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GAS-SOLID REACTIONS IN BILAYER STRUCTURED SYSTEMS: 
EFFECT OF THE REACTION ON MONOLAYER PROPERTIES 

G E O R G E  ADLER 
2 1  Harva rd  Road 

Shoreham, N Y  11786 

ABSTRACT: It was previously shown that gases can diffuse 
into amphiphilic substances that have a "stacked bilayer" 
type of crystalline structure. Several of the gases will 
react with any free radicals that may be present and the 
reaction can be monitored by ESR spectroscopy, (1-5). 
Nitrogen dioxide and similar gases will react with 
molecules possessing a double bond even in the absence of 
free radicals. In this communication it is shown that 
these reactions will affect, in specific ways, the mono- 
layers formed from these substances. 

INTRODUCTION 

As was shown in previous communications (1-5), many 
gases are capable of diffusing into crystalline amphi- 
philic substances having a "bilayer" type of structure. 
If free radicals are present, for example those generated 
by radiation, gases such as oxygen, nitric oxide, nitrogen 
dioxide, or sulfur dioxide, will react with them. The 
reaction, and therefore the diffusion of the gas within 
the solid, can then be monitored by ESR spectroscopy. The 
substances used in previous experiments, ( l ) ,  have the 
ability to form monolayers on the surface of water. It 
was thought that any effect these gas-solid reactions 
might have on monolayer properties could shed some addi- 
tional light on the nature and extent of these reactions. 
As will be shown, principally by studies on stearamide and 
oleamide, the effects can be considerable, depending on 
the chemical nature of the amphiphile and the packing of 
the molecules in the solid and in the monolayer. These 
effects can serve as a sensitive indicator of the 
reaction. Some tentative conclusions will be drawn. 

EXPERIMENTAL 

For these experiments we used the same materials, 
recrystallized in the same fashion, as in the prior 
communication (1). In one group of experiments, steara- 
mide and oleamide were put under vacuum in glass bulbs. 
Nitric oxide, oxygen or sulfur dioxide, under a pressure 

309 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
46

 1
9 

Fe
br

ua
ry

 2
01

3 



3 10 G. ADLER 

of 1/2 atmosphere, was then admitted and the bulb was 
sealed off. Except for the appropriate controls, the 
samples were irradiated at 15C in a 6oCo source at the 
rate of 450,000 rad per hour. A range of total doses was 
used. The samples were then stored overnight at 25C. 

The monolayer experiments were done using a tempera- 
ture controlled recording film balance designed and built 
at Brookhaven National Laboratory. The tray and the 
barriers were teflon coated. The film balance was mounted 
inside a glove box resting on a vibration isolation 
table. Triply distilled water was used to fill the tray. 
For the measurements, .02 gm. of material was dissolved in 
chloroform: hexane ( 1 : l ) .  The sample was introduced to 
the film balance by micro syringe and the solvent was 
allowed to evaporate f o r  a period of at least 10 minutes 
before initiating any measurements. The pressure-area 
curves were run 24.5 C and at a sweep speed of 14 cm. 
squared/min. (1.2 Angstrom squared per molecule per 
minute ) .  Unirradiated controls, kept under the appropri- 
ate gas for an equal period of time were also run. 

In addition, we ran some preliminary experiments in 
which unirradiated stearamide, oleamide, elaidic acid and 
vegetable lecithin were cast as monolayers on the water 
surface. A 250 cc bulb was filled with nitric oxide at 
atmospheric pressure and the gas from it was then released 
over the surface. The change in area of the monolayer was 
then determined. For this experiment, the glove box was 
first flushed several times with nitrogen in an attempt to 
remove the presence of oxygen. 

Finally, fresh monolayers of the same substances were 
made and a Tesla coil was held for 2 minutes, in air 20 
cm. above the surface, to generate ozone. The change in 
area was again determined. Each of the above experiments 
was run in triplicate and in random order. 

