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Molecular Interfaces
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quulda and gases are, both fluids, meaning that both fiow. The .
TR

characterrstlc that distinguishes a gas from a liquid is that the ia%ter hasa

| gotat deﬁmte bou[ndary If you put quantities of oxygen gas and carbon dioxide

gas into a contamer at room temperature and pressure, then even though
the carbon dioxide is healfler and tends to stay at the bottom, the 1nterface
between the two is dfff();lse‘: and after a while they will mix ccmpletely
This is the case for all pairs of gases. However W1th oxygen gas and
liquid water in the container, the water always stays at the bottom and the -
mixing is never complete. Fven though the molecules of the water are
moving at Speeds even hlgher than those of the CO, molecules in the first

case, the boupdary between gas and liquid does not becom diffuse,

Another way of stating the same fact is that it takes energy to create more
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liquid interface. The energy required to create unit area of inferface ig a' |
;.”} f\\f&) J’}r,{,\f SR .
Well defmed quantlty and is called the surface tension of the hqu1d e,
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J svmbohzed . The surface tension of common liquids ranges from about
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20 mN/m for petrol to 75 mN/m for water. Although the random therma!

movemente of the»molecules do not cause the mterface to become dlfruse
h fo 5

they do pertdgrb it. The surface is contmuaﬂy dls{orted by millions of tiny g

caprllary ripples. The resultant roughness 18 Well understood and has been
measured by X- rays The amplitude of the ripples on a water surface at .-~
-room temperature is approxrmately 0.3 nm RMS, 1e two molecular
dlameters The surfdce tension g, which is responsible for the exrstence of

sharp molecular m%erfaces is closely connected to the existence of

first- order phase transitions. If a cylinder full of ?team (gaseous water) is
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: -Slowly cooled the first result is jUSt a contmuoas .dejgfe\ase in the pr;asfaare
exgrted on the walls, while the coz{tents of the cylinder remain uniform. /
However at a specific temperatufe, drops of l1qu1d water start to appear
with a density ~1000 times that of the gas phase. The molecules in the
liquid droplefs are in equilibrium with ft—hose in the gas and hence have the
same eheali.f:al potential  (free energy per -molecule), .although the
molecular paeking in the two phases have almost nothing in common. All
other molecular states, including halfway stages with inte'ﬁ;{epdiate
density, show a hig]_a:er chemical poteﬁtial than either stable phase. The
molecules of water at the interface are in effect forced to be in such a
stralﬁ/ed halfway stgé[e Hence it takes energy to create more interface.
The value of surface tension is inherently positive. If the g of a liquid
FUrmT i o

interface ever became negative, then it would be energetically
/\ PR B

advantageous to create more interface, this is easily done by increasing -

the roughness of the interface. Within a short period of time, a sharp

interface would cease to exist. There are a number of methods for
?Ql NN nNopoat

measunng surface or 1nterfa01a1 tensmns Perhaps the most common is

the '-;Wﬂhelmy method in which a rectangular plate is located at the
- 155

mterface The force on the plate contains components from the interfacial

tensmn the action of gravity on the plate, and buoyancy forces. The latter

two can be independently measured.

What is an amphiphile? -

Parafﬁn 011 and water do not mix, and this is a result of the interactions
rbetween thelr individual molecules. Molecules of water prefer other
'moleeu_lea of _water, and molecules of oil prefer other molecules of oil.

There a:fe ﬁiany substances showing this like prefers like behavior.

. Substances, which mix in water tend not to mix with oils, and vice versa. -
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" The former are called hydrophlho (Greek for water-lovihg)--"tﬁie iaféer
hydrophoblc (Greek for water-fearing). An amphiphile is what " results
when you chemically link a water-fearing and a water-loving part Th1s
apparently contradictory mixture of behaviors m the one molecule gives e
arnphiphiles unusual properties and makes them very important both in

“industry and in science. The oldest known amphlphﬂe is soap, and its ¢ v
cleaning action on your hands is closely related te its amphiphilic
structure. All detergents are amphiphiles. Soap is made by cooking either
animal fats or vegetable oils with soda. The fatty or oily substances in
animals and plants are all amphiphiles, and ate called Ypids (Greek for
fat). The fact that there are amphiphiles in living things i$ no mere
coincidence - the properties of amphiphiles are vitally important for life,
and they are what all living things make their cell membranes out of.
Without a membrane, a cell could have no individual identity, and

molecules required by the cell would just diffuse away into the

environment.
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What is self assembly?

e ,/,;{ F
Self asggmbly is a way of fabrlcatmg ordered molecular structures with -
ALY j%a
the ultimate spatial precision. It is a phenomenon in. which a number of -
Ay

independent molecules suspended in an 1sotropxc (disordered) solution .

