mixed anhydride prepared from the 
add (I) (as tfiethylamine s~0 and pN~o~  chlo- 
ride in dichlcromethane cont~ning 4-(N,N-di- 
methylamino)pyridine. The procedures and purifi- 
cation were as pre~ou~y described for the synth~ 
sis of a fluorescent phosph~ipid derivative of 
diphenyl-l,3,5-hexatfiene [12]. All operations were 
carried out under dry ni~ogen in the case of 
compound (III). The fipids were stored in the dark 
as solids under ni~ogen at - 4 ° C .  An azo-con- 
t~ning phospholipid was ~so prepared from eg~ 
yolk lysophosphatid~choline, and lhis is re~rred 
to as 'Azo-PC' in the text. 

12-Bis(4-(4-n-butylphenylazo)phenylbutyroy~ 
phosphafidylcholine (IV) (Bis Azo-PC) was pre- 
pared by ac~ation of L-a-~ycerophosphor~cho- 
fine (as the cadmium chloride complex f o m  ~gma 
Ltd.) with the mixed anhydride of (I) as described 
dsewhere for other phospholipids [13]. Cadmium 
chloride and 4-dim~hylaminopyfidine were re- 
moved from the product by passage of a solution 
in m~hanol /  chloroform/ water (5 : 4: 1, v/v) 
through mixed bed ion exchange refin (mixture of 
Amberli~ CG400 and CG20 precleaned with dur- 
ing solvent mixture), and the flee phospholipid 
was purified by chromatography on Kiesdgd 60 
during wilh chloroform/methanol/acetic a d d /  
water (75 : 25 : 7.5 : 2.5, v/v). Thin-layer chro~ 
matography in a variety cf solvent sys~ms showed 
that this, and each of the other fipids was f ee  of 
lysophosphatidylcholine contamination, and that 
no free add (I) was present. 

Monolayer ~udies were carried out on a Lang- 
muir ~ough constructed in the School of Electfi- 
c~ En~neering Sdenc~ Univerfity College of 
North W~es, Bango~ The apparatu~ which has 
been described in d ~ l  dsewere [1~, is bafic~ly 
of constant perime~r design equipped with a high 
sensiti~ty film b~ance and servo/control dec- 
~onics allowing highly predse measurement of 
surface pressure/area ~otherm~ In addifio~ a 
dipping mechanism allows monolayers Io be 
transferred to substrates whi~ surface pressure is 
hdd constant under servo con~ol, and the change 
in surface monolayer area is confinuou~y re- 
corded. In this way, transfer effidendes from 
monolayer to support can be predse~ measure& 
fince the surface area of the suppo~ is known. 

The trough was filed wRh pure water at 23°C 
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Fig. 1. Scheme showing the synthesis of the Azo-acid (I~ palmitoyl-Azo-PC (II), oleoyl-Azo-PC (III) and Bis Azo-PC (IV). The 
synthefis of Azo-PC prepared from egg-yolk lysophosphafidylcho~ne has been described previously [11]. 
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for the experimenU described. The purity of the 
subphase is c r u d ~  to the measurement of repro- 
d u d b ~  surface pressure/area ~otherm~ and water 
used was dNonised and purified with an ul t r~ 
fil~ation sys~m. Samples were appfied to the 
~ough by careful~ adding a drop (50 ~1, 1 mg /mD 
of t~e solution in 'Spectrosol' grade chloroform to 
the subphase, ensuring th~  the chloroform re- 
mNned on the water surface. After evaporation of 
the solvenk the film so formed was partially com- 
pressed and allowed to expand severn times to 
ensure that the sys~m was equilibrated before 
measurements. A~er measurement of properties 
of a Nven lipid, the subphase surface was careful~ 
cleaned by vacuum asp~ation of the surface hyer,  
until no change in surface pressure was recorded 
on mo~ng the barrier within the Uough. Calibra- 
tion of the trough was regularly checked by mea- 
surement of the surface pressure/area ~otherm of 
pure s~aric add  as a standard. 

Where monolayers were deposited on ~ass 
~ide~ these were first cleaned by washing in pure 
wa~r  and, in chloroform, and fu~her by immer- 
sion in a beaker of 'Spectrosol' chloroform in an 
ul~asonic cleaning bath for approximately ~n  
minu~s. Clean slides were used immediatdy for 
depofition. Monolayers were transferred by 
dipping the slide at constant speed through the 
surface of the subphas~ while mNntNning the 
surface pressure constant b~ween 40-60 m N / m .  

