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Actual Determination of Time-span in Absorption Spectroscopy and variation of absorbance vs.
concentration is crucial in chemistry and biology. We investigated molecular absorption spectra
of 1,4 -diamino anthraquinone taking concentration 20 − 90µM. We primarily report a violation
and quantization of Absorbance in Beer’s Lambert Law and propose an alternative explanation
for the inherent phenomenon, quantum mechanically. Upon laser pulse excitation yielded photon
transfer excited state having 17-96 attoseconds lifespan is formed for different concentrations of
samples. We furnished a general equation for the electrostatic field, the wave function of photons
and its correlation with absorbance. Further, we propose an intricate relationship between the
electromagnetic field generated by particles and its wavefunction.

Introduction - Beer’s-Lambert law, named after August
Beer and Johann Heinrich Lambert, stands as a corner-
stone in the realm of absorption spectroscopy. This fun-
damental principle provides a quantitative relationship
between the absorption of light by a sample and its con-
centration, paving the way for the precise determination
of substance concentrations in various fields of science[1].
The mathematical expression of this law has form[2–8].

A = ln
(

I0

I

)
= ϵcl (1)

A is the absorbance of the sample,I0 is the intensity
of incident light,I is the intensity of transmitted light
[9, 10],ϵ is the molar absorptivity (or molar extinction
coefficient) of the substance,c is the concentration of
the absorbing species,l is the path length of the sam-
ple. The molar absorptivity (ϵ) is typically assumed to

Figure 1. absorption of light by 1,4 -diamino anthraquinone,
where Io is the intensity of incident light, and I is the intensity
of transmitted light.

be constant for a given substance at a specific wave-
length of light and under particular experimental con-
ditions and l was constant in our experiment,(see Fig. 1)
for the systematic diagram of incident and transmitted
light during absorption in sample. When examining de-
partures from the Beer-Lambert law in existing litera-
ture, the focus often centres around Equation (1) and
observations of deviations from the expected linearity
between absorbance and concentration in this particu-
lar relationship[1]because of these deviations have been
attributed to the presence of fluorescence[11, 12], the
incorporation of optical filters along the trajectory of
the beam[13], scattering[14, 15], instrumental effects[16],
characteristics intrinsic to the specific spectral line (
atomic absorption spectroscopy)[17], the existence of sur-
plus indicator[18], the refractive index of the solvent[19],
additionally, a dependency on concentration in the mo-
lar extinction coefficient[20]. It’s very crucial to explain
the deviation from the linear relationship between ab-
sorbance and sample concentration.

In this letter, we investigate the molecular absorption
spectra of 1,4-diamino anthraquinone at various concen-
trations and evaluate the corresponding absorbance val-
ues. Our experimental findings reveal a departure from
linearity in the relationship between absorbance and sam-
ple concentration. To elucidate this observed deviation,
we present a quantum mechanical model that offers in-
sights into the behaviour of absorbance and its corre-
lation with the wavelength of the incident light and the
duration of interaction with the sample during the molec-
ular spectra & transition of electrons caused by their in-
teraction with photons. In this study, we extend our
investigation by establishing fundamental equations that
elucidate the intricate interplay between electromagnetic
waves and the wave function of photons. Building upon
existing knowledge in quantum electrodynamics, our re-
search delves into the quantum nature of photons and
their interaction with electromagnetic fields. These equa-
tions not only shed light on the quantum mechanical be-



Figure 2. [a] and [b] shows the absorption spectra of 1,4-diaminoanthraquinone of concentration 40 µM and 45 µM respectively.
The peaks at 290 nm, 550 nm, and 590 nm indicate the existence of a band system of energy where absorbance occurs. This
wavelength range spans from 220 nm to 820 nm, and there is a contribution from vibrational and rotational energy levels as
well. The peaks correspond to electronic transitions between two energy levels of electrons.

haviour of photons but also provide a deeper understand-
ing of their dynamic relationship with electromagnetic
waves, offering valuable insights into the fundamental
principles governing quantum optics and the behaviour
of light at the quantum level. Our findings contribute
to the growing body of knowledge in this field, further
advancing our comprehension of the quantum world’s in-
tricacies. The wavefunction of a particle, Ψ, serves as
a foundational representation of its quantum state, en-
capsulating essential details about its probability distri-
bution in both space and time. In our research, we put
forth the proposition that the relationship between the
electric field and the wave function is profoundly inter-
connected.