spontaneously come together to form an ordered aggregate whach is of
P AN YOV -

molecular size in at leastgone dimension. Whﬂst we have Jearnt to
O

em‘iﬁate Nature to some extent, the most 1mpresswe examples of self _

assembly are still blologmal For example the} r%abosome is qu1te
o) g

complicated machine for buﬂdmg ug a polypeptide chain according t(?mth
aunp ) N

cet of instructions encoded in a chain of messenger RNA. Just as a 1athe

for machmmg metal knobs, say, 1 is built up from a lot of mchwdual'




| cerﬁponeﬁts themselves made out of different sorts of metal, so a
ribosome is built up from a large number of different sorts - of
pelypeptides and RNA chains. There is however a very impoftarit
difference, the lathet is built up by its manufacturer from its component
parts by step-by-step assembling the parts in their correct configuration
and then fastening them together by welding or bolting to form the final
unit. A cell does not do this. All it needs to do is to synthesize the
polynucleotldes and polypeptides of which the ribosome is made. The
component parts then come together spontaneously into the correct
configuration to form a functional aggregate. Closely related
self-assembly techniques are used in many different ways by all living
things to build up their internal structure. Self assembly is similar in some
respects to crystallization, for example of copper sulfate from a saturated
solution in water. While the concentration of CuSOy 1s kept above the
solubility limit, crystal nuclei will slowly form and grow. The crystal
aggregates certainly show much more order than fhe original isotropic
solution, However this is not self assembly, because they eventually grow
to reach macroscopic size in all directions. The size restriction is not
artiﬁcial but results naturally from the requirement for functionality. The
hydranon of a lipid is now recognized as self assembly. Water is
spontaneously taken up by an anhydrous lipid to form. fantastic shapes
| called rnyehn figures. When the mixture is well agltgted the shapes
become rounder and are called micelles, vesicles or liposomes. You may
have heard of liposomes being used to encapsulate bioactive substances
in cosmetlcs and medicines for slow\rege:se

The. drlvmg force for this self-assembly is the attempt by the molecules to
hide the1r hydrophoblc parts from the water. At very low concentrations ”
the amphlphﬂe dissolves completely in water to form a true solution. At

h1gher concentratlons the molecules start to aggregate together in httle




'balls W1th the hydrophlhc head -groups pointing outwards in contact w1th',_r-:
the water, and the hydroph111c tails hidden away from it in the 1nter10r
These are micelles, which have molecular size in all dimensions over a - o

range of concentrations of the lipid in the surrounding solution. The phase
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C; l x (lipid ﬁ'ax:tmn) 3
diagram on the left of sodium oleate/water mixtures shows these two

regions. . , Sevm b PO
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When there is more amphiphile and less water, the micelles become
dlstorted distending exther to form a disc or a rod Eventually they
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become infinitely extended. In the region of the phase diagram marked C
the micelles have stretched into threads or columns which pack n a
hexagonal array. In the regions [, and L' of the phase diagram the

micelles have flattened into sheets, or lamellae. Since a lameila consists

of two individual layers of molecules, it is also called a bilayer.

jw;‘,“@j \"1

)

What are Langmuir monolavers?
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A Langmuir monolayer is a sheet of amph1ph111c molecules all oriented

with their hydrophilic heads on one side of the sheet and their
hydrophobic tails on the other. This means that, unlike thekbﬂayers of
biomembranes, Langmuir monolayers cannot  exist st:glgile WhBIl‘
completely surrounded by water. Instead, Langmulr monolayers assembl
and exist stably at pre-existing interfaces between phases with d1fferent‘

degrees of hydrophﬂlclty The most hydrophilic molecular medlum lS' g




Water wh1lst the most hydrophob1c media are gases, (e g. air). Hence the

most extreme example of a hydrophilicity interface is a water surface.

A
L1qu1d amph1ph11es for example cookmg oils, spontaneously sp%gad over

such a surface until the film i is just one molecule thick. The calming effect
of oil on a rough sea was known to the ancients, including Pliny the
Elder and Plutarch. The earliest scientific observation of this effect was
reported by the great American statesman Benjamin Frankhn, who on a

trip to London performed a famous experiment on the pond at Clapham
Common:"...the oil, though not more than 2 tea_ipjiigg%ful produced an
imé;;_ejtilt calm over a space several yards square, which spread amazingly,
and extended itself gradually till it re}ac}led thg \\I:em;ciz making all that

quarter of the pond, perhaps half an acre, as smooth as a locking glass."
Simple arithmetic shows that the thlckness of Ben's oil film was indeed

YR L]
only one molecule, although the 31gn1ﬁcance of this was only realized

over a century later
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The calming of waves used by Franklin to detect the presence of a

monolayer on a water surface is still studied scientifically today.
I—Iowever the most convenient indication that there is a monolayer on the

