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Interaction of hydrophobic ions with amphiphile monolayers 
at the air--water interface 

1. Monolayers of stearylamine and dioctadecyldimethylammonium 
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The interaction of monolayers of stearylamine (SAM) and dioctadecyldimethylammonium 
(DODA) at the air--water interface with h'ydrophobic ions in the water phase was investi- 
gated by using the techniques of two-dimensional pre.~;ure isotherms and the surface 
electrostatic potential. In both cases the interaction with tetraphenylborate anions results in 
the formation of mixed monolayers whose properties sharply differ from those of the original 
monolayers The effect of subphase composition on the formation of mixed monolayers has 
been studied~ A qualitative description of the interaction under study has been given~ A 
model including the phase inhomogeneity of the mixed monolayer and the formation of 
multilayer structures from the areas of the "surface salt" has been suggested. The strong effect 
of hydrophobic ions on the monolayers is not only due to Coulomb interaction; their 
hydrophobic properties also play an important role. 

Key words: monolayers, air--water interface; surface electric ",otential; hydrophobic ions; 
surface salt. 

The  Langmui r - -B lodge t t  (LB) method ,  t he  fo rma- -  
t ion of  monomolecu l a r  layers at the a i r - -wa te r  interface 
with their  subsequent  transfer to solid surfaces, has been 
widely used for several tens of  years to create two- 
d imens iona l  and th ree -d imens iona l  organized molecular  
structures. LT- LB films are promising materials  for chemi-  
cal and biological,, sensors, nonl inear  optical  e lements ,  
devices of  molecu la r  e lectronics  etc.L2 Monolayers  of  
amphiph i l e  molecules  at the a i r - -wa te r  interface,  on 
one hand,  serve as direct  precursors of  LB films and,  on 
the o ther  hand,  are the simplest  model  of  biological  
membranes  and are used to investigate various physico-  
chemica l  processes in these membranes .  3 

Abundan t  evidence in the l i terature shows that the 
physical state of  the initial monolayer  at the water 
subphase - - a i r  interface largely de te rmines  the propert ies  
of  the LB films formed as the monolayer  is transferred 
to the solid surlklce as well as the possibility of  realiza- 
t ion of  such process, l,4 The  state of  the monolayer  for 
many amphiph i les  depends  on the ionic compos i t ion  of 
the subphase and is often de te rmined  by interact ion of  
ions with the ntonolayer .  4 In biological  membranes ,  
there is a large number  of  diverse ions in their  environ-  
ment.  Moreover ,  many ft, nct ions of  these membranes  
are due to in teract ions  with the surrounding ions. 

Unlike most o ther  microhe te rogeneous  structures,  
the monolayers  at the water  surface are macroscopic  
objects. Thanks  to this, many of  their  parameters  can be 
measured by direct  procedures,  z 

By now, the effect of  many inorganic (hydrophil ic)  
cations ~ and several anions s on the properties of  typical 
monolayers has been studied in considerable detail.  A 
series of  interesting works devoted to the interaction of 
ionic organic dyes 6,7 and of polyelectrol~es  8 with mono-  
layers at the water surface has appeared in recent years. 

Depending on the chemical  nature of  the head groups 
of  the amphiphi le  that forms the monolayer  and oll the 
type of  ions in the subphase, their  interact ion can in- 
c lude versatile processes: the formation of  a double 
electr ic  layer ,  dissociation (or protonat ion)  of  the head 
groups, the tbrmat ion of  coordinat ion bonds,  etc. By 
considering one or another  of  them, one can success-  
flllly quali tat ively describe changes in the propert ies  of  
the monolayer  in the presence of  ions. In this case, the 
reverse effect of  ions bound to the monolayer  on the 
charge state of  its head groups must be significant,  
which has not been taken into account  in most works 
knowll to us. 

