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EDITORIAL COMMENTS
SURFACES AND INTERFACES - THE TWILIGHT ZONE OF THE PHYSICAL SCIENCES
Having contemplated the complexities of
surfaces and interfaces for quite some time
I was recently made aware of analogous
phenomena in the realm of human psychological awareness after watching a rerun of
an episode of an old late 1950's early
1960's television program called the Twilight Zone. For those readers not familiar
with early television programing available
in the US during this time period perhaps a
short introduction will be informative. To
put things in perspective, remember that
nearly everything broadcast was in black
and white. Color television was just barely
entering the market and the extent of programing was minimal. Also there were no
cell phones, there were no personal computers and of course there was no internet.
So how did anyone survive you might ask?
They watched network television. Much of
it, as I recall, was pretty bad such as the
soap operas so called because of the ever
present laundry detergent advertising
which consumed at least 10 minutes of the
30 minute allotment given to this type of
programing. I distinctly remember being in
high school at the time and was not feeling
well one day so I decided to stay home and
recover. Without much to do I decided to
watch the television. The only programming
available was the soap operas. That was
the last day I ever missed a day of school
for any reason whatever.
However, the entertainment landscape in
those days was not completely bleak. Toward evening the soap operas went back
into hiding and a higher level of programing
emerged after 5:00pm for those returning
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from work who were in need of some form
of entertainment to relax before going to
work the next day. The Twilight Zone series was in my opinion definitely one of the
more creative and engaging of all the evening programing offerings. Written by Rod
Serling who, by the standards of the time,
was considered an avant guard maverick
due to his penchant for creating programing that was thought provoking and many
times controversial involving some of the
burning social issues of the time. As a
means of writing creative programs that
would not incur the censorship of either
the television executives or the sponsors he
turned to the science fiction topics which
comprised the Twilight Zone series. The
series essentially dealt with the abstract
interface that exists between the real world
which we all commonly perceive and the
imaginary world that exists in our minds.
As with all interfaces there can be some
subtle overlap between the two sides, fleeting phenomena that have one foot on each
side of the boundary and live in a realm of
reality all their own. The best way to get
the flavor of the programs is through a
couple of examples.
ENTER THE TWILIGHT ZONE
Back to the Future, The Perils of Time
Travel
One of my favorites was an episode concerning an average sort of businessman or
stock broker. His name was John Hamilton
(I can't remember the real name but it
doesn't matter). His sole concern in life
was to somehow beat the stock market and
thereby make his way to fame and fortune.
A common enough theme that is as popular
today as it was 50 odd years ago. In Rod
Serling's hands, though, the plot takes a
peculiar turn that you don't commonly ex-

pect. Mr. Hamilton is largely frustrated in
his quest as, of course, were most of his
associates. Therefore in conversation with
a group of colleagues he opined that if he
could only get a copy of tomorrow's Wall
Street Journal that would solve all of his
problems. Beating the market was just a
matter of some simple prosaic information
available to absolutely everyone but for the
most part useless just because, as available, it is one day old.
The plot thickens as on a Monday morning
he enters his office and sitting there on his
desk is the Journal placed there as usual by
his secretary. Something is not right
though and he has a somewhat eerie premonition. Picking the paper up it somehow
does not look right. What is this? It is
dated for the following Tuesday. Looking
more carefully to ensure that this is not
some sort of ruse he convinces himself that
this is indeed a valid issue of the Journal.
News events that were expected to unfold
are appropriately documented. Everything
was as it should be. A glance at the stock
listings looked absolutely authentic. He in
fact verified that one of his favorite stocks
went up just as he had anticipated. This
must be a dream? To verify he called his
secretary on the intercom. " Doris tell me
what day this is? ... It's Monday of course
came the reply." "Then why am I holding
Tuesday's copy of the Wall Street Journal?"
Unless what I have is truly the Holy Grail of
finance given to me by some act of divine
providence? Growing visibly excited he examined the paper more closely in an attempt to ensure that no trickery was involved. Then in a spine chilling moment he
froze and grew visibly pale. In the obituary
pages he discovers his own obituary! At
this point he is not sure whether he is alive
or dead, whether he is in this world or the
next and the scene then fades to black. A
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following voice over by Mr. Serling comments:
" ... consider the world of Mr. John
Hamilton average businessman and stockbroker who has just discovered one of the
inherent contradictions in trying to accurately predict the future. He has just entered the Twilight Zone, an evanescent region between reality and fiction, a domain
of mind and imagination where what appears to be real may not be, a realm where
one has to be very careful because on entering one may not return."
The Principle of Superposition: Can you
be Simultaneously Alive and Dead
Rod Serling was an absolute master of the
genre of true "horror story" that really
sends a chill down your spine and activates
a frisson that can cause you to break out in
a sweat if only temporarily. The one other
television producer I am aware of with this
talent was Alfred Hitchcock and his movie
drama "Psycho" is a classic example of the
genre. A final example which emulates the
quantum mechanical principle of superposition where a particle can simultaneously
occupy a number of different states will
close the case.
This episode concerns another businessman
who we will call John Smith. Mr Smith sets
out from his office in Chicago on a business
trip to St. Louis by automobile. Again there
is a somewhat spectral voice over by Mr.
Serling:
"... for your consideration, Mr. John
Smith, Chicago businessman setting out on
an entirely ordinary business trip. At face
value everything is within the quotidian
schedule of the average Mid Western executive. Today, however, something is not