The effect of photolyfis on molecular area was 
measured by irradiating fipid samples wilh the 
focused output of a high pressure mercury arc 
lamp. A heat filter was used in coNunction with 
an u l U a ~  filter with a passband of appro~-  
mately 60 nm centred at 365 nm, and the hpid was 
phot~ysed as a di lu~ (1 m g / m ~  chloroform solu- 
tion. Con~ol experiments demongra~d  that the 
photostafionary s ta~ was ~chieved within minutes 
by such exposure. A~er p h o t o l y ~  the samples 
were kept in the dark and immediately spread on 
the subphase in the ~oug~  which was operated 
under dim red light to avoid possib~ photoiso- 
merisafion of the hpid back to the t r a n s  form. 

R e s ~  and D~cus~on 

The lipids investigated were Azo-PC (mixed 
chains in the '1' position, from egg-yolk lyso- 

lecithin), palmitoyl Azo-PC, oleoyl Azo-PC and 
Bis Azo-PC. Each phospholipid readily formed a 
monolayer on the surface of pure wate~ In Fig. 
2A are shown surface pressure/area isotherms for 
each phospholipid at 23°C, while Table I shows 
the molecular area for each. Fig. 2B shows the 
corresponding ~otherms measured for e~ch lipid 
after ~omerisation to the photostafionary state as 
described in Methods, and Table I also lists the 
molecular areas calculated in each case. Each of 
the hpid films was apparendy stable under an 
apphed pressure of 40 m N / m .  Isotherms of all 
lipids showed some degree of hysterefis between 
compression and expanfion cycles; surprifingly 
this was not generally more marked a~er photoly- 
sis. Comparison of the ~otherms before and a~er 
photolysis shows that in all cases the monolayer 
rigidity (as judged by the ~ope of the curve) 
decreased a~er photolysis and the breakpoints in 
the low pressure region of the ~otherms are 
abolished by photolysis. In particula~ the (unpho- 
tolysed) B~ Azo-PC shows evidence of a 'kneC in 
the region of the breakpoint in the compresfive 
cycle, but fignificant hysteresis in this pressure 
region on re-expanfion. Fig. 3 shows an isotherm 
for the parent acid (I) from which the phospholi- 
pids were synthefised, with an ~otherm of pure 
stearic acid for comparison. The 'kneC in the 

TABLE I 

SURFACE MONOLAYER MEASUREMENTS FOR AZO- 
LIPIDS 
M~e cda r  areas for both isom~s of each azo-phosphofi~d and 
for the az~aod  0)  (d~a  shown ~ e  the average in each case of 
four measu~men~ and w~e c ~ c ~ a ~ d  ~om ~ e  c o ~ p o n d -  
~ g  c o m p l a i n  ~o~erm by e ~ p ~ a f i o n  to zero pressure 
from a p~n t  dose to c ~ p s ~ .  In some cases, n ~ a b ~  a~er 
phot~somefisafion, films were dasfic and ' m ~ e c u ~ r  a~a~ so 
measured are u p p ~  fimits. 

Azo-phospholipid area/molecule 
( i  2 ) 

t ~ n s  Ks Az~PC 58.9 
Ms Ks Az~PC 84.6 
t ~  p ~ m i ~ - A z ~ P C  61.2 
cis p~mi~yl -Az~PC ~ .1  
t ~  ~eo~-Az~PC 93~ 
c~ ~eo~-Az~PC 122.6 
t ~  Az~PC 56.6 
c~ Azo-PC 78.6 
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Fi~ 2. (A) Surface pressure/area ~otherms (on compres~on (x) and expansion (y~ for Azo-phospholipids at 23°C; isotherms for 
(3) Azo-PC, (b) p~mitoyl-Azo-PC, (c) oleoyl-Azo-PC, (d) Bis Azo-PC. (B) Surface pressure/area ~otherms (on compresfion (x) and 
expansion (y~ for Azo-phospho~pids at 23°C after photo~omefisation to the photostationary state; isotherms for (a) Azo-PC, (b) 
p~mitoyl-Azo-PC, (c) oleoyl-Azo-PC, (d) Bis Azo-PC. 

azo-acid transition is especially dear, and there is 
marked h y s t e r e ~  A stable film did not form 
from photolysed sample~ 