Along with the above ment ioned types of  ions, the so 
called "hydrophobic  ions" are of extreme interest  from 
the viewpoint  of  their  possible interact ion with amph i -  
philic monolayers  at the water surface. These ions in- 
c lude small ,  strongly hydrophobic  ions of  high symme-  
try, eg., the anion BPh 4- and the cat ion PPh4+; owing 
to their  high symmetry  they have no surface-act ive  
properties.  Previously, 9,to they have been used for im-  
parting a del iberately chosen electrostat ic  potent ia l  to 
the droplets  of  "oil in water" type microemuls ions .  
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As far as we know,  sys temat ic  s tudies on the in terac-  
t ion be tween  h y d r o p h o b i c  ions and the mono laye r s  of  
a m p h i p h i l i c  m o l e c u l e s  at the a i r - - w a t e r  in terface  have 
not  yet been  c o n d u c t e d .  T h e  present  work is devo ted  to 
an e x p e r i m e n t a l  s tudy of  such in te rac t ion  in mode l  
systems using the m e t h o d s  o f  t w o - d i m e n s i o n a l  pressure 
{rt--A) and of  the surface e lec t ros ta t ic  potent ia l  iso- 
the rms  (q~--A) (A is the area per  molecu le ) .  

Experimental 

The studies of monolayers were carried out on an installation 
consisting of a rectangular [~ngmuir trough (250x [00x8 ram), 
an electronic balance with a Wilhelmi plate made of the filter 
paper (of 10 mm width}, an electrometer tot measuring the 
surface potential (Kelvin meth~J, gilded working electrode of 
10 mm diameter), and an IBM-AT computer equipped with a 
multichannel analog-to-digital converter A throe-electrode scheme 
(with an Ag/AgCI elecmxte as reference electrode and a metal 
auxiliary electrode) was used for measuring the surface potential 
The ~p--A isothemas were recorded relative to the potential of the 
subphase surlilce before spreading of the monolayer 

The subphase was prepared using double-distilled water, 
additionally purified from surfactant impurities by passage 
through a column with activated carbon~ In most experiments, 
the ionic strength of the sebphase was kept close to 1 = 10 -2 tool 
L -I using NaCl additives Acetate, borate, and Tris buffer 
solutions were used to obtain different pH values; the concentra- 
tion of the buffer ions did not exceed 10 -3 mol L- t :  The pH- 
value was monitored both before and after measurements. All 
starting solutions were prepared from reactants of grade not 
worse than "analytically pure"; they were passed through a 
column with activated carbon to pre-purify them from surfactant 
impurities. 

Freshly prepared 5 • 10 - ' t -  10 -3 M solutions of steaD'lamine 
and dioctadecyldinlethylammonium bromide (not less than 
98 % base substance) in distilled chloroform were used for 
deposition of  monolayers. Measurements of x--A and tp--A 
isotherms were started 2 min after spreading of  the monolayer. 
The compression rate of  the monolayer was ~50 A 2 per mol- 
ecule per minute. The choice of such a high rate was caused by 
the necessiw to maintain constant pH in the near-surface layer 
of the subphase contacting the atmosphere during the whole 
experiment, since several systems under study were extremely 
sensitive to pH. Because of the high compression rate of the 
monolayer there was a potential danger of obtaining isotherms 
strongly differing from equilibrium isotherms, tl Thereibre, not 
only the compression, but also the expansion of the monolayer 
was recorded in all cases. Tile observed hysteresis (associated 
with deviation of the system from equilibrium), as a rule, did 
not exceed several percent  The exceptions were only the 
experiments carried out at the lowest concentrations of hydro- 
phobic ions (< I btmol L -I)  and strong interaction of the ions 
with the monolayer  The establishment of the monolayer-- 
subphase equilibrium trader these conditions is connected with 
the diflilsion of  hydrophobic ions over distances - I mm, there- 
fore the hysteresis sometimes amounted to 10--20 % 

Results and Discussion 

Interaction of the stearylamine monolayer with hy- 
drophobic anions. T h e  isotherms of  two-d imens iona l  pres- 
sure (~- -A)  o f  the  s tea ry lamine  m o n o l a y e r  ( S A M )  at the 
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Fig, 1. The ~--A (a) and =--A (b) isotherms of the SAM 
monolayer at the surface of an aqueous subphase containing no 
hydrophobic ions at different pH values: 7.0 (1), 8.3 (2), 
9.5 (3), 10.7 (4), 11.8 (5}. 1 = 10 -2 tool L - I ,  T =  297 K 
(~ is the surface potential, = is the two-dimensional pressure, 
,4 is the area per molecule). 