Absorption Spectra- Absorption spectra of 1,4-diamino-
anthraquinone (see Fig. 2) arise from the interaction be-
tween matter, such as atoms, molecules, and electromag-
netic radiation (photons). particularly visible or ultravio-
let light, we measured absorbance by instrument uv 2700
UV-vis spectrophotometer Shimadzu At 20−90 µM con-
centration, we can see from the graph there exists peak
absorbance 0.3153,0.1620 and 0.1642 at 250nm, 550nm
and 590nm respectively at 20 − 90 µM. They offer criti-
cal insights into the energy levels and electronic structure
of these entities. Molecules possess quantized energy lev-
els of electronic, vibrational and rotational energy, with
electrons occupying specific discrete orbitals, including
the ground state and various excited states. When elec-
tromagnetic radiation (photons) encounters matter, it
can elevate electrons from lower to higher energy levels
through electronic excitation, occurring when the pho-
ton’s energy matches the energy gap between the states.

This absorption process leads to the creation of absorp-
tion spectra, graphical representations that reveal which
energies or wavelengths of light are absorbed by a sub-
stance.

Violation of Beer’s Lambert Law and alternate model
to explain inherent phenomenon- Experimentally we
changed the concentration of 1,4-diamino-anthraquinone
from 20 − 90 µM at stepsize of 5 µM and we report de-
viation from the linear dependence of absorbance with
concentration. (see Fig. 3). This is attributed to the
quantum behaviours of absorbance. We investigated the
absorbance process and we have the relationship between
the intensity of light and its electric and magnetic field
mathematically

I0 = 1
2ϵ0E2

0c + B2
0

2µ0
c (2)

I = 1
2ϵ0E2C + B2

2µ0
C (3)

Where E0 is the electric field of the incident light, E
is the electric field of transmitted light, ϵ0 is the electric
permittivity of a vacuum and µ0 is Magnetic permeabil-
ity, we also have

B0 = E0

c
, B = E

C
(4)

The fundamental relationship between the intensity of
light and the electric field of light is a central concept



Figure 3. [a]. The nonlinear dependence of Absorbance vs Concentration at 250nm Wavelength of light, green colour line
represents the fitting function.[b]. The nonlinear dependence of Absorbance vs Concentration at 550nm Wavelength of light,
the blue colour line represents the fitting function. [c]. The nonlinear dependence of Absorbance vs Concentration at 590nm
Wavelength of light, the red colour line represents the fitting function.

in the study of electromagnetic waves, with direct impli-
cations for various optical phenomena. In this context,
the amplitude of the electric field (E) characterizes the
strength and direction of the oscillating electric field at
a specific point in space, representing the wave’s magni-
tude. It is essential to note that the amplitude of the elec-
tric field is directly linked to the magnitude of the wave
itself; consequently, an increase in wave amplitude corre-
sponds to a larger maximum value for the electric field.
Intensity (I), on the other hand, provides a measure of
the power per unit area conveyed by an electromagnetic
wave and is a scalar quantity. A crucial relationship ex-
ists between intensity and the square of the electric field
amplitude, expressed mathematically as I ∝ E2. This
proportionality underscores that light intensity is directly
proportional to the square of the amplitude of the electric
field. We substitute the magnitude of incident intensity
from Equation (2) and the magnitude of output intensity
from Equation (3) to Equation (1), and we get a funda-
mental equation which can expressed mathematically:

A = ln
(

ϵ0E2
0c

ϵ0E2c

)
(5)

E = e−A/2E0 (6)

Equation (6) describes the relationship between the
magnitude of the initial electric field and the magnitude
of the final electric field, absorbance plays a vital in this
equation, it is intricately connected with the decrement
of intensity of photon, hence decrement of electric and
magnetic field.

We propose a relationship between the wavefunction of
photons and the electric field and magnetic field gener-
ated by the same photon is described through the con-
cept of the photon’s wave-particle duality. Photons are
quantum particles of light, and their behaviour can be

described by both wave and particle-like properties. The
wave function of a photon is typically associated with
its electric and magnetic fields. For a single photon, the
wavefunction (Ψ) can be described as a function of the
electric field (E) and magnetic field (B) vectors. In the
context of quantum electrodynamics (QED), the wave-
function for a photon can be expressed as:

Ψ(r, t) = 1√
2

(
E(r, t)

E0
+ i

B(r, t)
B0

)
(7)

In this equation:Ψ(r, t) represents the wavefunction of
the photon, which is a function of position r and time
t. E(r, t) and B(r, t) are the electric and magnetic field
vectors of the photon, respectively.E0 and B0 are nor-
malization constants. This wavefunction describes the
quantum state of a single photon and relates it to its
associated electric and magnetic fields. It illustrates the
wave-particle duality of photons, where they exhibit both
wave-like and particle-like properties. The electric field
(E) and magnetic field (B) are intimately connected in
electromagnetic waves, and this wavefunction captures
that relationship in the quantum description of photons.
Equation (7) can also be written as:

Ψ(r, t) = 1√
2

(
1

E0
+ i

B0C

)
E(r, t) (8)

After the substitution of values of Electric and Magnetic
field from equation (8), the equation (6) can be expressed
as:

Ψ(r, t) = e−A/2Ψ0(r, t) (9)

In the above equation:Ψ(r, t) represents the wavefunc-
tion of the transmitted photon and Ψ0(r, t) represents
the wavefunction of the incident photon. We establish



the intricate relationship between absorbance and time
evolution of the wavefunction of photons. The equation
Ψ(r, t) = e−A/2Ψ0(r, t) carries profound physical impli-
cations within the context of photon interactions. Here,
A signifies the absorbance, a measure of how much inci-
dent light is absorbed as it traverses through a medium.
The wavefunction Ψ(r, t) describes the quantum state
of the transmitted photon, while Ψ0(r, t) represents the
wavefunction of the incident photon. The exponential
factor e−A/2 embodies the probability amplitude for the
photon to be absorbed during its interaction with the
medium. As A increases, signifying higher absorption,
the amplitude of the incident photon’s wavefunction di-
minishes, indicating a higher likelihood of absorption.
This equation elegantly encapsulates the quantum nature
of photon-matter interactions, where absorption proba-
bilities are inherently entwined with the wave-like be-
haviour of photons. It provides a crucial link between the
macroscopic property of absorbance and the microscopic
behaviour of individual photons, furthering our under-
standing of the quantum world’s intricacies and paving
the way for advancements in quantum optics and spec-
troscopy.

Quantised Absorbance in Beer’s Lambert Law-We have
an equation in Quantum Mechanics Describing the time
evolution of wave function expressed mathematically:

Ψ(r, t) = Ψ0(r, t)e−iEnt/ℏ (10)

The equation Ψ(r, t) = Ψ0(r, t)e−iEnt/ℏ represents a
fundamental concept in quantum mechanics known as
the time-dependent Schrödinger equation. This equation
plays a central role in describing the quantum behaviour
of particles, such as electrons, atoms, and molecules.
Let’s break down the components and significance of this
equation:

Ψ(r, t): This is the time-dependent wavefunction of a
quantum system, which describes the state of the sys-
tem at a given time t and position r. The wavefunction
encodes information about the probability distribution of
finding a particle at a specific position and time. Ψ0(r, t):
This part of the wavefunction represents the initial state
of the quantum system at time t = 0. It contains infor-
mation about the particle’s initial position and any other
relevant initial conditions. En: This represents the total
energy difference of the quantum system, which includes
both the kinetic and potential energy of the particle or
particles in the system. t: Time is a fundamental param-
eter that indicates when the wavefunction is evaluated.
It describes the evolution of the quantum system over
time. ℏ: The reduced Planck constant is a fundamen-
tal constant in quantum mechanics, linking the quantum
world with classical physics. It has a value of approxi-
mately 1.0545718 × 10−34 joule-seconds.

The exponential term e−iEnt/ℏ in the equation de-
scribes the time evolution of the wavefunction. It is as-

sociated with the energy difference En of the system.
The presence of i in the exponent indicates oscillatory
behaviour, which is a characteristic of quantum systems.
The factor ℏ in the denominator scales the energy with re-
spect to the fundamental quantum of action. In essence,
the equation describes how the wavefunction Ψ(r, t) of a
quantum system changes with time. It provides insights
into the dynamics of quantum particles and how their
quantum states evolve over time. The Schrödinger equa-
tion is a cornerstone of quantum mechanics, guiding our
understanding of the behaviour of matter at the atomic
and subatomic scales. It allows us to calculate the prob-
abilities of different quantum states and make predic-
tions about the outcomes of experiments in the quantum
realm. Let’s recompile the original proposition; violation
of Beers Lambert Law and investigate equations (9) and
(10)

e−A/2Ψ0(r, t) = Ψ0(r, t)e−iEnt/ℏ (11)

We get a relationship between absorbance, energy of pho-
ton and time of interaction, that can be mathematically
expressed as

A = 2iEnt/ℏ (12)

The equation A = 2iEt
ℏ connects the concept of ab-

sorbance (A) in molecular spectroscopy to the energy
difference (En) of a photon, the time (t) of interaction
with a molecular sample, and the reduced Planck con-
stant (ℏ). Absorbance (A): Absorbance is a measure of
how much light is absorbed by a substance as it passes
through it. It quantifies the reduction in the intensity of
incident light due to interactions with the molecules in
the sample. i: i is the imaginary unit, and it introduces
the complex nature of the absorbance. In molecular spec-
troscopy, complex numbers are used to describe how light
interacts with molecules. The imaginary part often rep-
resents the phase of the absorbed light. Energy of Pho-
ton (En): En signifies the energy difference of the initial
state and final state of the interacting photon with 1,4
-diamino anthraquinone, When a photon interacts with a
molecule, it can transfer its energy to the molecule, lead-
ing to electronic transitions or other forms of excitation.
The energy of the photon is a fundamental parameter
in understanding these interactions. Time of Interaction
(t): t represents the duration of interaction between the
photon and the molecular sample. It characterizes how
long the photon interacts with the sample and influences
the extent of excitation or absorption. Reduced Planck
Constant (ℏ): The reduced Planck constant (ℏ) is a fun-
damental constant in quantum mechanics. It relates the
energy of quantum states to their frequency or angular
frequency. In this equation, ℏ scales the relationship be-
tween absorbance, photon energy, and interaction time.



