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Recent results on the probabilities of electronic transitions of diatomic molecules are reviewed.
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1. INTRODUCTION

The probabilities of optical transitions are funda-
mental physical properties, which quantitatively deter-
mine the intensities in absorption and emission spectra.
These probabilities are described by several related
concepts, such as the Einstein coefficients, the band
strengths, the matrix elements of the electronic-transi-
tion dipole moments, the oscillator strengths, and the
lifetimes of the electronically excited states.

The most extensive systematic classification of the
corresponding data for diatomic molecules published up
to 1973 was given in the review by Kuznetsova et al.1 In
the years since then there has been a sharp increase in
the number of papers on optical transition probabilities,
because of improved experimental methods for deter-
mining the transition probabilities and the increasing
importance of these results in such fields as quantum
electronics, astrophysics, radiation gas dynamics, and
the spectroscopy of flames, plasmas, and shock waves.

Since the publication of the review by Kuznetsova
et al.,1 several papers of a generalizing nature have ap-
peared,2"7 but none can claim to offer a complete sys-
tematic classification of the data. In some cases, these
papers do not even judge the reliability of the transition
probabilities recommended. The recommendations of
Hefferlin et al.3 on the oscillator strengths of certain
diatomic molecules essentially ignore research over the
last decade, and the attempts by this group2·4 to find
correlations among the matrix elements of the electron-
ic transition (dipole) moments are also based on out-
dated experimental data and on theoretical transition

probabilities which must be judged as no more than es-
timates, as has been pointed out many times in the lit-
erature. Hsu and Smith7 examined the data for only a
limited number of molecular transitions of astrophys-
ical interest. In the two-volume handbook by Suchard
and Melzer5·8 there is detailed information on the elec-
tronic spectra and molecular constants of diatomic mol-
ecules, but the listings on the electronic transition
probabilities are fragmentary, chosen at random.

A serious shortcoming of all the reviews which have
been published previously is that there has been no joint
review of the data on absolute and relative values of the
various properties, with the goal of recommending nor-
malized functional dependences of the band strengths on
the internuclear distances, for which there is an obvi-
ous need in several technical applications. In the pres-
ent review we attempt to fill this void. Specifically, (1)
we have compiled and systematically classified all the
factual data from experimental determinations of abso-
lute and relative probabilities for electronic transitions
of diatomic molecules published through 1977; (2) on the
basis of a joint critical analysis of the data on the ab-
solute and relative probabilities, we have identified
most reliable values for the band strengths as functions
of the internuclear distance; (3) we have normalized the
recommended values to the absolute values, making use
of all the reliable work on the absolute transition proba-
bilities.

We emphasize that it is usually not a trivial matter to
recommend most reliable values for the transition prob-
abilities. The data in the literature are frequently con-
tradictory, not simply because of the difficulties in ex-

160 Sov. Phys. Usp. 22(3), March 1979 0038-5670/79/030160-14$01.10 © 1980 American Institute of Physics 160



perimentally determining these probabilities but also
because of different points of view regarding several
fundamental questions: the concept of the electronic
transition moment, the normalization of the Honl-
London factors, the best approximation of the electronic
transition moment as a function of the internuclear dis-
tance, and several others. Accordingly, in Sec. 2 we
will briefly discuss several theoretical points which
would benefit most from some clarification, judging by
the literature, and we will list the basic theoretical
equations which are used to convert the published values
o f Tm>'> /»'»»» /«>> and \Re\

2 into the band strengths Se.

The probability recommendations are developed by a
common method, on the basis of several principles
which are stated in Sec. 4. On the basis of our analysis
we recommend most reliable values for the electron
transition probabilities and the lifetimes of the corres-
ponding electronically excited states for more than 200
molecular systems.

2. BASIC THEORETICAL EQUATIONS

In the Born-Oppenheimer approximation, the Einstein
coefficient for an individual rotational line of an elec-
tronic-vibrational-rotational transition can be written
(in using the term "rotational line" we mean the sum of
the Zee man components) in the form

j-_64n« .
ν " 3*

xe dr.

(1)

(2)

where άτβ is the volume element in the electron config-
uration space.

Under the assumption that the electronic wave func-
tions of the coupled states are relatively independent of
the internuclear distance and under the assumption that
the electronic moment operator Me is independent of the
internuclear distance, we obtain

| i?K-|2 = I « T ?„.„-, (3)

where (?„-„» = \/φν>φν'άτ\2 is the Franck-Condon fac-
tor, and (R ™ = / φ",Μβφ".άτβ) is the matrix element of the
transition dipole moment.

It has been shown in a series of experimental studies
(reviewed in Refs. 1 and 8) that the assumption that the
dipole-moment matrix element is indpendent of the in-
ternuclear distance [in accordance with (3)] turns out
to be incorrect in several cases. In such cases there is
the problem of taking into account the dependence of the
dipole-moment matrix element on the internuclear dis-
tance, Re(r). Essentially no theoretical calculations of
Re(r) have been carried out, and a variety of semi-
empirical methods have accordingly been proposed for
determining Re(r) (Refs. 9-12,14,15,18,19). The r-
centroid method has been the predominant method.9'11

The more rigorous approximate approach for finding
Re(r) which was proposed by Jain and Sahni (Ref. 14 and
others), Cartwright,18 and Rapoport et al.19 has yet to be
used in practice. The situation can be summed up well
by noting that of the more than 190 studies of the func-
tion Re{r) which have been carried out over the past 20
years (see the fifth column in Table I) only a few have

used this approximation.14'19

In the r-centroid approximation the following equation
is used:

(4)

where

ry,.»= v-r^.drj j i|vi|y'<ir.

Despite the widespread practical use of the r-centroid
approximation, doubts persist regarding its applicabil-
ity.8·1 3·1 9·2 0 In a recent series of papers,2 1"3 1 there has
been a systematic study of the rigorous criteria for the
applicability of the r-centroid approximation. The most
rigorous measure of the applicability of this approxima-
tion is that the following parameter be equal to unity:

Φί·*- = j ψ.·Γ*ψν drj r\-v f ijvt v~dr. (5)

Using this criterion, Drake and Nicholls21 showed that
the r-centroid approximation is a good one for describ-
ing Re(r) for many classes of diatomic molecules: ox-
ides, halides, and nitrides. For these molecules, the
parameter Φ*,ν» differs from unity by no more than a
few percent. It has been shown that of all the classes of
diatomic molecules which have been studied only in the
case of hydrides are there large errors in the behavior
of Re(rv,v»).

Under the circumstances, all the Re(r) recommenda-
tions in the present paper are based on the r-centroid
approximation, with the sole exception of the Br2 mole-
cule, for which this approximation is not known [be-
cause of the considerations explained below Table I
shows the band strength as a function of the r-centroid,
Se(rv,v..)].