AN s
surface 1s its effect on the surface tensmn. Pure water has a surface

tensmn of approxnnately 72 mN/m, but a monolayer can cause this to

 ' ;drop eraﬂy toz zero

Langmmr Fllm

Langm ﬁlms consast if surface active materials or ‘surfactants trapped

at the mterface between twq d1531m11ar hases, either 11qu1d 11qu1d or

Surfae ants are- . molecules which are amphiphﬂic that is molecules

composed of a hydrophilic part and a hydrophobic one. Hydrophlhc

groups censmt ‘of groups such as carboxylic acids, sulfates, amines, and




| alcohols These are all attracted to ‘the polar media, as Wéter,
' R NIy RUSU IS
forces acting upon them are predommantly "coulomb type (1/r)

Hydrophobic (or oleophilic) groups such as hydrocarbon chams fats and'i

lipids are much less (if at all) water soluble and the forces acting upon ST

Y r‘“\)

them are predominantly W type ( 112 and 148 ), Amphiphilic s -

‘molecules are trapped at the interface because they posses two very

different types of bonding within the one_(fmolecular structure. When
1)

surfactants dissolved in a non-aqueous volatile solvent, are introduced

onto a polar liquid surface, the solvent will evaporate leaving the
surfactants oriented at the liqu1d gas interface. The hydrophilic ‘head’

groups pull the molecule into the bulk of the water and the hydrophobic

, ;e wiy apu o nboy
‘tail’ groups are pointing into the 8.11‘ wolayer will only be
ALK W R

achieved if the amphiphatic | balance of the molecuie is correct, that is the

balance between hydrophobic and hydrophilic parts. If the hydrophobic

‘tail’ groups are too short (not hydrophobic enough), the molecule will be

dragged into the water and dissolve. While if there is 1o hydrophilic part,

the molecule may form thicker multi-layer films on the surface, or even -

N (28]
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Sweeping the barrier over the water surface causes the molecules to come

closer together and eventually to form a compressed ordered mono- 1ayer—

much like forcing together balls on a billiard or pool table. The ﬂlm'

produced by such a method is known as‘Langmuir film.”
‘ ) ' e
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Sgreadmg o e AL
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The monolayer is formede the surface of the sub phase by dissolving the

n NI
amphiphilic substance in a suitable solvent, and spreading the resulting

solution dropwise onto the water surface.
Y
The spreadmg solutlon is best applied to the surface by allowing small
drops to fall from the syrmge while it is held a few millimeters above the

sub-phase. Each drop should be aliowed to evaporate before the next is

, applied. An alternative procedure that is used for molecules known to

' ~ form more rigid films, involves dlstnb71;{i;1g the drops equally over the
entire surface of the sub-phase. {
The process of spreading once the drop of the solution is on the sub-phase
surface can occur in a number of ways. Usually a thin film is formed\ by

—3 the spreading solution while the Langﬁmir flm forming material gt;aﬁs

" its favored configuration at the a1r ~water interface. The solvent evaporates

and leaves behind only the monolayer In some cases the depos1ted

droplet does not spread over the sub-phase, but instead a thin film of

c}gute solutmn of monolayer forming material spreads from ;che droplet
— P ~) By

(as most solvents used are slightly soluble in water. Depleuon of the

o solvent will not be due to exclusively to evaporatlon but also

f the

th - avaﬂable surface is covered in monolayer and any further
: - 2 YAV
1on remam embedded in the monolayer as ﬂoatmg lenses,
‘ S/ LS
SN0 More spreadmg out can take place. Any undlspersed material must




Isotherms R
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Molecules in a solution are subject to attractive forces; in the bulk of the =
;)5“‘5/
solution these forces are equal. However the forces at a surface. or
) /).f?/-v‘,‘/ . P ey .
interface are unequal and the net effect is to'pull the perlpheral molecules -
. : ey |
into the bulk of the solution. This effect gives rise to surface tens1on
ey eIV 57 PA 9B3PET pR RIS p‘?}"we/ J‘fP)Jw
The surface tension can be defined as ‘the work required t0 expand the
TR TR ole 'y’ /
surface 1sothe1;mally by umt area (i.e. Newton—meters per meter squared).
M 7
The ten&ency of surface active molecules to accumulate at the interfaces
5 ? ,f.’)mv S __,’; # ,,MJ
favors expansmn of the interface and hence nce lowers the su surface tens1on
¥ M)WW
Such behavior makes it possible to monitor the surface pressure as a ' -

function of the area occﬁj%{ed per molecule provided that the number of
/
molecules depgscjited is know.

The characteristics of a monolayer on the water surface are studied by
=R
3 AT .
measuring the changes in surface tension upon compress of the
apRYT ‘
monolayer. The reduction of surface tension is known as ‘surface

pressure’. Pressure readings are made by means of Wilhelmy plates .

