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Doppler-free polarization spectroscopy of the B 1Hu-X 1..E; band system 
of K2 

J. Heinze, U. SchOhle, and F. Engelke 
Fakultiit for Physik, Universitiit Bielefeld, 4800 Bielefeld, West Germany 

C. D. Caldwell 
Department of Physics, University of Central Florida, Orlando, Florida 32816 

(Received 23 December 1986; accepted 6 March 1987) 

The B 1 IIu -X 1 ~g+ band system of the K2 molecule is investigated by Doppler-free polarization 
spectroscopy in a heat pipe oven. The transitions are measured in the region of 615 to 660 nm 
including vibrational levels up to v" = 17 in the X state and all vibrational levels of the B state 
up to the dissociation limit. A Fabry-Perot interferometer is calibrated using metastable neon 
and K2 secondary wavelength standards to provide absolute accuracy in the frequency 
determination ofless than 20 MHz. The comprehensive study ofthe band system is completed 
by LIF measurements to determine vibrational levels of the ground state up to v" = 62. A 
detailed analysis has been completed and the coefficients are given in a Dunham expansion 
that accurately represents the frequencies of lines with specified vibrational and rotational 
quantum numbers. The B and X potential curves and the Franck-Condon factors for the 
transitions between B and X states are determined. The dissociation energies have been found 
to be 4447 ± 15 cm - 1 for the X state and 2113 ± 15 cm -I for the B state. The height of the 
potential barrier oftheB state above the 4 2P3/2 + 4 2SI /2 atomic levels is 295 ± 17 cm- I at an 
internuclear distance of 8.1 ± 0.1 A. 

I. INTRODUCTION 

High resolution laser spectroscopy has been responsible 
for a considerable increase in the detailed understanding of 
molecular structure during the past 20 years. Many tech
niques for Doppler-free spectroscopy are now available and 
a wide variety of molecular transitions in the visible have 
been studied with the help of tunable lasers. 

The combination of a single-mode dye laser with either a 
molecular beam or a polarization spectrometer makes possi
ble spectroscopic determinations of molecular wavelengths 
at a very high resolution. These techniques have proven to be 
fruitful for analysis of the spectra of the alkali dimers. I

-
3 At 

the high resolution obtainable with these schemes, < 30 
MHz, calibration of absolute frequencies becomes more dif
ficult. For this to be properly done, it is necessary to utilize 
optical interferometry in conjunction with the measure
ments. 

While wavelength measurements utilizing a crossed la
ser-atomic beam are ultimately slightly more accurate than 
those employing polarization spectroscopy in a cell,4 it is 
difficult to acquire data by this method throughout the en
tire electronic transition to allow description of the system 
via a set of molecular vibrational and rotational constants. 
The cooling resulting from expansion in a molecular beam 
reduces the necessary population in the higher-lying rota
tional and vibrational levels. The technique of polarization 
spectroscopyS thus provides the necessary continuation of 
the spectral analysis to include these levels. 

Two years ago we reported2 the determination of six 
absolute transition frequencies in the (6-0) band of the 
B 1 IIu -X 1 ~g+ band system of the 39K2 dimer to within an 
accuracy of three parts in 109. Earlier, Amin6 had reported 

the measurements of three neon transitions to within an ac
curacy of one part in 109. These three neon transitions, to
gether with the six K2 transitions, provide an excellent sec
ondary wavelength standard for calibration of an 
interferometer where we adopted the definition ofthe meter 
referred to in Ref. 2. Using these results, we have extended 
our high-resolution work on the K2 dimer to include mea
surements throughout the upper state potential curve and in 
the ground-state curve up to v" = 17 using polarization 
spectroscopy. Absolute wavelength determinations are car
ried out in an interferometer calibrated with the secondary 
standard.2 We use the results to determine a set of molecular 
constants to describe this band system, at least in that por
tion of the spectrum which we have measured. 

Molecular constants for the X state and the B state ofK2 
have been known since the early work of Loomis and Nus
baum 7 and Loomis.8 The same electronic transition was also 
the first utilized for the application of laser induced fluores
cence to molecular spectroscopy by Tango, Link, and Zare.9 

They took advantage of a fortuitous overlap of the He-Ne 
laser with several of the molecular transitions. From their 
analysis they determined constants for the 1 ~t ground 
state. Allegrini et al.,10 extended the LIF analysis using a 
Kr+ laser and were able to deduce constants for the B state 
as well. Engelke et al., 1 using crossed-beam two-photon ioni
zation techniques, were able to improve the accuracy of the 
measurements and devise new, improved constants for both 
states. Their work led to the conclusion that the rotational 
assignments of Refs. 9 and 10 were incorrect. However, the 
data base in this experiment was too small to allow determin
ation of constants appropriate for higher-lying rotational 
and vibrational levels. More recently, excitation with a gold
vapor laser 1 1 and with a Kr+ laser and a dye laser 1 

2 has led to 

J. Chem. Phys. 87 (1). 1 July 1987 0021-9606/87/130045-09$02.10 © 1987 American Institute of PhYSics 45 



46 Heinze et at: Polarization spectroscopy of K2 

a rederivation of the ground-state constants. In the latter 
work, Ross and co-workers extended the observed vibration
allevels of the X state up to v" = 55. The results obtained 
provide accurate determination of the ground-state poten
tial curve up to v" = 50. 12 

We present here assignments of over 2500 rovibrational 
transitions within the K2 B I IIu -X I ~t band and report for 
the first time a set of molecular constants for the B I IIu state 
valid up to v' = 40 (96% of the bound and quasi bound part 
of this state) and for the X I~g+ state valid up to v" = 62 
(94% of the ground state). 

