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A rotation-vibration analysis of the CaFB2Z+- X2Z+ system is reported. Excitation spectraof 
C a F  are recorded with a cw. I MHz bandwidth. dye laser combined with restricted-bandpass (2 
A) fluorescence detection. The accuracy of line measurements is 0.003 c m l .  Nine bands in the 
Au = 0 sequence are analyzed (u" = 0-2,8,9. 12- 15) and selected lines in four Au = - I bands (c" = 
1-4) are used to obtain band origins needed for the vibrational analysis. The main constants ( l a  
error in parentheses) for the C a F  B2Z+ state are: T,= 18 841.309(3) cm-I. B,= 0.342604(7) cm-I. 
o, = 572.405(36)cm-I, a,, = 0.002630(6)cm-I, o,~, = 3 . 1 4 3 ( 1 3 ) ~ m - ~ ,  R,. = 1.955A. The B2Z+ 
state is found to be in pure precession with A 2 n  with I = 1. 

On presente une analyse rotation-vibration du systkme B2X+-X-X+ de CaF. Les spectres 
d'excitation de C a F  ont ete obtenus en utilisant un laser a colorant, a onde continue et de I MHz 
de largeur de bande, en combinaison avec un detecteur de fluorescence B largeur de bande limitee 
(2 A). L a  precision de la mesure des raies est de 0.003 cm-I. Neuf bandes dans la skrie Au = 0 sont 
analysees (c" = 0-2. 8. 9, 12-15); et des raies choisies dans quatre bandes Au = -1  (u" = 1-4) 
sont utilisees pour obtenir les origines des bandes requises pour I'analyse vibrationnelle. Les 
principales constantes de I'Ctat B2X+ sont (avec la valeur de I'ecart a entre parenthkses) : T ,  = 
18 841.309(3) cm-I, B,= 0 .342604(7)cm1,0 ,=  572.405(36) c m l ,  a,= 0.002630(6)cm1.0,.~,= 
3.143(13) cm-I. R ,  = 1.955 A .  On trouve que I'etat BZX+ est en precession pure avec A T I  pour 
I =  1. 

[Traduit par le journal] 
Can. J .  Phys.. 58.703 (1980) 

Introduction 
The first complete vibrational analyses of the 

CaF P C + ,  A 2 n ,  and B2C+ states were reported by 
Johnson (1) in 1929 followed by Harvey (2) in 193 I. 
It was not until the advent of the tunable single 
mode dye laser, a lapse of over 40 years, that a 
correct rotational analysis of the A 2 n  - IT%+ (0,0), 
(0,l). and (1,O) bands appeared in 1975 (3). Recent 
Microwave-Optical Double Resonance (MODR) 
experiments on the A-X system by Nakagawa et 
(11. (4) and Optical-Optical Double Resonance 
(OODR) measurements involving the X, A, E, and 
E' states by Bernath and Field (5) improved the 
accuracy of the A and X state constants. 

We present a complete rotational and vibrational 
analysis of the B2C+-PC+ system for selected 
bands of the A u  = 0 and - 1 sequences up to u' = 15 
and u" = 15. Previous analyses of the system by 
Mohanty and Upadhya (6), Khanna and Dubey (7), 
and Nanda and Mohanty (8) are shown to be incor- 
rect. 

The B-X system spans the wavelength region 
5 145-5500 A and consists of closely spaced bands 
comprising the A u  = 0, 1, and - 1 sequences. Be- 
cause the internuclear distances and potential 
curves are nearly identical for the two states, one 
finds only an intense A u  = 0 sequence and weaker 
A u  = f 1 sequences. The A u  = 0 and + 1 bands 

