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Abstract. The K2 molecular spectra have been theoretically and experimentally investigated in the wave-
length range between 550 nm and 1100 nm and at the temperatures between 650 K and 1100 K. Semi-
classical theoretical simulations were performed using the most recent data for the potential energy curves
for the K(4S)+K(4S) and K(4S)+K(4P) systems and the relevant dipole transition moments. The mea-
surements of the corresponding spectra were performed by a spatially resolved absorption method in an
inhomogeneous overheated potassium vapour generated in a heat pipe. Both theoretical and experimental
investigations confirmed that the reduced absorption coefficients of the potassium diffuse triplet bands
at 575 nm, 721.5 nm and 1095 nm are practically independent of temperature in a wide temperature
range. The obtained data for the reduced absorption coefficients of these bands can be used for a sim-
ple and accurate determination of potassium atom number densities in the range from 5 × 1016 cm−3 to
5 × 1018 cm−3.

PACS. 31.15.Gy Semiclassical methods – 33.20.Ea Infrared spectra – 33.20.Kf Visible spectra – 33.70.Fd
Absolute and relative line and band intensities

1 Introduction

This work was initially motivated by a need to find a way
of accurate spectroscopic determination of the atom num-
ber density in a dense potassium vapours (higher than
1016 cm−3), which is of particular interest for actual inves-
tigations in our laboratory. In distinction from standard
spectroscopic methods based on the atomic line absorp-
tion, the method explored here is aiming for the possibility
of using molecular bands as a standard for the atom num-
ber density determination. In general, molecular spectra
are dependent on vapour number density and the vapour
temperature. Following the quasistatic approximation, the
frequency-dependent absorption coefficient of a molecular
band is proportional to the square of the atom number
density N and to the Boltzmann factor exp[−∆Vl(R)/kT ],
where the latter includes the energy difference ∆Vl(R) =
Vl(R) − Vl(∞) for the lower potential curve at the inter-
nuclear separation R. The molecular bands occurring in
the transitions starting from shallow ground states are of
particular interest because their absorption coefficients do
not depend on temperature (|∆Vl(R)/kT | � 1) and are
in fact the functions of the atom number density only.
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In the red and infrared spectral region of the potas-
sium molecules, the molecular bands at 575 nm, 712.5 nm
and 1095 nm occurring in the transitions from the shal-
low triplet ground state, appear as possible candidates to
be used for the atom number density determination. To
theoretically examine and experimentally confirm this as-
sumption, we compared the theoretically simulated and
experimentally observed molecular absorption spectra in
the region from 550 nm to 1100 nm in a strongly over-
heated, dense potassium vapour. The investigated molec-
ular bands (with exception of 575 nm band) are re-
lated to the transitions between the K(4S)+K(4S) and
K(4S)+K(4P) interaction potentials, where the most pro-
nounced spectral features are the well-known X–A and
X–B molecular bands, which emerge in the singlet tran-
sitions X 1Σ+

g → A 1Σ+
u and X 1Σ+

g → B 1Πu, re-
spectively. Theoretical simulations of the K2 absorption
spectra have been performed using the most recent but
unpublished [1] data for the potential curves and the corre-
sponding dipole transition moments as well as recent data
available in the literature for the potential curves [2]. The
particular contributions to the absorption coefficient were
calculated applying the semi-classical approach described
in [3]. In the simple quasistatic approximation, the clas-
sical absorption spectra generally agree with the overall
quantum mechanical band shapes, except for nearly pe-
riodic band structures and non-classical behaviour at the
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satellite positions. The present refined treatment of the
spectra, based on uniform Airy approximation, avoids sin-
gularities pertinent to the quasistatic line shapes and takes
into account interferences among contributions of various
Condon points. The presented comparison between the
measured and the calculated shapes of molecular spec-
tra at various atomic number densities and, especially, at
various temperatures serves as a sensitive check for the
accuracy of the interaction potentials used in the simula-
tion.

If the investigated metal vapour is in equilibrium with
the metal bath, the number density and the temperature
are in fixed relationship, which is defined by the vapour
pressure curve and the state equation for an ideal gas.
In order to measure the spectra at nearly constant par-
ticle number density and in a wide temperature range,
the vapour should be overheated, which, in principle, is
easy to do when working with cells. However, when deal-
ing with dense alkali vapours at temperatures higher than
800 K, the use of the heat pipe is the simplest solution,
but in this case the realisation of the sufficient overheat-
ing is not a simple technical problem [4]. In contrast to
usual solutions for vapour overheating in the heat pipe, in
this work we applied a simple arrangement which allows
spatially resolved absorption measurements and spectro-
scopic investigation of alkali vapours in the range between
the arbitrary chosen temperature of the liquid bath to an
overheating temperature T of about 1200 K.

2 Theory

Within the semiclassical approach [3], the absorption co-
efficient is given by

k(T, ω) = N2 2πω

3c�gi

∑
α,β

〈
|Cαβ(E, b, ω|2

〉
E,b

, (1)

where N is the atom number density, gi is the statistical
weight of the initial state, while the summation extends
over all degenerate substates of the initial |i, α〉 and final
|f, β〉 states for which optical transitions are contribut-
ing to the absorption spectra in the wavelength region of
interest. The brackets 〈...〉E,b denote the averaging over
collisions energies E at a temperature T and summation
over the impact parameters b. The amplitude C(E, b, ω)
is of the form of the Fourier transform describing a time
dependent classical oscillator:

C(E, b, ω) =

∞∫
−∞

D(R(t))eiϕ(E,b,ω)−iωtdt, (2)

where D(R(t)) is electronic transition moment and the
time dependent phase is expressed as

ϕ(E, b, ω, t) =
1
�

t∫

−∞
∆V (R(E, b, t′))dt′, (3)

with ∆V and R representing the difference potential in-
volved and (time dependent) internuclear distance, respec-
tively.

Using the simple stationary-phase argument, one eas-
ily obtains the quasistatic formula [3,5], which reads as
follows:

k(λ, T ) = N2 4π3e2
�

mc

∑
α,β

∑
C

R2
Cfαβ(RC)

|∆′Vαβ(RC)|
× exp {−(Vα(RC) − Vα(∞))/kBT } . (4)

For each transition α → β, there is a corresponding differ-
ence potential ∆Vαβ = Vα – Vβ , its first derivative ∆′Vαβ ,
and the molecular oscillator strength fαβ . The latter is
proportional to the statistical weight of the initial substate
and to the square of the corresponding electronic transi-
tion moment. The second summation is over all Condon
points RC which, for the given transition, satisfy the clas-
sical Franck-Condon condition ∆Vαβ = hc/λ.