When the r-centroid approximation is used, the Ein-
stein coefficient for a rotational line can be written in
the form

|*
Sj:r (6)

The Franck-Condon and Honl-London factors which
are found theoretically must satisfy certain normaliza-
tion conditions. For the Franck-Condon factors, these
conditions are

The normalization of the Honl-London factors has
been the subject of a continuing discussion in the litera-
ture, 1 · 3 2 " 3 4 · 3 7 because there is no single sum rule for
these factors. Various normalization methods have
been used in the calculations of these factors:

Σ Σ ^SJ.J =K°(2r+i), Σ Σ SSjT=i'(M'
Σ·Σ-ρ·ιΤ J' Σ'Σ-ρ'Ι)" J"

), (8)

where Σ and ρ represent the components of the spin
multiplet and the Λ doublet, while the quantities Κ are
given by

(9a)
(9b)
(9c)

in accordance with the normalization of Refs. 32, 33,
and 37.
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The single-valued relationship between the Honl-
London factors and the dipole-moment matrix elements
deserves special mention. The use of Honl-London fac-
tors normalized in different ways leads to different val-
ues of \Re(rv,v»)\2 which are found from measurements
of the absolute intensities of rotational lines. It is thus
suggested that the band strengths Se(rv>v»), which do not
depend on the method used to normalize the Honl-
London factors, be reported instead of the matrix ele-
ments as a measure of the transition probabilities.
These strengths are given by

e(r,.v.) | a = AT [ R.(rvV) |», (10)

tion coefficient of an isolated rotational line is

where K=K' or K" is given in Eqs. (9a)-(9c).

It is useful to note that in most cases in which the
transition matrix elements are used as measures of the
probability these matrix elements are related to the
band strengths in accordance with (10) and (9a). Here
a distinction is made between the matrix elements in
emission, R™, and those in absorption, Λ*":

· ι w·) I2

.)(2S τ.(Π)

Several papers (e.g., Refs. 38-43) give transition ma-
trix elements which are related to the band strengths in
accordance with (10) and (9c).

In addition to the transition matrix elements, the quan-
quantities Tm,, fi", fi?v,,, / ;", and fl%,. are cited in the
original papers as measures of the probability. These
quantities can be expressed in terms of the band
strength as follows:

Σ Σ s-

«•V
8n'mc

3h'1 (2-β 0 A.)(2S + 1)'

8n'mc 1 '

(12)

(13)

(14)

(15)

(16)

Here (64ir4/3fe = 2.026 · 10'e,8t*mc/3he* = 3.037 · 10-e,
Se(rv»„..)) is expressed in atomic units, (c^e)2, and ν is
in reciprocal centimeters.

Unfortunately, the subscripts "mn" and "tint" are fre-
quently omitted in the papers, making it difficult to in-
terpret the results. This situation is yet another argu-
ment for describing the transition probabilities in terms
of the band strengths Se(rv,VH), since these strengths are
symmetric with respect to absorption and emission.

3. EXPERIMENTAL METHODS

The experimental methods for determining the band
strengths can be classified arbitrarily into two large
groups. The first is based on measurement of the ab-
solute intensities in the electronic-vibrational-rota-
tional spectra of diatomic molecules. The integrated
emission coefficient for an isolated spectral line is

U dv = - ^ vj.j. | B. ( r . v ) |» (17)

!£· v ' · ' -1 R> (18)

InEqs. (17) and (18), ν is in reciprocal centimeters,
\R,(rv,v.)|2 is in atomic units, 16i*c/3 =3.22 ·10- 2 3, and

= 2.64-10"18.

The corresponding equation for the integrated absorp-

In these methods in which absolute intensities are
measured, local thermodynamic equilibrium must pre-
vail in the source of the molecular spectrum. This re-
quirement is imposed because the overwhelming major-
ity of diatomic molecules can be produced in substantial
numbers only at high temperatures and only in mixtures
with other atoms and molecules, so that in practice the
concentrations of the molecules of interest in the initial
state can be calculated only for conditions of local ther-
modynamic equilibrium. Only a few sources meet this
equilibrium requirement: shock tubes, high-tempera-
ture furnaces, dc arcs, and certain types of flames, for
example. These methods have the advantage that they
yield the band strengths directly, and measurements of
various electronic-vibrational bands reveal the behav-
ior of Se as a function of the r-centroid. The basic dis-
advantage of these methods is that the equilibrium com-
position in the source of the molecular spectrum must
be calculated, and these calculations require thermo-
dynamic functions of all the components of the hot gase-
ous medium. The reliability of the absolute probabil-
ities determined by this method depends primarily on
the validity of treating the plasma formed in the sources
as an equilibrium plasma and on the accuracy of the
thermodynamic functions used.

The second and largest group of methods for deter-
mining the band strengths is based on measurement of
the lifetimes of excited states. The lifetime measure-
ments consist essentially of a pulsed (periodic) popula-
tion of the level of interest, followed by a determination
of the parameters of the radiative-decay curve. To
analyze the many versions of this method (the delayed-
coincidence method, the phase-shift method, the beam-
foil method, the Hanle-effect method, the rf-deflection
method, and several others35•38>3T!) would go beyond the
scope of the present review; we will restrict the dis-
cussion to certain aspects of these methods.

In experimental determinations of the lifetimes Tm,
there are several difficulties peculiar to the methods.
In those cases in which an electron beam is used for ex-
citation it is difficult to arrange selective excitation of
certain levels, and cascade population effects must be
taken into account. A second difficulty is that the mea-
sured values of τ^ must be extrapolated to zero pres-
sure, since radiative decay is accompanied by relaxa-
tion through collisions (the effect is to reduce the actual
radiative lifetime) and by "trapping" of radiation (here
the effect is to increase the radiative lifetime). Because
of the complicated nature of the curves of the lifetime
as a function of pressure, it is by no means a trivial
problem to extrapolate to zero pressure. These effects
make it necessary to carry out the investigations at low
absolute concentrations of the molecules of interest, but
then it becomes very difficult to measure the signals.
In particular, it is not always possible to use spectro-
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metric apparatus of adequate resolution. The super-
position on the spectrum of interest of the spectra of
other particles may be unavoidable in such cases, and it
may lead to important systematic errors, in the same
way that the extrapolation to zero pressure and the oc-
currence of cascade transitions do. In studies of meta-
stable levels the diffusion of molecules out of the excita-
tion zone must also be taken into account. Finally, we
should emphasize the fundamental problem of disting-
uishing between τΛά and rBni, which arises in a study of
predissociation states.

The basic advantage of these methods is that they do
not require knowledge of the number of radiating mole-
cules [see (12)], so that it is possible to avoid the pri-
mary source of systematic error which afflicts the ab-
solute-intensity methods. This is the reason why it is
these methods which have been used recently to deter-
mine the transition probabilities of most diatomic mole-
cules. These methods are becoming particularly at-
tractive because of the development of a variety of mut-
ually complementary versions of these methods and the
widespread use of laser sources for selective excitation.
Unfortunately, the lifetime-measurement methods are
also inadequate in certain cases. In particular, the val-
ue of Se(rv,v,,) for a particular transition can be deter-
mined from the measurement of rm, only if the proba-
bilities are known for all other transitions from the
given electronic level to lower levels, as is obvious
from (12). In such cases the most effective approach
seems to be to combine the lifetime method with the
more traditional method of measuring absolute intensi-
ties.