Ej’)) \LJ
attached to microbalance. The plot of surface pressure Versus area;
& j 9!\ A ‘
occupied per molecule is known as a ‘pressure- _area isotherm’, 1sotherm:j:;

because compression takes place at constant temperature. The shapc o
S
the isotherm in characteristic of the molecules making up the fﬂm and

hence provides a two_—_d_imeusional ‘finger-print’.
}".




' Forces at the Sub- Phase Surface

s "67 v
The forces affectmg the polar head groups submerged in the aqueous
o

- sub-phase are jonic and proportional to 11, whllst the forces between the

um.m__.._-« - 4

hydrocarbon chains are due to Van der Waals interactions and

roportlonal to 1/ and 1% Hence the intermolecular actions in the
p

S
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sub-phase are of longer range than those in the super- phase The igotherm”™
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can usually be seen to consist of three distinct régions.
?‘7‘?‘

| — After the initial depos1tlon onto the sub-phase, when no external pressure

is applied to the monolayer, the molecules behave as a two- d1mgﬁg1onal
gas , which can be described by:

md=KT

n— surface pressure

A-  molecular area

K- Boltzmann constant

T- hex;modynamm temperature
ot R y R

9. On further compression some ordering of the film takes place and it

behaves as would be expected of a two-dimensional liquid.

With continued closing of the barrier, the mcrease in gpressure causes
additional ordenug, the monolayer behaving as a Loifj solid. The solid
state is charactenzecl by a steep usually linear relat1onsh1p between the

surface pressure and the molecular area.

% Eventually the collapse pressure, 'ﬂ:l\ is reached at wh1ch the film 1s

;}r@f"'l‘U_’W

Al AN j
1rretr1evably loses it’s mono molecular form. The forces exerted upon it
Y :
bejcome too ‘strong for confinement in two- dimensions and molecules are -
Q/J

ejected out of the monolayer plane into either the sub- phase (more

hydropluhc molecules) or the super-phase (more hydrophobic molecules).
SONT L l;C)“Jj*“‘) ‘ Qny AN W
However, collapse is not umform across the monolayer, but is usually

Pifu 1n1t1ated near the leadmg edge of the bamer or at discontinuities in the

lrough— such as corners of the Wilhelmy plate Usually a collapsed film




: ges where monlayers have been crushed together to form
3 pre '
fulky aggregates.

1hc, collapse pressure can be defined as the maximum to Wthh a

BInag Al CHEN
nmonolayer can be compressed without a detectable expulsmn of

""‘“‘-..a S

wwelecules from the Langmuir film. Tt depends on the chemical substances
wied, the temperature, the rate at which the film is compressed and
procedures to which the film has been subjected to. The value of the
collapse pressure for a simple saturated fatty acid can be in excess of

()mN\/gm which could be equlvalent to about 200 atmospheres if
6/

friaf

\\uapolated to. 3-D. V\Chen the monolayer is in the two-dimensional
rw;)‘ﬁf“' G512
wolid” or

‘condensed liquid’ phase, the molecules are relatively well

wiented, and the closely packed and the zero-pressure molecular area | A
BT {03y
Ag) can be extrapolatmg the s

A

o/ >
uth at which this line crosses the X-axis is hypothetical area occupied
s A

1

!

\

|

|
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aren corresponds to the cross sectioned area of a hydrocarbon chain,

vy one molecule in the condensed phase at zero pressure (22 25 A%). The
'
suggesting that the compressed monolayer consists of close packed
?\w\\
¥

rtically oriented chains

LR Iy Q‘)“)
lope of the solid phase to zero-pressure- the

will consist OSf large areas of uncollapsed monolayer interspresed w1th
pountain rid

ﬁ”ﬁ ”“
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Who first discovered monolayers?

- Pliny the Elder and Plutarch observed some characteristic effects of

HIRNE
monolayers in an?léu;‘:y, and Benjamin Franklin even performed
experiments on them. However, none of them recognized them for what
they were, and they could séﬁée’fy have had a realistic idea of the true
nature of what they were seeing. Because they did not have the scientific
concept of atoms and molecules which we now know is necessary to put

PR /f\'ﬁiﬁv
monolayers into a- comprehenSLble framework. This framework was

developed throughout the 19th century, and major contmgL)lgl{)ns were still
being made at the beginning of the 20th. The first person to make
worthwhile, reproducible measurements on monolayers was Agnes
Pockels who lived in Braunschweig, Germany. Agnes Pockels was the
original housewife superstar. She performed her first experiments on
monolayers in h‘eﬁr\g kitchen in her home, starting in about 1882. by

She used her Bowls as the water container (now called Langmuir trough)
and a button as a du Noily ring to measure the surface tension of the
liquid in it. She sent an account of her work to Lord Rayleigh, who
reeomrriended its publication in Nature. She introduced many of the basio
concepts of amphlphlhc monolayers including tl}g: use of a sp)geidmg
solvent to deliver a small quantity of material rapidly and accurately to
the surface, and her 1sotherm of a stearic acid monolayer is now

recogmzed to be essentially correct. Lord Rayleigh was inspired by this

: contact to make his own experiments, from which he concluded that these

layers were Just a single molecule thick.