II. EXPERIMENTAL 

The polarization spectrometer used in these measure
ments along with the optical layout is sketched in Fig. 1. The 
K2 is produced in a heat pipe which is heated to a tempera
ture of 530 K. Helium is used as a buffer gas, and operation 
at this temperature produces a pressure of 0.1 mbar. An Ar+ 
pumped ring dye laser externally stabilized to a width of 1 
MHz serves as the excitation source. For the ultraprecise 
measurements the beam from the dye laser is split into two, 
so that one portion serves as pump and the second as probe. 
This way both pump and probe beams have the same fre
quency. For the measurement of P and R transitions, the 
pump beam is circularly polarized; for the measurements of 

r-A-r-.-_-L-as-e-r-~~_R_i~_:_:_~~_e_-J ___ ~~ 

Sec. Wavelength Standard 

Stabil , GHz F.P.I. 

125 MHz F. P.I. 

Probebeam 

[ZIHI---:; ... i==:::;-~C====;)?(= =======O-Ej P. M·I 
G.T. H.P. G.T. 

FIG. 1. Experimental arrangement of the polarization spectrometer togeth
er with the wavelength calibration system used to determine the absolute 
frequencies of the K2 transitions. HP: heat-pipe oven; GT: Glan-Thomson 
prism; PM: photomultiplier. 

Q lines, the pump beam is linearly polarized. The probe 
beam is analyzed by a combination of crossed linear polar
izers with an extinction coefficient lower than 10-8 . Typical 
signal-to-noise ratios obtainable with this arrangement are 
10 : 1 to 1000: 1. Therefore, it is unnecessary to employ 
phase sensitive detection techniques. 

The interferometer in which wavelength comparisons 
were made consists of two plane-parallel mirrors optically 
contacted to a 15 cm long piece ofzerodur. The mirrors are 
broad-band high-reflection coated with dielectric materials 
with a central wavelength of 640 nm and a bandwidth of 200 
nm (FWHM). A typical finesse of 70 during a scan is con
sidered an appropriate operating point. 

The measurement of absolute wavelengths via optical 
interferometry is difficult when the mirrors are dielectric 
coated. This comes about because the phase shift at the mir
rors is wavelength dependent. Rather than being equal to 1T, 

as is the case with metallic mirrors, the shift can deviate from 
1T. However, Lichten J3

,14 has shown that it is possible to cal
culate the phase shift within the bandwidth of the mirror 
coating if the reflectivity is known throughout the entire 
bandwidth. From reflection curves supplied by the manufac
turer (B. Halle, Nachfolg., Berlin) and a measured trans
mission spectrum of the mirrors we have calculated the 
phase shift as a function of wavelength using Lichten's meth
od l4

; it consists of fitting the transmission spectrum with an 
equivalent quarterwave stack numerically. Within about 
2% of the phase shift, at most a few thousandths of an order, 
this method is most usable for measuring absolute wave
length. 

The free spectral range of the interferometer was deter
mined by calibration with the three neon secondary standard 
wavelengths at 6266,6334, and 6533 1.6 For this purpose a 
metastable neon beam source was constructed. 15 Measure
ments were carried out by crossing the well-collimated neon 
beam with the dye laser and determining the proper transi
tion frequency through reduction in neon beam intensity as 
the metastable atoms are excited. By counting fringes from 
one wavelength to another, the integral order number could 
be determined exactly. 

The primary difficulty associated with the determina
tion of the free spectral range of the etalon was the drift 
associated with temperature changes in the environment. 
For this particular device, this drift produced a change in the 
order number of 0.01/h. In order to account for this drift, 
comparison with the K2 (6-0) R (29) 2 transition was car
ried out repeatedly during the course of a measurement. The 
final free spectral range is 1001.7637 ± 0.0002 MHz, wher
eby the error is primarily determined by the long-term tem
perature drift. 

For a typical measurement the following procedure was 
used. After calibration with the K2 transition, the dye laser 
was tuned to the wavelength region of interest. The laser was 
then scanned through a typical frequency range of 200 GHz 
in steps of 30 GHz. First, circularly polarized light was used 
to select the P and R transitions. Then linearly polarized 
light in the same frequency range was used to isolate the Q 
transitions. Frequency monitoring was always possible as P 
and R transitions appear with linearly polarized pump radi-
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ation as well, only with reduced intensity. The signal from 
the probe beam was recorded in a four-channel chart record
er along with the marks from the etalons. The principal error 
in the frequency measurement arises from a combination of 
uncertainties in this scheme. The laser scan, which ideally 
should be linear, is not. The nonlinearity is partially correct
ed for by the 125 MHz etalon marks. However, this device 
itself exhibits drifts in free spectral range. In addition, the 
final separation between laser frequency, measuring etalon, 
and frequency marker has to be read from the chart paper. 
Thus, nonlinearities in the chart speed also contribute to 
errors in the final measurement. By repeating measurements 
at several different wavelengths, the total error associated 
with all these shifts was estimated to be ± 10 MHz. 