quite right and as you will see shortly Mr.
Smith has just entered the Twilight Zone."
As usual things start out in an entirely
commonplace manner. Mr Smith is driving
south on Rt. 55 as he has done many times
before and you simply can't imagine what
could happen out of the ordinary but Mr.
Serling's narrative lingers in your mind and
you sit fixed trying to imagine what is coming next. At length a hitch hiker appears in
the windshield some hundred feet or so
down the road. Wearing a trench coat and
a fedora hat he clearly has a sinister appearance and you automatically suspect
trouble. Mr. Smith, however, appears completely unphased saying to himself "Sorry
fella, no time for hitchhikers today. I have
an important business meeting and I'm already running late." The trip continues
with a short stop to refuel. Nothing much
happening and one starts to feel that the
hitchhiker was just some sort of red herring
to lead the viewer astray while the real action is still to come. However, the very
same hitchhiker appears again a short
while later and this time Mr. Smith is not as
nonchalant as previously. " Gee didn't I just
pass him a while back? How could he have
got ahead of me? Ah, I know, when I
stopped for gas. He must have got a ride
from someone else who let him off ahead of
where I was." The ride continues and now
the viewer is definitely aware that the
hitchhiker is no red herring. There is
something clearly menacing in this character. Mr. Smith, however, is still pretty much
unconcerned. " I mean these things happen. I'm not the only vehicle on the road.
That guy could have gotten a ride from
anyone." The trip continues and just as Mr.
Smith is settling into his usual driving routine the hitchhiker again appears. This
time both the viewer and Mr. smith get
something of a shock for this time there is
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no clear answer as to how the hitchhiker
managed to get ahead of the vehicle. "This
is only a 2 lane road and I'm making good
time. I can't remember anyone passing
me." Still the mysterious hitchhiker is left
behind without incident but now Mr. Smith
is clearly perturbed. Mulling matters over
in his mind he suddenly remembers there is
something he forgot to take care of in Chicago. "Rats, better call my secretary Janet.
She can handle it while I'm away. Now I
just need to get to a phone. Ah there's a
road house just up ahead. There's bound to
be a phone booth there and I could also
use a cup of coffee to properly wake up.
Who knows I might be having some sort of
hallucinations." As mentioned above not
only is all this in black and white but there
are no cell phones and in those days one
had to use one of the phone booths maintained by the telephone company. For a
nickel or dime you could make a call to
wherever the wires went. So Mr. Smith
pulls into the diner and upon entering sure
enough there is an empty phone booth.
"This will only take a minute. I just need to
have Janet take the papers over to the ad
agency before they close." Two nickels in
the coin slot and he dials his office number.
A ringing on the other end. At length an
answer but not quite what Mr. Smith expected: " You have reached the John Smith
Ad Agency. We are sorry Mr. Smith passed
away this morning in a serious auto accident and all business activities are suspended. For further information on funeral
arrangements please call...." . Janet, Janet
this is John what is the problem with the
phone...click the phone line goes dead and
Mr. Smith turns only to see again the hitchhiker standing outside the booth. At this
time a frisson emerges that goes from the
base of your spine to the top of you head
and back as Mr. Smith faces the apparition
outside the booth. The only words from

this ghostly figure are " John are you ready
to come with me now.." fade to black and
again the words of Rod Serling:
" ...John Smith Chicago Insurance
broker sets out on a routine business trip
but instead has a fatal auto accident. In
the normal world Mr. Smith's existence
would terminate entirely. But what if by
some fluctuation in the space-time continuum something didn't go quite right. A
mistake of some sort occurred and persisted if only for a short time. Matters
would of course have to be corrected but in
the interim everything would be in a sort of
state of suspended animation and what was
once reality would have drifted if only fleetingly into the nether realm of the Twilight
Zone."
Back to Reality: The Casimir Effect or
the Quantum Electrodynamics of Laundry Detergents
With these two examples I think the reader
will have a reasonable idea of the Twilight
Zone series. It is all captivating psychodrama to be sure but to try and make some
connection to the world of physical reality
must certainly be beyond the limit. Or is
it? Thinking more closely about the realm
of physical surfaces and interfaces one begins to wonder that the analogy between
these regions and the Twilight Zone might
be closer than one might at first imagine.
Consider first that the interfacial region exists on the spacial scale of approximately
0.1 nanometers which is roughly the distance separating the two bulk phases. This
spacial scale also separates two of the real
worlds most rigorous theories of the material world that of Classical Mechanics and
1