In addition to these two primary groups of experi-
mental methods for determining the probabilities for
electronic transitions of molecules, there have been so
far a few attempts to use the Rozhdestvenskii hook
method,44'47 which is an interference method, and the
method of measuring the energy lost by electrons as
they are scattered by the molecules of interest.4 8"5 1

The experimental methods for determining the elec-
tronic transition strengths from the r-centroid can also
be divided into two major groups. The first group in-
volves a study of the relative intensities in the emission
spectra. The excitation conditions are not necessarily
equilibrium conditions in this case, since the popula-
tions N{ do not have to be known if the function Se(rv,v»)
is determined in a progression of bands with t/=const:

ν {Ζ — (19)

In a simultaneous analysis of the intensities of bands
of different progressions, the relative values of
Se(rv,vn) are referred to a common coordinate scale
through a normalization in a common r-centroid inter-
val by the approach described in Ref. 52. The superpo-
sition of bands from different progressions makes it
very difficult to find reliable values for the relative in-
tensities. This superposition problem can be alleviated
to some extent by obtaining a spectrum under nonequi-
librium conditions, with a low rotational temperature
and with only a few rotational lines in each of the bands.
As an example of this latter approach we can cite Best

and Hoffman's study,53 in which the strength of the
Α*Σ - Χ*Σ transition of the BaO molecule as a function
of the r-centroid is determined under the low-tempera-
ture conditions in the upper atmosphere. Other, ex-
tremely promising, approaches are to carry out the
measurements at low rotational temperatures in the lab-
oratory3 8·5 4 and to study the resonance fluorescence ex-
cited by narrow-band lasers.5 5 Yet another method for
taking the band superposition into account in measure-
ments of the relative intensities is to use the "synthetic
line shape" 6 5 ' 5 9 for analyzing the spectra.

A second method for determining how Se varies with
the r-centroid is to measure rm, for various vibrational
levels, but the function Se(rv,v,,) determined in this way
is relatively unreliable, as has been pointed out several
times in the literature.5 8 > e o This method for finding
Se(rv,v,,) has not been adopted widely, and it is apparent-
ly only as an auxiliary method.

We emphasize that the reliability of the results ob-
tained for Se(rv,v..) is governed not only by the accuracy
of the experimental data but also by the reliability of the
Franck-Condon factors and the r-centroids which are
used.

4. GENERAL PRINCIPLES OF ANALYSIS AND
RECOMMENDATIONS OF MOST RELIABLE VALUES
FOR THE BAND STRENGTHS, THE VARIATION OF
THESE STRENGTHS WITH THE INTERNUCLEAR
DISTANCE, AND THE LIFETIMES OF
ELECTRONICALLY EXCITED STATES

Despite the specific features of each of the molecular
systems considered in this review, we have reached our
recommendations on the probabilities for all the transi-
tions by a common method, on the basis of several
principles which we will now discuss.

First, we analyzed each original paper on the deter-
mination of the transition probabilities (we analyzed the
conditions under which the data were obtained, the
methods by which the data were interpreted by the au-
thors, and any criticism of the results which was pub-
lished subsequently). In the work on lifetime determin-
ations, we took note of the pressure range in which·the
measurements were made, the perturbations of the lev-
els of interest by other states, and so forth. In the work
on absolute-intensity measurements, we took note of the
reliability of the thermodynamic functions used and the
validity of the assumptions used in calculating the prop-
erties of the gas. In analyzing the work on the behavior
of the band strengths as a function of the r-centroids we
took into account the reliability of the Franck-Condon
factors and the r-centroids used in finding the functions
Se(rv,v*).

In the next stage, we selected the most reliable depen/
dence of the band strength on the r-centroid, taking into
account the extent to which this dependence agrees with
previously selected reliable data on absolute transition
probabilities. The measure of this agreement is the
standard deviation of the normalization factor found
from the absolute-probability data under the assumption
of some particular dependence. In several cases, as
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TABLE I. Recommended values of the band strengths and dependence of the strengths on the r-centroid.

Mol-
ecule

A10

BBr

BC1

BF

BH

BO

BaBr

BaCl

BaF

Bal

BaO

BeO

Br,

CF

CH

CD

CH*

CN

CO

Electronic trans-
ition, Δλ, nm

Β'Σ'-Χ'Σ*

»5—571

Am—ΧιΣ*
286-310
Al\~l χΐΣ*
261-298
Am—ΧιΣ*
186-210
^4ΐΠ Χ'Σ*
395—460
Α*ίΙ-Χ*Σ*

310—850

Β'Σ*—Χ·Σ+

210—370
CMI—Χ'Σ+

>14—543

CUI-Χ'Σ*505—532
CMI—Χ'Σ*
484—514

2̂JJ Χ·Σ*
528-570
Λ'Σ —Χ»Σ

230-840

Β'Σ —Χ'Σ

418-570

i l l - 8 6 7

<ΡΠβ — a'Tlu

340—785

6"Σ- — a'Hu

1100-2700
g3jj asHu

237—328
Amu Χ1Σ+

672-1549
Ο'Σ+ —Χ'Σ+

231-241

cm,—Amu
339-411

207-222

500—590
ΑίΣ* — Χ»Π
220—296
ΰ»Δ — Χ · Π
Λ«Δ —Χ"Π
431-489
Β'Σ-—Χ·Π
363-449
(7·Σ* — Χ!Π
^ = 314,4

431^489
4 'Π-Χ'Σ
373-480

340—350

437-1500

Β'Σ*—Χ'Σ*
344-460

Α'Π —Χ'Σ*
114—280

£12+ χιχ*
110—115
Β*Σ* — ΑιΠ
412—668

CW — XV*
104-111

368-521

105-108
β»Π—Χ'Σ*

Sg (>Ί,Ί)*), (αο«>2,
range of
Τχ,'χΤ, Α

19.0+5.9) (1—0.46 r ,̂.)*

.50-1.85

.99

.04

.88

.5

.024 (1-0.4584 τ,.,,»)»

.24—1.33

onst(l—1.434 ly,.)·
.30-1.50
-6 37.6

.» 15+25

10.32

,»18.96

.10[1—41.3(rv. t.—2.0268)1]·

.88-2.12

903 (1-2.416 r,,,.

+ 1.905 r}v-O.5Q2r·,..)·
.10-1.70
.0074 (—1+1.2087 ή'

.10—2.55

.115(1—0.1798 r)»

.10—2.55
33±17) (1-0.52 τ,,,.)»
.120—1.488

.65

.40

.38

.38±0.50

.73

.26

.6

0.84+0.16

0.88
0.322+0.024

0.166+0.013

0.288

0.33±0.04

0.24±0.20

0.20+0.12

(0.144+0.041) (1

+ 0.5717 Γ,.,.)·
1.05—1.27
(1.00±0.08) (1—0.03 rvVy
0.95-1.32

(1.68±0.05)10«(l-3.1357rt,,p.

+3.6922 r\,^—1.9205 rj...