In addition to the wavelengths to which particular at
tention was devoted, measurements were also carried out on 
other parts of the bands, see Fig. 2. In these regions, the 
combination of errors listed above gave rise to larger devia
tions, generally on the order of20 MHz. The primary causes 
of this were that faster scan speeds were used, and etalon 
drift corrections were not as frequently determined. 

The problem associated with the use of a heatpipe for 
spectroscopic measurements at this level of accuracy is the 
pressure shift which is produced on the lines. We have made 
an extensive study of this shift for different buffer gases. 16 

The largest shift is produced by the potassium atoms them
selves and amounts to 10 MHz/mbar. At our experimental 
conditions, 0.1 mbar, this produces a frequency shift of ,;;;; 1 
MHz. The frequencies which we include in our fit have been 
corrected for this effect. The absolute frequencies of lines, 
free of distortion, are thus determined to better than 0.0005 
cm- I . 

In order to extend measurements to higher vibrational 
levels of the ground state we also made laser induced fluores
cence studies in a separate heat pipe. For this experiment the 
dye laser is locked to the polarization signal of suitable tran
sitions to high vibrational levels in the B state (Vi = 34, 
J' = 60andv' = 4O,J ' = 30). Part ofthelaserlight is used to 
excite these transitions in a second heat pipe. Fluorescence is 
then dispersed by a 3/4 m spectrograph (SPEX 1702) and 
detected by a photomultiplier (RCA 31034). The width of 
the measured lines is about 0.3 cm - I. The spectrograph is 
calibrated by a neon filled hollow cathode discharge lamp 
and absolute frequencies oflines, free of distortion are deter
mined to better than 0.5 cm - I. 

III. RESULTS 
Wavelength measurements using polarization spectros

copy were carried out in the region 615 to 660 nm. These 
included transitions up to v" = 17 in the ground state and 
Vi = 43 in the B state. 17 In addition to these, we also made 
determinations of some transitions up to V;ax = 62 using 
lower resolution laser induced fluorescence. In what follows 
we will distinguish two energy regimes for the very high re
solution data: (1) A lower one for v;ax = 9 and v:nax = 21; 
and (2) a middle region for v;ax = 17 and v:nax = 40. The 
spread of the data set accumulated using polarization spec
troscopy over the two groups is given in Fig. 2. Here the 
number at a particular point represents the number of lines 

within AJ = 10 for a given Vi and v" which will be included in 
the analysis. Boldface type indicates that at least one of the 
transitions was measured with an accuracy of 10 MHz; the 
remaining were measured with an accuracy of 20 MHz. 

The starting point in the process of assigning quantum 
numbers to observed lines is the molecular beam work l

; we 
extended this earlier rather detailed analysis of the TPI spec
trum of the B-X system at relatively low vibrational (v" < 2, 
Vi < 12) and rotational (J < 100) quantum numbers. Refer
ence 1 gave preliminary Dunham coefficients from which an 

~ 
J' 

10 SO 100 150 200 

0 31 22 11 3 4 3 8 9 10 16 12 8 8 9 7 9 811 9 
1 14 8 8 3 11 19 7 9 7 11 9 9 11 9 8 5 3 5 1 
2 11 11 25 14 4 7 12 15 18 5 7 11 11 6 2 1 2 1 
3 8 9 12 10 10 8 14 13 6 15 15 8 13 4 5 2 
4 30 11 2 1 21 19 3 9 24 11 6 12 10 6 1 
5 222711 2 3 9 17 6 8 13 6 9 
6 3 6 2 5 9 18 10 3 10 15 9 6 2 2 
7 4 3 15 17 8 5147542 1 
8 1 3 7.13 6 9 8 4 1 2 
9 4 4 421 8 1 3 10 744 3 

10 152 792 9 1 6 
11 718334849 
12 9 4 4 3 9 1 7 3 
13 6 574410474 
14 6 2 16 4 1 3 1 
15 5 335 1 3 1 
16 2 19 14 3 3 
17 2 5 1 

I~ 
j 

10 SO 100 150 200 

0 14 13 10 4 5 2 5 8 4 2 2 1 
1 432 3 4 1 3 4 3 5 4 2 6 1 3 2 2 
2 1 2 5 3 2 5 7 6 3 5 6 6 4 2 4· 2 
3 6 2 2 1 4 4 1 1 5 6 4 2 6 2 4 3 
4 12 8 2 2 5 6 2 2 2 2 4 7 8 1 3 3 2 4 2 
5 5 3 5 5 4 2 2 3 4 3 3 1 1 6 4 3 2 3 
6 6 4 2 2 4 4 4 2 7 6 2 4 7 4 3 3 1 
7 9 6 2 1 4 8 6 3 5 6 5 3 3 1 
8 3 1 10 5 5 4 3 3 4 3 3 2 2 
9 1 2 5 2 3 4 9 5 3 4 2 1 3 1 