subphase - -a i r  interface (Fig. I) in the pH range from 8 
to 12 remain  unchanged  and are charac te r ized  by nearly 
cons tant  and very' low pressure 0t < 0.2 m N  m - I )  at the 
values o f  the  area per molecu le  exceed ing  30 A 2. This  
region cor responds  to the condensed  m o n o l a y e r - - t w o -  
d imens iona l  gas equi l ibr ium.  A sharp increase ill the  two-  
d imens iona l  pressure r¢ begins when the m o n o l a y e r  is 
compressed  to A = 23 A 2, which cor responds  to the 
comple t e  t ransi t ion o f  the mono laye r  to the condensed  
state. Fur ther  compress ion  is fol lowed by a rapid increase 
in the two-d imens iona l  pressure and ends in the col lapse 
of  the monolaver .  A region of  a smoo th  increase ill r~ 
a p p e a ~  on the x - - A  isotherm as the subphase  pH de-  
creases to 7, while  the two-d imens iona l  gas pressure in 
the region o f  A > 30 3, 2 increases to 1 m N  m I. 

T h e  i so the rms  of  the surface e lec t ros ta t i c  potent ia l  
(,0--A) (Fig.  I) in the region o f  the c o e x i s t e n c e  o f  both 
gas and c o n d e n s e d  phases are cha r ac t e r i z ed  by poor  
reproduc ib i l i ty  caused by the phase m h o m o g e n e i t y  of  
the mono laye r .  This  points  to the fact that  the cha r ac -  
terist ic sizes o f  the areas occup ied  by the  separa te  phases  
are c o m p a r a b l e  with the d i a m e t e r  o f  the work ing  e l ec -  
t rode (10 mrn).  Never the less ,  there  is a genera l  t rend  
for W to increase  with m o n o l a y e r  c o m p r e s s i o n ,  associ-  
a ted with the  increase in the por t ion  o f  the  surface  
o c c u p i e d  by the  condensed  phase in this region.  T h e  
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tO--A isotherms become reproducible  when the region of  
the condensed  state of  the monolayer  is reached; here, a 
regular increase in potential  as A decreases (i.e. as the 
number  of  a ~ p h i p h i l e  molecules  per  unit area of  the 
monolayer  increases) ~s well seen. There is a pronounced 
iqcrease in tO as the pH of  the subphase decreases in the 
whole range of  pH under study. This is associated with 
the increasing degree of protonat ion (ct) of  the head 
amino  groups of  SAM; in the range 7 < pH < 12 c, never 
reaches one of  its l imiting values, Le ,  the monolayer  is 
always part ial ly protonated.  

The unexpectedly  broad pH region where changes in 
ot are observed,  occurs for the Mlowing  reasons. To a 
first approximat ion ,  the degree of  protonat ion  of the 
head amino  groups of  the monolayer  is de termined by 
the local concent ra t ion  of protons in the immedia te  
vicinity of these groups: 

Iog{~/{I ~'{,t)} = pK, - pH~ 

If the volume of  the subphase adjacent  to tire mono-  
layer contains  a double electric layer, this value can 
appreciably differ from the proton concent ra t ion  within 
the bulk of  the subphase: 

pH i = pH - e,5~/kTlnlO, 

where e is the charge of  an electron,  k is the Bol tzmann 
constant ,  T is t empera ture ,  Ago is the potent ia l  difference-  
between the area of  the head groups and the bulk of  the 
subphase,  i.e., the potent ial  of  the double  electr ic  layer. 
The Aqa value depends  on the surface charge density of 
the monolayer  cr = - a e / A  and on the ionic strength of 
the subphase,  which determines  the thickness of  the 
double  electr ic  lag'er. The change in ktO is a main reason 
for the surface potent ial  to decrease as pH increases; it 
anmunts  to 240 mV at A = 20 A 2 per molecule .  Start- 
ing from this value,  one can easily es t imate  the variation 
of  pH i, In the pH range under study (4.7 units) this 
change is merely 0.7. In view of  this, the dependence  of 
ct on pH does trot appear  unusual;  moreover ,  if one 
takes into account  the direct effect of  the protonated 
head groups on their  nearest neighbors (the dependence  
of  pK, on ~), it could result in more appreciable  retarda- 
tion of  the increase ira {~ as pH decreases.  