The relation (4) is valid in the region of energies for
which there are no extrema in the difference potential
curve. In the neighbourhood of an extreme two Condon
points come close together and derivatives of the difference
potentials tend to zero producing a non-physical singular-
ity. However, as described in details in [3], the method
of uniform mapping can be applied yielding to a formula
which describes contribution to the spectrum due to the
coalescent pair of Condon points which correctly takes into
account the interference among them and avoids the sin-
gularity.

Considering the manifolds of the interaction potential
curves stemming from 4 2S + 4 2S and 4 2S + 4 2P asymp-
totes we have taken into account all transitions which give
contributions to the absorption in the wavelength region
of interest.

In the major part of the theoretical simulations pre-
sented here we used ab initio potential energy functions
and the relevant dipole transition moments from refer-
ence [1], where about 50 electronic states have been inves-
tigated by all-electron self-consistent field (SCF) and full
valence configuration interaction (CI) calculations using
carefully saturated Gaussian-type orbitals (GTO) basis
sets and including the effective core polarization poten-
tial (CPP). Where comparison with experiment was possi-
ble, Yan and Meyer [6] have found out agreement to within
30–80 cm−1 for the excitation energies and to better than
1 cm−1 for vibrational frequencies. Figure 1 shows the
potential curves taken from reference [1], the relevant dif-
ferential potentials, and the corresponding contributions
to the calculated absorption spectrum. The results for the
reduced absorption coefficient k/N2 at T = 750 K are de-
picted in the right part of Figure 1. The satellite bands
around 720 nm, 1050 nm, and 1100 nm correspond to
the extrema of 1 3Πg → x 3Σ+

u , A 1Σ+
u → X 1Σ+

g , and
1 3Σ+

g → x 3Σ+
u difference potentials, respectively.

For the simulations of the spectra we have also used
the recent potentials published by Magnier et al. [2]. Un-
fortunately, these results [2] were not accompanied with
the corresponding calculations of the transition dipole
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Fig. 1. Left part: potential curves of the K2 molecule in the
ground and first excited states. The calculated potentials taken
from [1] are given by grey curves, while the black curves de-
pict the differential potentials. Right part: contributions to
the reduced absorption coefficient given in the logarithmic
scale and calculated for the temperature T = 750 K; solid
line: A–X band; dashed-dotted line: B–X band; dashed line:
1 3Σ+

g − x 3Σ+
u ; dotted line: 1 3Πg − x 3Σ+

u . See text for fur-
ther details.

moments. Therefore, in the spectra simulations based on
the potentials from [2] we used the dipole moments given
in [1].

In order to test the applied semiclassical approach
alone, we have also used available experimentally deter-
mined potential functions for the singlet transitions. For
the X 1Σ+

g , A 1Σ+
u , and B 1Πu states we have used data

from Amiot et al. [7,8], Manaa et al. [9], and Heinze
et al. [10], respectively. The points in the inner portion
of the potential well were generated by a fit to an expo-
nential of the form Ae−BR, where A and B are parame-
ters, and R is the internuclear distance. At larger R we
have smoothly joined data to the long-range form calcu-
lated by Marinescu and Dalgarno [11]. Finally, we have
constructed the potential curves as a cubic spline fit gen-
erated from the data. As for the triplet states, analogous
test using the experimentally determined pair x 3Σ+

u and
1 3Σ+

g could not be carried out because, to our knowl-
edge, experimental data are available in literature only
for the ground state [12,13]. For the sake of simplicity,
we introduce here the abbreviations YM, MAA for the
theoretical potentials reported in [1,2], while the ES and

Fig. 2. Experimental arrangement for spatially resolved ab-
sorption measurements. See text for further explanations. S –
monochromator slit, P – pinhole, L – lens, C – cooling, H –
heaters, M – mesh.

ET label the experimental singlet [7–10] and experimental
triplet [12,13] potentials, respectively. In all simulations
we used the transition dipole moments calculated by Yan
and Meyer [1].

3 Experimental

The experimental arrangement is schematically shown in
Figure 2. By the use of an outer heater (resistance: 40 Ω)
the potassium vapour (vapour column length: 6.5±0.5 cm)
was generated in the central zone of the stainless-steel heat
pipe having the inner diameter of 20 mm and the length
of 18 cm. Re-circulation of the liquid potassium was ac-
complished by a mesh. Argon was used as a buffer gas.
The potassium vapour was overheated with a help of an
inner heater built-in along the heat pipe axis. This heater
was a 250 µm thick molybdenum wire winded up in helix
form with an outer diameter of 2 mm and 12 cm in length.
The resistance of helix-heater was 2 Ω. Molybdenum was
found to be the most suitable material for the present pur-
pose, because of its resistance to hot and dense potassium
vapours.

With maximum heating power of the outer heater
(500 W) it was possible to reach potassium vapour pres-
sure of 200 mbar. However, it is known that in alkali
vapours at pressures higher than about 20–30 mbar, a
turbulent cluster fog is formed in the transition regions
between the hot vapour column and the cold buffer-gas
zones. Additionally, the web-like structured solidification
of potassium takes place in these regions, which com-
pletely obstructs optical path through the heat pipe after
several hours of working at high pressures. This problem
does not exist if absorption cells are used. However, there
are no cells with optical windows which can tolerate potas-
sium vapour at temperatures above 800 K. Therefore, the
use of a heat pipe is the only adequate technical solution.
The inner heater, which is longer than the vapour column,
has a double function. First, it turned out that, clogging
in the cold zone and the formation of turbulent fog of
small droplets at the hot-cold boundaries can be com-
pletely suppressed at high potassium pressure conditions
(above 50 mbar) if the inner heater is run at moderate
power (≈5 W). At such conditions, the potassium vapour
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Fig. 3. Measured optical depths kL in strongly overheated
potassium vapour at positions r = 2 mm (a) and r = 7 mm
(b) from the axis of the heat pipe.

near the heat pipe axis is slightly overheated, and the tem-
perature at the heat pipe axis is about 50–100 K higher
than the temperature of the metal bath in the mesh at
the heat pipe wall. On the other hand, with maximum in-
ner heating power (≈25 W) a strongly overheated vapour
is produced. Now, the radial temperature distribution is
ranging from TC ≈ 1200 K at the heat pipe axis to the
bath temperature TW at the heat pipe wall. TW is mainly
dependent on the outer heating system. It has to be em-
phasized that with an increase of the outer heating, i.e.
with an increase of the potassium vapour pressure, the
thermal conductivity of the heat pipe also increases, which
results in significant cooling of the inner heating wire.