10 4 815 7 4 8 4 6 5 3 2 3 4 2 
11 18 10 4 7 2 1 3 6 4 7 4 4 2 
12 9 6 4 4 3 7 6 1 2 3 4 
13 4 8 4 6 8 6 5 2 5 5 4 
14 1213 4 511 6 2 2 6 7 5 4 1 
15 6 3 2 2 4 10 3 2 4 5 
16 5 5 5 8 8 2 5 5 
17 3 8 9 7 3 4 4 6 4 2 
18 5 4 9 4 2 7 8 5 2 4 
19 2 7 8 3 1 2 4 
20 6 9 8 2 2 8 5 
21 4 3 7 7 1 4 10 2 2 1 
22 1 1 2 11 8 1 6 1 
23 2 4 7 3 1 6 2 2 
24 438 8 3 7 3 
25 1 1 1 7 4 2 7 
26 1 6 6 4 1 4 6 
27 3 1 2 2 5 3 1 2 
28 2 3 6 3 2 2 
29 532 2 1 4 4 
3D 2 4 2 3 3 
31 4 7 5 3 1 
32 2 2 
33 6 2 3 4 1 5 1 
34 1 1 5 5 2 
35 6 2 5 6 1 
36 1 3 1 
37 5 2 9 4 
38 2 3 2 4 
39 1 5 3 
40 2 6 6 

FIG. 2. Distribution of the data base throughout the vibrational levels. The 
number at each point refers to the number of transitions within /lJ = 10 
included in the fit. Boldface type indicates that the accuracy of the measure
ment for at least one of the transitions is ± 10 MHz; normal type ± 20 
MHz. The number of lines included in our fit is 1630, the number of lines 
measured with high accuracy is 1000. 
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48 Heinze et al.: Polarization spectroscopy of K2 

extrapolation ofline frequencies to higher quantum numbers 
was made; an iterative process provided a basis for extending 
the body of data. 

where v is the frequency of the line, the Y lk are the Dunham 
coefficients, !l. T' (v' ,J') describes the A doubling of the excit
ed B 1 IIu state, i.e., t5 = 0 describes the lower f levels which 
give rise to the Q lines (!l.J = 0) and t5 = 1 describes the 
upper e levels which give rise to the P and R lines 
(!l.J= ± 1). 

Dunham coefficients are calculated by fitting all the 
data-at that stage quantum numbers were assigned to 2500 
lines-in a weighted linear least-square routine18 to the well 
known expansion19

: During the progress of our analysis many determina
tions of the coefficients have been made for varying amounts 
of molecular lines and for different choices and numbers of 
Dunham coefficients. It is not our purpose to describe the 
different stages of our analysis in detail. Nevertheless, these 
steps were important in the determination of the molecular 
properties. 

v = T'(v',J') - Til (V",J") + !l.T'(v',J'), (la) 

with 

T(v,J) = LYldv+ l/2)I[J(J+ 1) _A2]k (lb) 
I.k 

and 

!l.T'(v',J') =t5(LYlk(V+ l/2)I[J(J+ 1) _A2]k). 
I,k 

The final, best-fit values of the constants using the lar
gest body of high resolution data are listed in Table I. Be
cause of the high degree of correlation between the fit param-(lc) 

TABLE I. Molecular constants of the B I"u and X Il:g+ states of 39K2. All values are given in em-I. The 
numbers in parentheses that follow a quantity is the exponent of 10 that multiplies the quantity. The quoted 
error of a constant is one standard deviation. Note, to maintain the accuracy all digits are necessary. When 
fixing the higher constants to six figures we applied additional numerical effort (Refs. 21 and 22). 

(I, k) Y;k a(%) Y" Ik a(%) 

(0,0) 15377.1553 0.000 
(1,0) 74.891 127 0.001 92.398475 0.000 1 
(2,0) - 0.327448 0.16 0.325719 om 
(3,0) - 0.286 581( - 2) 5.5 - 0.604 270( - 3) 0.66 
(4,0) 0.268 488( - 3) 10.2 - 0.512 409 ( - 5) 3.4 
(5,0) - 0.327 720( - 4) 8.8 - 0.112 526( - 6) 1.7 
(6,0) 0.240 397( - 5) 8.1 
(7,0) - 0.117 199( - 6) 7.5 
(8,0) 0.373 686( - 8) 6.6 
(9,0) - 0.751 044( - 10) 5.9 

(10,0) 0.862 803( - 12) 5.3 
(11,0) -0.433 099 ( -14) 4.7 

(0,1) 0.048 223 297 0.001 0.0561869825 0.001 
(1,1) - 0.231023 5( - 3) 0.04 -0.211 061( - 3) om 
(2,1) - 0.262 568( - 5) 1.9 -0.124632(-5) 0.44 
(3,1) 0.144446( -6) 8.6 - 0.154 718( - 7) 2.3 
(4,1) - 0.245 943( - 7) 7.4 - 0.258 354( - 9) 4.3 
(5, 1) 0.205 822( - 8) 8.2 
(6,1) -0.116092( -9) 8.6 
(7, 1) 0.430 798 ( - 11) 8.6 
(8, 1) - 0.102 695( - 12) 8.3 
(9,1) 0.142 581 ( - 14) 7.5 

(10,1) - 0.882 548( - 17) 6.6 

(0,2) - 0.799 182 8( - 7) 0.06 - 0.831454 4( - 7) 0.06 
(1,2) - 0.890 136( - 9) 0.66 - 0.676 578( - 9) 0.31 
(2,2) 0.195 588( - 10) 7.9 - 0.729 598( - 11) 2.3 
(3,2) - 0.568 648( - 11) 3.9 
(4,2) 0.449 913( - 12) 4.1 
(5,2) -0.219178( -13) 4.0 
(6,2) 0.561 820( - 15) 3.6 
(7,2) - 0.636 908( - 17) 2.9 

