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Abstract. In this work, we study the relation between the widths of the zero-phonon lines
(ZPL) of single impurity molecules (SM) in solid matrices with local effective values of the
refractive index n. Since at ultralow temperatures the width of SM ZPL is determined mainly
by the radiative lifetime Т1, while the local-field effects produce the function T1(n), SM
spectroscopy makes it possible to measure the distribution of n local values in solids. The
approach proposed here for studying local fluctuations of n has been tested on the example of
doped polymers and molecular crystals.
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Most problems in quantum optics involve consideration of nanoscale (nanostructured) materials and/or
single quantum emitters. In this context, it becomes of critical importance to know about fluctuations of
various characteristics of the material on the nanometer scale and the effect of the local environment on
the photophysical characteristics of quantum emitters. A significant amount of information in this area
comes from cryogenic fluorescence microscopy and spectroscopy of single chromophore molecules
embedded in transparent (in the visible range of wavelengths) solid media [1-3].
The essence of these methods is that they allow to detect zero-phonon lines (ZPL), which
corresponds to electronic transitions in impurity molecules. ZPL parameters (frequency, intensity, width,
and dynamics) are very sensitive to the local environment of the corresponding chromophore SM. This
fact makes SMs good candidates for spectral probes to obtain data on the structure and the internal
dynamics of solids. In present study, we demonstrate a method for probing of the local fluctuations of
refractive index n in solids by the analysis of zero-phonon spectral lines (ZPL) of single dye molecules at
ultra-low temperatures. [4]
The temperature T dependence of the homogeneous spectral width of ZPL is determined by three
main contributions, i.e.
(1)
ZPL T   0  etunn T , t m   e phon T  ,
where Г0=1/2πT1 is ZPL width, determined by the excited state natural lifetime T1; etunn T, t m  ,
e phon T  - are the contributions to ZPL broadening produced by the interaction of the electron transition

in SM with the elementary excitations in the matrix of tunneling and vibrational types respectively. At
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T<1K the contribution of vibrational and tunneling excitations is negligible and out of saturation effects due
to laser excitation ZPL spectral width is limited by excited state natural lifetime T1. Numerous studies [5]
show that manifestation of the local-field effects makes T1 a function of n:
(2)
T1(n)=τ0/nf(n),
where f(n) reflects the local-field contributions and depends on the theoretical model.
Analysis of this dependence has allowed us to choose the most suitable model f(n)=((n2+2)/3)2 and
find the “vacuum” value of the excited state lifetime (τ0=12.1 ns).

Figure 1. The distribution of the local values of the refractive index in amorphous polyethylene (red circles) and
polycrystalline naphthalene (blue triangles).

In order to find the distribution of n local values in real Tr-doped solids we have taken the unique
experimental data on SM ZPL width distributions in amorphous polyethylene and polycrystalline
naphthalene as measured at milliKelvin temperatures for further analysis [6, 7]. These distributions
РГ0(Г0) can be recalculated into the distributions of PT1(T1) and then into the distributions of refraction
indices Pn(n) by numerical solving of the corresponding Eq.(2) (Fig. 1).
Thus, the local refractive index fluctuations in solids can be found by detecting SM ZPLs at ultralow
temperatures. Our analysis of the experimental data shows that there are fluctuations of n in real samples.
These fluctuations are more significant for more disordered materials. The maximum of the distribution
P(n) corresponds to the average value of n, obtained by traditional methods.
We show that such analysis is even more powerful, when we use sequential-parallel detection of ZPL
and luminescence images of a myriad SMs [8,9] with 3D coordinates reconstruction [10].
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