RESULTS AND DISCUSSION 

Initially the results obtained with irradiated 
crystalline stearamide and oleamide will be described. 
These compounds were chosen because they represent 
opposite extremes of the types of behavior in which we 
were interested. The diffusion of gas into oleamide is 
very rapid. In stearamide it is slow (1). Unirradiated 
stearamide gives a condensed, "crystalline" type of 
pressure-area curve on the film balance whereas oleamide 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
46

 1
9 

Fe
br

ua
ry

 2
01

3 



EFFECT O F  REACTION ON MONOLAYER PROPERTIES 311 

of 1/2 atmosphere, was then admitted and the bulb was 
sealed off. Except for the appropriate controls, the 
samples were irradiated at 15C in a 6oCo source at the 
rate of 450,000 rad per hour. A range of total doses was 
used. The samples were then stored overnight at 25C. 

The monolayer experiments were done using a tempera- 
ture controlled recording film balance designed and built 
at Brookhaven National Laboratory. The tray and the 
barriers were teflon coated. The film balance was mounted 
inside a glove box resting on a vibration isolation 
table. Triply distilled water was used to fill the tray. 
For the measurements, .02 gm. of material was dissolved in 
chloroform: hexane (1:l). The sample was introduced to 
the film balance by micro syringe and the solvent was 
allowed to evaporate for a period of at least 10 minutes 
before initiating any measurements. The pressure-area 
curves were run 2 4 . 5  C and at a sweep speed of 14  cm. 
squared/min. ( 1 . 2  Angstrom squared per molecule per 
minutes). Unirradiated controls, kept under the appropri- 
ate gas for an equal period of time were also run. 

In addition, we ran some preliminary experiments in 
which unirradiated stearamide, oleamide, elaidic acid and 
vegetable lecithin were cast as monolayers on the water 
surface. A 250 cc bulb was filled with nitric oxide at 
atmospheric pressure and the gas from it was then released 
over the surface. The change in area of the monolayer was 
then determined. For this experiment, the glove box was 
first flushed several times with nitrogen in an attempt to 
remove the presence of oxygen. 

Finally, fresh monolayers of the same substances were 
made and a Tesla coil was held for 2 minutes, in air 20 
cm. above the surface, to generate ozone. The change in 
area was again determined. Each of the above experiments 
was run in triplicate and in random order. 

RESULTS AND DISCUSSION 

Initially the results obtained with irradiated 
crystalline stearamide and oleamide will be described. 
These compounds were chosen because they represent 
opposite extremes of the types of behavior in which we 
were interested. The diffusion of gas into oleamide is 
very rapid. In stearamide it is slow (1). Unirradiated 
stearamide gives a condensed, "crystalline" type of 
pressure-area curve on the film balance whereas oleamide 
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312 G. ADLER 

1. Pressure-area isotherms for untreated stearamide and 
oleamide monolayers. 
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EFFECT OF REACTION ON MONOLAYER PROPERTIES 313 

y i e l d s  an expanded " l i q u i d "  type of curve (F igu re  1 ) .  
This  is probably because t h e  s a t u r a t e d  hydrocarbon cha ins  
of stearamide al lows t h e  molecules t o  pack e f f i c i e n t l y  
whereas t h e  c i s  double bond of oleamide produces a kink i n  
t h e  molecular chain which i n t e r f e r e s  wi th  e f f i c i e n t  
packing, (1) .  A f t e r  i r r a d i a t i o n  and r e a c t i o n  w i t h  g a s ,  
s tearamide s t i l l  showed a condensed type of p re s su re -a rea  
curve with only minor changes i n  t h e  a r e a  p e r  molecule 
(Figure 2 ) .  This was expected because of t h e  slow 
d i f f u s i o n  i n  t h i s  compound and because t h e  concen t r a t ion  
of f r e e  r a d i c a l s ,  even a t  t h e  h ighes t  r a d i a t i o n  dose used,  
w a s  still  r e l a t i v e l y  s m a l l .  Oxygen showed t h e  l a r g e s t  
e f f e c t ,  probably because it i n i t i a t e d  a cha in  r e a c t i o n .  
Such chain ox ida t ions  were p rev ious ly  noted i n  r e l a t e d  
compounds ( 4 ) .  