Whlle Emstems explanation for Brownian motion and Bragg's X-ray

structure determ1nat1ons of crystals were also important, the isotherm

. studles performed by Pockels Rayle1gh and their successors provided the

most dlrect access to molecular dimensions. The equipment was simple,
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‘and no sophisticated mathematics were required'for its interpretation. Tt

played a major part in convincing the body of scientists of the time ofthe =~

reality of atoms and molecules, and that they were more than just a
o S8 40
convenient hypothesis.

Who was Langmuir?

Irving Langmuir was an industrial research scientist early this century. He

was employed by the US General Electric Company in Schenectady in
A ﬁ}” Y
northern New York. In spite of the earlier mvestlgatlons of amphiphilic

monolayers not only by Pockels and Rayleigh but also by many other

physicists in France and England. These systems are now named after
W’F"

him because he was the first to give essentially the modern understanding

of their structure at the molecular level, in particular the fact that the
g Wy PR 1A
molecules show a preferential orientation. Langmmr was also the first to

show that monolayers can be transferred from the air/water interface to
solid substrates for further study. Together with his assistant,. Katherine
Hle s

Burr Blodgett, he showed that it was poss1ble to go further and to deposrr

many monolayers onto the same substrate thus building up a multllayer
¥l ')\’f 2 Qf

stack of any required thickness. Deposited monolayers of whatever'_:.

thickness are now known as Langmulr-Blodg%tt ﬁh}é}s
2 b

Langmulrs work in this area followed his trail- blazing study of electron
,..[ d,')

emission from metal surfaces in a vacuum, which he showed was strongly -

\'EDQ;:»J

influenced by monolayers of gases. In the course of this work he invented i
the ubiquitous tungsten-filament incandescent lamp. He was a prolific-

and creative scientist, and in 1933 was awarded the Nobel Prize for his

work.
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C0n31der a plate suspended at the 11qu1d—gas interface. The forces on the

‘plate co_nsist of:
1. The weight of the plate.
II( el

2. The upthurst on the submerged part of the plate.

3. The surface tension of the liquid on the plate.

i.‘&_.a';\\ _\:f“ ‘i_;
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If the dimensions of the piate are 1*w*t (length*width*thickness) and it is

Ay A

submélgged at height, h, the forces acting on the plate can be expressed as:
&1 Force = (ppl - w-1)-g=(puhiw-0)- g+ 20w +1) ST)-cos$) (eq.1)

Force = weight- upthurst + surface tension

P~ dehsity of the plate

pL= denéity of the liquid

ST= urfaCé tension of the liquid

¢ The conta\ct angle of the liquid to the plate

g acceier;.’zlbn due to gravity

" Before ‘making. any measurements, the control unit is zeroed, there by
elimﬁn%vimg the weight t?:gl from Eq. 1: |

b Fo_rce = —_(pLh wot)-g+2(w+1)- ST -cosg (Eq.2)

- qu_ce =-upthrust + surface tension
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When makmg an absolute measurement the plate is drawn up and out of :

sufity

the hqmd so that’s it’s lower edge is level with the liquid surface. This -

vt 9/
eliminates the upthurst reducmg Eqg. 2 to:

| Force= 2w+ 1) ST -cos¢ (Eq.3)

& ST e =

Finally, if the contact angle of the liquid to the plate is 0° then the
expression further reduses to:

Force =2(w +1)-ST (Eq.4)

Hence for a plate, the surface tension is :

Force
P 9 (width + thickness)

Where surface tension is in units (pf milli-Newton/meter. the force in units
of milliNewtons and the perlmeter in units of meters. Generally
therefore, the surface tension is given by:

ST = Force/Perimeter |

Thus for a ring, the surface tension is given by:

ST, = Force
¢ (nd +m(d —28)

\gNhere “d” is the outer perimeter of the ring and “t” is the thickness of the

¥

dvire in meters. When determining surface tension, there are always three
D5

unknowns that have to be identical:

a) Thé perimeter of the plate.
b) The contact angle of the liquid of the material to the plate.

¢) The surface tension it self.

