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Basic Facts

1. Surface Nanobubbles have diameters in the range 25

to 1000nm

2. They are stable

3. Their stability is not changed by surfactants

4. Their surface shapes are irregular [1]
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Problems

1. Difficult to understand stability

2. Difficult to understand why they are formed

3. Difficult to understand surface distortions

4. Different theories proposed with different set of as-

sumptions [2][4][3][5]
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QFT Model: Ideas 1

A Quantum Field Theory (QFT) based Water Model

predicts that water has two phases. One of which is a

spontaneously created coherent domain (CD). [6]. We

can explain the properties of nanobubbles by assuming

that these CD, with their volume fixed by the excita-

tion spectrum of water, forms the boundary of surface

nanobubbles . We sketch the basic idea.

1. Quantum Mechanics tells us that a classical oscillator

of frequency ω has zero point energy 1
2hω.

2. A free electromagnetic field E(x, t) can be expanded

as a Fourier transform as a collection of classical os-

cillators with frequencies ranging between 0 and ∞.

3. The em field then must have zero point energy E =∫
dvE.E8π =

∫
dωρ(ω)hω, where ρ(ω) is the density.

4. But E = ∂tA where A is the vector potential. Thus

the vector potential is always present, has long range,

is time dependence and interacts with currents.
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QFT Model Ideas 2

1. The presence of the radiation vector potential is well

known to lead to physically observed effects. It gives

rise to the Casimir Effect [11]and explains the Lamb

shift [10][12] in the spectrum of hydrogen.

2. The effect of this fluctuating radiation field is very

small. It can cause atomic transitions with a proba-

bility of ≈ 10−5 and is thus usually ignored.

3. Insight of Preparata and collaborators was that this

need not be true for condensed matter systems.[6]
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QFT Model Ideas 3

Let us explain why

1. Start with a Lagrangian L of water molecules, Ψ(x, t)

interacting with the radiation part of the electromag-

netic field A(x, t) in a volume set by a electronic

transition wavelength λ ≈ 100 nm. The key physi-

cal point is that there are over 107 molecules present

in this volume.

2. Suppose there are N electrons and N photons in the

volume set by λ. In this small region we ignore x

dependence and scale all fields by
√
N . This gives

L→ NL and the action S → N
∫
L.

3. For large N (≈ 107) in volume 106 cubic nm a path

integral formulation of the model tells us that the

dominant paths for action NS are solutions of the

classical Euler Lagrange equations for which δS = 0.
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QFT Model Ideas 4

The Lagrangian used is (short range force terms ignored):

L = Lmatter + Lem

where

Lmatter =
∫
ψ∗(~x, α, t)

δ

δt
ψ(~x, α, t)−Hmatter

Hmatter =
∫
ψ∗(~x, α, t)Hαψ(~x, α, t) + H1

rad + H2
rad + HSR

H1
rad = e

∫
~A(~x, t)ψ∗(~x, α, t) ~J(α)ψ(~x, t)

H2
rad = e2h

∫
~A(~x, t)

2
ψ∗(~x, t)ψ(~x, t)

~A(~x, t) =
∑
~k

1√
2ω~kV

[a~k(t)e
−iω~ktei

~k.~x + hc]

Lem =
∑
~k

[
i

2
a∗~k(t)

δ

δt
a~k(t) + hc]
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QFT Model Ideas 5

The Euler Lagrange equations obtained from this La-

grangian are non linear. They have the form, after some

work, (g is a coupling constant that depends on N and

the dipole moment)

dψ1

dt
= −igψ2A

∗

dψ2

dt
= −igψ1A

i

2

d3A

dt3
+
d2A

dt2
+ iµ

dA

dt
+ g2A = 0

The vector potential equation has a run away mode if

g2 ≥ g2c . gc dependes on N, µ is a mass term which

comes from the e2hA2 term present in the Lagrangian.

The runaway solution implies that if we start with A

small it rapidly becomes big and makes ψi big as well.

When this happens the frequency of A, orginally set by

the transition wavelength and the velocity of light can be

shown to become smaller by a factor of 10−2. Hence the

oscillating photons and water molecules spontaneously

form a coherent optical cavity like domain.[7][6]
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Consequences

1. The coherent domains are stable only when surfaces

are present. Otherwise they have a lifetime of femtoseconds.[8]

[9]

2. The coherent domains expell gases from them and

do not allow surfactants to enter.

3. The domains form the shell of nanobubbles. As the

volume allowed for a coherent domain is known (it is

fixed by the allowed photon wavelength λ), thus the

allowed sizes of nanobubbles are fixed by the thick-

ness of the shell that can be stabilised by surface

effects.

4. The boundary of the shell is expected to be charged.

This possibility has been suggested by a number of

people but is a consequence of the QFT Water model.

[14][4][15][13]

Thus the model explains the stability, size and basic fea-

tures of surface nanobubbles. It suggests that water

molecules have a tendency to form coherent structures

if its higher electronic states can be stablised. Surfaces

and biomolecules do this. This talk is based on work in

progress. An incomplete set of refrences are included. An

interesting recent paper explains how a single nanobubble
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of H2 is creted by electrochemical methods and explains

its stability using ideas of chemistry. [5]. This case is not

the one we discuss.
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