Spatially resolved absorption measurements were per-
formed as illustrated in Figure 2. The absorption zone
was illuminated with a collimated white-light beam (inten-
sity: I0(λ)) of a halogen lamp and imaged by a lens (focal
length: 15 cm) with a 2:1 ratio onto a screen with a pinhole
(diameter: 0.5 mm). The screen was placed at a distance
of 3 cm in front of the monochromator slit (slit width:
0.2 mm). By moving the heat pipe in radial direction, the
absorption in thin columns (thickness dr < 1 mm) at dif-
ferent distances r from the heat pipe axis was measured
by recording the transmitted intensity I(r, λ) in the region
of the overheated vapour. Typical absorption spectra ob-
tained with spatial, i.e. temperature resolution, are shown
in Figure 3.

The measurements were performed using a 0.5 m
Jarrel-Ash monochromator and a RCA 7102 photomul-
tiplier (S-1 cathode) cooled thermoelectrically down to
−20 ◦C. The collected data were stored on a laboratory
PC. These measurements were made at potassium num-
ber densities in the range between 5 × 1016 cm−3 and
2× 1017 cm−3, and in the overheating temperature inter-
val from 650 K to 1100 K.

In absorption measurements with high spatial resolu-
tion there is a competition between spatial resolution and

Fig. 4. Spatially unresolved measurements of the optical
depths at the average potassium number densities N = 3.2 ×
1017 cm−3 (grey line) and N = 6.1 × 1017 cm−3 (black line).
The corresponding average temperatures are T = 870 K and
T = 940 K, respectively.

detection sensitivity, because an increase of spatial reso-
lution always means a reduction of the diameter of the
incident beam and, therefore, of the radiation intensity.
In particular, this was a problem for the measurements in
the wavelength region around 1100 nm, i.e. at the infrared
edge of the spectral response of the photomultiplier used.
In order to maintain the necessary sensitivity, the mea-
surements in that particular region were performed with-
out spatial resolution. Here, the overall absorption across
the whole cross-section of the vapour column was mea-
sured and the transmitted beam was focused directly onto
the monochromator entrance slit. These measurements
were performed at potassium densities up to 1018 cm−3

and the vapours were slightly overheated, just to mini-
mize the cluster perturbations.

Typical spectra obtained in this part of the measure-
ment are presented in Figure 4. In addition, for the rea-
sons which are explained in the text below, the spatially
unresolved absorption spectra were also measured during
the heat pipe cooling cycle. These transient spectra (not
shown here) were recorded using an Échelle-spectrometer
(ESA 3000 by LLA, Berlin) equipped with an intensified
charge-coupled device (ICCD), in order to simultaneously
obtain absorption spectra of the whole wavelength region
of interest.

4 Comparison of experimental and theoretical
results

4.1 Quantitative analysis of the experimental spectra

The atom number densities in the particular temperature
zone were determined by absorption measurements in the
wings of the potassium D lines. For the evaluation we used
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a very reliable method based on a detailed theoretical and
experimental analysis which has been described in [14].
According to [14], the absorption coefficient kblue in the
blue wing of the resonance doublet can be expressed as:

kblue(∆λ) = 3.9 × 10−34 P (Y )
N2

[∆λ(nm)]2
, (5)

where kblue is given in cm−1, N in cm−3, ∆λ is the detun-
ing from the D2 line centre, and P (Y ) is the polynomial
defined by:

P (Y ) = 3.0752 + 1.8476Y − 0.0508Y 2

+ 0.2278Y 3 − 0.0253Y 4. (6)

Here, Y = ∆λ/∆fs with ∆fs = 3.4 nm being the fine
structure splitting of the potassium resonance doublet.
The relation (6) is valid for 1 nm ≤ ∆λ ≤ 10 nm.

The molecular background in the range of the res-
onance line wings was approximated by a straight line
(dashed line in Fig. 3) and subtracted from the mea-
sured data. The parameters of the straight line (height
and the slope of the background) were varied until the
remaining kL vs. ∆λ acquired the same wavelength de-
pendence as given by relations (5) and (6). The atom
number density N(r) at the radial distance r from the
heat pipe axis was determined with an accuracy of about
3% taking into account the kL values obtained, the es-
timated vapour column length L = (6.5 ± 0.5) cm, and
relation (5). The measurements of the absorption coeffi-
cient were performed from the inner heater up to a po-
sition near to the heat pipe wall. The number density
N(rw) just above the liquid metal in the mesh at the
heat pipe wall was determined by the extrapolation of
the N(r) data set. The outer and inner heating powers
were 220 W and 10 W, respectively. The buffer gas pres-
sure was 15 mbar. The potassium atomic number densi-
ties N(r) varied from N(rh) = (1.11 ± 0.03)× 1017 cm−3

near the edge of the inner heater to the extrapolated value
N(rw) = (1.55± 0.05)× 1017 cm−3 at the heat pipe wall.
Since the potassium vapour at the heat pipe wall is in ther-
mal equilibrium with the liquid metal, the corresponding
temperature T (rw) can be determined by use of atomic
vapour pressure curve [15] combined with the relation be-
tween the pressure, number density and the temperature
for an ideal gas. The value found was T (rw) = (727±5) K.
According to [15], the pressure of the potassium molecules
at this temperature amounts to about 1% of the total
vapour pressure. Therefore, it can be safely neglected in
comparison with the pressure of the atomic vapour. Then,
by use of the ideal gas law, the temperature at particu-
lar distance r can be determined using the simple relation
T (r) = T (rw)N(rw)/N(r).

In Figure 5, the measured spectra and their theoretical
simulations are given in the form of the reduced absorp-
tion coefficient kR = k(λ, T )/N2 for four different temper-
atures. The theoretical simulations presented in Figure 5
used the hybrid ES+YM potentials, i.e. the combination of
experimentally determined potential curves of the singlet
states and the calculated potential curves of the triplet
states.

Fig. 5. Comparison of experimental (grey lines) and calculated
(black lines) reduced absorption coefficient for four different
temperatures. Theoretical simulations are performed using the
experimental singlet potentials and YM triplet potentials. The
experimentally determined temperatures are T Exp

a = 880 K,
T Exp

b = 925 K, T Exp
c = 960 K, and T Exp

d = 1025 K (the
accuracy of temperature determination: ±30 K). The optimum
fitting temperatures are T F it

a = 870, T F it
b = 915 K, T F it

c =
985 K, and T F it

d = 1080 K. Inset: the experimental (grey line)
and calculated (black line) diffuse band at 721.5 nm for T Exp

a =
880 K. The dashed line represents the estimated molecular
background.