display double heads shaded to the red (2) while the 
A u  = - 1 bands appear to be headless. The double 
heads can be explained by the large spin-rotation 
constant of the BZC+ state, which has been deter- 
mined from our analysis to be in pure precession 
with the A Z n  state. The result is complete separa- 
tion of the four main branches (P,, P,, R , ,  and R, as 
expected for a 2C-2C transition) of each band. 
Nearly identical rotational constants for the X and 
B states result in bandhead to origin separations as 
large as 15A for the (0.0) band compared to 6 A  
separations of successive bandheads in the A u  = 0 
sequence. The large head-origin separations, com- 
bined with the small spacing of heads within a se- 
quence, result in extensive band overlap which 
renders an analysis using classical spectroscopic 
techniques a formidable task. The main problem is 
to separate lines belonging to a single vibrational 
band and to correctly identify and number the rota- 
tional branches belonging to a particular band of a 
sequence. As an example, we observe for u  > 0 in 
the A u  = 0 sequence typically 12 strong lines per 
reciprocal centimetre with Doppler widths 
(FWHM) on the order of 0.023 cm-'. Usually 
strong lines from at least three different members of 
the A u  = 0 sequence can be found in 1 cm-' of the 
spectrum. 

The method we used in our experiments involves 
0008-4204/80/050703- 10$01 .OO/O 
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excitation of the CaF B-X system by scanning a 
cw, narrow band (< 1 MHz), single-mode dye laser 
over consecutive 1 cm-I intervals and detecting the 
resultant fluorescence through a moderate resolu- 
tion monochromator functioning as a narrow 
bandpass filter (typically 2A spectral width). The 
method described is similar to that employed by 
Demtroder (9) and Linton (10) used in the analyses 
of NO, and YO spectra, respectively. Two impor- 
tant advantages of narrow band detection vs. total 
fluorescence detection are: (I)  elimination of de- 
tected scattered laser light and chemiluminescence 
which results in enhanced signal-to-noise ratio in 
the excitation wectrum. and (2) in the case of the ~, 

CaF B-X system, the excitation spectrum ofthe A u  
band of interest is simplified by exclusion of other 
bands simultaneously excited by the laser. 

Experimental 
CaF was produced in a Broida-type oven (1 1) by 

the reaction of SF, with calcium metal vapor pro- 
duced by heating calcium metal in an alumina 
crucible and entraining the vapor in flowing argon 
at pressures typically 1-2 Torr. The Ca-SF, reac- 
tion is very exothermic with an estimated enthalpy 
of -36.5 kcal/mol (12, 13). As a result, high vibra- 
tional levels of the X state were significantly popu- 
lated. This allowed us to observe, in a broad band 
dye laser (I A FWHM bandwidth) excitation spec- 
trum, bandheads from the A u  = 0 bands as high as 

= 25. Insufficient single line fluorescence inten- 
sity limited single-mode dye laser excitation to 
levels not much higher than u"  = 15 in the A u  = 0 
sequence. 

B-X fluorescence was excited by a Coherent 
Radiation Model 599-21 dye laser (< I MHz 
bandwidth) operated with rhodamine 110 dye 
pumped by 4 W all lines from a CR-3 argon ion 
laser. It was necessary to adjust the pH of the dye 
solution, which is normally pH6, up to pH7 in 
order to achieve single mode operation in the 
wavelength region 5296-5380 A. The pH of the dye 
solution was increased by the addition of a com- 
mercial pH 10 buffer solution containing a mixture 
of potassium hydroxide and potassium carbonate in 
water. The buffer solution was slowly added to the 
circulating glycol-dye solution until a final single 
mode output power of 20 mW from the dye laser at 
5296A was achieved. The resultant CaF B-X 
fluorescence is dispersed through a Spex Model 
1802 monochromator and detected by a dry ice 
cooled Hamamatsu R818 photomultiplier tube op- 
erated at 600 V. 