It follows from the above considera t ion that as the 
monolayer  expands  (retaining its phase homogenei ty) ,  
the protolyt ic  t rans tbrmat ion  of  the head groups (proto-  
nation or dissociat ion)  should occur  in more narrow pH 
range due to the fact that c, and Aq~ depend more weakly 
on {~ as A increases. In the l imit ing case of  a rarefied 
two-d imens iona l  gas, the dependence  o f t ,  on pH should 
be of  the same charac te r  as in solution. Unfor tunate ly ,  
this result can not be demons t ra ted  with the SAM 
monolayer  because it is phase - inhomogeneous  in almost 
the whole range of  A under  study. 

The a - - A  and to--A isotherms of  the SAM monolayer  
suffer marked changes  when low concent ra t ions  of  hy- 
drophobic  BPh 4- anions are in t roduced into the subphase 
(apart  from the suppor t ing e lect rolyte  (10 -2 mole L - I  
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Fig. 2, The ,#--A (a) and ~--A (b) isotherms of the SAM 
monolayer at the surface of an aqueous subphase containing 
different amounts of hydrophobic anions. NaBPh4 
concentrations, tool L-I: 0 (/) ,  3" l0 -? (2), I - l 0  -6 (3), 
3 .10 -6 (4), 1.10 -5 (5), 1.10 -4 (6), / = 10 -2 mol L - I ,  T - 
297 K, pH = 7 0  

NaCI) and the buffer); the changes increase as the 
NaBPh 4 concentra t ion  increases (Fig. 2) and as pH 
decreases (Fig. 3 )  At the highest NaBPh4 concen t ra -  
tions and the lowest pH the rise of  rt begins even at A = 
80 3, 2, whereas the limiting pressure on monolayer  com-  
pression is merely about 20 mN m-I~ A decrease ha the 
pressure of the two-dimensional  gas should also be 
noted (tile right part of  the rt--A isotherms in F i g  2 )  A 
decrease in tO on the ,.~--A isotherms in the whole range 
of  A is observed~ whereas the maximum values of  tO do 
not exceed 150 m V  The increase in rt is followed by an 
increase in to when the monolayer  is compressed;  since rt 
reaches its l imiting value the surface potent ial  remains  
nearly c o n s t a n t  

The observed picture is in good agreement  with the 
formation of  a mixed monolayer  at high concent ra t ions  
of  NaBPh 4 and at low pH values; the monolayer  con-  
sists of  almost  complete ly  protouated  SAM molecules  
and of an approximate ly  equivalent  amount  of  BPh 4- 
ions (the "surface salt"). This model  tbllows from the 
large area per SAM molecule  and the low surface poten-  
tial as well as from the weak sensitivity of  the rc--A and 
to--A isotherms to small changes in the subphase com-  
position. The penetrat ion of  the BPh 4- anions in tire 
SAM monolayer  is due not only to Cou lomb  interact ion 
with protonated  head groups, but also to the decreas ing 
energy o f  the monolayer - - subphase  system because these 
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Fig. 3. The w--A (a) and n--A (b) isotherms of the SAM 
monolayer at the surface of an aqueous subphase containing 
hydrophobic anions at different pH values: 7.0 (1); 8.3 (2) ,  
9.0 (3), 95 (4), 10.7 (5). I = 10 -2 mol L - t ,  T = 297 K, 
[NaBPh41 = 10 -s rnol L -I, 

large particles, weakly interacting with water, move 
from the subphase volume to the monolayer  area, where 
the density of hydrogen bonds is significantly lower (so- 
called hydrophobic interaction). In the monolayer  re- 
gion, the BPh4- ions can interact not only with the 
charged head groups of SAM, but also with its hydrocar- 
bon radicals. This results in stabilization of the con-  
densed mixed monolayer,  which is revealed in a de- 
crease in the two-dimensional  gas pressure 