4.2 Resonance line wings

The wings of the potassium resonance lines are rather in-
sensitive to temperature variation, because they arise from
transitions in the long-range interaction region where the
potentials are weak and the corresponding Boltzmann fac-
tor is close to unity for the temperatures used in the ex-
periment. As one can see in Figure 5, there is an excellent
quantitative agreement between the experimental and the-
oretical results in the region close to the centre of gravity
of the potassium resonance lines. This confirms the con-
sistency of the present calculations and the calculations
reported in [5], which have been focused on the details in
that region only and yielded equations (5) and (6).

4.3 Molecular X–A and X–B bands

The extended red wing of the resonance doublet overlaps
with the X–A molecular band, which ends as a pronounced
“head of the heads” satellite with a peak at 1050 nm.
Towards shorter wavelengths there is a diffuse band at
721.5 nm followed by the molecular X–B band. The shapes
of both molecular bands are strongly temperature depen-
dent. The temperature dependences of these bands are dif-
ferent because the maxima of the bands originate from dif-
ferent internuclear distances (see Fig. 1) and consequently
the X–A and X–B transitions are characterized by differ-
ent Boltzmann factors. The temperatures taken for the
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Fig. 6. Comparison of the absorption coefficients calculated
using the hybrid ES+YM potentials, and the pure theoretical
(YM and MAA) potentials for two temperatures.

calculations of the theoretical spectra were compromise
values for which the simulations yielded the best fit to the
experimental molecular bands. Nevertheless, the compro-
mise temperatures yielded calculated spectra, which were
systematically below the experimental spectra in the re-
gion of the X–A band. The higher the temperature, the
larger is the difference. Contrary to the case of X–A band,
the calculated X–B band for the compromise-fit temper-
atures appears systematically more intense than the ex-
perimental band, and the difference is more pronounced
as the temperature raises. It should be emphasized that
a temperature change of only 10 K significantly deterio-
rates the agreement between calculated and experimental
spectra.

The high sensitivity to temperature variations is due
to the fact that besides the contributions from the long-
range region, there is also a contribution to the absorption
coefficient arising from transitions at short-range internu-
clear distances, as can be seen from Figure 1. Recently,
the same argument was successfully applied for simulta-
neous determination of temperature and number density
of rubidium vapours [16].

The overall agreement between calculated and mea-
sured X–A and X–B band shapes is satisfactory. Since
the potential energy curves used for calculations of X–
A and X–B band absorption were experimentally de-
termined, the results presented in Figure 5 confirm the
accuracy of the applied semiclassical approach for calcu-
lation of the contributions to the total absorption coef-
ficient. The remaining systematic difference between cal-
culated and observed spectra is probably attributable to
the uncertainty of the dipole transition moments used in
the calculations, and present results lead us to the conclu-
sion that the YM B–X dipole transition moment is slightly
overestimated, while the A–X dipole transition moment is
underestimated.

Figure 6 shows the comparison between the spectra
obtained using hybrid ES+YM potentials and those cal-
culated using exclusively theoretical YM and MAA po-
tentials. The depths of the potential minima of the sin-
glet ground state for MAA, YM and ES potential curves
are 4331.9 cm−1, 4395.2 cm−1 and 4450.7 cm−1, respec-
tively. These differences in the potential minima, i.e. cor-
respondingly different Boltzmann factors, represent the

main cause of the discrepancy among the calculated ab-
sorption coefficients. As can be seen in Figure 6, in the
major part of the investigated spectral region, the absorp-
tion coefficients calculated using the pure YM potentials
are much closer to the results obtained with ES + YM
potentials than those which were obtained for the case of
the MAA potentials. The X–B band calculated via YM
potentials is shifted towards red region, while the corre-
spondingly calculated X–A and the “head of the heads”
bands are shifted towards blue, which is the consequence
of the deviation of the differential potentials from the real
ones. On the other hand, compared with the ES + YM
case, the MAA potentials result with blue and red shift
for the X–B and X–A band, respectively. The simulation
based on the MAA potentials yields an excellent agree-
ment with the ES + YM simulation at the red side of
the X–A band, especially in the region of the “head of
the heads” band, pointing to the fact that the differen-
tial MAA potentials in the corresponding region are very
good. The detailed account of the theoretical simulations
in the mentioned spectral region is given in Section 4.5.

4.4 Diffuse band at 721.5 nm

The experimental and theoretical results of the reduced
absorption coefficient at wavelengths around 721.5 nm ob-
tained for the lowest temperature applied are shown in
more detail in the inset of Figure 5. The diffuse band at
that wavelength belongs to the triplet transition x 3Σ+

u →
1 3Πg (see Fig. 1). As can be seen from Figure 5, the theo-
retical curve matches up well with the experimental data,
whereas the calculated and measured peak positions are
in excellent agreement.

We recall that the triplet contributions to the spectra
depicted in Figure 5 were calculated using the triplet YM
potentials. The absorption coefficient around 721.5 nm
was also calculated using various available potentials and
the results are plotted in Figure 7. Besides the hybrid
ES+YM potentials, we simulated the spectra with MAA
as well as with the hybrid ET+YM potentials. As can be
seen in Figure 7, the curves corresponding to the ES+YM
and ET+YM potentials are lying very close to each other.
This is due to fact that in both simulations the same up-
per 1 3Πg potential (YM) was used. The maxima of both
simulations are very close to 721.5 nm. The simulation
of the spectra based on the MAA potentials is quite dis-
tinct and yields the position of the maximum of this triplet
band which significantly differs from the experiment. Since
the position of the maximum is essentially determined
by the differential potential, this disagreement points to
the inaccuracy of the latter in the case of MAA poten-
tials. The small difference observable between ES+YM
and ET+YM calculations of the absorption coefficient is
the consequence of the corresponding small difference be-
tween theoretical (YM) and experimentally determined
(ET) potential curve for the x 3Σ+

u ground state. This
is illustrated in Figure 8, where YM, ET and MAA x 3Σ+

u
potentials are compared. Here, it should be noted that
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Fig. 7. Comparison of calculated absorption spectra around
721.5 nm using various sets of potential energy curves. The
arrow marks the maximum of the experimental spectrum.

