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VIBRATIONAL STRUCTURE OF THE B--X SYSTEM OF 

ISOTOPIC Ago MOLECULES 
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ABSTRACT 

Spectra of 107Ag'80 and '07Ag160 molecules have been obtained in a low-pressure 

arc in oxygen atmosphere, and recorded with medium dispersion. Vibrational assignments 

for the bands of B2rI-X*rI system were verified by the study of the oxygen isotope 

effect, and the vibrational constants were obtained for the states involved in transitions. 
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876 BOJOVIC ET AL. 

INTRODUCTION 

The gas-phase emission spectrum of Ago has been earlier reported by Loomis and 

Watson’, Uhle? and Griffiths and Barrod. Emission bands were observed in ultraviolet, 

blue and near-infrared regions. The B’II-X’II (340-370 nm) and A%-X’II 

(410-480 nm) systems have been a n a l y ~ e d ~ . ~ .  The nature of the ground X’IX state has been 

discussed in detail by Cheetham and Barrow4 and Griffiths and B a r r o d  ’. 
The matrix isolation technique enabled Griffiths and Barrow’ to observe (0-0) 

bands of the (A-X) electronic transition of isotopic Ago molecules. In a recent paper 

VujisiC at al.6have studied the isotope shifts and vibrationally analyzed the (A-.X) system 

of ‘ 0 7 ~ g ’ s ~  molecule. 

Recently O’Brien et al.70bserved A’X+-X’IIl transition of Ago that occurs in the 

near-infrared between 8 000 and 8 600 cm-’. 

The group of very weak complex bands obtained in emission in the spectral region 

were tentatively attributedto the Ago molecule, but the emitter remained of 550-650 

unidentified with certainty up to now. 

In the present work, the B-X system of lo7Ag”0 was vibrationally analyzed for 

the first time and obtained constants, using isotope shifts relations, compared with those of the 

107 Agl6O molecule. F-C factors of 1°7Ag’60 were calculatedusing the present and 

Uhler’s data’. 

EXPERIMENTAL DETAILS 

The apparatus and technique used to produce the spectra of the Ago molecule 

have been described in a previous publication6. The emission spectra of Ago were excited 

in a lowpressure arc in an ordmary atmosphere in oxygen-18. The spectra were 
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ISOTOPIC Ago MOLECULES 877 

photographedwith a 2mZeiss PGS-2 spectrograph using the first order, double passing of a 

600 grooves/mm plane grating which gave 0.25 nm/mm dispersion. Ilford HP5 film was 

used to photograph the spectra. The exposure times with a 40 pm slit width of the 

spectrograph, varied from 15 to 30 min. 

wavelength standards. The accuracy of the measurements for unblended bands was better 

than 0.5 cm.'. 

Spectral lines from a d.c. iron arc were used as 

RESULTS AND DISCUSSION 

The B-x System ofthe '07Ag'6~ 

The B'II-X'II emission bands of AgI6O are situated between 340 and 370 nm, 

and include Av = Of1 sequences. Double-headed bands degraded to the Violet, with PI and 

Pz branches forming the heads in the ZI'Il-zI'I~n and zI13-zI13n sub-system, 

respectively. A total of 20 bands have been measured. Our measurements of the bands 

agree well with those given by Uhle? and partly with those by Loomis and Watson'. Table 

1. gives a complete list of all detected '07Ag160 bands. 

The bands are situated along a narrow Franck-Condon curve, with most intense 

(0,O) bands. The distribution of the relative intensity of the observed bands in the system, 

was verified by the computation of the Franck-Condon factors (F-C factors). The 

spectroscopic constants (ae, aese and Be) for the computation are taken from the present 

analysis (Table 3.) and Uhler's data*. The constants B', for the upper B state have been 

calculated by using an empirical relation wesJa. - aJB, *. Because of the approximate 

nature of B', the F-C factors are not expected to be very accurate, but reflect the general 

trend of the intensity distribution. The computations have been performed by using the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
1
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



878 BOJOVIC ET AL. 

TABLE 1. Band heads and isotope shifts of the B-Xsystem of Ago molecule (cm-') 

-2 

5 - 4  

6 3  

2-1 

1- 0 

1-1 

obs CalC 
28716.8 (l)b'd 28689.4 (-8)d -27.4 -27.2 
28664.3 i 3 j b . O  
28742.8 (0)' 
28684.5 (0)' 
28733.1 (2)b*d 
28677.0 (l)b," 
28693.7 (l)b,d 
28643.9 (2)b,0 
28664.3 (0)b,d 
28617.0 (4)'*' 
28179.4 (l)b.d 
28133.3 (2)"" 
28137.5 (0)b.d 

28637.0 (-19 
28717.7 (4)d 
28659.8 (0)' 
28708.0 (4)d 
28651.1 (1)' 
28667.4 (7)d 
28617.2 (0)" 
28636.6 (-6)d 
28591.3 (3)" 
28176.5 (0)d 
28131.1 (0)" 
28136.7 (5)d 

-27.3 
-25.5 -25.2 
-25.5 
-25.0 -26.5 
-25.9 
-26.3 -27.3 
-26.7 
-27.7 -26.7 
-25.7 
-2.9 -2.9 
-2.2 
-0.8 -1.1 

a Data taken from our measurements. 

bData taken from Ref. 2. 