Quantum Theory. When you are above say
the 10 nanometer scale then you are fairly
planted in the realm of classical theory
where particles are particles and waves are
waves and there can be no confusion between the two. However, below 0.1
nanometers you are equally fixed in the
realm of Quantum Mechanics where a particle can be a wave or a distinct point like
entity depending on circumstances. Clearly
there is some region somewhere between
0.1 and 10 nanometers where a sort of
crossover between the Classical and the
Quantum occurs and this is indeed a sort of
Twilight Zone of the physical sciences.
This, as just pointed out, is the region
where surfaces and interfaces live and thus
the Twilight Zone analogy of the surface is
perhaps not so far out.
For those who may still be somewhat incredulous as to just how strange surfaces
and interfaces can be, I close this essay
with the Casimir Effect. For your consideration I give you the case of Dutch physicist Hendrik B. G. Casimir who, while
working on problems of colloid suspensions
for Philips Research Labs, predicted that
two uncharged parallel metal plates will be
subject to a force pressing them together
given by the following expression:

Fc
rhc
S = 480 d 4

(1)

Where:
h = Plank's constant
c = Speed of light
d = Distance between the two plates
S = Surface area of plates
We have seen equations similar to Eq.(1) in
regards to to Hamaker's 1 equation which is

More on Hamaker’s work can be found in Vol 2 No. 3 of the Newsletter on the MST website at
www.mstconf.com/Vol2No3-2005.pdf
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derived on the basis of dispersion forces
acting between two closely spaced surfaces. However, the appearance is deceptive since in the Hamaker case the interaction results from the presence of atomic
and molecular matter. With the Casimir
effect the interaction arises out of completely nothing being wholly independent of
any material property as Eq.(1) clearly
shows. How can this be?
A Quick Look at Quantum Electrodynamics where Everything Arises out of
Nothing

Before proceeding any further we have to
delve somewhat into the nature of nothing.
For most of us nothing is precisely that a
total lack of anything of interest. However,
once one enters the realm of Quantum
Electrodynamics nothing is not quite what it
seems. A look at Fig.(1) gives a crude sort
of analogy. In figure(1A) we have a representation of the vacuum, i.e. a perfectly
empty box. In Fig.(1B) a small amount of
radiation is added and Fig.(1C) adds still
more radiation. Finally Fig.(1D) goes to the
ultimate limit and adds all possible radiation and thus is a representation of everything. Or is it? If we change the color of
the photons from black to white and the
background from white to black, i.e. look at
the negative photograph then the picture is
precisely reversed and Fig.(1D) becomes
the vacuum and (1A) everything? This is
precisely the picture of the vacuum offered
by Quantum Electrodynamics. The vacuum
is nothing more than a seething sea of radiation of all magnitudes, phases, frequencies and directions such that on average
everything tends to cancel out but not quite
perfectly. There are fluctuations such that
at any given moment a virtual photon is
created for a brief interval and then imme-
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diately sucked back into the milieu. Since
these virtual photons are exceedingly feeble they go completely unnoticed under ordinary circumstances. However, as we start
making very small Micro Electro Mechanical Systems (MEMS) such as tiny sensors
and actuators, that are fabricated on silicon
substrates we start to enter a new world.
The Casimir effect can start to have a significant impact on this technology and thus
is no longer simply some academic curiosity.
But just what is this mysterious effect. The
easiest way to look at it is through a simple
analogy.
Say we have two small uncharged metal
plates sitting in a vacuum at a macroscopic
separation of a few centimeters. Then, to
within any degree of measurable accuracy,
there is no interaction between them. The
virtual photons of the vacuum are popping
up and vanishing like so many bubbles in a
boiling kettle of water but they are so feeble that their existence is completely unnoticed. Now we start to bring the two plates
together in a very careful way all the time
monitoring for the presence of any net at-

traction between them. As we start to get
into the range of 10 nanometers and lower
an interesting effect starts to take hold.
The virtual photons that are being continually created and destroyed in the gap between the plates have distinct wavelengths
and as the plates get closer and closer they
start to act as a sort of microwave cavity
which only allows certain wavelengths to
exist. In effect then the creation of virtual
photons outside a certain range of wavelengths is being suppressed between the
plates by a wave guide effect but not on
the outside. Since the photons are electromagnetic waves they exert a pressure
and since fewer can exist in the gap between the plates than outside there is a net
pressure difference between the outside
and inside which creates the Casimir attraction. It is not unlike the situation that
would exist if the plates were in a chamber
filled with some ideal gas and we were by
some mechanism evacuating the space between the plates then the gas outside
would generate a net pressure forcing the
plates together. A better analogy comes
from the era of sailing ships. Two ships sitting on the ocean with very little breeze
blowing but very heavy swells present can
experience something close to the same
phenomenon. When the ships are far apart
the waves buffet them more or less randomly from all sides and on average they
tend to hold their positions. However, if the
ships are brought together side by side in a
parallel fashion they tend to also create a
wave cavity between them where certain
wavelengths are preferred and others suppressed. Again the water waves exert a
pressure on the hulls of the ships and since
the wave action between the ships is being
suppressed by the cavity effect there is
more wave pressure occurring from the
outside than from within the gap thus creating a net force which tends to draw the
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hulls together. This was apparently a serious problem in days of yore when sailing
ships had extensive sails and rigging that
could become entangled if they got too
close.
The Case of Mr. John Hamilton: In the
interfacial Twilight Zone the Rules of
Causality are Suspended
Let us now reconsider the case of Mr. John
Hamilton who, as you recall from above,
found himself reading his own obituary one
day before the fact. This, of course, is a
blatant violation of causality which we know
cannot happen in the macroscopic world in
which we live. However, lets now move
down to the sub nanometer world where
interfacial phenomena occur. We are now
in the realm of quantum electrodynamics
where all of a sudden the rules have
changed. In the macroscopic world we
know that the future cannot affect the present by the principle of causality. However,
in the world of quantum electrodynamics
things are a little different. It turns out
that the solutions to Maxwell’s field equations, which govern all electromagnetic behavior, come in two flavors. First there is
the time retarded solution which simply reflects the fact that all electromagnetic disturbances travel at the speed of light and
thus there is always a time delay between
when a wave emanates from a source point
to when it arrives at any destination a finite
distance away. Nothing out of the ordinary
here. What is interesting, however, is that
there is also a time advanced solution
which represents a wave coming from the
future and impinging on the present, i.e. a
wave traveling backwards in time? From a
mathematical point of view the advanced
wave solution is every bit as kosher as the
time retarded solution, but when these solutions first turned up they were dismissed