Fig. 8. Comparison of the potential energy curves for the
ground x 3Σ+

u state used in the simulations which are pre-
sented in Figure 7.

for ET data we have used the RKR points from refer-
ence [12], while the energy has been corrected in accor-
dance with reference [13]. The depths De of the potentials
are 252.78 cm−1, 248.24 cm−1 and 240 cm−1 for the ET,
YM and MAA potentials, respectively.

In the present experiment it was found that the re-
duced absorption coefficient of the 721.5 nm band is tem-
perature independent in a wide temperature range. This
band lies on a background related to the X–B band as
well as to the X–A band and its temperature indepen-
dence is due to fact that it originates from the shal-
low triplet minimum. The absorption coefficient was
measured relative to the blue wing of the resonance dou-
blet. In this way the uncertainties of the vapour column

Fig. 9. Experimentally determined reduced absorption coeffi-
cient of the 721.5 nm band with the background subtracted.
The open circles represent the measurement at N = 1.1 ×
1017 cm−3 and T = 1010 K. The full circles represent the data
obtained at N = 1.3 × 1017 cm−3 and T = 870 K. The inset
shows original spectra with estimated background (dashed and
doted line).

length cancelled out. The reduced absorption coefficient
peak of the 721.5 band obtained by the subtraction of
the estimated background (see Fig. 9) was found to be
kR(721.5) = (2.9± 0.2)× 10−36 cm5 for the temperatures
in the range from 700 K to 1100 K.

Due to its temperature independence and because the
background continuum can be determined by a simple pro-
cedure, this band can be very conveniently used for the
measurement of the potassium number density.

In this way with the absorption column length of
∼10 cm, typical in spectroscopic experiments, it is easy
to measure the potassium number densities between 2 ×
1016 cm−3 and 2 × 1017 cm−3. The use of the 721.5 nm
band for the potassium number density determination is
especially convenient for higher densities where the pro-
cedure via resonance wing measurements becomes inaccu-
rate because of the strong molecular background.

4.5 Band at 1095 nm

According to our calculations, the weak band due to
the triplet transition x 3Σ+

u → 1 3Σ+
g appears at about

1100 nm (see right part of Fig. 1). As mentioned in Sec-
tion 1, this part of the spectrum, which is at the infrared
edge of the spectral response of the S1-photomultiplier,
was not analyzed using the imaging arrangement with
spatial resolution. With the overall absorption across the
whole cross-section of the heat pipe and with the trans-
mitted light beam focused onto the monochromator, the
investigated infrared triplet band becomes detectable at
potassium number densities higher than 2×1017 cm−3.



44 The European Physical Journal D

Fig. 10. The reduced absorption coefficient of the potassium
diffuse band at 575 nm. See text for further explanations.

Figure 4 shows spectra measured at two different num-
ber densities above that value. In order to achieve a
stable absorption column without cluster perturbations,
the potassium vapour was moderately overheated (outer
heating power: 300 W, inner heating power: 5 W). This
means that the spectra displayed in Figure 4 are related
to kinds of average number densities and average tem-
peratures. At present conditions, the absorption is almost
100% in the wavelength range between 600 and 900 nm,
so that the potassium atom number density could not
be determined neither using the resonance wing nor the
721.5 nm band as standards. However, in the present case
the diffuse band with the peak intensity at 575 nm, which
is also shown in Figure 4, can be utilized for the atom
number density determination. This band occurs in the
transition between the triplet interaction potential curves
3Σ+

u and 2 3Πg, where the upper state is stemming from
the K(4S)+ K(3D) asymptotes [17,18]. Since the 721.5 nm
and 575 nm bands originate from the same lower state,
one can expect that they exhibit similar temperature be-
haviours.

The reduced absorption coefficient for the 575 nm dif-
fuse band is shown in Figure 10. The displayed data were
obtained from the spectra shown in Figure 4.

The reduced absorption coefficient of the 575 nm band
was determined by the calibration using the 721.5 nm
band. For that reason, the 721.5 and 575 nm bands were
measured simultaneously by the spatially resolved ab-
sorption method. This particular measurement was per-
formed again in the strongly overheating regime at potas-
sium number densities in the range between 1×1017 cm−3

and 2×1017 cm−3. It was found that the reduced ab-
sorption coefficient of the diffuse 575 nm band, measured
with respect to the flat absorption continuum around the
sodium resonance doublet, does not depend on the vapour
temperature in the range between 750 K and 1100 K.
The total peak value (including the flat continuum) for

Fig. 11. Experimental and theoretical reduced absorption
coefficients for the infrared satellite band at 1100 nm. The
experimental values are derived from the data displayed in
Figure 4. The open and full circles correspond to the measure-
ments at potassium number densities N = 3.2×1017 cm−3 and
N = 6.1 × 1017 cm−3, respectively. The theoretical curves are
calculated for T = 870 K (dashed line) and 940 K (full line).

the reduced absorption coefficient kR(575) amounts to
(3.9 ± 0.3) × 10−37 cm5.

Using the 575 nm diffuse band as a standard for
the potassium number density determination, the spa-
tially resolved absorption measurements yielded the in-
formation about the actual physical conditions in the
heat pipe, which are related to the spectra given in Fig-
ure 4. The average potassium number densities in the mea-
surements shown in Figure 4 were 3.2 × 1017 cm−3 and
6.1 × 1017 cm−3, while the estimated average tempera-
tures were 870 K and 940 K, respectively. The values for
N and T at the axis and at the heat pipe wall differed
about 10% from the average values. The reduced absorp-
tion coefficient in the region around 1100 nm is displayed
in Figure 11 together with the theoretical simulations. The
theoretical simulations were carried out for experimentally
determined average temperatures and taking the ES+YM
potentials into account.

The definite assignment of the 1095 nm band to the
lowest triplet transition was reported in [19] where calcula-
tions of the band using the potential energy curves of [17]
were also given. The theoretical position of the band max-
imum was about 1140 nm and the calculated band shape
was much broader than the experimentally observed. Sev-
eral years later, Jeung and Ross [20] published new ab ini-
tio potential energy curves for K2, which have been used
for recalculation of the spectrum around 1100 nm [21].
This recalculation yielded the theoretical position of the
band maximum at 1105 nm. In the present work the agree-
ment between the theory (with ES+YM potentials used)
and experiment is much better regarding both the shape
and position of the band, as can be seen in Figure 11. The
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Fig. 12. The reduced absorption coefficient calculated using
the hybrid ES+YM potentials and the pure theoretical MAA
and YM potentials. The maxima of the “head of the heads”
at 1050.3 nm and the band at 1095 nm are indicated by black
arrows and dashed lines.

comparison of the absorption coefficient calculations car-
ried out using ES+YM, MAA and YM potentials is shown
in Figure 12. The displayed spectra include the “head of
the heads” at 1050.3 nm and the band at 1095 nm.