The penetrat ion of the BPh 4- anions into the par- 
tially protonated monolayer  fit < 1) causes a decrease in 
c~ followed by a decrease in Aq0, which, in turn, must 
lead to a decrease in pH i and to a firrther increase in tt. 
As a result, additional hydrophobic anions penetrate 
into the monolayer,  etc. This is one more argument in 
favor of the assumed composit ion of the mixed mono-  
layer at high concentra t ions  of NaBPh 4 and at low p H  
The composi t ion of the monolayer  does not change 
appreciably when it is compressed, and multilayer struc- 
tures of presumably the same composit ion star1 forming 
alter a t ta inment  of the limiting pressure. If such struc- 
tures consist of odd number~ of laye~ in which the 
dipole moments  have opposite directions (it seems to be 
realistic), the surl~tce potential during the compression 
of the monolayer  has to remain constant,  which is 
observed ira the experiment.  The relatively low value of 
the l imiting pressure is the result o f  a decrease in the 

energy of the interaction between the monolayer  and 
subphase due to the large number  of hydrophobic ions in 
monolayer. 

At lower concentrat ions of BPh 4- and higher pH, 
the n--A and ~0--A isotherms are something intermediate 
between the isotherms of the pure SAM monolayer  and 
the limiting mixed monolayer,  and change from one 
direction to the other as the concentrat ion of hydropho- 
bic ions changes and as pH changes. The effect of the 
ionic strength (1--100 mmole L -I)  at tile NaBPh4 
concentrat ion of 10 5 mole L ~l and at pH = 9 ap- 
peared to be rather weak. 

Tile family of ~--A isotherms represented in Figs 2 
and 3 has an unusual shape, characteristic of monolayers 
consisting of two immiscible amphiphiles, z Such mono- 
layers are a mosaic of areas occupied by isolated 
amphiphiles. In the process of compression,  deforma- 
tion of tile monolayer as a whole occurs first. Upon 
at tainment of the limiting pressure tor one of tile con> 
ponents, a collapse of pertinent areas begins, which can 
be seen as a horizontal section on the rc--A isotherua. 
Alter their complete disappearance, the pressure contin-  
ues to increase in accordance with the the isotherm of 
the second component .  

Applying a similar description to the system under 
study, one could assume that, in this case, the mono-  
layer consists of areas differing ira the BPh 4- anion 
content and degree of SAM protonation.  In the process 
of the compression of  such monolayer  ira the areas with 
a high content  of hydrophobic anions, mult i layer struc- 
tures are tbrmed and the fraction of surface occupied by 
them gradually decreases, which is followed by an in- 
crease in tO. The remaining areas contain few BPh 4- 
anions; therefore, the left side regions of the rt--A and 
tO--A isotherms at low NaBPh 4 concentra t ions  and high 
pH look like those of the pure monolayer  of SAM. 
However, this model in its original form seems to be 
poorly compatible with the existence of equibria both 
for the distribution of hydrophobic ions between the 
monolayer  and the subphase bulk and for protonation of 
the monolayer  (the rnonolayer areas of different compo- 
si t ion are s imul t aneous ly  at equ i l ib r ium with the 
subphase). In order to remove this contradict ion one 
should assume that the areas containing strongly proto- 
hated SAM and a large number  of BPh 4 anions are 
only formed, when the monolayer is compressed to the 
limiting pressure, and are immediately formed as multi-  
layer structures. The onset of such a process can be 
associated with a t ta inment  of a certain threshold surface 
concentrat ion of BPh 4 " anions. We do not consider the 
suggested model of the phenomena  occurring in the 
studied system to be final. Additional investigations 
using independent  methods, for instance, visualization 
of the two-dimensional  structure of the monolayer,  are 
required to check the model. 