Some i n t e r e s t i n g  e f f e c t s  were observed when t h e  mono- 
l a y e r  p re s su re  a t  t h e  break po in t  was determined (Figure 
3) .  Except f o r  t h e  vacuum case ,  t h e  d a t a  showed an 
i n i t i a l  drop i n  break p res su re  followed by a r ise.  The 
cause of t h i s  obviously l i e s  w i th  t h e  molecules of t h e  
r e a c t i o n  product .  A t e n t a t i v e  exp lana t ion  might be t h a t  
t h e  gas  r e a c t s  w i th  t h e  f r e e  r a d i c a l  y i e l d i n g  a product 
molecule with a bu lk ie r  group a t  t h e  r e a c t i o n  s i t e  than  
t h e  hydrogen atom o r i g i n a l l y  p r e s e n t .  The product  mole- 
c u l e s  then  behave a s  d e f e c t s  i n  t h e  " c r y s t a l l i n e "  two 
dimensional f i l m  of s tearamide.  P l a u s i b l y  t h e s e  i n i t i a l l y  
decrease t h e  y i e l d  s t r e n g t h  of t h e  monolayer i n  a manner 
s i m i l a r  t o  t h e  e f f e c t  of g r a i n  boundaries ,  d i s l o c a t i o n s  
and o t h e r  d e f e c t s  i n  t h r e e  dimensional systems. Perhaps,  
t hen ,  t h e  subsequent i nc rease  i n  break p res su re  is due t o  
a process  s i m i l a r  t o  work hardening i n  me ta l s  i n  which t h e  
number of product molecules,  behaving a s  d e f e c t s  capable  
of pinning d i s l o c a t i o n s  i n  t h e  monolayer, have inc reased  
t o  t h e  po in t  where they i n t e r f e r e  apprec i ab ly  w i t h  t h e  
g l i d e  of t h e  d i s l o c a t i o n s .  Of t h e  gases  used, s u l f u r  
d iox ide  i s  l i k e l y  produce t h e  l a r g e s t  e f f e c t  s i n c e  it adds 
t h e  b u l k i e s t  s i d e  group. The e f f e c t  of vacuum i r r a d i a t i o n  
would appear t o  be d i f f e r e n t  because, i n  t h e  absence of 
gas ,  t h e  f r e e  r a d i c a l s  would r e a c t  by d i smuta t ion  o r  
recombination. This  is a slow r e a c t i o n  a s  evidenced by 
t h e  slow r a t e  of decay of t h e  f r e e  r a d i c a l s  under vacuum. 
In  t h e  s o l i d  dismutat ion would probably y i e l d  a t r a n s  
double bond. Recombination would r e s u l t  i n  a c r o s s  l i n k  
between two molecules.  Ne i the r  of t h e s e  r e a c t i o n s  y i e l d s  
a bulky s i d e  group and n e i t h e r  of t h e s e  is l i k e l y  t o  
i n t e r f e r e  d r a s t i c a l l y  with molecular packing. Perhaps,  i f  
t h e  i r r a d i a t i o n  were c a r r i e d  t o  h ighe r  doses ,  an up tu rn  i n  
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EFFECT OF REACTION ON MONOLAYER PROPERTIES 315 

t h e  break p res su re  would have been noted i n  t h e  vacuum 
case  a l s o .  

The behavior of oleamide p r e s e n t s  a d i f f e r e n t  
p i c t u r e .  Af t e r  exposure t o  r a d i a t i o n  and gas ,  t h e  form of 
t h e  pressure-area curve a l s o  remained unchanged. The 
break p r e s s u r e ,  i n i t i a l l y  cons ide rab ly  less than  t h a t  of 
s tearamide,  (Figure l ) ,  showed no change w i t h i n  t h e  exper- 
imental  e r r o r .  This  probably r e f l e c t s  t h e  expanded n a t u r e  
of t h e  monolayer which, t h e r e f o r e ,  can accommodate i t s e l f  
more e a s i l y  t o  t h e  presence of a small  number of molecules  
w i t h  b u l k i e r  s i d e  groups than  t h e  more r i g i d  " c r y s t a l l i n e "  
s tearamide monolayer. The y i e l d  s t r e n g t h  of t h e  monolayer 
t h u s  would not be a f f e c t e d  t o  any g r e a t  e x t e n t .  