+0.3716 r«.r.)'
1.00-1.50
Λ 0.030+0.006

<· (0.133+0.025) (1
+ 1.745 <·„.„.—0.768 r*,,,.;

1.12—1.19
O0.37±0.08

<10.54+0.12

0.22

ίοο = «·7±0.2)·10-'

ϊ , (roo). <ooe>»

roo, Α·)

3.92-10-·
.12+0.35
1.6465

1.0-10-1

1.2-10-1

4.5-10-"

3.5-10-"

2.0-10-»
0.0042
1.2760

-~ 1

4.410-»

3.2-10"1

5.1-10-1

3.3-10-'
1.09
2 0321

3.6-10-'
0.56

1.3521
—

—

3.3-10-·
3.6
1.2937

2.0-10-»

1.1-10-·

5.0-10-"

7.010-2

1.6-ΙΟ"1

1.7-10-»

3.010" 1

3.310-»
5.6-10-»

3.2-10-»

7.010-'

5.610-»

1.710-·

8.810-·

6.4-10-»
0.41+0.12

1.2060
3.610-»

0.93+0.07
i Jaeo1.1D9O

1.2-10-1

0.58±0.02
1.1816

7.9-10-*

2.1-10-»
0.52+0.09

1.177
1.2-10-1

2.2-10-*

6.2-10-»

—

lefer-
enceson
relative

robabil-
ties

70, 71

7 1

7»

13

S6

76

7*

69

99, 100

17

to*

This
paper

1S7

Refer-
ences on
absolute
proba-
bilities

« - 6 4

6»

4 1

41

«6

67

•9

SB, 6»

•S

6t

74

T6

7G

7»

78-84

8 1

1 1

8 1

82, 83

83

81

B7

41, SB

* i

S6, 66,

89,SO,SI,

86 ( t7
eee.This
paper
66, 93

«0,99,100

92,99,100

3B, 101,

103

103, 104,

41, 60,

111—116

e 60, 116,

11S-12S,

«»t This
paper

Λ e * i , 60,
1 116, 118,
I S76, This
J paper

e 6°,This
paper

364-370

•The first row gives the value of/J"; the second gives S.(rnn)!
and the third gives rw. Where the function Se(r,,„..) has not
been studied, the fourth column gives only/?". The value of
/ J " is not given if the information of the Franck-Condon factors
required for the calculation is not available.

Mole-
cule

CO*

cs

CaO

CaBr

CaCl

CaF

Cal

CdH
(CdD;
CIO

ρ

Cus

GeO

H

HBr*

HC1*

HgB

I.

K,

LaO

Electronic tnn>-
rtion. Δλ, nm

176—258
6"Σ-ο>Π
266—383

«·Σ--α·Π
427—543
βι·Σ*—ο»Π
390—860
c'Tl—ο·Π
230—271
<ΡΔ — Λ · Π
377-750

Α'ΪΙ — Χ2Σ*
308-850

^ϊ^ΐ Χ2Σ+

80-316

Β'Σ* — -4»Π
330—420
Am—χιχ*
240-330

•Σ—ΐΣ
730-923
Α'ΙΙ-Χ'Σ*
614—640
Β'Σ*— Χ !Σ*
600—613
cm—Χ'Σ*
380-411
.4·Π—Χ'Σ*
605—637

582-608
C>n—Χ·Σ*
364—395
,4'Π-Χ'Σ*
583—630

515-542

622—670
Β'Σ*— Χ'Σ*
(127-666
Α'Π — Χ'Σ
370-570

Λ·Π —Χ·Π
260—450

220—440 *

485-575

449—472
Ζ)1Π-Χ1Σ
225-332

^Σί-ΧΐΣ*
v g o=90203 cm"1

cnu-x^+
ν — *
i°99081.7cm"

=°ΪΪΟ478.5 cm"

Dmu—Χ^Σ*

=Tl2871 cm"

V = 16619.8 cm"
A'Z* — Χ !Π
326-392

Λ«Σ'-Χ»Π
280-400

Β'Σ — Χ'Σ
320—508

430-840

400—140
£»ΐΣ; — Χ'Σ£
195-346

625-695
Β'Σ* — Χ'Σ*
501-645

range of

4.21+0.25)·10·
(1-0.943 τ,.,.)·

.08—1.16
onst
.23-1.30
.405+0.089

.4

.65+0.43

.18-1.26

1.24+0.38) 10»(—1
+1.738 ν^-0.7454 r»,r.)

!

.07-1.20
(1.39+0.10) (1

-0.53011·,.,.)-
.07-1.34

»0.104±0.016

(0.6+1.4) ( l-0.40r,. t . ) '

1.35-1.75

L-onstexp (—3.58 rt.^.)

1.74-1.92
Μ4.3

». ·>5.2
a . b 3 . 7

»16.3

a, b5.40

"."4.2

>21.9

", >>5.9

"12.4

a, »>5.0

2.4

1.4+2.5
in the interval 277-295)
0.0038

«1.7

"3.8

const(l—0.476 r t V

-0.061 r·,^)
1.62-1.82
(0.027+0.002) (1+6.707 r,.«.)

0.55—0.96

(0.382+0.033) (1+0.748 rvV)

0:58-0.85

0.12

0.16

9.9

4.84·10·βχρ(-9νΓ.)
1.58-1.78

1.14-10" βχρ(-7.2ν^)
1.44-1.82

«3.4

0.16

For U (430-600)
«1.1

•0.3

26+41

2.422-10» (—1.0
+1.74275 r,,,,.
-0.99636 r»,,,.
+0.18803 r».r.)

!

1.60—2.10

.ΤΛΙΙ.
' β ·

(roo). («o«)!

roo, A *)

.94+0.17
1.149

2.210-»

7.810-·

5.710-»
0.65+0.43

A 9 S ^ i1.ZouO

6.2-10-*
0.209+0.064

11782
1.6-10-a

0.218+0.016
1.1449

2.1-10-»

1.1-10-·
(0.86

+2.00) ΙΟ-
Ι . 5576

3.5-10-1

1.310-1

1.410-1

4.0-10-1

1.410-1

1.7-10-1

5.9.10-1

1.710-1

2.9-10-1

1.2·ΙΟ"1

8.1-10-·

—
3.2-10-*

l.l-10-i

2.3-10-1

3.0-10-1

1.38±0.12
0 918

3.2-10-1

1.04+0.09
0.871

5.4-10-*

1.7-10-1

—
0.031
1.5854

1.6-10-·
0.041
1.4216

1.210-1

—

1.4-10-*

3.57 10-*

~ 1

1.6-lO-i
5.3
1.8424

efer-
nceson
elative
robabil
es

7

SB

13

14

6 0

144

146

1 6 1

167

xyi

171

171

173

leferences
η absolute

probabilities

117, ISO,

1 2 4

117, 136,

iae
117

117, 1S6,

12S, 130

131-1S6

133, 131,

137-111

49, 143

6 8

68

68

68

68

68

68

6 8

6B

48

146, 147

160

161

161

48, 162-111

48, 164-167

167

16T

160

IBS

16S

164

1*6f 1«6

167

166

169, 170

110
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TABLE I. (Continued)

Mote-
cule

Li2

MgH

MgO

MnO

N,

Νί

Nil,

NH·

NO

Electronic trans-
ition Δλ nm

C !II—Χ*Σ
435-462
Α^Σ* — χΐΣ*
655—770
Α'Π — Χ ! Σ*
470—610
fill* — χ ΐ Σ *
367—380

