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Running title : Line intensities of PH3 at 10 pm 

ABSTRACT 

i 

Over 1000 measured b e  intensities of phosphme (PH3) are reported for the 830 to 

13 10 cm-I region that contains the two lowest fundamentals in Coriolis interaction. 

These measurements are fitted to 1.5% for v2 at 992.13 cm-’ and 2.1% for v4 at 

1118.31 cm-’, respectively, using five intensity parameters that include three 

Hexman-Wallis type terms. In addition some 60 intensities of the 2v2-v2 hot band are 

modeled. The corresponding assignments and line positions of the dyad from 

previous work p. Fusina and G. Di Lonardo, J. Mol. Struct. 517-518,67-78 (2000)l 

are combined with the present intensity study to provide an improved PH3 database 

for planetary studes. The total integrated intensity for the dyad is 156.(4) cm-2atm-’ 

at 296 K. 
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I. INTRODUCTION 

Line parameters of phosphme (PH3) are needed for planetary studies because k s  
species is observed in both Jupiter and Saturn (1). Line positions and energy levels 

of PH3 have been extensively measured and analyzed for both the ground and 

fundamental bands (2-1 S), but measurements of absolute intensity are rather scant 

(3,19,20). Ths  study has therefore been undertaken to provide a new PH3 

compilation at 10 pm for databases such as HITRAN and GEISA (21,22). 

The line positions of the two lowest fundamentals of PH3, v2 at 992.13 cm-’ and v4 

at 1 1 18.3 1 cm-I, were previously considered in numerous investigations: laser Stark 

(4-7), infrared-radiofiequency two-photon (8), double resonance (9), 

mfrared-mfrared double resonance (10). More recently, Papousek et al. (1 1) used a 

diode laser to measure Al-A2 splittings in the v2 = 1 and v4 = 1 vibrational states of 

PH3, and far-dared measurements were performed by Burenin et al. (12) and later 

by Jackson et al. (13) in the v2 = 1 state. In 1981, Tarrago et al. (14) analyzed 

spectra recorded at 0.05 cm-I to obtain a line-by-line simulation of the IO-pm region 

takmg into account the strong Coriolis-type interaction between the upper 

vibrational states v2=1 and v4=1. Later Ainetschan et al. (1 5) measured a number of 

transitions of v2 and v4 at very hgh resolution and accuracy and reproduced their 

observations w i h  a standard deviation of 1.2 M H z  using a set of 42 adjusted 

constants. 

The most recent line positions study of the 10-pm regon was undertaken by 

Fusina and Di Lonardo (16) who recorded spectra of phosphine between 750 and 

1400 cm-’ at a resolution of 0.004 cm-I. They assigned 2500 v2 and v4 rovibrational 

transitions includmg some 500 “perturbation-allowed” transitions with A0(-1)=3 , 6 

and 9. They also assigned rotational‘\transitions in the vibrationally excited states in 
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a previously-recorded far-R spectrum (17). All their experimental data (i.e 2490 IR 
transitions and 246 far-IR transitions) up to J = K = 24 together with those 

measured with high accuracy in the previous literature were simultaneously fitted to 

a set of 46 parameters withrn the experimental accuracy. As shown in Table 1, the 

37 microwave and millimeter-wave transitions were fitted to a nns value of 0.9 

MHz representing three times the experimental accuracy. The rovibrational 

H d t o n i a n  used by Fusina and Di Lonardo included the Coriolis-type interaction 

between v2 and v4, as well as several essential resonance terms. Finally the ground 

state parameters were also improved by a simultaneous fit of 3060 ground state 

combination dlfferences fiom v2 and v4, 65 microwave and sub-millmeterwave 

lines from the previous literature and 200 far-IR transitions in the ground vibrational 

state. 

In contrast to the extensive number of studies involving line positions, relatively 

little was done for h e  intensities of PH3 in the dyad region. An integrated 

absorption was measured at low resolution by McKean and Schatz in 1956 (19). 