When measurements r e l a t e d  t o  t h e  a r e a  pe r  molecule 
were made, some s i g n i f i c a n t  e f f e c t s  were noted. Like 
s tearamide,  oleamide showed l i t t l e  change i n  a r e a  p e r  
molecule under vacuum i r r a d i a t i o n  o r  i n  t h e  presence of 
s u l f u r  d iox ide .  In  t h e  presence of oxygen, however, t h e r e  
was a s t e e p  d e c l i n e  i n  a r e a  wi th  r a d i a t i o n  dose,  (F igu re  
4 ) .  With n i t r i c  oxide,  on t h e  o t h e r  hand, t h e  a r e a  
decreased r a d i c a l l y  even i n  t h e  absence of r a d i a t i o n .  
I r r a d i a t i o n  produced no f u r t h e r  changes l a r g e r  t han  t h e  
experimental  s c a t t e r ,  which i n  t h i s  ca se  was somewhat 
l a r g e r  than t h e  o t h e r  d a t a ,  (Figure 4 ) .  The exp lana t ion  
of t h e s e  e f f e c t s  may l i e  i n  t h e  a b i l i t y  of t h e s e  g a s e s  t o  
d i f f u s e  r a p i d l y  i n t o  oleamide, (1) .  Oxygen is l i k e l y  t o  
i n i t i a t e  a cha in  ox ida t ion  r e a c t i o n  ( 4 ) .  The e f f e c t  
t h e r e f o r e  would be m u l t i p l i e d  many f o l d  a s  compared t o  t h e  
s u l f u r  d iox ide  r e a c t i o n ,  f o r  example. Most l i k e l y  
hydroperoxide and carbonyl groups a r e  produced a t  t h e  
r e a c t i o n  s i t e s  ( 4 ) .  The molecules now have an a d d i t i o n a l  
p o l a r  group loca ted  i n  t h e  middle of t h e  hydrocarbon 
cha in .  In  a d d i t i o n  pe rox ida t ive  cleavage of t h e  molecule 
may occur ,  as has  been pos tu l a t ed  f o r  c e l l  membrane l i p i d s  
i n  t h e  presence f r e e ,  r a d i c a l s  and h igh  p a r t i a l  p r e s s u r e s  
of oxygen, ( 6 ) .  This  c leavage,  by s p l i t t i n g  t h e  molecule 
i n t o  two sma l l e r  fragments,  one w i t h  two p o l a r  groups and 
t h e  o t h e r  w i th  one, would most l i k e l y  b r ing  about a small  
i n c r e a s e  i n  t h e  s o l u b i l i t y  of t h e  compounds o r ,  perhaps,  
i n  i t s  a b i l i t y  t o  form m i c e l l e s .  I n  e i t h e r  c a s e  t h e r e  
would be a loss of m a t e r i a l  from t h e  monolayer which would 
masquerade a s  a decrease i n  a r e a  p e r  molecule.  Another 
p o s s i b i l i t y  is t h a t  t h e  cha in  ox ida t ion  occurs  a t  t h e  
double bond y i e l d i n g  an oxygen bear ing group and a s i n g l e  
bond a t  t h e  s i t e .  The e l imina t ion  of t h e  c i s  double bond, 
and t h e  kink i n  t h e  a l i p h a t i c  cha in  t h i s  bond causes ,  
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318 G. ADLER 

might allow t h e  molecules t o  become r e l a t i v e l y  s t r a i g h t e r  
and occupy less space on t h e  s u r f a c e  d e s p i t e  t h e  b u l k i e r  
s i d e  group. 