Excitation spectra for the A u  = 0 sequence were 
obtained selectively, two branches of a given 
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vibrational band at a time. The single mode dye 
laser was scanned through the selected branches 
(e.g., R, and R,) in I cm-I intervals and fluores- 
cence was detected exclusively in the other main 
branches (e.g., P I  and P,) which arise from the 
desired u '  and restricted range of N'. J' levels. The 
monochromator wavelength setting and the spec- 
tral band width were adjusted to eliminate extrane- 
ous lines from other (u', u") transitions and yet 
allow a large enough bandwidth to observe a 
sufficient number of rotational lines over several 
1 cm-I scans without the need for frequent read- 

justment of the wavelength setting. For A u  = - 1 
sequence excitation scans, the monochromator 
was set to detect fluorescence in a rotational branch 
of the corresponding A u  = 0 sequence band which 
is much stronger than that in A u  = k 1 bands. The 
fluorescence excitation spectrum is calibrated with 
respect to I, BO,+ - X1Z$ lines (14) by simultane- 
ously recording I, and CaF excitation spectra along 
with etalon fringes from a 750MHz free spectral 
range semi-confocal Fabry-Perot. This allows the 
line positions to be measured to a relative precision 
of k0.002 cm-I and an absolute accuracy of 
k0.003 cm-I. The absolute wave numbers of the 
line positions and band origins listed here have not 
been corrected by subtraction of O.OO56cm-I as 
suggested by Gerstenkorn and Luc (15). 

Results 
A list of the measured line positions fitted to 

obtain molecular constants from the A u  = 0 and - 1 
bands appears in the Appendix. It should be noted 
that the lines indicated as blended, in most cases, 
involve accidental overlap between similar N 
members of different Fl and F, branches (e.g., PI 
and P,) both belonging to the same vibrational 
band. An ordinary absorption or emission spec- 
trum would exhibit far more blends than our selec- 
tively detected fluorescence excitation spectra. The 
few exceptions to this blend-only-within-a-vi- 
brational-band rule involve the (0,0), (1, l), (1,2), 
and (2,3) bands. Laser excitation in the (0,O) and 
(1,l) bands produces extremely bright fluores- 
cence. The monochromator spectral bandwidth 
was adjusted to 2 A for the ( I ,  I) band. At this set- 
ting, a small amount of leakage of (0,O) fluorescence 
was unavoidable. This posed no problem in the 
analysis of the excitation spectrum of the (1,l) 
band. 

I .  Rotational Analysis 
The absolute numbering of the rotational 

branches was established by a procedure involving 
combination differences between the Fl and F, 
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TABLE I. X Z Z +  rotational constants in reciprocal centinietres 

5," D," x lo7 

U" Experimental * Exp. - cal. Experimental* Exp. - cal. 

0 0.342488 - 0.000002 4.50t 
1 0.340050 0.000001 4.50-1 
2 0.337621 (16) 0.000000 4.50.1 
8 0.323300(17) -0.000014 4.73(4) 
9 0.320969(6) - 0.000005 4.73::: 

12 0 .3  13929(53) 0.000097 5.04s  
13 0.311781(13) 0.000045 5 .04(4) 
14 0.309413(35) - 0.000044 5.04s 
15 0.307128(24) - 0.000063 5.045 

'Uncertainties in parentheses represent one standard deviation. 
?Fixed to  Do" in ref. 5. 
$Fixed to  D8" in fit of  line positions. 
$Fixed to D,," in fit of  line positions. 

TABLE 2. BZZ+ rotational constants in reciprocal centimetres 

Experimental * 

0.341285(3) 
0.338677(2) 
0.336074(17) 
0.320691(15) 
0.318172(8) 
0.310594(57) 
0.308284(12) 
0.305750(31) 
0.30331 l(30) 

Exp. - cal. 

- 0.000006 
0.000003 
0.000005 

-0.000014 
- 0.00001 6 
-0.000118 

0.000039 
-0.000041 
- 0.000038 

Experimental* Exp. - cal. 