(0,3) 0.979 073( - 13) 2.5 0.119 927( - 12) 2.1 
(1,3) 0.256 351( - 14) 6.0 0.493 908( - 15) 9.1 
(2,3) - 0.598 139( - 15) 3.9 
(3,3) 0.357 419( - 16) 4.9 
(4,3) -0.155295( -17) 2.5 

(0,4) - 0.472 403 ( - 18) 7.6 - 0.437 812( - 18) 8.4 
(1,4) - 0.547 722( - 19) 3.2 

Y;k 
(0,1) 0.247 544( - 5) 1.1 
(1,1) - 0.145 197( - 7) 6.1 
(0,2) -0.213 313( -10) 7.7 
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eters, the quoted accuracy does not represent an absolute 
standard deviation. Therefore, for each constant a total of at 
least six figures is given, as this number is required to repro
duce the measured transitions. 

That such a large number of constants are required to 
reproduce the measured frequencies arises from the broad 
spectral region over which the highly accurate measure
ments are made. The reproducibility of the transition fre
quencies reflects, as can be expected, the number and accura
cy ofthe input data set as shown in Fig. 2. The transitions in 
group ( 1) can be calculated with the constants to an overall 
accuracy of 16 MHz. The overall deviation of the calculated 
from the measured frequencies in group (2) is on the order 
of 42 MHz. Specifically, those which were better measured 
are given to within 31 MHz and those less well determined to 
within 60 MHz, i.e., these deviations are systematic. 

We note that the upper portion of the ground state is 
poorly described. However, without more precise data in 
this region, it is impossible to improve the constants to in
clude these transitions at the same level of accuracy. Our 
results represent the lower-lying vibrational levels of the X 
state at the highest level of precision which we could achieve. 
At the same time we include all levels in the B state up to the 
region of the potential barrier. Nevertheless, comparison 
with our LIF data shows that the constants can be applied to 
calculation of high-lying vibrational levels in the ground 
state as long as a precision of only 15 GHz is required. 

The last three constants Ylk represent corrections to the 
energy levels caused by the A doubling in the B state. Our 
first set of constants for the B state had been fitted in such a 
fashion that the Q transitions are reproduced, while the A 
doubling represented a shift in energy for the P and R transi
tions. Thus the frequencies of the Q transitions are repro
duced with the same precision as those of the P and R transi
tions, where most of the measurements were made. 

Several bands of the isotopic molecules 39K41K and 41K2 
were also measured but were not included in the fit. A calcu
lation of the transition frequencies using mass corrected mo
lecular constants 19 gives results which are uniformly shifted 
with respect to the measured values by 79 ( ± 3) MHz to 
higher frequencies for 39K41K molecules. The lines of the 
(0,0) bandhead of the 41K2 molecule are shifted + 203 (10) 
MHz with respect to an equivalene9 calculation. This result 
is in agreement with the value expected for the normal mass 
shift of electronic energy levels according to the Bohr model 
due to the change of reduced electron mass C9K4IK: + 81 
MHz, 41K2: 160 MHz). 

With the constants from Table I we have calculated ro
tationless potential curves for the two states using the Ryd
berg-Klein-Rees (RKR) procedure. 20 The calculated po
tential curves for both the B state and the X state are depicted 
in Fig. 3. The hatched regions (v' up to 40 and v N up to 62) 
indicate that portion of the curves which should be best de
scribed based on the precision of our measurements, i.e., 
RKR turning points; extrapolations have been added to the 
dissociation limits, see Refs. 21 and 22. For the B 1 IIu state 
the accuracy leads to a precise determination of the curve up 
to the region of the potential barrier, v:nax' Calculation of the 
dissociation energy of the B state (see below) indicates that 
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FIG_ 3. Potential curves for the B 'n. and X 'I./ states of 39K2 for the 
rotationless molecule as calculated by RKR method from the molecular 
constants of Table Ifor v' <40 and v' .;; 62 (hatched regions) _ Extrapolations 
have been added to the dissociation limits (Ref. 21). 

for v' > 34, the states are no longer completely bound. Thus, 
the RKR values for this region may be expected to be inac
curate.23 An exact description of the potential barrier will be 
given elsewhere21 .22; it is not our purpose in this paper to 
analyze the quasibound levels in detail; let us just mention 
the error of the RKR values due to the coupling to the con
tinuum is negligible for the v' = 35 band, but it grows up to 
700 MHz for v' = 40. 

The RKR turning points for each state are given in Ta
bles II and III. Using these curves we than calculate Franck
Condon factors (FCF) for J" = 0, J I = 1; they are listed in 
Table IV for v::'ax = 10 and v:nax = 20. These FCF's, togeth
er with the transition diopole moment and the (thermal) 
population of the v,J states can be used to determine the 
intensities. For different choices of J we found that the 
FCF's are slowly varying functions of J. Table IV is useful as 
a guide for J < 100 as shown in the agreement with published 
intensities for the He-Ne excited fluorescence series9 and 
our LIF measurements. 

IV. DISCUSSION 

We will discuss the dissociation energies, the centrifugal 
distortion constants, and the A-doubling constants. In addi
tion, we will compare with previous work, i.e., recent studies 
of the B-X system of K 2. 