A s  noted above, oleamide shows a dramatic  dec rease  i n  
apparent a r e a  pe r  molecule i n  t h e  presence of n i t r i c  oxide 
which i s  independent of t h e  presence of f r e e  r a d i c a l s  o r  
r a d i a t i o n .  This  suppor t s  t h e  hypo thes i s ,  p rev ious ly  
suggested on t h e  b a s i s  of ESR d a t a  ( l ) ,  t h a t  n i t r i c  oxide 
w i l l  r e a c t  w i th  t h e  compounds possessing double bonds even 
i n  t h e  absence of f r e e  r a d i c a l s .  I f  t h e  n i t r i c  oxide 
r eac t ed  d i r e c t l y ,  each r eac t ed  molecule would have two 
s t r o n g l y  p o l a r  groups. Another p o s s i b i l i t y  is t h a t  t h e  
n i t r i c  oxide,  upon adding a t  t h e  double bond o r  perhaps 
ca t a lyz ing  a c i s - t r a n s  i somer i za t ion ,  unkinks t h e  a l i p h a t -  
i c  chain allowing it t o  s t r a i g h t e n .  I t  is known t h a t  
n i t rogen  d iox ide  can cause c i s - t r a n s  i somer i za t ion  i n  o l e -  
f i n s  ( 7 ,  6). I t  has been suggested t h a t  n i t r i c  oxide w i l l  
not  r e a c t  i n  t h e  absence of n i t rogen  d iox ide .  Although we 
used r e sea rch  grade n i t r i c  oxide,  w e  cannot r u l e  ou t  t h e  
presence of t r a c e  amounts of n i t r o g e n  d iox ide .  

F i n a l l y ,  w e  d e s c r i b e  t h e  group of experiments i n  
which monolayers of t h e  appropr i a t e  compounds were exposed 
t o  va r ious  agen t s  without  p r i o r  i r r a d i a t i o n .  Despi te  
repeated f l u s h i n g  of t h e  dry-box w i t h  n i t rogen  p r i o r  t o  
t h e  experiment,  we not iced t h e  formation of brownish vapor 
when t h e  n i t r i c  oxide w a s  admitted,  t hus  i n d i c a t i n g  t h a t  
some oxygen was s t i l l  p resen t  and t h a t  n i t r o g e n  d iox ide  
formed. A s  expected, s t e a r i c  ac id  and s tearamide showed 
n e g l i g i b l e  change i n  t h e  pressure-area curve o r  t h e  a r e a  
pe r  molecule,  (Figure 5 ) .  Oleamide, e l a i d i c  ac id  and 
l e c i t h i n  have double bonds. The l e c i t h i n  and e l a i d i c  
a c i d ,  l i k e  oleamide, y i e lded  expanded p res su re -a rea  i so -  
therms on t h e  f i l m  balance.  S u r p r i s i n g l y ,  t h e s e  t h r e e  
compounds showed a small  but s i g n i f i c a n t  i nc rease  i n  a r e a  
p e r  molecule upon exposure t o  n i t r i c  oxide.  The reason 
f o r  t h e  d i f f e r e n c e  between these  r e s u l t s  and t h e  ones 
obtained above a r e  obscure because of t h e  l i m i t e d  amount 
of d a t a  p r e s e n t l y  a v a i l a b l e .  Perhaps t h e  n a t u r e  of t h e  
r e a c t i o n  products  w a s  changed lue t o  t h e  presence of water  
and t h e  l a r g e  amounts of n i t rogen  d iox ide  which r e s u l t e d  
from t h e  r e a c t i o n  of t h e  n i t r i c  oxide wi th  t h e  r e s i d u a l  
oxygen p resen t  i n  t h e  glove box. I t  i s  known t h a t  oxygen 
w i l l  enhance t h e  r e a c t i o n  wi th  t h e  n i t r o g e n  d iox ide  wi th  
hydrocarbons. Poss ib ly ,  a l s o ,  t h e  a d d i t i o n  of a n i t r o x y  
group a t  t h e  middle of t h e  molecule d i d  not  apprec i ab ly  
inc rease  s o l u b i l i t y  but i n s t ead  allowed t h e  molecule t o  
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EFFECT OF REACTION ON MONOLAYER PROPERTIES 319 

bend over  so t h a t  t h e  new p o l a r  group faced  t h e  wa te r  
s u r f a c e .  Thus t h e r e  would be an apparent  i n c r e a s e  i n  a r e a  
p e r  molecule.  I f  such a p rocess  were i n  compe t i t i on  w i t h  
t h e  c i s - t r a n s  i somer i za t ion  mentioned above, t h e  i n c r e a s e  
i n  a r e a  would be r a t h e r  sma l l .  