4.65(2) -0.03 
4.75(2) 0.03 
4.75t -0.01 
5.01(3) 0.02 
4.95(3) -0.08 
5.25::: 0.10 
5.25(4) 0.06 
5.25:: 0.02 
5.25:: -0.02 

'Uncertainties in parentheses represent one standard deviation. 
tFixed to Dl' in fit of  line positions. 
%Fired to D,,' in fit of  line positions. 

component lines of a AN = + 1 or - 1 branch. The 
first combination difference between a P,(N) and 
P,(N) line is (ref. 16, p. 249) 

[I] A v ~ ~ ~ ( N ) = A ~ N - ~ ( Y ' + Y " )  

while, between R,(N) and R2(N) lines, it is 

[2] AvIzR ( N ) =  AyN + 4(3yf - y") 

In both cases the set-otlci combitzntion difference is 
equal to Ay, the difference between the upper and 
lower state spin-rotation constant. For the B-X 
transition of CaF, lyfl>> ly"I and to a first approxi- 
mation the second difference equals y'. For the A 
statep < 0 (refs. 3-5) and, if the A and B states are 
in pure precession, this requires that y' < 0. In 
other words, the P,(N) (or R,(N)) line is always to 
the blue of the P,(N) (or R,(N)) line. The variation 
with N of the separation between consecutive ro- 
tational lines belonging to the same Fi branch is, in 
this case, very small compared to that ofthe AN = 0 
combination difference since IABI << ly'l. With 
knowledge that y' is negative and larger in mag- 
nitude than y" and AB, one may quickly identify 

pairs of Fi branches (e.g., P I  and P,) from a set of 
consecutive excitation spectra. The appropriate y' 
obtained from second differences is substituted 
into either [ l ]  or [2] to establish an absolute rota- 
tional numbering for both branches. 

The line positions for each band of the A u  = 0 
sequence were fit to standard expressions for the 
energy levels of a 2C - zC transition (ref. 16, p. 249) 
by a nonlinear, weighted, least-squares procedure. 
The rotational and band origin constants obtained 
from the fits for the X and B states are listed in 
Tables 1-4. In the fits involving the (0,O) and (1,l) 
bands the B," and y" constants were fixed to the 
values reported in ref. 4 while the D," constant was 
fixed to the value given in ref. 5. The calculated B, 
values were obtained by a weighted least-squares 
fit to the expression 

[3] B ,=B, -a , (u+  1/2)+y, (u+ 1/2), 

and for D, to the expression 

[41 D , = D , + P , ( u +  1/21 

A complete fit of the A u  = -1 bands was not 
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TABLE 3. The BZC+ spin-rotation constants as 
a function of vibrational level in reciprocal 

centimetres 

u Experimental * Exp. - ca1.i 

*Uncertainties i n  parentheses represent one standard 
deviation. 

.tCalculated from the \veighted least-squares fit of y,. 
y,, -= -0.04562(3) -0.00030(1)(1 -I- 112) - 0.0000050(7) 
(,> -1- l / 2 ) 2 ,  

TABLE 4. The B2X+-X2C+ band origins in 
reciprocal centimetres 

vo 

u', u" Experimental* Exp. - cal. 

*Uncertalntles I n  parentheses represent one standard 
d e v ~ a t ~ o n  

performed due to the insufficient number of lines 
recorded. Instead, the Al; = - 1 band origins were 
determined by averaging the difference 

using the rotational constants obtained from the 
A u  = 0 band fits. 

They' constants for the B state are listed in Table 
3. The calculated y, constants were obtained by a 
weighted least-squares fit to the empirical expres- 
sion 

For the X state we did not observe any significant 
vibrational dependence of the spin-rotation con- 
stant. From a trial fit of the (13,13) band, a y" = 
0.0012 + 0.0004 cm-I was determined. A high pre- 

cision value for y" = 0.001287 + 0.000007 cm-' 
was measured for l;" = 0 by Bernath c.t crl. (17) 
using the technique of intermodulation spectro- 
scopy on the A-X (0,O) band. Therefore, we con- 
cluded that the vibrational dependence of y" can be 
ignored and its value was fixed to 0.0013 in all 
subsequent fits. 