ΟιΣ—ΑιΠ
483—520
βίΔ — ΑιΠ
<ΡΔ — α3Π

480-670

B»Ug — Α'Ση

470—1200

c » n u — Β 3 Π .
268-545

Χ·ΣΒ-ΧΐΣ+
210-506

<ιΐΠβ-χΐΣ+
109-260
&ΊΣ+-Χ*Σ£
83—96
6'Π Μ -Χ1Σ+
85—99
Ζ)»Σ* — Β ' Π .
225-291
ΐ ' ΐ Σ — χ ΐ Σ +
λο ο = 95,8
α'ΐΣ;-χΐΣ+
108-200

c>nu-X^J
86-96
Ε'Σ — Α'Σ
213—274
£»Σ—Β»Π
ν Μ = 36691
Ε'Σ — C'n
ν Μ = 6841
β'*Ση — Β'Π
606-892

Am — Χ'Σ
610—950

Β 2 Σ - Χ 2 Σ
280-590

Λ3Π —Χ»Σ"
302-368

&ΐΣ-Χ 3 Σ-
- 4 7 1
t i n —ί>'Σ
~450
cHl —αΐΔ
303-365
άιΣ — ^ Π
~ 253
Α'Σ- — Χ2Π
431-466
Β-Α — Χ 2 Π
- 4 3 6
&>Σ* — Χ 2 Π
273—290
4 S 2* —Χ2Π
195-340

Β2Π — Χ2Π
200-650

Cm—Α'Σ
1205—1235

c 2 n-x 2 n
184—210

Β' 2Δ —Χ 2 Π
140—200
Β 2Σ+ — Α*Σ*
1085-1130

s e CVo"). («o·)*.
range of

Vt" . A

5.08

12.2

2.0

0.34 (-1+3.381 r,.,.
-1.48 r ; .^) 2

1.750—1.835
0.056

0.065
0.10

const (1-3.192 Γτ.ο.
+1.99 !•£,„„)"

1.74-1.90
(92+16) (1-1.278 rt.B.

+0.410 τ\.τ, + 0.02 !•».„.)«
1.1—1.6
(2.49+0.19)10· (-1

+1.9583 rt.,.-0.8602i-|.c.)
2

1.03-1.30

1.724-10-· (-1.173+iy,,..)2

1.08-1.14

3.08-10-· (-1.206+rr,c-)a

1.236-1.413

»(0.34±0.09)·10-«

- 0 . 6

- 0 . 8

1.68

a 0.37

2.2-10-'

a - 0 . 1 2

-4.310-·

-1.4-10-'

-0.9-10-2

0.32

(1.14±0.28) (1-0.463 rv.^
0.9—1.40

(289±3)(1—1.631 rv,v.
+0.704 r·.,.)»

0.974-1.265

0.263±0.012

12.7-10-·

&0.23
b0.09
b0.35
a0.0<!

a, UO.17

a, b0.06

(3.14+0.35)-10s(l
-2.8986rr.,.+2.74995 r*v

-0.8597 rl^Y
1.00-1.20
(1.82+0.12). 10» (1
-2.2352r .,.+1.6551 r ! . „

-0.4024rJ. u .) 2

1-16-1.58
53- 2+45.7

0.36+0.14

b0.il6

12.0+3.3

,m».

(rnn) (ao*)1

™, A ·)

2.1-10"1

5.4-10-1

5.9-10-»

3.0-10-»
0.05
1.7500

2.2-10-»

2.6-10-»
1.8-10-»

6.1-10-»
0.61+0,10

1.2536

5.010-s
3.17+0.24

1.1843

1.5-10-» ι
|Se (rM) '

q (\ jn.j

= ο.υ·ιυ
ro, = 1.8373

6.5-10-·

- 1.7-10-1

-1.710-1

1.2-10-1

6.7-10-·

~3.810- 2

-2-10-·

-2.6-10-'

-2.9-10-5

1.2-10"3

4.2-10"3

0.25+0.06
1.149
3.8-10-"

0.97±0.01
1.097

7.9-10-s

5.r'-10-«

1.6-10-=

4.2-10"3

2.1-10-·-

1.510-3

2.9-10"3

1.6-10-"

2.110-»
0.079+0.00

1.1090

3.5-10-s
0.078+0.05

1.2692

6.6-10-1

1.5-10-=

5.4-10"3

1.7-10-1

Refer-
ncesoni
elative
irobabil-
ties

200

2 0 1

38

802

203

363

20b

I S

233

234

This
paper

This
paper

References
on absolute
probabilities

110

173

174

κ», This.
paper

los

10S

*372,

This

paper

38, 40, S6,
177-186

41, 42, 118,
122, 131,
177, 185,
187-1SQ203

e 201,
This
paper
205-209

2 1 I , T h i s
paper
2 1 I , T M .
paper
212

41, 210,
211

β 213j
This
paper
210, 211

e 209, 214

This
paper

β 373,

This
paper
132, 178,
181, 184,
215-221
3tt, 4 1 , 93,
118, 131,

177, 185,
188, 189,
181, IBS,
181, 196,
li>8, 219,
222, 223,
225-228
Bl, 193,
222,
229-231,

232

1P3, 22Β,
230

1?3, 229,
2 3 0

13Λ

238

236

23 β

44, 46, ITS,
237-249

47, 237,
238, 240,
2&0, 2S1

252, 253

135, 240,
245, 248,
254-256
245

4 1 , 245,
248, 257

Mole-
cule

NCr

Na 2

Nil

o*

OJ

OH

OD

OH"1

OD*

P H

PN

PbO

^_

SIl

so

Sc.0

SiBi

SiC.l

SiF

s;i!

SiH'

i iN

SiO

SnF

SnO

SrBr

Electronic trans-
ition, Δλ, nm

Β 2Σ* — Χ 2Π
170—190
ί 2 Δ-Χ ! Π
145-162
64Σ — α«Π
750-980
α'Π-Χ2Π
320-490
AW — ΧιΣ
120—170

Λ·Σ;-ΧΙΣ+
600—860
£ i l l u — χ ΐ Σ
456-504

Α'Λ — Χ2Δ
642—665
Β2Δ —Χ=Δ
490-626
4 » Σ ; - Χ 3 Σ ^
243—488

Β'Σ- —Χ»Σ"
130—535

ιΠ,,-αΐΔ,,
143
Λ !Π — Χ2Π
194-653

6 ' Σ - - η ' Π Μ

499-853

Λ-Σ*-Χ-ίί
261—411

Λ 2 Σ--Α" 2 Π

4 T v t _ ν : Π

i70—34ιΐ

4 α 1 ί — Λ ' 3 Σ -
-•133— 398
Α'Π-Χ'Σ-
Λ.-.6—3519
Α'η — Χ'Σ
318—360
^ ' Π — ΧιΣ*
237-3UO

Βί-Χ'Σ
398-577

ο''Σ- — Χ3Σ~
24U-711
Α'Σ+-Χ"-Ϊ1
•κ-) ^4Q
Α3~Π — Χ'Σ~
240-203
ΙΡΣ — Χ'Σ
ISO—457

Λ'Π — Χ 2 Σ
574—730
Β-Σ — Χ-Σ
4511—577
Ιί-Σ — Χ-ΪΙ

287-323

Π-Σ - Χ2Π
285-310

.Ί-Σ—χ-η
423-4S-7

«=Σ — Χ2Π
284-321

α ' ϊ - Λ = Π
334-337
Α-.\ — Χ2Π
414,2(0.0)
/ΙΙΠ-Λ^Σ
390—480
Ι'ΛΣ — Χ-Σ
380-53'