In order to determine the dissociation energies we start 
with the ground state, because theory and experiment clear
ly show that the upper state has a barrier. We calculate the 
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ground state dissociation energy by extrapolation of the en- TABLE III. RKR potential of the X I I..+ state of 39K2. The potential ener-

ergies of the high-lying vibrational levels calculated from the gy is given in em -I, the turning points are given in A. 

set of molecular constants. We then use the method de-
v' V(r) 

scribed by LeRoy and Bernstein,24 together with the theo-
rmin rmax 

retical value of C6 determined by Muller et al.25 to continue 0.0 3.92433 
the extrapolation to the dissociation limit. We obtain via this 0 46.094 3.7922 4.0662 

procedure the following value: I 137.839 3.7009 4.1771 
2 228.927 3.6406 4.2572 

D: = 4447 ± 15 cm- I = 0.5514 ± 0.0018 eV. 3 319.354 3.5930 4.3248 

Most of the error arises from the extrapolation of the data 
4 409.116 3.5529 4.3852 
5 498.209 3.5178 4.4408 

beyond v" = 62 (94% of the dissociation energy). 6 586.628 3.4864 4.4930 

The dissociation energy of the B I IIu state D; can im- 7 674.369 3.4578 4.5426 

mediately be obtained using the electronic term difference 
8 761.427 3.4316 4.5901 
9 847.797 3.4072 4.6360 

Te of 15 377.2 cm - I and the energy difference of the 10 933.474 3.3845 4.6807 

first potassium atomic resonance transition v(K 4 2P3/ 2- 11 1018.451 3.3631 4.7242 

K 4 281/ 2) of 13 042.9 cm- I
: 12 1102.724 3.3429 4.7668 

13 1186.286 3.3238 4.8087 

D; (B IIIu) = D :(X I~t) + v(4 2P3/2-4 281/ 2) - Te· 14 1269.131 3.3057 4.8500 

(2) 15 1351.252 3.2884 4.8908 
16 1432.642 3.2718 4.9312 

Application ofEq. (2) leads to a value for the adiabatic 17 1513.294 3.2560 4.9712 

dissociation energy of the B state 20 1750.74 3.212 5.090 
25 2130.94 3.149 5.287 

D; (B IIIu) = 2113 ± 15 cm-I, 30 2490.58 3.096 5.488 
35 2828.12 3.051 5.699 
40 3141.67 3.012 5.924 
45 3428.96 2.978 6.173 
50 3687.33 2.950 6.455 

TABLE II. RKR potential of the B I"" state of 39K2. The potential energy 55 3913.62 2.925 6.787 
is given in em -I, the turning points are given in A. 60 4104.20 2.902 7.197 

v' V(r) rmin rmax 

0.0 4.23599 
where the error is due to the error of D ;'. 

0 37.342 4.0899 4.3944 This result shows that vibrational levels in the B state 
1 111.570 3.9898 4.5193 with v' > 34 are lying above the adiabatic dissociation limit. 
2 185.123 3.9241 4.6103 A number of nine additional vibrational levels have now 
3 257.990 3.8725 4.6876 been observed in our laboratory, the last one (v' = 43) has 
4 330.163 3.8291 4.7571 
5 401.630 3.7913 4.8214 an energy of2389 cm -I above the minimum of the potential 
6 472.383 3.7576 4.8822 and 276 cm- I above the 4 2P3/2 + 4 281/ 2 atomic states us-
7 542.410 3.7271 4.9402 
8 611.700 3.6991 4.9962 
9 680.240 3.6732 5.0507 TABLE IV. Franck-Condon factors ( X 10"), calculated from the rotation-

10 748.019 3.6492 5.1039 less RKR potentials of the B I"" and X lI.t states of the 39K2 molecule. 

11 815.022 3.6266 5.1562 
12 881.235 3.6054 5.2078 ~'O 2 3 4 5 6 7 8 9 10 
13 946.644 3.5854 5.2589 
14 1011.231 3.5664 5.3097 
15 1074.981 3.5484 5.3602 0 959 2365 2798 2106 1128 456 144 36 7 1 0 
16 1137.875 3.5313 5.4107 1 2099 1716 105 530 1734 1877 1193 523 171 43 8 
17 1199.894 3.5149 5.4613 2 2432 182 798 1229 108 426 1515 1659 1037 439 136 
18 1261.019 3.4993 5.5120 3 1984 211 1220 12 859 864 10 626 1538 1448 810 
19 1321.227 3.4844 5.5631 4 1279 1033 311 650 635 85 992 453 52 968 1552 
20 1380.497 3.4702 5.6146 5 694 1454 38 939 14 884 129 451 886 93 347 
21 1438.803 3.4565 5.6666 6 329 1285 595 265 656 249 424 594 28 820 488 
22 1496.120 3.4433 5.7192 7 140 866 1098 19 742 107 668 24 744 105 406 
23 1552.420 3.4307 5.7727 8 54 484 1136 448 181 669 45 629 112 456 453 
24 1607.675 3.4187 5.8270 9 20 236 862 904 25 573 243 371 258 445 98 
25 1661.851 3.4071 5.8825 10 7 103 532 1002 402 102 647 2 591 9 599 
26 1714.916 3.3959 5.9391 11 2 41 282 808 796 44 420 368 134 469 93 
27 1766.832 3.3852 5.9971 12 1 15 133 529 897 394 45 585 67 404 174 
28 1817.560 3.3750 6.0567 13 0 5 57 297 744 730 72 288 451 16 506 
29 1867.056 3.3651 6.1181 14 0 2 23 148 505 813 402 12 494 174 201 
30 1915.274 3.3557 6.1816 15 0 1 8 67 295 682 683 106 181 479 7 
31 1962.163 3.3466 6.2474 16 0 0 3 28 154 473 744 412 0 392 275 
32 2007.665 3.3380 6.3158 17 0 0 1 11 73 285 625 645 141 103 461 
33 2051.719 3.3297 6.3874 18 0 0 0 4 32 153 440 684 420 5 294 
34 2094.256 3.3218 6.4626 19 0 0 0 1 13 76 271 573 610 172 51 
35 2135.197 3.3143 6.5420 20 0 0 0 0 5 35 150 408 631 422 19 
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ing our value of D : (X). We will discuss the form of the 
barrier and the long range interaction in more detail in a 
forthcoming paper.21 Let us just say that from a least
squares fit of the outer turning points (slightly depending on 
the order of the fit) we obtain a value of the height of the 
hump of295 ± 17 cm- 1 above the 2P3/2 + 2S1/2 atomic lev
els at an internuclear distance of 8.1 ± 0.1 A. 