'Pi Bandheads of 21&n-211~n ~ u b - ~ y ~ t e m .  

dP2 -Bandheads of 'FIN -'rrU, subsystem, 

The numbers in brackets denote (vob - v,a) in units of 0.1 mi' 

modified program developed by Felenbok'. The method is based on the assumption that the 

upper B211 and lower X*II state follow the Morse potential curve. Table 2. contains the 

F-C factors (q .,+-) and relative intensities of the detected bands. It is apparent from the 

comparison that the relative intensities follow the calculated F-C fictors. Taking into 

consideration the spectral response of the photographic emulsion, the predicted relative 

intensities based on the F-C factors, are in reasonable agreement with the experhentally 

observed intensities. 
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ISOTOPIC Ago MOLECULES 879 

TABLE 2. Franck-Condon factors for B-Xsystem of 'O7Agi6O 

v ' \v" I  0 1 2 3 4 5 6 
0 I .727+0 .274+0 ,250-1 .443-3 * * * 

10 4 
.220+0 .362+0 

4 3 
,452-1 .276+0 

4 

2 
,723-2 .905-1 

* ,197-1 

* .316-2 

.362+0 .547-1 * * * 
3 

.182+0 .414+0 .813-1 * * 
4 

4 4 
.226+0 .949-1 .439+0 .100+0 * 
.123M .235+0 .539-1 .456+0 .110+0 

4 
.339-1 .141+0 .199+0 ,359-1 .473+0 

6 1  * * .653-2 ,469-1 .149+0 .168+0 .301-1 
Upper entry: q,w. the sign and final digit indicate the power of 10 to which the entq should be raised. 

* F-C factors < ,001 

Lower entry: Intensities in the Table are estimated on a scale of ten. 

The B-x System ofthe l o 7 ~ g i 8 o  

The outstanding bandheads of the lo7AgiSO isotopic species are given in the second 

column of Table 1. In a11,IO bands of this molecule have been measured in the region 

340-370 tun. The observed intensities of the band heads are in accordance with those 

expected for the ZII-zII transition ; double-headed bands with the separation of about 

47 cm-', degraded to the violet. These bands are appreciably shifted from the 

corresponding bands of '07Agi60 molecule. 

c01umns 3 and 4 (Table 2) give the values for the vibrational isotope shifts observed 

experimentally and calculated by using the first order isotope shift equation : 

v' - v = (p-1) 10'. (v'+1/2)- w". (v"+1/2)]" 

The vibrational constants we of the BzII and X*II state of '07Ag'60 molecule from the 

present analysis and reduced mass constant p = [p( 107Ag'60)/p(107Ag'80)]1n = 0.95034 
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8 80 BOJOVIC ET AL. 

were used. Only the vibrational numbering scheme given by Uhler, gives good overall 

agreement between experiment and calculation, thus establishing the vibrational 

assignment of the bands. 

As the vibrational constants of the upper and the lower states are rather close to 

each other, the expected isotopic separation vi-v for the '''Ago - lo9Ag0 molecules for 

the Av = 0 sequence lie within the experimental error of the measurements of band heads. 

Since the intensity distribution in the system follow a narrow Condon parabola, the higher 

sequences with Av = f2, which are favorable for the study of the isotope effects, are too 

weak to be observed. 

Molecular Constants 

The analysis was performed for more abundant isotopic species 107Ag'60 and 

Ag''0. All detected bands fit into a simple Deslandres scheme. Following Uhler's 

analysis, the vibrational levels of the upper and lower states can be represented by the 

quadratic vibrational equation': 

1 07 

G(v) = 0, (~+1/2) - (~+1/2)' 

The values of a, and for the electronic states involved in transition, as well as the 

system origine v, were calculated using the data of all band heads in a nonlinear least- 

squares procedure. The vibrational constants with estimated errors for observed electronic 

transitions of the Ago molecule have been collected in Table 3.. The v d  for the bands 

obtained with these constants, are included in Table 1. Constants for the lo7Ag160 molecule 

are compared with the previous results. Good agreement with the results of Uhler is an 

evidence for accuracy of the measurements and the correctness of the analysis. 
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c 1 *  P i *  * * *  

h 

c? 
4 

e g g  4 
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882 BOJOVIC ET AL. 

The vibrational constants for '07Ag180 derived directly from the spectrum are in 

good agreement with those calculated on the basis of the isotopic relation using the 

constants of the 107Ag'60 obtained in the present work and Uhler's data'. 
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