Only when the perimeter and the contact angle are known, can the surface .

tension be measured Hence the dimensions of the plate, it self must be

AH

ascertamed that Zero contact angle exists‘ between the plate and the liquid. - |

N’V

It is therefore recommended that paper p{lates are used, as the liquid 0_8.1}_:

LT 2

completely soak into the paper, thus ensurmg zero contact angle.
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Trough cleaning N L3 suyw
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The cleanliness of a trough is very important for obtammg reprodu01ble
4‘!’; L% -

results. There are three basic categories of cleaning agent which have
been used for this purpose[3]: '
A Solvents: alcohols, chlorinated
L apy e
B. E)etergents ‘potassium octanoate, Decon90®;-}}-1-@1manex®
C. Aggressive chemicals: fuming nitric acid, chromic acid, hydrofluoric

__~acid Solvent Cleaning. The most rap1d procedure for trough cleaning is to
0y A
empty the trough using the suctzon tool and to wipe it over with a paper

‘}‘ LT
tissue moistened with solvent and held in a gloved hand. Suitable solvents

are the lower alcohols, such as ethanol or 2-propanol, and chlorinated

solvents such as chloroform (CHCly) or 1,1,1-trichloroethane (CC13CHzs).

The solvents should be the purest available, spectroscopic or analysis

grade, and the tissues should be checked out for surface-active
contgﬁilgatlon — perfun}gd tissues are unsuitable. Check that the plastic |
or rubber gloves are resm‘t;’c to the solvent.

Solvent cleaning 18 qu1ck and convZﬂiént for removing

Al a0
B ',‘ g

[t S

r‘% A

low- molecular—welght contam1nat1on and can be employed when

changing substances. However it does mnot remove polymenc_

w'”‘

contamination, often of biological ongm Detergent cleaning is now -

TN L

recognized as the all-round best method for thorough trough cleaning. It
should be performed roughly once a week. Use only a detergent suitable_’.'
for the purpose. Do not use normal detergents. Nima recommends the use ‘:‘:_

of the pure genenc detergent potassmm octanoate. The contaminants -

;\\fi‘xf

which are troublesome in an LB trough are the sgrfa@e active ones Most '-

"ﬁ-* ‘,,-,,‘

of them are only weakly surface active, not mtrpgiuced on purpose, and
present in only microgram quantities. Normal detergents will remove =

contaminants, but being highly surface active themselves, 1eave a trough ] e

useless for further work. The only detergents which you can use to clean L
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your trough are ones Wthh can be qompleteh/f rut}sed away afterwards.
£ ?t # JyR

The 1og1c of detergent cleaning is that the mlcelles of the detergent

l
] 3 ]
present the contammant with an en%rmous area of surface with a

hydroph1l1c hydrophoblc gradtent By the law of mass action, any
material with the shgh)test\ of tendenc1es to acc?.uifu,iate at the air-water
~interface will also 1nco};0rete itself into the micelles, which are then
removed. The technique was first used over a decade ago. ‘tn Switzerland
and Cermany and has proved itself, in sptte of its mtld;e;; to be
extremely effective against both low-molecular-weight and polymeric
contamination. |

Aggressive Chemicals. Fuming nitric acid, used undiluted, oxidizes most
organic contaminants within 5 minutes. So-called chromic acid also
works by oxidation and produces far feyyer fumes. However its action is
slower and it leaves a res1due of tnvaleént chromium cations which may
be problematic for carboxylic monolayers. It is in fact a mixture of
potassium dichromate, water and sulfuric acid. The dichromate is
dissolved in the minimum amount of water and then an equal volume of
sulfuric acid is carefully added. Polysiloxanes are only removed very
slowly by these two reagents, and for these materials HF dlluted to 1% is

R3]
more effectlve Because of the hazards both to you and to your equipment

MLaaa . TR )

- a55001ated with the use of all these chemicals, Nima does not recommend
them. The modern detergent cleaning procedure described above 18
equally effective in removing surface-active impurities and poses

considerebly fewer hazards.
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' Trough cleanlmess

' Y w,*
The most bas1c check of trough cleanliness is to compress rapidly to as
1or

small an area as p0531b1e until the bamers are nearly touehmg the

T% I f?
Wilhelmy plate. Any pressure rise indicates trough contamlnatlon Since

many amphiphiles do n%t develop any surface pressure until the
) =% ' A

molecules are nearly” densely packed; and since the maximum feasible ...

o™ k]
area compression ratio is usually not greater than 10:1, this technique
f‘ e B W
detects only gross contammatton Another quick check of contamination

N \ ;_,tski

t
is to observe the recedmg contact angle of water on the Teflon of the
trough. It should be visibly greater than 90°. When vou are sucking water
() 40N g c{l- avnle
out of your trough, the recedmg puddle should show gray edges, and

should only show a tendency to stick to visible features (gro%ves etc.) of

the Teflon surface. A third check taking only a couple of minutes 1s) to

F?\*\s’

measure the surface tension of the trough water., A more time-consuming

hut much more sensitive check is to take the isotheffﬁ of stearic acic.