Interaction between the dioctadecyldimethylammo- 
nium monolayer and hydrophobic anions. In contrast to 
the SAM monolayer, the dioctadecyldimethylammonium 
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( D O D A )  mono laye r  has a constant  positive charge o n  

the head groups that is not dependent  on pH, which 
simplifies the analysis of  its interact ion with hydropho-  
bic ions. It is also phase - inhomogeneous  at large A, 
which can be seen from the very low pressure of  the 
two-d imens iona l  gas (Fig. 4 )  Therefore,  the g>-A iso- 
therms in tile rt < I mN m -I region contain  no direct 
in tbrmat ion oil the monolayer  structure despite their 
satisfactory reproducibi l i ty ,  In contrast  to the SAM 
monolayer  which is closely packed even at small r~, the 
D O D A  mono laye r  is very "loose": the increase in r~, 
which indicates  the comple t ion  of  the transit ion ira the 
condensed phase,  begins even at A equal to I15 A 2 per 
molecule ,  while fairly close packing of the hydrocarbon 
chains is a t ta ined only at rc > 40 mN m -I (25 A 2 per 
each chain).  The  surface potential  of the condensed 
monolayer  is very high even at large A and increases as 
the densi ty of  packing increases. 

The rt--A and t0--A isotherms of  the D O D A  mono-  
layer undergo signif icant  changes,  increasing as the con-  
cent ra t ion  of  tile hydrophobic  anions increases as small 
concen t r a t i ons  o f  N a B P h  4 are in t roduced  into the 
subphase in addi t ion  to the suppor t ing electrolyte.  These 
changes,  like those ira the SAM monolayer ,  are associ- 
ated with the format ion  of  a mixed monolayer  conta in-  

ing an appreciable  number  of  BPh4- anions. Format ion  
of such monolayer  reveals itself as a sharp decrease in 
the surface potential.  However, in this case, the pen- 
etration of  hydrophobic  ions into the monolayer  does 
not result in its expansion,  but in its compression,  which 
is due to its initial loose packing. At the highest concen-  
trations of  NaBPh 4, both rt and m remain constant  al ter  
compression of  the monolayer  to the l imiting pressure 
(-10 mN m- I ) ,  which, by analogy with the SAM mono-  
layer, can be explained by the formation of  mul t i : :ye r  
structures. The lower limiting pressure is in good agree- 
ment with the fact that the DODA head groups are less 
hydrophil ic  than those of SAM. 

At lower NaBPh 4 concentra t ions  it is difficult to 
investigate the behavior of the DODA monolayer  rising 
the x--,,'l isotherms due to the similar sizes of  the areas 
occupied by pure and mixed monolayers .  Addi t ional  
obstacles are created by high compressibi l i ty  of  the 
initial monolayer  (small slope of  tire rc--A isothermL 
For these reasons it is impossible to conduct  as detai led 
an analysis as was made for the SAM monolayer .  One 
should only note that m the weakly compressed mono-  
layer there is a strong dependence  of  the content  of  
BPh 4- toe ¢ on their  concentra t ion in the subphase that 
can be seen as changes in the values of  ~o in the initial 
section of  the increase in ft. The nonmonoton ic  change 
in A that  occurs at 7t = 5 mN m -I  as the concent ra t ion  
of  NaBPh 4 increases is in agreement  with this conclu-  
sion: as the number  of  BPh 4- anions increases, the 
monolayer  first shrinks due to Coulomb at t ract ion (as 
long as there is enough free space) and then begins 
expanding (when there is no more free space). 