as being “non physical”. This sort of thing
often happens as in situations when the
solution to a problem involves a quadratic
equation with two solutions, one positive
and one negative. The negative solution is
disregarded as non physical if the solution
represents something like a distance which
always has to be positive or a worst zero.
However, in the theory of quantum electrodynamics things turn out differently. In
order to get a consistent workable theory
one has to include both the advanced and
the retarded waves in the solution. The
situation has been explained most cogently
by Richard Feynman in this Nobel Laureate
lecture. Here he is a a graduate student
discussing his thesis work with his professor John Wheeler at Princeton University; 2
“...First, he said, let us suppose that
the return action by the charges in
the absorber reaches the source by
advanced waves as well as by the
ordinary retarded waves of reflected
light; so that the law of interaction
acts backward as well as forward in
time. I was enough of a physicist at
that time not to say, “Oh, no, how
could that be?” For today all physicists know from studying Einstein
and Bohr,that sometimes an idea
which looks completely paradoxical
at first,if analyzed to completion in
all detail and in experimental situations, may, in fact, not be paradoxical. So it did not bother me any
more than it bothered Professor
Wheeler to use advanced waves for
the back reaction -a solution of

2

Maxwell’s equations, which previously had not been physically used.”
Into Wonderland Through the Interfacial Looking Glass
So it seems that the closer we look at interactions between material bodies at the
interface the stranger it seems to get. One
is reminded of Alice's adventures in Wonderland. Among her many adventures was
a curious encounter with a Cheshire cat
who had the annoying habit of disappearing
and reappearing at random moments all of
which lead to the following conversation:
`...and I wish you wouldn't
keep appearing and vanishing so
suddenly: you make one quite
giddy.'
`All right,' said the Cat; and this
time it vanished quite slowly, beginning with the end of the tail, and
ending with the grin, which remained some time after the rest of
it had gone.
`Well! I've often seen a cat
without a grin,' thought Alice; `but
a grin without a cat! It's the most
curious thing I ever saw in my life!'
So there you have it. We look at the vacuum and expect to see nothing but yet we
perceive its grin through the Casimir effect.
Our common experience teaches us that
the future cannot affect the present but we
find that in the the realm of quantum elec-

“The Development of the Space-Time View of Quantum Electrodynamics”, Richard P.

Feynman,Nobel Lecture, December 11, 1965. A most engaging and highly readable account
of the development of quantum electrodynamics from the personal point of view on one of
the original developers.
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trodynamics, which governs all interactions
at the interface, that advanced wave solutions are required in order to obtain a correct theory. Phenomena right out of the
Twilight Zone. And who would have ever
expected that anyone working on what is
effectively laundry detergents would have
encountered something so mysterious and
captivating as the Casimir effect? Maybe I
should have another look at those soap operas.
BOOK REVIEWS
Contact Angle, Wettability and Adhesion; Vol. 4, Ed. K. L. Mittal (VSP/Brill,
Leiden, 2006)
This volume documents the proceedings of
the Fourth International Symposium on
Contact Angle, Wettability and Adhesion
held in Toronto, Canada, June 14-16, 2004.
I never cease to be amazed at the longevity of contact angle phenomena as a focus
of both industrial and academic research.
Beginning essentially with the seminal paper of Thomas Young in the early 19th century, contrary to the usual paradigm for
scientific research, the topic is receiving
more attention in current times than it did
at its inception. I think part of the explanation for this is the fact that contact angle
experiment is one of the simplest and
straightforward methods for exploring the
physico-chemical properties of surfaces
which are becoming ever more important in
the current age of nanotechnology. Applications seem to keep arising out of nowhere as indicated by the range of papers
covered in the volume which include:
•
•
•
•

Contact angle dynamics
Surface energetics
Ultrahydrophobic behavior
Ultralyophobic behavior
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•
•
•
•
•
•

Electrically induced wetting
Biofouling
Cell adhesion
Effects of acid-base chemistry
Coatings on textiles
Electronic packaging/wiring