In the vicinity of 1050.3 nm band where the spectrum
is dominantly determined with singlet X–A transition, the
simulation based on MAA potentials almost coincides with
the one obtained with ES+YM potentials, which indicates
that the MAA differential potential in the region of the
corresponding internuclear distances is very good. The use
of pure YM potentials resulted with spectrum which devi-
ates substantially from the results obtained with ES+YM
and MAA potentials and yields poor agreement with the
experimentally determined position of the extremum of
the singlet transition. In the region of the 1095 nm band
the ES+YM and YM simulations gave the same result
because here only the triplet contribution plays role, and
for that both simulations rely on the same YM poten-
tials. These simulations are in good agreement with the
experiment. The minimum of the differential potential for
x 3Σ+

u → 1 3Σ+
g transition occurs at about 8 Bohr. This is

the region of the repulsive triplet ground state where the
experimental spectroscopic data are lacking and therefore
the comparison with the ET simulation was not made.
The position of the 1095 nm band in the simulation using
MAA potentials is noticeably shifted towards IR which in-
dicates that differential potential is not accurate enough.

4.6 Continuum between the 575 nm band
and the X–B band

According to the theoretical calculations, the absorption
of the X–B blue wing decreases rapidly and vanishes be-
low 600 nm (see Fig. 1). On the other hand, at relatively

Fig. 13. Transient optical depths k(λ, t)L measured during the
heat pipe cooling cycle at particular wavelengths of interest.
The dashed line indicates the slope of the absorption at the
maxima of the triplet bands.

low number densities the potassium vapour is practically
transparent in the region around 590 nm which is very
convenient for fitting the transmitted intensity I(λ) to
I0(λ). Nevertheless, at higher potassium number densities
a significant continuous absorption appears in that region
(see Fig. 4). This continuum has been observed by many
groups (see [18] and references therein), but its origin is
still unexplained.

To investigate this region in more detail, we have per-
formed measurements of the potassium absorption spectra
while cooling the heat pipe. For that purpose an Échelle
monochromator was used to record the complete spectrum
between 300 and 800 nm simultaneously in time intervals
of 14 seconds starting form the moment when the outer
heater of the heat pipe was turned off. These measure-
ments were performed without spatial selectivity and with
moderate overheating, i.e. in the same way as described in
Section 4.5. The starting conditions were defined by the
buffer gas pressure of p = 160 mbar and heat pipe mode.
The obtained transient values for k(λ, t) at wavelengths
of particular interest are plotted in Figure 13.

The data in Figure 13 show that the absorption ra-
tio of the 575 nm and 721.5 nm bands is constant (≈8)
independent of the cooling cycle. Using the temperature
independent and known values of kR(575) and kR(721.5)
the corresponding N(t) and T (t) at a given time t can be
easily obtained from the vapour pressure curve. As can
be seen in Figure 13, the absorption coefficient at 650 nm
(peak of the X–B band) decreases slower than those at
721.5 nm and 575 nm, i.e. slower than N2(t). This is due
to the Boltzmann factor exp(−∆Vl/kT (t)). Indeed, from
the ratio k(650)/k(721.5) one can easily check that the
Boltzmann plot yields the value for ∆Vl, which is, within
the error bars, very close to the known depth of the X 1Σ+

g
potential curve.
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Table 1. The reduced absorption coefficient of the triplet potassium band at 721.5 nm (in units 10−36 cm5) as a function of
wavelength.

λ (nm) k721.5
R λ (nm) k721.5

R λ (nm) k721.5
R λ (nm) k721.5

R

710 0.015 718 0.487 726 1.250 734 0.286
710.2 0.015 718.2 0.600 726.2 1.180 734.2 0.266
710.4 0.019 718.4 0.759 726.4 1.124 734.4 0.248
710.6 0.020 718.6 0.912 726.6 1.064 734.6 0.233
710.8 0.020 718.8 1.061 726.8 1.000 734.8 0.220
711 0.020 719 1.236 727 0.945 735 0.208
711.2 0.022 719.2 1.435 727.2 0.885 735.2 0.195
711.4 0.025 719.4 1.651 727.4 0.837 735.4 0.182
711.6 0.028 719.6 1.834 727.6 0.795 735.6 0.171
711.8 0.030 719.8 2.037 727.8 0.760 735.8 0.159
712 0.034 720 2.220 728 0.725 736 0.150
712.2 0.040 720.2 2.410 728.2 0.694 736.2 0.140
712.4 0.044 720.4 2.571 728.4 0.675 736.4 0.133
712.6 0.044 720.6 2.681 728.6 0.656 736.6 0.127
712.8 0.044 720.8 2.790 728.8 0.635 736.8 0.121
713 0.047 721 2.860 729 0.618 737 0.114
713.2 0.053 721.2 2.900 729.2 0.605 737.2 0.107
713.4 0.056 721.4 2.917 729.4 0.592 737.4 0.100
713.6 0.058 721.6 2.921 729.6 0.578 737.6 0.095
713.8 0.059 721.8 2.910 729.8 0.565 737.8 0.089
714 0.062 722 2.890 730 0.553 738 0.084
714.2 0.064 722.2 2.840 730.2 0.541 738.2 0.082
714.4 0.067 722.4 2.788 730.4 0.532 738.4 0.080
714.6 0.071 722.6 2.730 730.6 0.524 738.6 0.075
714.8 0.077 722.8 2.663 730.8 0.515 738.8 0.070
715 0.084 723 2.570 731 0.503 739 0.063
715.2 0.089 723.2 2.473 731.2 0.488 739.2 0.061
715.4 0.093 723.4 2.380 731.4 0.473 739.4 0.060
715.6 0.098 723.6 2.296 731.6 0.460 739.6 0.059
715.8 0.104 723.8 2.207 731.8 0.449 739.8 0.058
716 0.105 724 2.118 732 0.439 740 0.057
716.2 0.108 724.2 2.030 732.2 0.427
716.4 0.119 724.4 1.930 732.4 0.413
716.6 0.132 724.6 1.850 732.6 0.396
716.8 0.147 724.8 1.756 732.8 0.379
717 0.165 725 1.668 733 0.363
717.2 0.195 725.2 1.570 733.2 0.349
717.4 0.240 725.4 1.481 733.4 0.336
717.6 0.321 725.6 1.400 733.6 0.322
717.8 0.399 725.8 1.330 733.8 0.305

Figure 13 also shows that the variation of the absorp-
tion coefficient in the far blue wing of the X–B band, for
instance at 602 nm, is practically the same as of the triplet
bands. This part of the spectrum originates from potas-
sium atoms with high relative kinetic energy at small in-
ternuclear distances and it continues smoothly towards the
shorter wavelengths. The present measurement suggests
that the investigated continuum below 600 nm belongs to
the X–B band, which means that it emerges from tran-
sitions during collisions of very fast atoms at very short
distances. By scaling to the kR(575) value, the reduced
absorption coefficient of the investigated continuum at
582 nm kR(582) was found to be (3.7±0.6)×10−38 cm5. It
should be stressed that this datum was used for fitting the
transmitted spectrum to the spectrum of the incident light
in the absorption measurements described in Section 4.5.