In Table V we have summarized the theoretical and ex
perimental values of the most important molecular con
stants including De and R e' the equilibrium internuclear 
distance, which so far have been obtained in the literature. 
The values found by Loomis and Nusbaum7 and Tango et 
al.9 are in fair agreement with our much more accurate val
ue. Theoretical calculations of De by Muller and Meyer26 

and Ingel-Mann et al.27 have led to the slightly smaller val
ues of 0.537 and 0.53 eV, respectively. 

Next, let us discuss the other molecular constants 
shown in Table V. The agreement of our constants with 

those ofthe early work of Loomis and Nusbaum7 and Loo
misS is well within the accuracy with which they were able to 
measure the transitions. However, comparison with the 
more recent results 1 

1.12 exhibits significant deviations in the 
rotational constants. The difference with regard to the data 
of Luh et al. II is not to be wondered at, as their quoted accu
racy is 0.016 em-I. The disagreement of our YOI and Y02 

values for the X state with those of Ross et al. 12 is outside 
both quoted accuracies and appears to reflect the difference 
in the data base used for the computer fit. In particular, the 
measurements of Ross et al. are heavily weighted to larger 
values of angular momentum and vibrational levels (see 
their Table I), whereas our basis as shown in Fig. 3 is spread 
more equally over all values of J. The correctness of the value 
of YOI plays an important role in the calculation of the poten
tial curve. The abovementioned difference in the rotational 
constants is reflected in the RKR calculations. Comparison 
of our potential curve with those of Ross et al. indicates a 

TABLE V. Comparison of molecular constants of 39K2 obtained by various workers. All values are given in cm - I. The figures in parentheses give the error of 
one standard deviation. B In. excited state of 39K2; X 11:/ ground state of 39K2. 

BIn. Yio Yi, Y~I Yi, Y~2 De Te 
Ref. (Rein A) (X 1<f) (X 107

) 

a 74.73 - 0.327 4235 15 377. 73 
b (74.73)' ( - 0.327)' 0.04824 - 0.235 -0.806 

(4.235) 
75.00 - 0.3876 1782 15378.01 

m 74.93(34) - 0.378(35) 0.048692(88) ( - 0.24)b - 0.765(60) 15375.58 
(4.2156) 

f 74.8817(4) - 0.3269(8) 0.048220(3) - 0.2309(17) - 0.7960(22) 15377.156 
(4.2361) 

h 74.8911 (7) - 0.3274(5) 0.0482258(4) - 023104(9) - 0.7994(5) 21l3( 15) 15377.1553 
(4.23599) 

x 11:/ Y" 10 Y" 20 Y" 01 Y" II Y" 02 De 
Ref. (Re in A) (X 103 ) (XW) cm- I eV 

Experiment 
a 92.64 -0.353 
b (92.64)" (- 0.353)· 0.05622 -0.219 - 0.828 4146 0.51 

(3.923) 
c 92.021 0.2829 0.056743 - 0.165 - 0.863 4516 0.56 

(3.9051) 
d 92.3633 -0.32637 0.056212 - 0.212 21 - 0.8743 

(3.9235) 
e 92.4054(4) - 0.327 6(1) 0.056 161 (I) -0.2119(1) - 0.7986(6) 
f 92.3994( 11) - 0.328 0(4) 0.05618(3) - 0.212 3(4) - 0.8300(25) 

(3.9246) 
g 4441(5) 0.5506(6) 
h 92.3985(1 ) -0.32572(3) 0.0561869(6) - 0.21106(2) - 0.8316(5) 4447(15) 0.551 (2) 

(3.92433) 

Theory 
87 0.057 3950 0.49 

(3.90) 
91.8 -0.26 0.056 -0.24 4330 0.537 

(3.93) 
k 92 0.057 4270 0.53 

(3.90) 

'Reference 35. c Reference 9. • Reference 12. I Reference 36. ; Reference 37 . k Reference 28. 
bReference 8. d Reference 11. f Reference 1. hThiswork. j Reference 27. I Reference 7. 

mReference 10. 
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uniform shift of 0.001 A toward smaller values ofthe inter
nuclear separation. The values of the vibrational energies 
agree throughout the entire potential curve within the 
quoted accuracy of each portion of the spectrum. 