Surface energetics via contact angle
reviewed
The common denominator in all of the
above topics is the critical role played by
physico-chemical interactions at surfaces
and interfaces which explains the intimate
relationship to contact angle behavior. Unfortunately there is not enough space to
cover all of the above topics here so I will
settle on two papers dealing with the perennial topic of surface energetics which
pervades nearly all aspects of contact angle
behavior. The first paper by Frank Etzler,
“Surface Free Energy of Solids: A Comparison of Models”, gives a useful overview
of the various theoretical models that have
been put forward to analyze and interpret
contact angle data. the paper casts a critical eye on the following well established
theories of contact angle behavior:
Zisman critical surface tension model
Fowkes model
Neumann-Kwok equation of state model
van Oss, Chaudhury, Good acid-base
component model
• Chang-Chen model
•
•
•
•

All of the above models have both
strengths and weaknesses and each has
received its share of criticism in the open
literature. Etzler’s paper attempts to give a
disinterested comparison of the different
approaches and provides a useful guide to
anyone interested in analyzing contact angle data. The basic conclusion of the paper
is that when all of the basic assumptions

concerning the nature of the probe liquids
and surface under investigation are satisfied, then all of the models yield similar results. This is good news for the practicing
technologist who simply needs to know
something about the surface energetics of
the materials he is dealing with, but caution
is always advised. About the safest thing
one can conclude in practice is that the
contact angle method is a reliable tool for
comparing the surface energetics of different samples under carefully controlled conditions as opposed to determining an absolute number for the surface free energy.
Fortunately for most applications this is all
that is required.
Surface energy of solids via the Atomic
Force Microscope reviewed
The second paper of interest to us here approaches the problem of surface free energy from a microscopic point of view as
opposed to the contact angle approach
which is essentially a macroscopic method.
“Determination of Solid Surface Tension at
the Nano-scale Using Atomic Force Microscopy” by Jaroslaw Drelich, Garth Tormoen
and Elvin Breach nicely compliments the
paper by Etzler reviewed above by enlisting
the modern method of Atomic Force Microscopy (AFM) as a technique for exploring
the age old problem of surface free energy
of solids. This work also nicely supplements the analogous but quite different approach employing the Surface Force Apparatus (SFA) which was reviewed in some

detail in the previous issue of the Newsletter3 (www.mstconf.com/Vol4No3-2007.pdf)
The Atomic Force Microscope (AFM) consists of three essential parts as shown
schematically in figure (2):
• Cantilevered beam for measuring force
exerted at probe tip
• Piezoelectric actuator for precisely controlling gap between probe tip and sample
surface
• Probe tip
Although all of the above components are
critical to the proper operation of the AFM,
the probe tip is especially important since it
is what directly determines the measured
surface force and thus the integrity of the
data obtained from the instrument. Figure
(3) 4 illustrates several probe tip configurations. As opposed the the SFA experiment

3

“Direct Measurement of Molecular Level Adhesion between Poly(ethylene terephthalate)and Polyethylene Films: Determination of Surface and Interfacial Energies”, V. Mangipudi, M. Tirrell and A. V. Pocius, in Fundamentals of Adhesion and Interfaces, Ed. D. S. Rimai, L. P. DeMejo and K. L.Mittal (VSP,
Utrecht, The Netherlands, 1995) p. 205.
4

Adapted from figure 3 of paper by Drelich et. al.
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which employes crossed cylinders and thus
samples a comparatively large element of
surface the AFM probe is microscopically
sharp as shown in the field emission micrographs in figures (3A) and (3B). The tip
diameter can be on the order of 100 nm or
smaller which affords the potential of investigating very small regions of the sample
surface on a selective basis. Unfortunately
the small probe tip size also introduces
complications when trying to use the AFM
to determine surface energies since the
probe will be very sensitive to all manner of
surface irregularities such as surface
roughness, contamination and chemical
heterogenities. The authors discuss these
problems in some detail and thus the paper
is an excellent guide for those who would
like to employ the AFM technique for measuring surface energies.
As an alternative to using the ultra-sharp
probe tip, figure (3) also shows three examples where the sharp tip has been replaced with a spherical particle ranging
from a borosilicate glass (3C), to a polystyrene microsphere (3D) to a protein particle
(3E). Since these spheres are on the order
of 20 µm or larger, a much larger element
of surface is sampled which tends to average out local irregularities. Problems with
surface roughness on both the probe particle and the surface sample still remain and
the paper gives a very helpful guide for
recognizing and overcoming these

12

difficulties.
Finally the paper gives an excellent review
of the problem of determining the surface
energy from the directly measured surface
force. For this one needs to employ a theory of particle surface interaction. In particular, one has to account for the elastic
properties of both the probe particle and
the sample surface. The classic theory was
that of the Hertzian indentor which used
standard elasticity concepts to deduce the
stress and deformation of a probe tip under
some applied compressive load. This approach proved to be inadequate for small
particles since it took no account of the intermolecular forces of interaction between
between the particle and the sample surface. Johnson, Kendall and Roberts attempted to remedy this problem with what
is now the well known JKR formalism which
significantly improves upon the original approach of Hertz. A further attempt at the
problem was put forward by Derjaguin,
Muller and Toporov in their also classic DMT
theory. Curiously enough, the JKR and
DMT theories are mutually inconsistent as
each makes different assumptions about
the nature of the short range interactions
between the probe particle and the underlying substrate. This dilemma was later
rectified by the work of Maugis who showed

that both JKR and DMT theories are basically correct but within different regimes of
particle size, material properties and interaction strength between the particle and
substrate. Maugis basically condenses all
these parameters into one dimensionless
number given by:

2.06
m= z 3
0

RW 2A
r K2

(2)

Where:
R = Radius of probe tip
WA = Work of adhesion
z0 = Equilibrium gap spacing
K = Composite modulus parameter given by:

1 3 c 1 - o2p 1 - o2s m
K=4
E p + Es

Developments in Surface Contamination and Cleaning: Fundamentals and
Applied Aspects, Ed. Rajiv Kohli and K.
L. Mittal (William Andrew, Norwich, NY
2008)

(3)

Where:
Ep, νp = Modulus, poisson ratio of
probe
Es, νs = Modulus, poisson ratio of
substrate
The λ parameter nicely separates the
range of validity of the JKR and DMT theories. For λ> 5 the JKR theory is most
applicable whereas for λ< 0.1 the DMT
theory is most appropriate. This, however,
leaves a significant gap in between which is
covered by the Maugis-Dugdale theory5
which gets significantly more involved and
takes us beyond the scope of this review.
The paper goes on to discuss the issues of
surface roughness, chemical heterogeneity,
contamination and probe tip plasticity. All
of these phenomena significantly complicate the problem of accurately determining
the surface free energy of solids. The
5 D. Maugis, J. Colloid Interface Sci. 150, 243 (1992)
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authors round out the discussion by giving
an overview of work of adhesion data determined by AFM measurements gathered
from the literature. In an extensive table
they compare these results with measurements taken in their own laboratory. Data
on more than 14 systems are tabulated
giving full details on each system. All in all
this paper should be mandatory reading for
anyone planning to enter the field of surface energy measurement using the AFM
method.

This encyclopedic volume arrives just in
time for the upcoming ELEVENTH INTERNATIONAL SYMPOSIUM ON PARTICLES
ON SURFACES: DETECTION, ADHESION
AND REMOVAL; to be held at the University of Maine, Orono, Maine, USA, July 1618, 2008. Further details on the symposium will be given at the end of this newsletter but at the moment we must focus on
the contents of this most impressive volume. The book covers topics ranging from
imaging of nanoparticles to CO2 snow
cleaning in 22 major articles written by
leaders in their respective fields from all
over the globe. As usual it is impossible
within the the restricted format of the
newsletter to give anything but the briefest
overview of a small handful of the substantial papers contained in this work. However, for the benefit of those who may have
an interest is specific aspects of what is
presented we present an abbreviated list of
the table of contents:

1. “The Physical Nature of Very, Very Small
Particles and its Impact on Their Behavior“; (Othmar Preining)
2. “Elucidating the Fundamental Interactions of Very Small Particles: Ultra Fast
Science“; (Carlo Altucci and Domenico
Paparo)
3. “Transport and Deposition of Aerosol
Particles“; (Daniel J. Rader and Anthony
S. Geller)
4. “Relevance of Particle Transport in Surface Deposition and Cleaning“; (ChaoHsin Lin and Chao Zhu)
5. “Tribological Implication of Particles“;
(Koji Kato)
6. “Airborne Molecular Contamination:
Contamination on Substrates and the
Environment in Semiconductors and
Other Industries“; (Taketoshi Fujimoto,
Kikuo Takeda and Tatsuo Nonaka)
7. “Aspects of Particle Adhesion and Removal“; (David J. Quesnel, Donald S.
Rimai and David M. Schaefer)
8. “Relevance of Electrostatic Discharge
Controls to particle Contamination in
Cleanroom Environments“: (Larry Levit
and Arnold Steinman)
9. “Electron Microscopy Techniques for Imaging and Analysis of Nanoparticles“;
(Zhong Lin Wang and Jean L. Lee)
10. “Surface Analysis Methods for Contaminant Identification“; (David A. Cole and
Lei Zhang)
11. “Ionic Contamination and Analytical
Techniques for Ionic Contaminants“;
(Beverly Newton)
12. “Relevance of Colorimetric Interferometry for Thin Surface Film Contaminants“; (Michel Querry, Philippe Vergne
and Jérôme Molimard)
13. “Wettability Techniques to Monitor the
Cleanliness of Surfaces“; (William Birch,
Alain Carré and Kashmiri Mittal)
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14. “Use of Surfactants to Enhance Particle
Removal from Surfaces“; (Michael L.
Free)
15. “Cleaning With Solvents“; (John B. Durkee)
16. “Removal of Particles by Chemical
Cleaning“; (Philip G. Clark and Thomas
J. Wagener)
17. “Cleaning Using a High-speed Impinging
Jet“; (Kuniaki Gotoh)
18. “Microabrasive Precision Cleaning and
Processing Technology“; (Rajiv Kohli)
19. “Cleaning Using Argon/Nitrogen Cryogenic Aerosols“; (Wayne T. McDermott
and Jeffery W. Butterbaugh)
20. “Carbon Dioxide Snow Cleaning“; (Robert Sherman)
21. “Coatings for Prevention or Deactivation
of Biological Contamination“; (Joerg C.
Tiller)
22. “A Detailed Study of Semiconductor Wafer Drying“; Wim Feyn, Frank Holsteyns,
Twan Bearda, Sophia Arnauts, Jan Van
Steenbergen, Geert Doumen, Karine
Kenis and Paul W. Mertens
Contact angle measurements as a
guide to contamination buildup
The common thread linking particle adhesion with contact angle behavior is, as always, the phenomenon of surface energetics. With this in mind, we will focus this
review on those papers which more closely
cover this topic. In particular we would like
to focus on the paper entitled “Wettability
Techniques to Monitor the Cleanliness of
Surfaces”, Birch et. al. as a typical example. As the authors cogently point out:
”... wettability measurements provide a convenient and rapid method
for probing the outermost surface of
a material The technique is highly
surface specific, generally exceeding
the sensitivity of electron spectro-