When comparing with the literature, beware of the many papers giving -

pewena S 2

contaminated isotherms! The 'hquld condensed‘ region should be ™

w’ﬂngé“\‘ ER ’?&i
absolutely straight. The extent, in presszre of the curved reglons near
s\ LA \i\g}f 35?},\! & i\'*

e hft—off and the tilt transition should not exceed 2 mN/m. Any dev1at1c>n in

2T
these respects is mcﬁcatwe of organic contamination. The 11ft-off area
WY
should be in ttge range 24-25 A2 The tilt transition pressure should be 26
e 4) '% ® )
mN/m essentlally independent of temperature. Normally, this pressure is

affected rnost by ionic contamination of the subphase.

therm_ ‘of behenic acid is even more sensitive to organic

6bntam1nat10n In addltton to the features at lift-off and the tilt transition,

wivel transmon should be visible as a small kink in between. The
Byl s oA
ssure of the swwel transition is very sensitive to temperature.




‘Substances
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Pure water requirements
VR A
It is difficult to keep water in an ultrapure state for any length of time,
pINd 5= M0

and by far the best solution 1s to purchase a water purification unit

producing freshly- deionised water directly in your 1aboratory In order to
AVF Qi

keep a trough clean, there Is no ) alternative to using 51g;n1ﬁcant qua,nt1t1es

of ultrapure water, equivalent to many changes of trough water per day.
For the conta{i;;er used to transport ultrapure water, perfluorinated
polymers (Teﬂon,‘ FEP) are the best but rather expensive. Polypropylene
is almost as good and considerably cheaper, and becomes very clean with
repeated useé Glass has very little organic contamination, but dlssolves

Yk
quite’ appreelably to give a 10 uM silicate solution.

If you want to check the pH of the water, you must use a pH meter

specifically designed for use with ultrapure water. Whén water has had

had £1enty of time to equilibrate with the air, its true pH lies in the
V1c1n1ty of 5.5. Cadmium starts to work its magic at pH 5, so that it is not

necessary to add buffer.

Quick check of surface tension

With practice, the following procedure will give you a value for thef‘f-.'

a;‘&\

surface tension of your water correct within about 1 mN/m. It is a good - -+~

and quite quick check of the quality of your water. (It can also be used to * .

measure the surface tenswn of any hquld)

- 1.Using tweezers fit a clean filter-paper Wilhelmy plate to your'

‘;é‘,‘“‘h P N W

pressure sensor. Turn the knob on the pedestal to lower it completely mto :

- {l")\

the liquid in the trough and leave it there a second or two to ‘soak. If the

oy L

range of height available from the knob is msufﬁment add anotheri”‘.j_:"

‘S-hook to the chain.
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2 R’gfsgag the plate slowly until the bottom edge is _]U.St at water 1evel still
attached to the meniscus. The higher the better, but if the menlscus
: detaches wind the plate dgngjlﬁ %am to touch the surface Wait about a

minute for excess liquid to drain.

3 Raise the plate slowly until the meniscus breaks. Check that there is no
excess water hanging down. If so, lower the plate to touch the.water
surface and let it drain, then raise it again gently
4. Press ' Z ' to zero the value of surface pressure dlsplayed on the screen.
5.Lower the plate slowly, stopping as soon as it hits the water and the
meniscus sticks to the paper.

6.Wait for the displayed value to stabilize and note it. Its negatwe is the

surface tension. At 20°C, the surface tension should be 72.4 mN/m.

Trough Temperature Control

Many experiments requlre prec‘;ee control of the trough temperature. All

Nima E‘rgu%{lidare constructed with the Teflon in mu;n;te contact with a

metal baseplate through which thermostatted water can circulate. This is

the opt1mum configucgtion for good thermal control. Unfortunately, while

Teﬂon has been found by the vaZ% ma]§£1W of groups to be the opumum
R K

'trough materlal its thermal conductivity is not high. Even though, we

'_machme the Teﬂon on the bottom of the trough as thin as possible. The

“‘ﬁ)})’.«é

: y 8y
thermal re51stance of this layer is not much lower than the convective

3 re31stance of the air above the trough. So that there can be a

pe tue_,-difference of several degrees between the subphase water

and the trough baseplate when the trough i is op\e‘é;eéedd .near 0°C or 40°C.

'1n_1ur_uze t%ns difference, the only fonsible way is to 11?}1%%% the

therglag Ii:ls.oﬂi‘a?lon of the top of the trough. In the f{irst 1;15€a§ce ﬂils is best
: . LW i

-"';;:achleved by - puttmg the trough in a cabinet which “restricts the
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possibilities for convection. If the heat differentials are too large even . -

. ’QN" e
when the trough is in a cabinet, the next step is either: to 1nsu1a1fe the

9’1\, u\w

cabinet, or by means of a heater or cooler, perhaps using the
% hay B B "f

thermostatted water also fed to the trough baseplate to establish a

temperature proﬁle preventing convection.