^•Π-Χ1^
J10-293
£'2-Χ"Σ
171-200
/1=Σ-Χ2Π,/2

4Β0-630
Α'-Σ-Χ'Π3/2

510-660
Β'Π-Χ'Σ
307—466

Α"-ϋ — Χ 2 Σ

range of
V,r. A

0.32
a0.09

0.06

3.610-'

1.82 (1-0.68 r , .)=

16.2

((2.43+0.04)
+(0.17±0.02)rt,t,)

2

2.5-6.0
«0.42

"0.49

(10.2±2.3).10-».rr.o.-'.«
1.31—1.53

(23.3±1.0)exp (-1.832 r t V .
1.30—1.75

0.15

(3.01+0.94)-10-»(l
-6.934 r l V ) «
1.20—1.40
(9.03±0.78) (1—0.587 rv.v.)
1.05—1.44

(0.706+0.017) (1—0.75 rc.v.;
,-, g | .1

•'O.OC

U.04C ±0.004

0.25

0.21

•10.002

).042Jcxp (0.3568 ro. r.)
1.420—1.630

8.2 (1-0.5408 r t > I.)i
2.020—2.148

:>.5±3.0

0.034

5.5

3.iS2-103(l-i.08rc,t.
+0.282 r«.r.)=

1.651—1.942
11 12.0

•' 3.4

ι nnst-cxp (8.22 (1
—0.4672 r r V , ))
2.10-2.28
•onst-ex]) (12.62(1
-0.483iir,..,,))

.92—2.08
1.5
.62(1-1.735

0.82c\p(12.7(l
—0.6457 .-,..,...))

.454—1.635
• io->

•.1B±O.O8

.08

mst-(l— 1.27rr,r.
+0.412 r».c.)

2

.38—1.71

.3+3.8

J.16 (1-0.1353 ι-,.,.)"
.45—1.61

•unst-(l— 0.5307 rt,v,.)-
.9—2.2
onst-(1—0.5208 r s . v ,) 2

.9-2.2
onst-(l —1.119 rc.v.
+0.35BrJ.I.)

1>
.8—2.2

•Ί7.8

S e O"oo). {aocy
roo. A ·)

1.4-10-2

4.4-10-=

2.3-10"1

2.6-10-s

4.9-10-2
0.101+0.065

1.1248
6.4-10-1

5.5-10-1
8.9

3.2440
5.0-10-»

5 8-10-»

(1.04
+0.23)10-·

1.3500

1.88+0.08
1 37443

1.6-10-2

5.9-10-»
0.175+0.05

1.245
2.1-10-»

0.43+0.04
1.3320

1.2-10-»
" . ' 42+11.00

1.0080
4.1·· 10-»

9.U-li·-'

7.0. !,>~3

5.9-111-3

5.9-10-5

8.71Ή
0.073
1.3215

1.1-10-'
0.046
1.9880

1.95-10-1

7.9-10"4

2.1 10-1

0.29

1.0197
3.0-10-1

1.0-in-1

5.7-10-2

3.5
1.627

1.910-1
8- 8
1.574

9-10"7

3.5-10-»

C.l-10"3

1.6-10-1

3.3-10"1

4.0-10-1

Refer-
ences on
relative
probabil-
ities

268

262

303

This
paper

285

28S

s i

312

313

3 1 1

" 2 3

323

324

J 2 3

J 2 5

3 2 1

326

326

327

Refer-
ences on
absolute
proba-
bilities

258, 269

245

224

41 111

2 6 1

262

2 β ΐ

267

269, 270,

49, 146,
271-282

2B4

2S5, 359

186, 285,
286, 359

4S,Ref. 293
3<;0, . Ί ; !

2 8 8,Ref.29:

•JOB, 3 0 1

ris

3 "5

222

3(»ti •

307

43, 308-
3 1 0

238

3 1 1

43

1 1 0

110

t

64, 310

61

G4

229,
316-31f
3 1 8

310, 320

3 2 1

68
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TABLE I. (Continued)

Mole-

cule

SrCl

SrF

Sri

Hectronic trans-
ition, Δλ, nm

629-690
Β'Σ — Χ'Σ
631-670
C'll-Χ'Σ
399—484
Α'Π-Χ'Σ
646-690
Β'Σ—Χ'Σ
623-660

cm Χ'Σ390-405
Α'Π-Χ'Σ
628-687
Α'ΪΙ — Χ'Σ
618—709
β2£ Λ*2Σ
437-448

range of

νϊ · . Α

a . "6.44

",»4.60

a 19.02

».<>6.54

", ^4.68

» 24.04

a 14.92

=."0.06

ί-οο, A*j

1.5-10-1

1.7-10-1

4.3-10-1

1.6-10-1

1.810-1

5.6-10-1

3.3-Ιϋ-ι

1.4-10-1

Refer-
ences on
relative
probabil-
ities

References
on absolute
probabilities

68

68

63

6S

6 8

68

6 8

68

Mole-
cule

TiO

VO
ZnH

YO

Electronic trans-
ition, Δλ, nm

Cm—Χ'Σ
425-434
CM — X3A
404—630

Α'Φ-Χ'Α
570—865

cl<t>— a1 A

490-580

C42 — Χ*Σ
Α'Π—Χ'Σ
360—522
Α'Π — Χ'Σ
570-680
Β'Σ — Χ'Σ
440-500

range of
r c, „, Λ

".Μ.32

S (r ) = 12 3
5 t(r1 0) = 17.6

5*(r") = 43'7
•S«(rJ0)=--65il

δ_(ΓΜ)-«.β

1.50-1.65

1.1
2.16

13.4

3.7

,mn.
1 e '

~e (roo),(°oe)
riio. A*)

1.5-10-1

1.2-10-1
12.3

1.6590
3.1-10-1

43.7
1.6450

2.75-1Ο"1

10.1
1.6313

1.4-10-"
7.8-10-»

3.310-1

1.2-10-1

Refer-
ences on
relative
probabil-
ities

3SB

328

References
on absolute
probabilities

68

sss

SS8

ass

», 832
117

110

110

Notes. "The calculation was carried out under the assumption ?„»„«· = 6V#V»». "The conversion from Tm, to Se is made under
the assumption that the probabilities for all allowed transitions other than that under consideration are zero. «"The error cited
does not take into account the error in the branching ratio used in the calculations. The value from the corresponding paper,
obtained from relative measurements, is renormalized in accordance with the recommendations of the present review.

TABLE Π. Recommended values of the experimental lifetimes.