scopies and is sensitive to a fraction
of a monolayer”.
Having very succinctly made the case for
using contact angle measurements to probe
surface cleanliness the authors go on to
give an overview of the contact angle
method along with a review of available instrumentation. Of particular interest are
the illustrative examples of the use of contact angle measurements in tracking the
time evolution of contamination buildup on
a variety of surfaces. Figure 4 illustrates
the use of water contact angle measurements to monitor the buildup of hydrophobic contamination layers on a variety of oxide surfaces as a function of time. As is
directly apparent from the plot the rate of
buildup is highly sensitive to the atomic
composition of the surface. Many other
useful examples are illustrated in the paper
and anyone interested in monitoring contamination buildup on sensitive surfaces
will find this overview very helpful.
Surface energetics and particle removal
We again pick up the thread of surface energetics in the novel paper by Michael Free
on Use of Surfactants to Enhance Particle
Removal from Surfaces. This paper presents an intriguing convergence of the
problems of particle removal, particle surface energetics and surfactants in solution.
A major application of this work is the
chemical-mechanical polishing of wafers in
the microelectronics industry. A rather
cruel but interesting paradox arose in the
fabrication of semiconductor chips as a result of ever increasing device density. As
the industry crammed ever more transistors onto a given area the need for increased wiring density to connect these de-
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Figure 4: Buildup of contamination on various oxide surfaces as monitored by water

vices arose in step. The principle of conservation of area dictated that in order to
accommodate the required wiring density
one had to go to multiple wiring levels,
each one stacked above the one below.
However by doing this the resulting top
surface became lumpy as a result of the
wiring topology beneath making it difficult
to add the next layer. The need to “planarize” the existing surface before the next
layer could be added became a severe
problem. Chemical-mechanical polishing,
however, proved to be a very effective way
of planarizing device surfaces, the only
problem being that this process required
the use of exceedingly dense particle suspensions. The particles essentially performed the mechanical grinding operation
and the chemical solution suspended and
carried away the debris. A paradox arose
in that one was really sort of “colluding with

the enemy” by introducing a very large
amount of particle contamination to a surface that eventually had to be virtually particle free in order to function. Thus in order
for this technology to be viable, an efficient
and effective method of particle removal
had to be devised.
This paper proposes the use of surfactants
to facilitate the removal of particles after
they have performed their planarizing mission. The basic idea is to coat each particle
with a layer of surfactant and thereby
change its surface energy and in consequence its ability to adhere to a surface. In
order to explain how this can be accomplished the paper first presents introductory
material on the nature and behavior of surfactant molecules and how they affect the
interfacial forces governing particle removal. Additional material is provided on
methods for measuring surface forces and
their effect on particle adhesion. Finally
the process of surface treating particles is
covered and results on the efficacy of the
treatment is presented. Figure 5 shows the
effect of treating alumina particles with a
surfactant on particle removal. As shown in
the plot the use of a surfactant can increase the removal efficiency by 3 order of
magnitude.
The paper concludes with some guidelines
for selecting surfactants appropriate for
particle surface treatment and also a discussion on how to remove the surfactant
from the surface once its job has been acFigure 5: Removal efficiency of alumina particles coated with cetyl
pyridinium chloride (CPC) ona tungsten
surface. Re-rendered from paper by
M. Free.
complished. All in all the paper gives a
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most insightful introduction to an emerging
particle removal and control technology
which will undoubtedly be receiving significant attention in the future.
At this point our only regret is that limitations on space prevent us from reviewing
any of the other excellent papers in this
encyclopedic volume. We can, however,
cordially invite all readers to join us at the
University of Maine this Summer for the
11th International Symposium on Particle on Surfaces where there will be the
opportunity to interact directly with many
of the contributing authors. Further details
of the symposium are given below.
CALL FOR PAPERS
SIXTH INTERNATIONAL SYMPOSIUM
ON CONTACT ANGLE, WETTABILITY
AND ADHESION; To be held at the University of Maine, Orono, Maine USA, July
14-16, 2008
In his opening remarks at the first symposium in this series Professor Robert Good
pointed out that Galileo in the 17th century
was quite likely the first investigator to observe contact angle behavior with his experiment of floating a thin gold leaf on top
of a water surface. Since that time contact
angle measurements have found wide application as a method for determining the