The equation A = 2iEnt
ℏ essentially describes how

the absorbance of light in a molecular sample is con-
nected to the energy difference between to initial and
final state of the photon, the duration of their inter-
action, and the fundamental quantum properties repre-
sented by ℏ. The complex nature of the equation ac-
counts for both the magnitude and phase of the absorbed
light, providing a comprehensive description of the ab-
sorption process in molecular spectroscopy. This equa-
tion is significant in understanding the quantum mechan-
ics of photon-molecule interactions, which underlie vari-
ous spectroscopic techniques, including absorption spec-
troscopy, where it helps quantify the extent of absorption
and the associated complex phase behaviour.

The energy difference of photons is quantized and can
be mathematically expressed as

En = hc

λα
(13)

The equation En = hc
λα embodies a fundamental rela-

tionship in physics that links the energy difference (En) of
a photon to its wavelength (λ) in the molecular sample.
This equation emerges from the fusion of two key con-
stants: h, the Planck constant, and c, the speed of light
in a vacuum. En represents the energy difference of a
photon, a discrete packet of electromagnetic radiation. h
stands for the Planck constant, a universal constant that
underpins quantum mechanics and governs the quantiza-
tion of energy. c denotes the speed of light, a universal
constant showcasing the speed limit of information trans-
mission in the cosmos. λ signifies the wavelength of the
photon, denoting the spatial extent of one complete os-
cillation of its electromagnetic field. α stands for the
refractive index for the sample in which photons inter-
act. This elegant relationship lies at the heart of our
comprehension of the wave-particle duality of light and
guides the development of countless technologies and ex-
periments in the realm of optics and quantum mechanics.
After substituting the value of photon energy, equation
(12) can be mathematically expressed as:

A = 4πict

λα
(14)

The investigation of the aforementioned equation re-
veals a profound connection, asserting that absorbance
is intricately dependent on two critical factors: the du-
ration of interaction between photons and the molecu-
lar sample, and the wavelength of incident light. This
fundamental relationship sheds light on the intricate dy-
namics governing the absorption of light by molecules
and underscores the pivotal role played by the tempo-
ral and spectral characteristics of photons in this pro-
cess. Such insights hold significant implications for di-
verse scientific disciplines, from spectroscopy to quantum

optics, offering new avenues for precise control and un-
derstanding of light-matter interactions at the quantum
level. We measured the value of absorbance at peak as
0.0712 (a.u) for 20µM molecular sample at 550nm wave-
length of light and the refractive index of 1,4 -diamino
anthraquinone is taken as 1.65. We calculated the du-
ration of interaction between the photon and molecular
sample as 17.14×10−18 seconds.(see Fig. 4) for the time
span of the interaction of 1,4 -diamino anthraquinone and
concentration, it is important to note that the time span
of interaction depends on the concentration of the sample
following a similar type dependence between absorbance
vs concentration. Equation (14) can also be expressed
mathematically

A = 4πicnts

λα
(15)

The investigation of the aforementioned equation estab-
lishes quantisation of absorbance, here ts is the time span
of the interaction of single electron excitation during pho-
ton and molecular interaction, it is characteristic of a
specific sample and n is an integer.

In conclusion, Contrary to the anticipated linear rela-
tionship between absorbance and concentration at a fixed
wavelength, our findings illuminate a non-linear correla-
tion, emphasizing the critical role of the time of interac-
tion with the molecular sample. We investigated a series
of "stairs steps" relationships between absorbance and
concentration because of the quantized behaviour of ab-
sorbance. Furthermore, introducing a nuanced perspec-
tive to the understanding of photon-matter interactions.
Central to our contributions is the development of a uni-

Figure 4. shows the time span of the interaction of the
molecular sample with varying concentrations of 1,4 -diamino
anthraquinone



versal equation capable of predicting the future wave-
function of photons. Our experimentation, focusing on
the exposure of photons to 1,4-diamino anthraquinone,
has yielded unprecedented temporal resolution, detect-
ing interactions on the 17-96 attosecond timescale. This
observation provides a remarkable glimpse into the ultra-
fast dynamics of photon-matter interactions, specifically
with single excitations of electrons. Notably. These find-
ings not only advance our understanding of fundamental
physical processes but also open avenues for further ex-
ploration in the realms of quantum mechanics and mate-
rial science.
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