As a test of the consistency of the constants, we calculate 
the value of De based on the well-known relation first given 
by Kratzer, 28 

De = - Y02=4(YOI)3/(YJO)2. 

The calculated value of Y02 for the B state from the results in 
Table I is 7.997 79 X 10-8 cm -I, which deviates from the fit 
value by 0.075%. For the ground state this calculation gives 
Y02 = 8.3107x 10-8 cm- I, a deviation of 0.048% from the 
fit value. In both cases the deviation lies within the standard 
deviation of the calculation of the constants. The Y02 value 
calculated with the data given in Ref. 12 deviates from the 
"Kratzer relation" by 3.9%; this discrepancy is large. 

By calculating Y03 from the relation given by Kemble et 
al.29 

Y03 = 2Y02 [ 12( YOI )2 - YII YJO]l3( YJO)2, 

we also find satisfactory agreement with our fit values for 
both the ground state and the B state. 

We investigate the centrifugal distortion terms Dv ' H v ' 

and Lv more carefully to find out to what extent unique 
relationships between these higher order centrifugal distor
tion coefficients and the Gv and Bv terms are obeyed. In 
1973, Albritton et al.30 gave explicit expressions for these 
coefficients from a quantum mechanical perturbation ap
proach based on a "rotating vibrator" model. We apply a 
method described by Hutson31,32 for calculating the D v' H v , 

and Lv terms using the B- and X-molecular potentials of 
Tables II and III. His method gives reliable D v' H v ' ••• for all 
v of the data base while the perturbation approach30 requires 
explicit information on continuum levels for calculations at 
high v. In addition, it works much faster for practical appli
cations. The calculated values are compared with the corre
sponding values using the constants obtained from Table I. 
The results show excellent agreement, i.e., for the lower 
X lI.g+ state and v" .;;;26 the difference /)J); is smaller than 
the standard error. The same is true for the upper B Illu 
state and v' .;;;40. TheHv values differ no more than the corre
sponding standard errors for the lower X I I.t state and 
v".;;; 15 and for the upper B Illu state and v'.;;;20. It is well 
known that the physical significance of fitted Dunham pa
rameters decreases going from Dv to Hv to Lv, etc.; neverthe
less, the Lv terms determined at low vibrational quantum 
numbers which are the highest order centrifugal distortion 
terms of statistical significance in Table I, differ from the 
corresponding calculated values by 14% for the ground state 
and 10% for the excited B state. 

The A-type doubling in the B I IIu state depends on this 
state as well as on the A I I. u+ state which is the only perturb
ing state to be considered, since it is the only state belonging 
to the same complex,33 i.e., I = I for the separated atoms. 
Our value YOI of the A-doubling constant agrees very well 
with the result of the calculation based on van Vleck's model 
of "pure precession,,34 which givesYol = 2.52x 10-6 cm- I. 

The correction to the Bv coefficient due to the vibration 
as given by YII' however, which is expected to be 

Yl1 = 2YOIYl11Yoi = 2.5x 10-8 cm- I differs considerably 
from the fit value. The ratio Yl1lYOI equals - 2a.lBe 
= 2YII/YoI, where Be andae represent the "effective" rota

tional constant for the two states, i.e., these quantities are not 
precisely defined in terms of the molecular parameters of 
either state. Loomis8 determined the A-doubling coefficient, 
which agrees with our much more accurate value within his 
experiment error. 

v. CONCLUSIONS 

The combination of polarization spectroscopy with op
tical interferometric measuring techniques has made possi
ble the measurement of parts of the K2B IIIu-X lI.t molec
ular band system with a precision of two parts in 108. 
Furthermore, through calibration of the interferometer via 
comparison with absolute secondary standards, this preci
sion refers to the absolute accuracy with which these wave
lengths can be determined. It has become possible, via this 
scheme, to reproduce the absolute frequencies to the same 
accuracy as the relative frequency. However, limitations of 
this technique caused by inadequately populated quantum 
levels prohibit the extension of the measurements at this lev
el throughout the entire sytem. Consequently, a description 
of the system via molecular constants is restricted to the 
precision of the transitions less well measured. Nevertheless, 
we have been able to extend the polarization spectroscopy 
analysis to include 30% of the ground state and nearly all of 
the B-state levels in the polynomial analysis. The constants 
obtained in this fashion provide a description of the K2 
B IIIu-X lI.g+ band system to an overall accuracy of five 
parts in 108 for these regions, i.e., total standard deviation of 
0.0007 cm - I. This implies that this K2 system now belongs 
to those molecular dimers which are spectroscopically the 
best known. The dissociation energies and the potential bar
rier of the excited B I IIu state have been determined. 
Franck-Condon factors have been calculated over the range 
of vibrational levels measured with very high resolution. 
There are, however, some residual problems. The rovibra
tional energies of levels in the X ground state with relatively 
high v" and J" are not, in the present analysis, as accurately 
described as the energies of states with lower v" and J". It 
would be useful to extend the range of both v" and J". Alter
natively, new laser spectroscopic techniques may yield data 
in presently unexplored regions of the ground state. 
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