Isotherm technicue

When taking 1sotherms of common materials such as stearic acid,
S tytaly

variations of up to 1 A% in the area measurements are typical. This range
of error must be corppared to the tptal area per molecule, which is about
25 A% le. it corresponiis toa reTa?rve error of £2% or so. With practice it
is possible to get this error down below £1% with isotherms of fluid
monolayers. There are four areas of isotherm technique, which can often
be improyed:

1.accélra§y of the area measurement

2.accurp%y of the spread volume

3. cor“r‘eﬁctron for material already on the trough

4 choice of material

Meniscus Area: It is normal to do trough work with the water a couple of

pLVAYVA 'j
millimeters above the level of the trough edges. The durvature of the *

meniscus then means that the actual trough area 1s typrcally 2% greater -

i.“‘}?ﬂ,\, R
than the proj}ected area, which is what is chsplayed as the isotherm
;;‘» v b ﬁ}w .
abscissa. > fawasg [P

However it 1s perfectly possible to work with the water surface ’
L TR :
compietely ﬂush with the trough edges, and then there is no correction -

required. This requires more frequent topping up of the water level after
a
cleaning, but there is a trick to minimize the extra effort Once youve
N ‘
made the surface flush once, and zeroed the pressure for a clean water
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surface ‘then rather than getting down with your eyes at trough level to

check visually whrle topping up with water, keep your eye on the

pressure reading. When the water level is correct, the reading will be zero

again. | J
gy RS

Syringe dead volume: Before spreading, dispense a drop into the bin or

sy m

h‘*_!'g\

ot BB )

©onto 5 spare bit of a.bsorbent tissue without touching it, and then touch the

tip of the needle hcrhtly onto the water surface on the other side of the

L
PR e\x( [ b by

barrier. Then, after having drspensed the desrred amount of material onto
the working side of the barrier, touch the tip of the needle lightly on the

water surface, this time on the workmg side of the barr1er This procedure

?M

minimizes the effect of dead ;folume n the hypoderrmc and ensures that
the amount of spreading solution, which is pushed out from the cylinder

by the prston actually ends} up on the working water surface. It's also an
;’f”‘i’iv A ST
idea to get a bit of emery paper and sa.nd the end of the hypodermic

o Faa

needle square.

Differential Isotherms It is almost impossible to clean a trough
[ IENAL Vi o ‘;1\:«;‘
completely If you just rely on the servomechanism moving the barrier

down to its minimum area and then suctron from there, you typically

"_leave a, few percent of material behind. Even the procedure in which the

CGee iy Troe K rr o
unchpped from its holder and used as a broom to 'sweep' the

§ }é *.

er 1r1to a corner does not remove everythrné from the water

urface although it is considerably better. And don't forget the material

R xi“f\

.f”_'f'on ':the Wﬂhelmy plate! As a result of these unavoidable difficulties,

“}Et%

: J-_-T_-.-__;'d1fferent1a1‘ 1sotherms are considerably more precise. First of all spread

ﬂl LY gt =£§.i'f!

_an suck-off the desired material a couple of times, to ensure that even if

the trough_ils not clean the monolayer on the trough is the one you want.

i, 'Fo th last‘suctron before the measurement, remove material only to the

"j‘ﬁ). £y

_pomt-_-that“ the monolayer is developing a significant pressure m at

A%l

| _mmrmum barner area. ‘m must not so high that there is any rrsk of




oplers : *‘Hﬁm,

o 'collapse but hlgh enough to ensure that all holes of expanded monolayer

- lx‘kh

have closed up. It might, for example, be just below the tilt transition.” . |

%)t}") i ?_lﬁrb‘“f
Record the isotherm of th1s amount of material. Then expand to

maximum area and spread carefully a measured amount V¢ of spreading
solution. Finally take thegleothem again.

- Now compare the preliminary area A0 before and the final area Al after
spreading, both at m . The true amount of ma;epal on the water surface
for the final isotherm must then correspond to the volume
Ve*Al/(A1-AO) . In the Nima trough program, leave the display in cm2
up to this point, enter the compensated spread volume, and then toggle to

’m " ,;i!)l;j/@.

Monolaver Fluidity: Finally, taking an isotherm doesn't make much sense

the display in A2, which will now be correct.

if the monolayer is not fluid. There are mhererit problems of this sort
working with fatty acids when there is iron, copper or aluminium in the
subphase, or with a number of polymerjc materials. It is perfeetly‘
possible in solid monolayer systems to get pressure gradients which have
no teri%@y to decrease with time.Usually you get high pressures near the
barrier and low pressures at the other end of the trough, so that the
1sotherm which you record depends on where you put the Wﬂhelmy
plate If you must work with these materials, then perhaps the least bad of

the solutions is to add a small quantity of amphiphile which you know to "
I

completely demix from the desired material, and whose monolayer stays |

fluid. For allphauc systems perfluoroacids might be one such choice.
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