A molecular modal of the t rans  form of the 
azo-acid (I) ~ shown in Fig. 4a with a model of 
palmitic acid for comparison. A fimilar model of 
the c~ form of the azo-acid is shown in Fig. 4b. It 

is dear  that the t rans  acid is a compare molecule 
which might be expe~ed to be compatib~ with a 
dos~packed  array such as a ~pid mon~ayer  or 
bflaye~ The fimihri ty to p~mitic acid in overall 
fize suggests ~so that the molecu~ might form 
mixed layers with the h ~ e ~  The ~s acid has some 
fimihfities to ~ d c  acid in overall shape and fize, 
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and ~ g h t  be expe~ed to behave f i ~ h @  to this ,0 
in o ~ e ~ d  ~s~ms .  Fig. 5 ~ows  m o ~ c M ~  modds 

tgc__°/~nin~le°Y~h~nAZ~PC for both i ~ m ~ s  of the azo-con- :~ 5© 

The ~ ~ p ~  derivatives of the t ~ n s  azo- ~ 
a~d ~ r m  v e ~ d ~  both ~one, and in ~ e  ~ ~o 

~t~z~P~PPC~sM~piC~ow~emm~F~.~~m w ~ e  F~Bijb ~ 
~:o 

shows m o ~ c ~  mod~s of the ~s and ~ a n s  iso- ~ 
mers of ~ s  fiN& These ~ s d ~  are confi~ent ruth 
those of S ~ m o m u ~  et ~. [15], who showed that ~ 
a ~ y ~ h y d ~ e ~  d i m e t h y l ) a m m o n i u m  
a m p ~ p ~  ~ n ~  azobenzene c h i n s  ~ r m e d  ~ 
dosed b~ayer ~ s M ~ .  In the study d ~ d ,  the Nk~  
chNns were hnked to the azobenzene chmmo- 
p h ~ e  as etherm and the pofifion of the azoben- 
zene ~ m m o p h ~ e  varied ~ t N n  a torn  chNn 
leng~ of 14-16 m e S S e n e  uNts. B~ayers were 
~ rmed  from ~ e  hp~s  only when ~ e  Nk~  ' t ~ '  

]~ ~ 22 1~ ' 3~ ' 5; 
a~a/m~ecu~ ( ~  

a 

,~ ,~ ~ 

Fi~ 3. Surface pressure/area isotherms ~ 23°C for (a) Az~acid 
(I) on compr~fion (x) and expanfion (yL (b) pu~ ~eafic add 
~ompression o ~ .  

~ 4. ( ~  M ~ M ~  m ~ d  ~ ~ e  ~ ~ ~ me ~ d  (I) ~ ~ a m ~ d  of p ~  ~ d  ~ ) ;  ~) m ~ M ~  m~d  ~ 
• e c~ ~rm ~ me Az~a~d ~ (~0  ~ a modal ~ p M ~  a~d (figh0. 
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Fig. 5. (a) M~ecdar modal of the trans ~rm of ~eo~-Azo-PC; 
(b) m~ecdar modal of the c~ form of ~eo~-Azo-PC. 
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was ~ ~a~  ~ t  c ~ b ~ s  ~ng. A group of f i ~ h r  
doub~ c h i n  ~ m e ~ a m m o ~ u m  a m p ~ p ~  was 
~so shown to form stable ~ e ~  when one c h i n  
was octadecy~ and the other the ~ c o n t ~ n g  
u~t.  

In a pm~ous pape~ we have shown that veeries 
of Az~PC are sm~< and ~at  the find acts as a 
substrate for ~ ~ d ~ - ~  ex- 
change p ~ n  [11], demons~ating ~a t  the m~e- 
c~e is not gros~y pe~urbed rdative to a n~urM 
pho~hofi#d.  At the time of the above ~ud~ the 
m ~ d ~  p M ~ A z ~ P C  and Bis Az~PC had 
not been ~mhef i~d.  The ' n m ~  Az~PC world 
not be expec~d to show ve~  deavcut ph~e  
beha~our, fince it is heterogeneous ~ ac~ chMn 
compofition M the 1- p ~ m  HoweveL the ana- 
~gues p M ~ z ~ P C  and ~ s  Azo-PC ~ g h t  
be expected to show some figns of coop~MNe 
interactions b~ween the chMns of ~e  fipids if ~e  
~ h ~ y  b~ween the ove r~  ~ze of the ~ a d d  
and pM~fic add is a r ~ M  ~ c M ~  of com- 
pact bHayer pac~n~ The ~ s d ~  ~ F~. 7 show 
deafly ~at  for Bis Az~PC t~s is ~e  cas~ fince 
the fight ~m~fing data reveM a ve~ dear ph~e  
~anfifion cent red  at a f i~ la r  ~ m p ~ u ~  
O l . 5 ° Q  to the ph~e  ~an~tion of DPPC, and 
t~s has been confirmed by W ~ ~  experi- 
ments ~ n g  ~an~ng  c M o f i m ~  (not ~ o w ~ .  
L~ht ~M~fing shows no dear ~an~tion for 
verities of p M ~ z ~ P C  in the ~ m p ~ a ~  
range sm~ed (20-55°C). T~s suggests that 
p M ~ A z ~ P C  has a lower cooperative u~t  
~an  that of ~ s  A z ~ P ~  ~ n g  ~ a much 
broadened ~mp~Mu~ wo~e .  Coop~afi¼ff is 
~ ~ d  primari~ by ~eric- and pack~g con- 
sM~afions. A find such as p M ~ A ~ - P C  ~ t h  
• ~ ac~ chMns has a broader range of pack- 
ing orientations than ~ ~  fipids such as 
DPPC and ~s  Az~PC, and this ~ g h t  account 
for Mw~ coop~afi~ff.  The B~ Azo-PC ~an~tion 
is pa~iculafly M~r~t in~ ~ that a ve~  dear 
h ~ f i s  b~ween h e ~ n g  and c o ~ g  is e~denL 
A thorough s~dy of the ph~e  beha~our of 
p M ~ A z ~ P C  and B~ Az~PC has been con- 
ducted ufing s~n labd probes and ~H be re- 
ported d~whe~ .  