2. Vibration01 A17aljlsis 
The vibrational constants for the X and B states 

were obtained from a weighted least-squares fit of 
the A G  = 0 and - 1 band origins to the expression 

[6] To= T , ' + o e f ( l ; ' +  112) 

- 0;' (l;" + 112) - o,'x,' (l;' + 1/2)? 

+ o~~~~~~~~ + 112)~ + oefye1 + 11213 
- o , ~ ~ ~ ;  + 112)~ 

A summary of the molecular constants for both 
states is presented in Table 5. 

3. Estimates ofa,, D,, p ,, ye, ar7d o,~), 
In addition to the molecular constants listed in 

Table 5 obtained from the various fits for the X and 
B states, estimates are also included for the con- 
stants a,, D,, p,, y,, and o,y, for both states. Be- 
cause these particular constants can be expressed 
in terms of B,, a,, o,, and o,x,, using relationships 
derived by Dunham and certain assumed model 
potentials, the estimates, especially for a,, P ,, and 
o,y,, provide a means to determine whether the 
fitted constants have reasonable values. 

The a, and D, constants were estimated using the 
standard Pekeris (18) and Kratzer (ref. 16, p. 103) 
relations, respectively. The 0, constants were cal- 
culated using the Dunham expression ( 19) 

[7] b e -  - Y I 2  = (12Be4/o?) 

x (1912 + 9al + 9rr1V2 - 40,) 

The Dunham cr, and a, coefficients were computed 
using [8] and [9] respectively, listed below. 

[8] a ,  = -a,o,/6Be2 - 1 

[9] cr2 = 5a,'/4 - b,xe/3B, 

But in order to calculate ye  and w ye from [lo] and 
[I 11, respectively, 

[lo] ye - Y2, = (6B?/o," [ 5  + 10aI 

- 3a2 + 5a3 - 13rrlrr2 + 15(aI2 + a13)/2] 

[I I] m y , =  Y30= (B,Vb,)[lOa, - 35a1a3 

- 1 7 ~ 1 ~ ~ 1 2  + 225a 12a2/4 - 705a14/32] 

it was necessary to obtain expressions for the 

C
an

. J
. P

hy
s.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
O

N
C

O
R

D
IA

 U
N

IV
 o

n 
12

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



DULICK ET AL.  

TABLE 5. Equilibrium molecular constants for the B2Z+ and X 2 Z +  states in reciprocal centimetres* 

Fit Calculated Fit 

18 841.309(3) 
572.405(36) 

3.143(13) 
0.0095(15) 
0.342604(7) 
0.002630(6) 
0.0000063 (4) 
4.66(3) 
3.93(56) 
- 

Calculated 

'Uncertainties in parentheses represent one standard deviation. 

Dunham (1, and a, coefficients. Approximate ex- 
pressions for a, and a, in terms of rr, and u2 were 
derived by Jordan et a/ .  (20) from a method, using 
Pade approximants, to construct potential curves 
for ionic molecules. The expressions for (1, and a,, 
obtained from ref. 20, are 

With the exception of the P,constants, reasonable 
agreement is obtained between estimated and fitted 
constants. 

Discussion 
The rotational analysis of the B-X system indi- 

cates that the AZII and B2C+ states are in pure 
precession. From the value of p = -0.04454 cm-' 
reported in ref. 5 for the u = 0 level of the A state, 
the ratio of y,/p, (y = -0.04581 cm-I for v = 0 of 
the B state) is 1.029 and the pure precession relation 
holds to within 3%. A value of 1 = 1.04 for the B 
state is obtained by substituting y, from [5], T,for 
the B state, and the A state Be, T,, and spin-orbit 
constants from ref. 4 into the vibration-indepen- 
dent term of the Van Vleck pure precession rela- 
tion. Thus, it seems that the A211 and B2C+ states 
originate from the 3p complex of the calcium ion as 
suggested in refs. 5 and 21. 