Interaction between SAM and DODA monolayers and 
hydrophobic cations. Hydrophobic PPh4 + cations hardly 
interact with the SAM and DODA monolaye~,  whose 
head groups are positively charged. ~ can be seen from 
Fig. 5 the n--A isotherms of both monolayers remain 
nearly unchanged when PPh4CI (10 -4 mole L - I )  is intro- 
duced into the subphase (in addition to 10 -2 mole L -I  of 
NaCI and the buffer components).  In this case the surthce 
potential of the condensed monolayer decreases by several 
tens of mV, Le., it is shifted to the negative side, which at 
flint sight contradicts common sense  Nevertheless, this is 
the change in ~p that should be observed when a conven- 
tional procedure tbr recording the ¢p--A isotherms is used, 
if hydrophobic ions do not interact with the monolayer.  
The point is that the potential of the subpha:se surface in 
the absence of the monolayer  is usually accepted as the 
"zero" value of q~. This "zero" potential rneasured relative 
to the Ag/AgCI electrode depends on the electrolyte 
composit ion of the subphase, since the ratio of  the con- 
centrations in the volume and in the surface layer is 
different tbr different ions; therefore, the surface layer has 
a charge. In particular, the hydrophobic ions we used are 
concentrated in tile surtace layer, which is reflected in a 
shift in the potential of  the clean subph~e  surface in the 
direction coinciding with the sign of  charge of  these ions. 
This effect is comparatively small and depends on the 
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Fig. 5. The n--A and ~--A isotherms of SAM (a) and DODA 
(b) naonolayers at the surface of an aqueous subphase contain- 
ing different amounts of hydrophobic ca t ions .  PPh4CI 
concentrations,  naol L-I :  0 (1), 1.10 -4 (2). I = 
10 -2 molL -I ,  T = 2 9 7  K, pH = 7 0 ( D O D A )  and8.3 (SAM) 

concentrat ion of  hydrophobic ions, i.e., the behavior of 
these ions is unlike that of  surfactants: they behave like 
any other ions. When 10 -4 mole L -I  of  PPh4CI is intro- 
duced, the potential of  the subphase surface (without the 
monolayer)  is shifted to the positive side by several tens 
of  mV. When the amphiphi le  monolayer  appears the ions 
that can not penetrate therein must leave the subphase 
surface Taking into account that the potential of the 
subphase surface without the monolayer  is always taken as 
tile zero value of  tO, the recorded potential of the mono- 
layer surface will be shifted to the negative s ide  

Thus, strong interact ion between SAM (with a pH 
dependent  positive charge on the head groups associated 
with their  pro tonat ion)  and DODA (with a constant 
positive charge on the head groups) monolayers  at the 
subphase - -a i r  interface with the hydrophobic  BPh4~ 
anions is o b s e r v e d  Tile interact ion manifests itself in 
tile tbrmat ion of  mixed monolayers  whose propert ies  
drast ical ly differ from those of  tile initial m o n o l a y e r s  At 
low concent ra t ions  of  hydrophobic  anions their  content  
in the monolayer  depends  oil their  concent ra t ion  in the 
st, bphase;  it reaches a limit at higher concent ra t ions  
("surface salt") and then remains nearly constant .  

In the case of  the SAM monolayer  the pH effect is 
analogous;  however,  the l imit ing state of  the "surface 
salt" can also be a t ta ined at these pH values when the 

initial monolayer  is ortly part ial ly protonated,  in order  
to explain the latter phenomenon  a model  that  considers  
the conjugat ion between the penet ra t ion  of  hydrophobic  
anions into the monolayer  and its p ro tona t ion  due to the 
potential  j ump  in the double electr ic layer at the mono-  
layer - -subphase  interface has been suggested. 

The compress ion of  mixed monolayers  does not lead 
to the removal of  hydrophobic anions and regenerat ion 
of  the initial monolayer ,  and is followed by compl ica ted  
behavior of  the rt--A and {o--A isotherms. The model  
suggested for its description includes the phase inho-  
mogenei ty  of  the mixed monolayer  and the format ion of  
mult i layer  structures l'rom the areas of  the "surface salt" 
during compression.  

The strong effect of hydrophobic  ions on monolayers  
is caused not only by Cou lomb interact ion but also by 
their  hydrophobic  properties. Nevertheless ,  the role of 
tile Cou lomb factor is great, which is evidenced by the 
absence of  an effect of  hydrophobic  PPh4 + cat ions  oil 
the positively charged SAM and D O D A  monolayers  
even at high concentra t ions  of  these c a t i o n s  
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