energetics of surfaces. This, in turn, has a
profound effect on the wettability and adhesion of liquids and coatings to surfaces.
We are indeed happy to announce that this
the 6th symposium in the series will be organized in collaboration with Prof. Douglas
Gardner in the Advanced Engineered Wood
Composites Center at the University of
Maine, Orono, Maine. Prof. Gardner is well
acquainted with problems of wettability and
adhesion having published on the Dynamic
Wettability of Wood and also serving on the
editorial board of the Journal of Adhesion
Science and Technology which is edited by
the Conference Director Dr. Mittal. This
symposium will be concerned with both the
fundamental and applied aspects of contact
angle measurements. Issues such as the
applicability and validity of various measurement techniques and the proper theoretical framework for the analysis of contact
angle data will be of prime concern. In addition, a host of applications of the contact
angle technique will be explored including
but not limited to: wettability of powders,
fibers, wood products, papers, polymers
and monolayers. Further focus will be on
the use of contact angle data in evaluating
surface modification procedures, determining relevance of wettability to adhesion, the
role of wettability in bioadhesion, ophthalmology, prosthesis and in the control of
dust in mining and milling applications.
The primary focus of this symposium will be
to provide a forum for the discussion of
cutting edge
advancements in the field and to review
and consolidate the accomplishments which
have been achieved thus far.
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SYMPOSIUM TOPICS:
Factors Influencing Contact Angle Measurements:
• Static and dynamic contact angles, effect
of surface flaws and surface roughness on
wetting.
• Effect of pore size distribution
• Effects of velocity and viscosity of liquid
on solid-liquid interfacial behavior.
• Interaction forces including: van der
Waals, Acid-Base, Hydrogen bonding,
...etc
• Wettability Behavior and Surface Characterization of Various Materials
• Contact angle interpretation and hysteresis
• Wettability of various material surfaces
including but not limited to: wood, elastomers, silicon wafers, pharmaceutical
powders, metals, polymers, paper, particles, fibers... etc.
• Surface treatments to modify wettability
behavior.
• Wettability, Adhesion and Applied Aspects
of Contact Angle Measurements:
I.
Effect of surface energetics on adhesion.
II. Biological applications including protein
and bacterial adhesion.
III. Fine particle adhesion and control of
dust.
IV. Other technological applications including: printing, agriculture, pharmaceuticals, textiles and paper.

CALL

FOR

PAPERS

ELEVENTH INTERNATIONAL SYMPOSIUM ON PARTICLES ON SURFACES:
DETECTION, ADHESION AND REMOVAL; University of Maine, Orono, Maine
USA, July 16-18, 2008
This will be the eleventh event in the series
of symposia on particles on surfaces initiated as part of the Fine Particle Society
meeting in 1986. Particles are yield detractors in the manufacture of sophisticated
and sensitive electronic components and
are very undesirable in many other technologies. Contamination of optical surfaces
and shorting of microelectronic circuits by
conducting particles, among other concerns, underscore the importance of particle detection, adhesion and removal. On
the other hand, however, in certain instances particle adhesion to surfaces is
necessary. The purpose of this symposium
is to address the vast ramifications of particles on solid surfaces by bringing together
specialists in many allied fields to discuss
their latest findings and to identify areas for
further investigation. Various types of substrates and particles --metals, oxides,
glass, and polymers will be covered. The
technical program will comprise both invited and contributed papers ranging from
topical overviews to original research and
industrial applications.
THE SYMPOSIUM WILL EMPHASIZE
THE FOLLOWING TOPICS:
• Sources and mechanisms of particle contamination, Intrinsic and extrinsic,
Nanometer to micrometer scale
• Factors that influence particle adhesion:
chemistry, topography, shape, size, relative humidity, medium, etc.
• Particle adhesion measurement techniques
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• Forces affecting adhesion: JKR theory, Hamaker theory
• Detection, identification and characterization
of particles on surfaces
1. Micrometer scale
2. Nanometer scale
• Techniques for particle removal
1.
2.

Challenge of nanoscale removal
Fluid dynamics of particle removal
• Implications of particle contamination
1. Microelectronic applications
2. Biomedical applications
• Optics and precision tool applications
• Thermodynamics of particle removal including
1. Interactions with fluids, electrolytes and solvents
• Detection/Removal of bacteria/viruses considered as particles
These symposia are being organized under the
direction of Dr. K. L. Mittal, Editor, Journal of
Adhesion Science and Technology by MST Conferences, LLC. Please notify the conference
chairman of your intentions to present a paper
as early as possible. An abstract of about 200
words should be sent by March 15, 2008 to the
conference chairman by any of the following
methods:
E-mail: rhl@mstconf.com
FAX: 212-656-1016
Regular mail:
Dr. Robert H. Lacombe
Conference Chairman
3 Hammer Drive
Hopewell Junction, NY 12533
Contact by phone:
845-897-1654; 845-227-7026
Full conference details and registration via the
Internet will be maintained on the conference
web site:
For Contact Angle:
http://mstconf.com/contact6.htm
For Particles on Surfaces:
http://mstconf.com/particle11.htm
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