The X state vibrational constants reported in ref. 
5 were poorly determined since they incorporated 
bandhead data from Johnson (1) in their weighted 
least-squares fit. It is not surprising that there are 
differences between the two sets of constants, il- 
lustrating that raw bandhead data from ref. l must 
be treated with caution. 

Franck-Condon factors were calculated for all 
sequences up to v = 20 using standard RKR (22) 
and FC (23) computer programs. The Franck- 
Condon factors for the Au = 0 and f 1 sequences 

are displayed in Table 6. As expected, the Av = 0 
sequence is the most intense followed by weaker 
Au = f 1 sequences. The ratio 

changes from 0.0023 for r; = 1 to 0.30 at u = 19 so 
the vibrational structure becomes appreciably less 
diagonal as u increases. 

We observed no sharp bandhead structure for 
the Av = - 1 sequence, in contrast to the Au = 0 
sequence. A closer look at the rotational constants 
for both states explains this observation. The 
bandhead to band origin separation is inversely 
proportional to AB. For the Au 2 0 sequences AB is 
always negative, resulting in red degraded rota- 

TABLE 6. Franck-Condon factors for the Av = - 1,0, and + 1 
sequences of the lI2Z+-X2Z+ transition 
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tional branches. This is not the case for the A c  < 0 I. R. C. JOHNSON. Proc. R. SOC. London. Ser. A. 122. 161 

sequences. For a given sequence one can write (1929). 
2. A. HARVEY. Proc. R. Soc. London. Ser. A. 133.336( 193 I). 

For the B-X system Aor, > 0 and A B ,  < 0. The 
above equation I-eveals that for Au < 0 sequences, a 
sign reversal of A B  will occur at some value of u. 
Because or,' is slightly larger than AB,,  the reversal 
will occur at fairly low u .  Thus, the bandhead pat- 
tern in a A c  < 0 sequence is violet shaded heads for 
low L., becoming headless at a particular u ,  followed 
by red shaded heads for high c .  For the Au = - 1 
sequence, the bandhead to band origin separation 
for the (0,l) band is already fairly large, approxi- 
mately 15 A, and increases steadily to infinity as A B  
approaches zero. This occurs near the (7,8) band. 
From then on, the bandheads are shaded to the red 
and a steady decrease in bandhead to band origin 
separation is expected. The bandhead intensity is 
diminished considerably because the population of 
the very high N levels where the head occurs is 
essentially zero. This, combined with closely 
spaced sequence bands, results in the nonoccur- 
rence of a sharp bandhead structure. 
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Appendix 
In addition to the blended lines within a band, afew blends between bands were present. The P2(6) line 

of the (1,l) band was blended with P,(28) ofthe (0,O) band. For the (1,2) and (2,3) bands the only inter-band 
blends were those of R,(1) to R,(4) lines of the (1,2) band with R,(17) to R,(20) of the (2,3) band. 

The units are reciprocal centimetres and it is recommended (15) that a correction of 0.0056 cm-I be 
subtracted from all lines. The numbers in parentheses are (observed - calculated) in units of 
reciprocal centimetres. The asterisk indicates a blended line. 
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TABLE A l .  Measured line positions 

Band N R I 
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TABLE A1 (Cotttit~lted) 

Band N R1 
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DULICK ET AL. 71 1 

TABLE A1 (Cotltitz~~ed) 

Band N RI R2 PI p2 

(13, 13) 6 18 586.827(- 1) 18587.215(-1) - - 

7 18 587.370(1) 18 587.808(- 1) 18 578.175(2) 18 578.513(1) 
8 18 587.904(1) - 18 577.475(0) I8 577.865(- 1) 
9 - - 18 576.769(- I )  18 577.209(- 4) 