Abso~fion spe~ra of both p M ~ A z o - P C  
and Bis Azo-PC ~ e ~  as verities show Mue 
s~fts w~ch are known to rdate to ~ r c h r o m o -  
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Fig. 6. (a) Electron micrograph of Bis Azo-PC vesicles. Magnification was X 120000, bar = 100 nm. (b) (I) molecular model of the cis 

form of the Bis Azo-PC; (II) molecular model of the truns form of the Bis Azo-PC. 

phore interactions [15]. In chloroform solution the Azo-PC is at 334 nm. When dispersed as vesicles, 
trans palmitoyl-Azo-PC has a maximum ab- the absorbance maxima are at 320 nm and 314 
sorbance at 335 nm, while that of the tram Bis nm, respectively. In vesicles formed from DPPC 
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Fi~ 7. Light sc~fing at 540 nm of sm~l unilamellar Bis 
Azo-PC veeries on heating and coolin~ The Mope of the 
doued fine (coofing curve) was a ~ncfion b~h of time and of 
sam~e ~ s ~ .  In some cases ~e ~ f i n g  of the sam~e a~er 
cooling exceeded that before the experiment. 

containing small amounts of the azo-fipids (2-5% 
wt./wt.) ,  there is no evidence of inte~chromo- 
phore interaction, either above or below the phase 
tranfifion temperature of the fipid, and absorption 
maxima are as in chloroform solution. This sug- 
gests that the presence of the azo-hpids does not 
gros~y perturb the b~ayer ~ructur~ fince such 
perturbations commonly result in phase sep- 
arations between fipid classes. 

Measurements of monolayer behaviour of the 
azo-fipids provides quantitative information on 
the molecular area and packing efficiency of these 
matefial~ The ~otherm for the parent azo-acid (I) 
from which the phospholipids were synthefised 
shows an area/molecule  of approximately 19 ~ .  
This agrees well with the value of 20 ~ quoted by 
MObius [16] for fimilar azobenzene-containing 
amphiphiles, and is comparable to values obtained 
for ~eafic acid monolayers. Azo-PC, palmitoyl- 
Azo-PC and Bis Azo-PC form compact mono- 
layers when in the t r a n s  form, with oleoyl-Azo-PC 
giving a more compresfible bHayer as might rea- 
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sonably be expe~ed in the presence of the c~-un- 
saturated oleo~ chNn. 

The monolayer formed ~om Bis Azo-PC ~ 
no tab~  f ind,  and shows in , res t ing  structure not 
seen with the other hpids. The 'kneC in the ~o- 
therm is s~onNy suggestive of a phase equihbrium 
in the monolayer, and is commonly seen for iso- 
therms of synthetic hpids near phase transition 
~mperatures. The shape of such isotherms has 
been discu~ed in detail by Albrecht et N. [17] in 
rdat ion to phase equilibria detected by other 
m~hod~  It is n o , w o r t h y  that the effect ~ seen 
for Bis Azo-PC which shows a phase tranMtion in 
ve~cular form, but is not e~dent  in monolaye~ of 
pNmitoyl-Azo-PC which apparently lacks a Mmi- 
lar wanNfion. U~ng the approach described in 
Ref. 17, it is posMble to cNcula~ an approximate 
cooperative unit Mze for the ~anMtion. The rde- 
vant formula is: 

N a a  m = ( 4 k ~ ) ~  

where ~ is the ~mper~ure  at which the ~ h e r m  
is measured ( ~ ,  ~ is the difference ~ surface 
pressure b~ween the m r ~ n g  p~nts  of the 'kneC 
of the ~ h e r m  O ~ / c ~ L  k is the B ~ m a n n  
constant (1.38.10 -~6 erg. K -~) and ~a  m is the 
~ f~ ren ce  ~ m ~ e c d a r  area across the 'kneC re- 
, o n  ~ ) .  