Mole-
cule

AlO
Ar,

BBr
BC1
BF
BH
BaBr
BaCl
BaF
Bal

BaO

BeO
Br2

BrCl

C2

CF

CH

CD
CH*

CN

CO

CO*

CS

Electron
state

β»Σ*

•Σ*
ΐ Σ *

Am
^ifl

Am
Am
cm
cm
cm

cm\',l
Am
am

B"n0J

* π β "

Cinj
Β'Σ*

Α'Σ*
ΒΆ
ΑΆ
Β'Σ'

C-Σ*

A'A
Am
Β1 A

Am
Β'Σ*
Am

Β'Σ*
Ο'Σ*
α 3 ΓΙ

ί) 3 Σ*
* * Σ -
α ' 3 Σ *

c»n
ιί3Δ

ΒΤ-Σ*'

Α·-η

4 ΐ Π

τ, nsec

110+180
3100+400
5+11

25.6(0.1)
ia. no—2)
2.8(0—2)
159
8
20+32
23.6
17.9(25)
16.5
356
9400
- 1 0 000
90
280(1), 500(5)
420(20),
1200(27)
110(16).
310(19)
18.510 s

122±19
31.1
16±22(0-3)
19.0(1)
18.8
497+38
304 ± 2 8

(6-26) as a
function of
j
470+50
360+210
230+140
480
8000
01.7 + 4.3
10.42

23.7+1.8
1.9+1.0
(7.7
+2.(1)-10*
55.7+5.0
2000(4)
10300
+81X1(4)
16
7300(1)
97000
52.0+3.9

3820(0)
3610+360(1)
215+508

References

62, 63

265. 333-336

333, 331

65

11

11

66

6B

68, 69

68

β β

68

71

337

3 7 1

75

338

3 3 9

S3, 81

83

82, 63

11

11

36, 66, 89-95

83, 90, 92, B6,

«7

90, 92

66, 92

90, B9, 100

B2, 99, 100

Β fl-

10 1

101,ΙΟβ-108

11, 111, 112,

118-123, 376

11, 118, 376

367, 36M, 370

117, 120, 121

86

117, 125, 126

117

117

130

41, Bl, 118,

123, 131, 137,

132, 134, 136

13, 112

Mole-
cule

jcaBr

CaCl

CaF

Cal

CdH

C I ,

FeO
Cu 2

GeO

GeS

H,

HBr*
HCI*
HgBr
I 2

IC1
IF
K2

Lab

Li 2

LiH
N,

Electron
state

Am

Β'Σ*

cm
.4 !Π

Β'Σ*

c2n
Am

Β'Σ*

Am

Β'Σ*

Am
Β'Σ
'ΪΙα*
Α*Σ, Β'Σ
Α'Π

α 3Π

am

Β'Σ*

CUlu

α'Σ*

d3llu
c 3 l l u

Α'Σ*
Α'Σ*
Β'Σ
Bm0*

£ 3 Π 0 *

Β ' Σ *

Β 3 Π*
υ ' I I
3 Σ *
Β'Σ

C-II

Α*Σ3**

Α'Σ*
Β3ΤΙα

cmu

τ, nsec

34.2(1) 2 Π , / .
33.7(1) = Π 3 :
42.9
33.2 «Π,/,
31.8(1) ! Π , · .
29.4(2) -Π,; 2

28.4(2) *Π, / 2

38.2
25.0
21.9 «Π,/.
18.4 ! I i j / 2 '
25.1
41.7(3) «Π,/,
41.6(5) 2 Π,/ 2

50.9(4)
70
60-300

10000

450
70
30
c(420

-2100). 103

c(625
-3000)-ΙΟ3

0.8(3)

0.6

11.1±1.7
68
1-10·
4400
2000
23
Depends on /
for ι' < 13
103·0.88(20)
ΙΟ3 0.98(32)
ΙΟ3· 1.02(40)
ΙΟ3-9.0(02)
27

15.5
№
10»
11+17
350
34.8
26.9
28.3

18 (ν' > 6 )

31.6+12.7(5)
0500+1500
41.0+2.9

(115

+46) Ί Ο 8

References

68

68

68
88
88

68

68

68

68

68

β β

β θ

68

β β

6 8

116,117
117

3 1 1

312

151

151

322

322

11

11

197,313,311

160

315

162
1β3

161

316-319

167

168
350
351

169, 170
265

110

110

110

173 '

263, 352
16, 186

41,12, 118,
112,131,186,

187-198,310

2ΟΒ-2ΟΒ

Mole-
cule

Ν2*

Ν Η

ND
ΝΗ*

NO

NO*
Na2

NaH
Ne2

O2

0 *

OH

OD

OH*
OD*
PH
PN
PbO
S2

SCI
SH

Electron
state

ΊΥ +
e u
Ε'Σ*

Β'Σ*

Α'Π

ό'Σ*

cm
d l 2 +

Α'Σ-
B'A
C'l*
Α'Σ*
Β'Π

c !n
Β' Ά
ΰ'Σ*

F'A
6*Σ
ο'Π
iiifl

Bl?
Α'Σ*
'Σ*

Amu
1/ιΣ~

Α"-Σ*

Γ2ν+
Α'Σ

Am
Am
Α'Π
Α'Π
Β1

2 Π
Α'Σ*

τ, nsec

14.1

0 9

190-ΙΟ3

13.9-103 (1)

63.1±1.7

77(1)
434+28

17.8-10·
441+92
46
02
1090
930
400
170+44
3100
25.7+15.1
110
21.9±6.0

90
6430(1)
c 160-10»
54+33
12.2(1)

7.5
24.0(3)
5.9+9.1
25-ΙΟ3

693±216
1130+100

773+47

D 1

77Ο±6Ο

850
1010
440-10»
227
1500
18.6±14.0
10.2 (?)
2S0

References

212

11

209, 214

2 1 β

3β, 41,93,118

131, 139, 110,
185, 1SS, 18β,

191, 192, 194,
180,188, 318,
222, Z26-22S
353

ΒΙ, 183, 222,
229, 330
232

1Β3. 22S, 230
235

236

236

236

2 3 β

211-219
42.Ϊ4Ε

215

41, 2l5 ( S1B,
2iT

245

260

41, 111
261

262
264
265, 2ββ
283

265, 359

18ti, 2β5, 266,
359

28Τ-28Β, 291,
292, 29S-2S9,
351
301
26Β, 295-217,
299, 304
23(ί
305

222
306
30:
13, 300, 310

13

298

Mole-
cule

SD
SH +

SO

ScF

ScO

SiF
Si Η
SiD
SiO

SiO+

SiS
SnO

SnS

SrBr

SrCl

SrF

Sri

TiO

Xe 2

XeF
XeO
VO
ZnH

ZnD

YO

Electron
state

A*n
Aan
Β3Σ~
£ ! Π

Α2ΐ1 /
ΑΖΏ
fi2232

Α*Σ+
^»Δ
Α*&
^^Π
£ ΐ χ
ίϊ 3Π

?
α3Π
α3ΙΙ

α'Π

A2Ht ο
Α'Π3/1

Β'Σ
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4"-π3/2
Β 2 Σ
ί-"2Π1/2

C2n3/2

A'Tli/o
Α'Π,'.
Α:η"'

Β'Σ3 *
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ο3Σ+(Ι,,)

Α'Σ*ίΟ*)
u u

ί^ΣίίΙ^)
Β·Σ*(Ο*)

is'"
2π,/2

42ίί[/22

Ϊ 2 Σ 3 2

τ, nsec

280
1080
12.4
17.3
1.1-10»
1·105

35.9
27.0
33.3
230
700
680
9.6
10.5(1—7)
c 4.8-10*
8.3 (?)
c 2ίΙ-10β
c (110-
-320)· ΙΟ»
c (230-
-570) -103
34.3(3)
33.2(2)
42.2(3)
30.3(1)
28.2(1)
31.3(1)
30.4(1)
38.8(1)
26.1(1)
26.0(1)
31.3(1)
30.4(1)
43.3(6)
41.9(10)
46.0
30.0(8)
17.5
37