10 - 18 589.547(1) I8 576.059(1) 18 576.550(-3) 
11 18 589.465(2) 18590.110(-1) 18575.341(2) 18 575.885(- 1) 
12 18 589.969(0) 18 590.667(- 1) 18 574.612(- 1) 18 575.213(1) 
13 18 590.467(0) 18 591.220(1) 18 573.875(- 6)' 18 574.529(-2) 
14 18 590.958(0) - 18573.148(7)* 18 573.853(10)* 
15 18 591.443(1) 18 592.299(1) 18 572.398(3) 18573.148(-1)* 
16 - - - 18 572.448(0) 
17 18 592.388(0) - - - 
18 18 592.848(-2) 18 593.855(-6) - - 

19 18593.304(-1)* 18594.367(-1) - - 

20 18593.751(-1) 18 594.867(0) - - 
2 1 18 594.191(- 1) 18 595.359(0) - - 

22 18 594.624(- 1) - - - 
23 18 595.050(0) - - - 

24 18 595.469(1) - - - 
28 18 597.065(1) 18 598.590(- 5) * - - 

29 18 597.445(1) 18 599.028(1) - - 
30 18 597.816(-1) 18 599.453(2) - - 

3 1 18 598.181(- 1) - - - 

3 2 18598.541(2) - - - 
33 18 598.888(- 1) - - - 

34 18 599.229(- 2) - - - 
3 5 18 599.564(- 1) - - - 

40 - - 18 551.507(0) - 
41 - 18 550.582(0) - - 

42 - - 18 549.649(-1) - 

43 - - 18 550.921(1) - 

44 - 18 604.581(0) - - 

45 - 18 604.888(0) - - 
46 - 18 605.190(3) - - 

47 - 18 605.479(1) - - 
48 - I8 605.760(-1) - - 

49 - 18 606.035(0) - - 
50 - 18 606.300(- 1) - - 

(14, 14) 8 - 18555.516(3) - 

9 - - 18 554.811(1) 18 555.257(0) 
10 - - 18554.101(2) 

- 
18 554.602(3) 

11 - 18 553.381(-1) 18 553.934(0) 
I2 - - 18 522.657(0) 18 533.258(- 3) 
13 - - - 18 552.579(- 3) 
14 - - 18551.192(7)* - 
15 - - 18 550.444(5) * 18 551.192(-9)* 
21 - 18 573.188(- 1)* - - 
22 - 18573.651(-10)" - - 

23 18 572.840(-2) 18 574.126(0) - - 
24 18573.246(-1)' 18574.582(-1) - - 

25 18573.651(7)* 18 575.032(0) - - 
26 18 574.034(2) 18 575.480(7) * - - 

27 18574.414(1) 18 575.905(-2)* - 

28 18 574.788(1) 18 576.328(-5) - - 

29 18 575.152(0) - - - 

30 18 575.500(-9)" 18 577.164(4) * - - 

31 18 575.866(7) * 18 577.564(2) - - 

32 18 576.196(-4) 18 577.956(0) - - 
33 18576.533(-1) 18578.344(2) - - 

34 - - - - 
35 18 577.164(-12)* - - 
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TABLE A l (COIIC/IIC/~~) 

Band N R 1 R 2 PI pz 

(15,15) 6 
7 
8 
9 

10 
I I 
12 
13 
14 
16 
17 
18 
19 
20 
21 

8 
9 

10 
11 

(1,2) 1 
7 - 
3 
4 
5 

(2,3) 5 
6 
7 
8 
9 

17 
18 
19 
20 
21 
22 

(334) 10 
11 
12 
2 1 
22 
23 
24 
25 
26 
27 

'Blended line. 

C
an

. J
. P

hy
s.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
O

N
C

O
R

D
IA

 U
N

IV
 o

n 
12

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 