The e l e c t r i c  d i scha rge  of t h e  T e s l a  c o i l  above t h e  
monolayer gene ra t ed  ozone. As is seen  i n  F igu re  5 ,  t h e r e  
w a s  n e g l i g i b l e  e f f e c t  of t h e  gas  on s tearamide  and s tear ic  
a c i d  which have no double bonds. The t h r e e  compounds w i t h  
double bonds, on t h e  o t h e r  hand, showed marked changes 
i n d i c a t i n g  t h a t  they  r eac t ed  w i t h  t h e  ozone. Oleamide and 
e l a i d i c  a c i d  showed dramat ic  dec reases  i n  area p e r  mole- 
c u l e  whereas l e c i t h i n  gave a l a r g e  i n c r e a s e .  

Ozone c l e a v e s  double bonds, ( 9 ) ,  s p l i t t i n g  t h e  mole- 
c u l e  i n t o  two s m a l l e r  ones each  w i t h  a p o l a r  group a t  t h e  
newly formed end. As suggested above f o r  peroxide  c leav-  
age ,  t h e  s m a l l e r  product molecules produced from e l a i d i c  
a c i d  and oleamide probably show inc reased  s o l u b i l i t y  i n  
wa te r  and t h e r e f o r e  l o s s  of m a t e r i a l  from t h e  monolayer. 

The case  of l e c i t h i n  is somewhat d i f f e r e n t .  A 
p o s s i b l e  reason  f o r  t h e  i n c r e a s e  of a r e a  w i t h  ozone l i e s  
i n  t h e  f a c t  t h a t  n a t u r a l  l e c i t h i n  i n  g e n e r a l  has  two 
hydrocarbon cha ins  only  one of which is u n s a t u r a t e d .  The 
ozone c u t s  t h e  unsa tu ra t ed  cha in  a t  t h e  double  bond 
l eav ing  a p o l a r  group such a s  carboxyl  o r  carbonyl  on t h e  
end of t h e  shor tened  hydrocarbon c h a i n  which remains 
a t t a c h e d  t o  t h e  l e c i t h i n  molecule.  The molecule i s  s t i l l  
a s  i n s o l u b l e  due t o  l a r g e  unreac ted  hydrocarbon cha in  
which remains on t h e  molecule.  I f  t h e  remanent c h a i n  can  
bend over  so t h a t  i t s  new p o l a r  end group f a c e s  t h e  w a t e r ,  
t h e  r e s u l t  would be an apparent  i n c r e a s e  i n  a r e a  p e r  mole- 
c u l e .  Such an exp lana t ion  would be c o n s i s t e n t  w i t h  t h e  
dec rease  i n  a r e a  shown by t h e  o t h e r  two compounds. 

I t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  change i n  a r e a  of 
oleamide and e l a i d i c  a c i d  i n  t h e  presence  of t h e  n i t r o g e n  
ox ides  and t h e  ozone a r e  approximately equa l .  Th i s  sugges t  
t h a t  t h e  c i s  and t r a n s  double bonds a r e  e q u a l l y  r e a c t i v e  
and t h a t  t h e  d i f f e r e n c e s  i n  r e a c t i o n  r a t e  of t h e  c r y s t a l -  
l i n e  m a t e r i a l  w i t h  gas  noted p rev ious ly ,  ( l ) ,  is s o l e l y  
due t o  d i f f e r e n c e s  of d i f f u s i o n  r a t e  i n  t h e s e  s o l i d s .  