UMng this approach the cooper~Ne u ~ t  is 
c ~ c ~ e d  as a p p r o ~ m ~ d y  180 m ~ e c u ~  which 
is of the same order as that ca~ula~d ~ ~ b r e ~ t  
et ~. [17] for DPPC m o n ~ e r s  (120-190 m~e-  
cries d ~ e n ~ n g  on ~ m p e r ~ u r ~ .  This ~ r e ~ -  
tion of the ~ e  of ~ e  ~ o ~ m  must, howeve~ 
rem~n tentative ~ the absence of a ~H phase 
~ a ~ a m  Mnce ~rec t  e~dence of s m ~  dom~ns is 
not yet ~ a ~ e .  

The ~ h e r m  of the Azo-add (I) shown in ~g .  
3 has a v e ~  pronounced 'kneC at much ~wer  
surface pressure than that seen for Bis Azo-PC. 
Mthius [16] has reposed  M~lar  wanMtions for 
azobenzene amphip~es ,  and sugges~ that at v e ~  
low pressure m~ec~es  are oriented p a r e d  to the 
surface ~ane.  As the pressure is ~creaseG m~e-  
cules are forced to ~ g n  p e ~ e n d ~ a r  to this 
plane, after which further compresMon forms a 
dos~packed  film. 

P h o ~ s o m ~ s a ~ n  of surface mon~ayers  of ~ 
of the azobenzene amphiphiles gave rise to large 
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changes in apparent molecular area (Table I). The 
photostationary state for such molecules is a c&/  
trans mixture with typ~Mly of the order of 70-80% 
of the mixture in the c~ form. It is not expected 
that mixtures of such hpids will necessarily behave 
ideally in the thermodynamic sens~ and some 
degree of phase separation N probab~. In this 
contexL confiderable hysterefis seen in the iso- 
therms of some hpids should be noted (Figs. 2A 
and 2B). Slight hys~re~s is not uncommon, even 
for apparently pure fipids, and is expected if the 
system has not reached true equilibrium. The fig- 
nificant hystere~s seen argues for the exi~ence of 
metastab~ sta~s, which might be dupers of 
phase-separated fipid, for exampl~ The fignifi- 
cance of hysteresis in ~otherms of fipids on 
surfaces has been discu~ed by other workers [18]. 
In an isotherm of a hpid undergoing a change of 
phase, hys~res~ is Nso posfible for pure materiN 
[17]. The ~otherm for B~ Azo-PC shown in Fig. 
2A shows dear evidence of hysteresis in the Uan~- 
tion reNon. It is not dear at present whether.this 
is intrins~ to the phase behaviour of the material, 
or whmher this might be due to a small amount of 
c~ ~omer present at the photostationary state of 
azobenzene-containing mo~cules in normN room 
fight. The marked extent of the hys te re~  espe- 
OaHy in the '~anfifion' reNon of the ~otherm, 
suggests that the former explanation is the more 
fikdN and this is borne out by the fimilar hys~r- 
efis of photolysed and unphotolysed samples. 

AH of the lipids tested could be ~ansfe~ed to a 
glass substrate. Good surface coverage (> 95%) 
was achieved without speciN precaution~ and 
multip~ laye~ could be depofited. It was found 
that monolayers tended to be lost on removN 
from the subphase if more than a few layers were 
present. It ~ fikdy that this could be avoided with 
suitab~ conuol of surface pressure, dipping speed 
and subphase ionic compofition. 

The resul~ presented demon~ra~ the vNue of 
suff~ce monolayer measurements of photochromic 
amphiphi~s as a means to characterise fight- 
induced changes in molecular structure. It N hoped 
to extend preliminary resul~ here obt~ned, by 
measurements of isobars for surface films at vail- 

ous ~mperatures. This will allow lhe nature of the 
~an~tions observed to be more fully investigated. 
LangmuivBlodg~t depo~fion of oriented multi- 
layers on transparent subsUates wiH Mso pro~de a 
means to characterise the rdative orientation of 
azobenzene ~anMfion momen~ by measurement 
of dichroism in absorption. Such multilayers would 
Mso prove useful for future ~udies of fipid order 
uMng X-ray diffractiom and it is hoped to pursue 
such measurements using synchrotron radiation. 
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