5 Discussion

Molecular spectral features belonging to the potassium
transitions between the potentials with 4S+4S and 4S+4P
asymptotes have been the subject of intensive theoreti-
cal and experimental investigations for many years. The
triplet bands emerging in this manifold are supposed to be
convenient standards for spectroscopic determination of
atom number densities in dense potassium vapour. In or-
der to prove this assumption, we performed the theoretical
and experimental investigation of the potassium molecu-
lar spectra in the red and infrared region. The absorption
measurements were performed in the overheated potas-
sium vapour because the molecular spectra are strongly
temperature dependent.
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Table 2. The reduced absorption coefficient of the triplet potassium band at 575 nm (in units 10−37 cm5) as a function of
wavelength.

λ (nm) k575
R λ (nm) k575

R λ (nm) k575
R λ (nm) k575

R

550 0.489 559 0.690 568 1.027 577 2.031
550.2 0.491 559.2 0.695 568.2 1.041 577.2 1.841
550.4 0.494 559.4 0.703 568.4 1.059 577.4 1.647
550.6 0.496 559.6 0.711 568.6 1.081 577.6 1.464
550.8 0.497 559.8 0.714 568.8 1.108 577.8 1.302
551 0.505 560 0.715 569 1.137 578 1.166
551.2 0.504 560.2 0.714 569.2 1.163 578.2 1.060
551.4 0.505 560.4 0.718 569.4 1.192 578.4 0.958
551.6 0.505 560.6 0.722 569.6 1.226 578.6 0.862
551.8 0.506 560.8 0.725 569.8 1.262 578.8 0.785
552 0.511 561 0.730 570 1.305 579 0.729
552.2 0.510 561.2 0.734 570.2 1.331 579.2 0.685
552.4 0.508 561.4 0.736 570.4 1.381 579.4 0.640
552.6 0.511 561.6 0.736 570.6 1.440 579.6 0.607
552.8 0.517 561.8 0.739 570.8 1.510 579.8 0.566
553 0.524 562 0.742 571 1.585 580 0.547
553.2 0.527 562.2 0.744 571.2 1.659 580.2 0.529
553.4 0.530 562.4 0.751 571.4 1.741 580.4 0.521
553.6 0.531 562.6 0.755 571.6 1.819 580.6 0.512
553.8 0.535 562.8 0.757 571.8 1.903 580.8 0.501
554 0.543 563 0.762 572 2.001 581 0.494
554.2 0.547 563.2 0.768 572.2 2.093 581.2 0.492
554.4 0.549 563.4 0.770 572.4 2.188 581.4 0.490
554.6 0.554 563.6 0.776 572.6 2.271 581.6 0.486
554.8 0.560 563.8 0.781 572.8 2.379 581.8 0.483
555 0.573 564 0.789 573 2.511 582 0.479
555.2 0.581 564.2 0.801 573.2 2.665 582.2 0.478
555.4 0.585 564.4 0.809 573.4 2.837 582.4 0.473
555.6 0.590 564.6 0.817 573.6 3.008 582.6 0.469
555.8 0.595 564.8 0.826 573.8 3.187 582.8 0.462
556 0.601 565 0.831 574 3.416 583 0.459
556.2 0.608 565.2 0.845 574.2 3.626 583.2 0.456
556.4 0.615 565.4 0.855 574.4 3.801 583.4 0.449
556.6 0.623 565.6 0.866 574.6 3.915 583.6 0.440
556.8 0.628 565.8 0.878 574.8 3.945 583.8 0.435
557 0.636 566 0.891 575 3.925 584 0.429
557.2 0.641 566.2 0.904 575.2 3.870 584.2 0.427
557.4 0.648 566.4 0.916 575.4 3.773 584.4 0.426
557.6 0.656 566.6 0.929 575.6 3.570 584.6 0.418
557.8 0.660 566.8 0.943 575.8 3.378 584.8 0.414
558 0.670 567 0.956 576 3.120 585 0.413
558.2 0.672 567.2 0.972 576.2 2.915
558.4 0.675 567.4 0.986 576.4 2.688
558.6 0.683 567.6 0.999 576.6 2.456
558.8 0.686 567.8 1.012 576.8 2.226

First we checked the applied semi-classical approach
using the experimentally determined potential curves
[7–10] for singlet transitions generating the X–A and X–B
bands and the theoretical potential curves for the triplet
states [1]. In general, the simulation showed good overall
agreement with the experimental reduced absorption co-
efficients of the X–A and X–B bands in the temperature
region between 700 K and 1100 K, and, therefore, con-
firmed the validity of the semi-classical approach. How-
ever, there are small differences, particularly in the vicin-
ity of the band maxima, where the interference effects of

the contributions of multiple Condon points become im-
portant. The agreement with the experimental spectra de-
pends not only on the semi-classical formula but also on
the used dipole moments. Thus, based on these results the
definite reason of the observed small differences cannot be
found. Nevertheless, the overall agreement between calcu-
lated and measured spectra confirms the validity of the
applied semi-classical approximation and allows making a
statement on the quality of the theoretical potentials, es-
pecially on the triplet states for which the agreement with
the experiment is excellent.
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Table 3. The reduced absorption coefficient of the triplet potassium band at 1095 nm (in units 10−37 cm5) as a function of
wavelength.