60

2

150

500

18+13
100
415
77
73
76
75
33.0
32.3
30.0

References

20S, 953
23Β

3 1 1

13

371
371
110

110

110

336, 357
229

229

319

321

3 2 2

319

3 2 2

322

322

(98

68

6 8

β β

88

68

68

68

6 8

6Β
68

68
ββ
32»
178

330, 331

330, 331

330, 331

330,331

3β1, 362
358

5, 333
147

L4T

1 1 1

117

1 1 0

1 1 0
110

Note. cThe lifetime is determined in a low-temperature matrix.
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the result of a joint analysis of the data on the absolute
and relative probabilities, we have found new functions
Se(rv,v,,), which we believe are more reliable than those
in the literature [for the (4+) system of CO, for the
Schumann-Runge system of O2, and for the γ and j3 sys-
tems of NO].

Since different quantities are used in the original pa-
pers as measures of the absolute probabilities

[/π-./Κ-.τ,',β,ίν,-), l*r(»V.»)l2. №(r....)\*], we
converted everything to values of Se(r0 0) on the basis of
the function adopted. At this point we examined the val-
idity of converting the lifetimes into values of Sjr^).
In particular, the reciprocal of the lifetime was adopted
as the Einstein coefficient of the transition only if the
selection rules permit only a single transition from the
level of interest to all lower levels. In calculating the

quantities Σ»»Se(»·„.„.')<?» ν ^ ·«' i n (12)> w e t r i e d t o

carry out the summation in accordance with the require-
ment Σν" Qv'v" = *· I n those cases in which the conver-
sion from rm, to Sgir^) required an extrapolation of the
function outside the range in which it had been deter-
mined, we considered whether this extrapolation might
lead to a physically meaningless result.

For each study, we calculated a single value of
Sgir^), averaged over all the measurements of that
study. In other words, regardless of the number of
electronic-vibrational bands used in determining the
absolute probabilities in the given study, or regardless
of the number of vibrational levels used in determining
Tmt, we converted all these values to values of S^r^)·
These values were averaged, and the result was as-
cribed to the given study. In these cases in which a
given author was involved in obtaining several experi-
mental results on the probability for some transition,
and there was a significant difference in the results, we
considered only the most recent result.

Our experience with the literature on electronic tran-
sition probabilities have convinced us that the variation
in the nature of the errors from study to study makes it
impossible to construct any scale of statistical weights
by year, by experimental method used, or whatever.
Accordingly, in recommending absolute probabilities
for electronic transitions we assigned equal weights to
the results of all the selected studies, and we assumed
that these results were in a normal distribution with re-
spect to the actual value. We found that the discrepancy
between the results of different studies frequently does
well beyond the errors cited; in other words, these
cited errors do not tell us the actual accuracy of the
data, so they cannot be used to introduce statistical
weights.

The values of S, (rM) were calculated from

(20)

where η is the number of original papers which we used.

If the results of certain studies differed from the
average value found by more than 2σ (σ is the standard
deviation), these results were discarded. The resulting
values of StnJro^i are shown in the fourth column of Ta-

ble I, and the papers used in finding these results are
listed in the sixth column.

The errors of the recommended values, ε, were cal-
culated with the help of Student's coefficients81 i^.j for
a confidence interval or = 0.95:

' n(n-i) I " - 1 '
(21)

, = S, r e c(r0 0)-S,J(r0 0).

If a normalized function Se(rviv») is recommended, the
corresponding error ε is also given for the normaliza-
tion factor (in the third column in Table I). Where the
recommendation is based on a single study, no error is
indicated for the recommended values in Table I. In the
third column, underneath the recommended dependence,
is the r-centroid interval over which this dependence is
determined. In the fourth column, underneath the rec-
ommended value of S^r^,) is the r-centroid for the 0,0
band.

In all cases in which the function Se(rv,v«) was not
studied, or no recommendation could be made, the cor-
responding values of τ № , were converted to values of Se

under the assumption Se(rv,vi,) = const, and the third col-
umn shows the recommended value of Se, which is an
average for the entire electronic transition.

We have also felt it useful to show (in the fourth col-
umn of Table I) the recommended values of the electron-
ic transition oscillator strengths/™", as calculated
from Eq. (14).

Since data on the lifetimes of the excited states are in
large demand, we give recommended values in Table II.
The recommendations regarding r m , are based solely on
an analysis of papers reporting experimental measure-
ments of the lifetimes: No theoretical calculations and
no measurements of absolute intensities have been used
here. As a rule, Table II shows lifetimes for the zero
vibrational level. If this level has not been studied, we
recommend a value of Tm, for the lowest-lying level
which has been studied, and this level is specified in
parentheses along with the recommended value of τψν,.

In conclusion we note that in the course of writing this
review it was necessary to compile a system of com-
ments regarding the particular features of each of the
molecular transitions considered. Because of space
limitations, we cannot reproduce all these comments
here, even in a very abbreviated form. For the same
reason, we do not give the complete bibliography of all
the papers which we read (more than 1000); the only pa-
pers cited are those from which we used data in gener-
ating the recommendations in Tables I and II. The com-
ments and references which we have omitted here are
all included in a monograph by the authors, Probabilit-
ies for Optical transitions of Diatomic Molecules,
which is to be published (in Russian) by the Nauka pub-
lishing house in 1979.

We offer our sincere thanks to A. D. Smirnov for car-
rying out many calculations whose results were used in
compiling this review.
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NOTATION

Anm- Ε instein coefficient for emission,
sec'1

Oo = . " . - first Bohr radius, 0.529 · 10"8 cm

a^e - product of the first Bohr radius
and the electron charge,
2.5416 · 10"" g»/2 -cm^/sec

/?"ΐ/Γ»/Γ'" »./ί"ν« - oscillator strengths for the entire
electron transition (in absorption
and emission) and oscillator
strengths of the individual elec-
tronic-vibrational bands (in ab-
sorption and emission), dimen-
sionless quantities

v, J, S-vibrational, rotational, and spin
quantum numbers

Λ, Σ - quantum numbers giving the pro-
jection of the orbital angular mo-
mentum and spin of the electrons
onto the internuclear axis

Λ - the smaller of the two values of Λ
of the coupled electronic states

•jv - spectral emission coefficient,
erg/(sec *cm3 *sr)

Kv - spectral absorption coefficient,
cm'1

Nt - population of level i, molecules/
cm3

qv,vn - Franck-Condon factor, dimen-
sionless

|Λ^"|2, \R2m\2 - square of the dipole-moment ma-
trix element of the electronic
transition in absorption and
emission, atomic units, (a^e)2

δ - Kronecker delta
ρ-transition wave number, cm"1

rm. - lifetime of the excited elec-
tronic-vibrational state; all
lifetimes in this review are
given in nsec

Φβ, * „ , * / - electronic, vibrational, and rota-
tional wave functions
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