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I Statement of the problem
Cyanines are a family of molecules with a central chain of carbon atoms (see fig. 1).
Electrons are completely delocalized along this chain, where they are confined by end of
the molecules. Cyanines are widely used as organic dyes because they can absorb and
emit light at precise wavelengths, which depend on the length of this central chain.

Figure 1: Cyanine molecule (left) and the experimental data on its emission spec-
trum(right).
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Figure 2: (Left) 1-D square well potential model for cyanide molecule. (Right) Delo-
calized electrons (black dots) are placed at states from lowest to highest. By the Pauli
exclusion principle, we can place only two electrons per state. The first two probable
transitions are shown with red electrons and jumps.

II Solution

II.1 Model

We describe the behavior of the electrons by the semi-quantum model. We reduce the
problem to a quantum well with a width L equal to the length of the carbon chain, in
which the electrons are confined. We employ the Pauli exclusion principle to motivate
that there are a maximum of 2 electrons in each energy state. Thus, the energy transition
depends on the number of delocalized electrons in the molecule and the number of carbons.

II.2 Variables

• a: bond length between two carbon atoms in the chain. (target variable to find)

• N: number of carbon atoms in the chain

• n: number of delocalized electrons in the chain

• λ: principal, most probable absorption/emission wavelength.

II.3 Constants

• h (Planck constant): 6.62 · 10−34 kg·m2s

• ℏ (Reduced Planck constant): 1.05 · 10−34 kg·m2s
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• c (Speed of light): 3 · 108 m/s

• m (Mass of an electron): 9.1 · 10−31 kg

II.4 Derivation

The one-dimensional square well potential (see fig. 2) is the most appropriate model to
describe such a phenomenon. The energy at the l-th state is

El = l2
π2ℏ2

2mL2

where L = (N + 1)a is the width of the potential well. Then, the photon’s energy must
be equal to the energy of the most probable transition.

∆E =
hc

λ
= El1 − El2

As a result of the Pauli exclusion principle and the fact that El ∝ l2, the most probable
transition is l1 =

n−1
2

to l2 =
n+1
2

(see fig. 2). Then, we have

a =

√
λnh

8mc(N + 1)2

From chemistry, we can say that there is one delocalized electron for each carbon in the
chain, i.e. N = n. Finally, we have,

a =

√
λNh

8mc(N + 1)2

II.5 Numerical value

As we have multiple data points given in fig. 1, we can start by a linear regression for
higher precision. Then, we modify the final result in the form,

λ = a2
8mc

h

(N + 1)2

N

Then, we perform a λ = a2 · 8mc
h

(N+1)2

N
⇐⇒ y = A · x regression, then we find the

slope A. Finally, we deduce the numerical value of a. The results found by MATLAB are
presented in Figures 3 and 4.

Finally, we found that a = 1.62Å. In fact, we create a confidence interval of 95% as,
a ∈ [1.57Å, 1.68Å].

II.6 Conclusion

We compare this value to the literature value. The C-C single carbon bond is generally
amp = 1.54Å, but, the theoretical limit for these single bonds is amax = 1.80Å (Ishigaki,
Shimajiri, Takeda, Katoono, & Suzuki, 2018). We found the value with δ = 1.62−1.54

1.54
= 5%

relative error.
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Figure 3: Numerical analysis results by MATLAB

Figure 4: Linear regression line
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