λ (nm) k1095
R λ (nm) k1095

R λ (nm) k1095
R λ (nm) k1095

R

1072 1.800 1084 0.969 1096 1.289 1108 0.451
1072.4 1.770 1084.4 0.968 1096.4 1.285 1108.4 0.416
1072.8 1.733 1084.8 0.970 1096.8 1.280 1108.8 0.381
1073.2 1.704 1085.2 0.975 1097.2 1.273 1109.2 0.347
1073.6 1.672 1085.6 0.981 1097.6 1.263 1109.6 0.322
1074 1.639 1086 0.990 1098 1.250 1110 0.292
1074.4 1.603 1086.4 1.000 1098.4 1.234 1110.4 0.263
1074.8 1.566 1086.8 1.012 1098.8 1.214 1110.8 0.238
1075.2 1.529 1087.2 1.026 1099.2 1.190 1111.2 0.215
1075.6 1.491 1087.6 1.041 1099.6 1.162 1111.6 0.196
1076 1.454 1088 1.057 1100 1.131 1112 0.180
1076.4 1.418 1088.4 1.075 1100.4 1.098 1112.4 0.160
1076.8 1.383 1088.8 1.093 1100.8 1.061 1112.8 0.145
1077.2 1.349 1089.2 1.111 1101.2 1.023 1113.2 0.130
1077.6 1.316 1089.6 1.130 1101.6 0.985 1113.6 0.116
1078 1.283 1090 1.150 1102 0.946 1114 0.102
1078.4 1.251 1090.4 1.169 1102.4 0.908 1114.4 0.087
1078.8 1.220 1090.8 1.187 1102.8 0.871 1114.8 0.071
1079.2 1.190 1091.2 1.205 1103.2 0.835 1115.2 0.055
1079.6 1.160 1091.6 1.222 1103.6 0.797 1115.6 0.038
1080 1.131 1092 1.237 1104 0.766 1116 0.021
1080.4 1.103 1092.4 1.251 1104.4 0.737
1080.8 1.077 1092.8 1.262 1104.8 0.702
1081.2 1.054 1093.2 1.272 1105.2 0.673
1081.6 1.033 1093.6 1.280 1105.6 0.644
1082 1.014 1094 1.286 1106 0.614
1082.4 0.999 1094.4 1.289 1106.4 0.584
1082.8 0.987 1094.8 1.292 1106.8 0.552
1083.2 0.978 1095.2 1.292 1107.2 0.520
1083.6 0.972 1095.6 1.291 1107.6 0.486

In the next step, the reduced absorption coefficients
were simulated taking into account the theoretical poten-
tials only, i.e. the triplet as well as the singlet potential
curves calculated by Yan and Meyer [1]. These theoretical
spectra showed practically the same temperature effects as
with the experimentally determined potential curves. Nev-
ertheless, the X–A and X–B band maxima are now slightly
shifted to shorter and longer wavelengths, respectively. As
for the triplet states, the agreement with the experiment
is excellent, particularly in the case of 721.5 nm band.
Furthermore, we performed the same procedure with the
most recent potential curves which can be found in the lit-
erature. These potentials, reported by Magnier et al. [2],
yielded an excellent agreement with the experimental find-
ings in the case of singlet transitions in the infrared part
of the spectrum. Nevertheless, the singlet contributions
in the rest of the spectrum (towards blue) due to poten-
tials from reference [1] fit much better to the experiment
than those from reference [2]. Generally, the potentials
calculated by Yan and Meyer [1] yield a significantly bet-
ter agreement with the experimental spectra when they
are compared with the simulations based on potentials of
Magnier et al. [2].

As for the triplet bands at 575 nm and 721.5 nm
the presented theoretical and experimental investigations
showed that they can be used for a straightforward and

accurate determination of the potassium number density
up to 5×1018 cm−3. It was found out that the reduced ab-
sorption coefficients of these bands do not depend on the
temperature in a broad temperature range taking into ac-
count the experimental error bars. Therefore, the reduced
absorption coefficients can be normalized to the reduced
coefficients of the quasistatic wings of the resonance line
which have been confirmed as an accurate standard for
the determination of the alkali number densities [14]. The
values we obtained in this way for kR(721.5) and subse-
quently for kR(575), yielded kR(1095) which was in very
good agreement with the calculations. This agreement also
confirms the self-consistency of the performed evaluation
procedure. To make these data easily accessible for pos-
sible application, the tabulated values of the reduced ab-
sorption coefficient of the triplet potassium bands at 575,
721.5 and 1095 nm are given in Tables 1–3. The data in
Tables 1–3 are obtained by averaging and smoothing the
experimental results displayed in Figures 9, 10 and 11,
respectively.

The band at 575 nm was already recognized by
Johnson and Eden [18] as a reliable standard for the deter-
mination of potassium number density. According to [18]
kR(575) amounts to 2× 10−37 cm5 and is constant in the
potassium number density range from 1 × 1017 cm−3 to
4 × 1017 cm−3. The value for kR(575) reported in [18] is
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about two times smaller than our present result. How-
ever, as declared by Johnson and Eden in reference [22],
the value of the reduced absorption coefficient at 575 nm
published in [18] was measured to within a factor of 2 due
to the systematic error in the determination of N (factor
of

√
2). The measurements reported in [18] were performed

in a cell with the cold finger and the potassium number
densities were determined by measuring the temperatures
and using the vapour pressure curve. As explained by the
authors, the declared error in N is due to the uncertainty
in the temperatures and the long time required to equi-
librate metal-vapour in the absorption cell. Although the
sign of the systematic error in N was not specified, it can
be concluded from the other details given in [18,22] that
the reported value (kR(575) = 2× 10−37 cm5) was under-
estimated.

The band at 721.5 nm was also investigated in [18]
and the total reduced absorption coefficient ktot

R (721.5)
(including the corresponding X–A and X–B background)
was scaled to the kR(575). As shown in [18], the ktot

R (721.5)
decreases with the increase of N , which is obviously due
to strong temperature dependence of the background con-
tributions. With this background subtracted, the ratio
kR(721.5)/kR(575) deduced from the data given in [18]
is constant (∼8) and temperature independent which is in
excellent agreement with the results reported here.

6 Conclusion

The validity of the presented semiclassical calculations of
the reduced absorption coefficients has been proven in
the case of simulations of the molecular spectra of the
K(4S)+K(4S) and K(4S)+K(4P) system. Also, this semi-
classical approach presented itself as a reliable mechanism
for testing the quality of the calculated potential curves
and relevant transition dipole moments.

In addition, the obtained data have shown that the
temperature independent reduced absorption coefficients
of the potassium diffuse triplet bands can be used for
a simple and accurate determination of potassium atom
number densities in the range from 5×1016 cm−3 to
5×1018 cm−3.
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