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Disorder Can Serve Energy Too: Vibrations
and Electrons in Porphyrin Nanotubes

Research published: 24 February 2026
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Why in the News

Researchers of the Indian Institute of Science have presented evidence of a useful
connection between vibrational and electronic states at room temperature in artificial
molecular assemblies that absorb light energy. The study, published in Nature
Communications, is based on porphyrin nanotubes. Both the journal and Crossref record
its online publication date as 24 February 2026.

The team led by Vivek Tiwari showed that in certain conditions, energetic disorder can
increase the mixing of electronic and vibrational states. The usual belief is that disorder
stops the spread of energy; here, a useful role for it also came into view. This is not a
conclusion that declares every disordered material a better solar material; it is a study
that explains the process of energy transfer in a specific molecular arrangement.

The Question of Light Energy's Journey

Light-harvesting molecules absorb light and reach an excited state. In natural
photosynthesis, many pigment molecules are part of a network that passes such energy
onward. The initial excitation travelling from one molecule to another, and eventually
contributing to useful charge separation, depends on many processes. Energy can also be
lost along this journey.

Scientists want to know how this energy transfer stays effective in a warm and constantly
changing environment. Do the vibrations of molecules only become obstacles, or can they
also help connect some electronic states? Understanding this question is useful for
artificial materials as well as for explaining natural light harvesting. But the efficiency of
initial energy transfer is not the overall efficiency of the whole photosynthesis process.

Why the Porphyrin Nanotube Model?

The researchers chose nanotubes made of porphyrin molecules as the artificial light-
harvesting model. The electronic structure of these molecules has properties that allow
comparison with natural pigments such as chlorophyll. Many earlier artificial models were
cyanine-based, whose associated energy-level arrangement can differ from natural
pigments. So the choice of model material influences the scientific question.

These artificial nanotubes should not be understood as a plant's complete photosynthetic
system. They do not contain all the proteins, chemical reactions and controls of the
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natural system. The advantage is that in a limited arrangement, the pairing of electronic
states and vibrations can be examined more clearly. The similarity makes the research
relevant; it does not become proof of every behaviour of the natural system.

What Is the Vibronic Connection?

A molecule has states of electronic energy, and its atoms also vibrate. When the effects of
these two kinds of motion join each other, it is called vibronic coupling. In such a
connection, keeping the electronic and vibrational descriptions completely separate may
not be enough to understand the process. The mixing of states with closely spaced
energies can be especially important.

The study focused on states with different electronic character within porphyrin's main
optical band. The question was not merely about finding an oscillation in the signal, but
about understanding which states are connected and what their role is in the rapidly
changing distribution of energy. The word 'quantum’ here is an explanation of specific
molecular motions, not a claim of some mysterious extra energy or of becoming a
supercomputer at ordinary temperatures.

What Did Ultrafast Spectroscopy Show?

The team used polarisation-controlled two-dimensional electronic spectroscopy and
pump-probe measurement. In simple terms, the system is excited with a pulse of light and
the later signal is observed. Two-dimensional measurement connects the energies of
excitation and detection, helping to understand nearby signals separately. Controlling
polarisation can highlight selected directional responses.

In the research, early cross-peaks, the rapid broadening of signals and direction-
dependent vibrational oscillations were important evidence. The authors read these in
support of interconnected vibrational-electronic bands and rapid energy redistribution. A
single blurred optical signal or a single oscillation was not the basis of the whole
conclusion. The interpretation was built by placing together the experiment's direction-
selection ability and theoretical calculations.

When Does Disorder Help?

Energetic disorder means that the energies of the associated molecular sites are not
exactly alike. In a highly symmetric ideal arrangement, the mixing of some electronic
states can remain very weak. In the study's calculations, adding disorder broke this
symmetry and increased the mixing of states with different electronic character. This also
changed the possibility of connecting them through vibrations.

According to the authors, disorder has a dual role: first it makes electronic mixing possible,
and then it can raise the effective energy threshold of vibronic coupling. This conclusion is
tied to a specific parameter region, in which the pairing of disorder, relatively low-
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frequency vibrations and weak reorganisation energies matters. It does not yield a
universal rule of 'the more disorder, the better the performance’.

The Importance of Room Temperature

Many earlier studies on the useful role of vibrational and electronic motions in light
harvesting were done at extremely low temperatures. Real biological and many technical
systems work in warmer conditions. So evidence of the associated coupling surviving at
room temperature is significant in this debate. As temperature rises, the movement of the
surroundings and the process of losing coherence between states also become important.

Even so, the new study should not be taken to mean that all old disputes connected with
natural photosynthesis are over. In the related literature, there have been different
interpretations of the electronic or vibrational origin of long-lasting optical oscillations.
This study presents polarisation-controlled experiments and a model in specific porphyrin
assemblies. Extending its scope to every biological light-harvesting system without
testing would not be proper.

The Model's Strength and Its Limits

The researchers interpreted the experimental signals with a vibronic exciton model.
Comparing situations with and without disorder in the calculations gave an opportunity to
test the proposed mechanism. The match between experiment and calculation helps in
understanding which physical factors can produce the observed signals. This is not merely
the achievement of making beautiful nanotubes.

The model also has limits to keep the computation feasible. A limited basis-set
approximation was taken for large nanotubes, and the authors have stated a caution
about the assumption that all vibrations shift the energy gap in the same way. Better
structural information and a fuller description of vibrations can improve the models. So
the number of molecules used in the calculation should not be called proof of complete
coherence measured directly over that many molecules.

The Lesson for Solar Technology

This research gives pointers for the design of artificial light-harvesting materials. Instead
of searching only for perfect order, scientists can also examine a balance of controlled
disorder, vibrations and electronic states. Taking inspiration from natural systems does not
mean copying their every structure, but identifying the physical principles suited to their
working.

However, the study did not measure the electricity-producing capacity of a finished solar
panel or the rate of making fuel. In a solar-fuel system, separating the charge after
capturing light, transporting it and driving a useful chemical reaction are also necessary.
The Energy Department's background description likewise lists separate challenges such
as integrating components, selective reactions and long life. Calling the success of an



<

PCSMANTRA.COM

early molecular mechanism a direct achievement of cheap electricity or commercial fuel
would be hasty.

What to Watch Next?

In further research, better structural analysis, fuller models of quantum vibrations and
comparative experiments in different natural and artificial assemblies will be useful. It will
have to be tested how much and what kind of disorder gives benefit, and when it causes
harm by localising energy. To prove benefit in a final device, the real energy flow, losses
and useful output will have to be measured together.

The main conclusion is that disorder is not always only a defect; in specific conditions it
can also enhance useful molecular connections. This is an example that explains the
difference between basic research and finished technology.

Practice question: Explain the potential role of vibronic coupling and controlled disorder in
light-harvesting systems. From the study of porphyrin nanotubes, clarify the limits
between the basic conclusion and technological application. (250 words)

Sources: Original research | The historic scientific debate on light harvesting |
Background on solar fuels
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