Something should be s a i d  about t h e  r e p r o d u c i b i l i t y  of 
t h e s e  exper iments .  Keep i n  mind t h a t  t h i s  was an 
e x p l o r a t o r y  i n v e s t i g a t i o n .  Each experiment w a s  done i n  
t r i p l i c a t e  and i n  random o r d e r .  The d a t a  was handled by 
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320 G. ADLER 

least squares techniques. With the same batch of compound 
the reproducibility was good. However, from batch to 
batch, the reproducibility was poorer quantitatively but, 
qualitatively, the results were unequivocal. Quantita- 
tively there is evidence that the results show some 
dependence on trace impurities, lattice defects, etc. For 
example, despite recrystallization, batches of material 
obtained from different sources gave somewhat different 
quantitative, though identical qualitative, results. 
Material shock cooled from the melt showed slightly larger 
diffusion rates than material grown slowly. However, 
qualitatively, the trends were unmistakable. The results 
for oleamide, for example, could never be mistaken for 
those from elaidic acid or stearic acid or stearamide. 
This is backed up by many more experiments with more 
compounds than are discussed here. 

CONCLUSIONS 

The type of material with which we were concerned is 
exemplified by amphiphilic substances such as fatty acids, 
fatty amides, phosolipids, many surfactants and similar 
materials. We showed in a prior communication, ( I ) ,  that 
gases can diffuse into crystalline solids having a 
particular type of "stacked bilayer" structure. It was 
demonstrated that gases such as oxygen, nitric oxide, 
nitrogen dioxide and sulfur dioxide will diffuse into 
these solids and will react with any free radicals that 
may be present, such as those resulting from radiation 
damage. Previous work with smaller amides, ( 4 ) ,  suggest 
that oxygen in such circumstances, may initiate a chain 
reaction with a kinetic chain length that can reach over 
100. If double bonds are present, the oxides of nitrogen 
will react with the material even in the absence of free 
radicals. There was also evidence that the presence of 
oxygen will enhance this reaction. The work described in 
this communication shows that these gas-solid reactions 
can radically alter the physical characteristics of 
monolayers made from these materials. These changes are 
consistent with the ideas expressed in reference (1) and 
could possibly serve as an indicator of the nature of the 
reaction that had taken place. In addition, it was also 
demonstrated that gases such as ozone and the oxides of 
nitrogen will directly affect previously formed monolayers 
even in the absence of free radicals, causing significant 
changes. 

Though the gases used in these experiments were not 
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EFFECT OF REACTION ON MONOLAYER PROPERTIES 321 

chosen with that in mind, it turns out that, except for 
oxygen, they were all ones that are of concern in air 
pollution. The type of substance we used has great indus- 
trial and biological importance. Lecithins, for example, 
are important constituents of cell membranes. As noted in 
reference ( l ) ,  preliminary chemical analysis indicated the 
presence of peroxides in material exposed to the oxides of 
nitrogen. Others have made similar findings, (10, 11). 
It has been reported that peroxides were found in the 
membranes of animals exposed to nitric oxide, (12). It 
has been postulated that peroxides generated during such 
exposure alter the "fluidity" of membranes, (6). This 
suggests that the studies such as the ones described in 
this and the previous communication, besides shedding some 
light on solid state reaction mechanisms, may in addition 
be useful, easily obtained, bulk models for studying some 
problems involving cell membrane lipids. This is sup- 
ported by some crude preliminary experiments we did using 
lung surfactant washed from the lungs of rats and calves. 
The gas-solid reactions might also provide a means for the 
synthesis for some interesting new surfactants. 

It should finally be emphasized that the work 
described here and in the previous communication is of a 
preliminary nature and that the proposed mechanisms and 
explanations must be considered tentative in nature. They 
are presented here solely for the purpose of suggesting to 
others the potential usefulness of this kind of study. 

Experimental work performed at Brookhaven National 
Laboratory, Upton, New York, under auspices of the 
Department of Energy, Washington, D.C., contract No. 
DE-AC02-76CH00016. 
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