Tarrago et al. (14) estimated the ratio of the dipole moment derivatives for the dyad 

by using relative intensities retrieved during the analysis of the positions. These 

values were then normalized to the low resolution integrated absorption (19) in 

order to provide a compilation for planetary applications. The only previous dyad 

h e  intensities were the 57 transitions measured with a diode laser spectrometer to 

k 8-10% by Kshu-sagar et al. in 1991 (20). Using the eigenvectors from an earlier 

analysis of the v2 and v4 positions by Fusina and Di Lonardo (16), these authors 

determined the v2 and v4 dipole moment derivatives and their relative signs; their 

values were lower than the normahzed values obtained by Tarrago et al. (14). The 

only other consideration of thedyad intensities was a computation of the electric 
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&pole moment derivatives by Chong et al. (23) and two ab initio calculations (24, 

25). Recently, an ab initio force field calculation was obtained in order to detennine 

a potential energy surface for PH3 (26). The computed and experimental fiequencies 

for the fundamentals were different by a few wavenumbers. 

Despite the availability of new mfonnation, the h e  parameters of the 10 pm 

phosphine have not been updated in the public databases (21,22) for almost two 

decades. To remedy to h s  situation, we retrieved over 1000 line intensities in the 

dyad regon &om spectra recorded at 0.002 cm-' resolution with a Bruker Fourier 

transfonn spectrometer located at the Paclfic Northwest National Laboratory. Using 

the line assignments published by Fusina and Di Lonardo (16), we obtained the 

eigenvectors by fitting the line positions and performed a least-squares fitting of the 

line intensities in order to create a new compilation in the 10 p region of 

phosphme. Then, using the upper state parameters for the excited vibrational state v2 

= 2 determined in the 5 pm region (3), we also preformed an intensity analysis of 

the strongest hot band 2v2-v2. The following sections present the experimental 

detads: the line intensity analysis and the resulting line-by-he database now 

avadable for planetary applications. 

11. EXPERIMENTAL DETAILS 

The Doppler width (full width at half height) of phosphme ranges from 0.0027 

cm-' at 1300 cm-' to 0.0018 cm-' at 860 cm-'. Therefore, for h s  investigation, we 

elected to record spectra at a resolution of 0.0020 cm-' (full width at half height) 

using the Bruker IFS 120 HR$Mchelson Fourier transform interferometer at the 

PNNL fachties. At t h s  resolution it was necessary to use a combination of &@tal 
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and optical filters to " i z e  the size of the interferogram data files and to produce 

accurate and reproducible single channel spectra. Boxcar apodization was applied in 

the data reduction. The interferometer has a focal length of 41.9 cm and 

incorporates two apertures, one before the KBr beamsplitter and one after it in order 

to reduce off-axis rays and other spurious effects that might be introduced by using 

only one aperture. For t h ~ s  spectral region, a heated SIC source and a 

photoconductive HgCdTe detector were used. The interferometer was evacuated to 

a pressure of less than 30 microns. A sample spectnun from 11 10 to 1210 cm-' is 

shown in Fig. 1. 

The phosphme was obtained from Matheson Gas and Equipment and was reported 

to be 99.999 % pure. The sample was subjected to several freeze-pump-thaw cycles 

to ensure the stated purity. The temperature-controlled sample cell for these 

experiments was made of gold-plated electropolished s t d e s s  steel and had an 

optical path of 9.906 (k0.008) cm and a diameter of 5.0 cm. It was fitted with a 

s t d e s s  steel valve and wedged KBr windows that were sealed with Viton O-rings. 

All O-rings were lubricated with a small amount of perfluorinated grease. The cell 

was fixed in place, and the temperature was stabilized to better than 0.1 K. The 

temperature was monitored by a RTD thermocouple attached to the outside of the 

cell. The sample was introduced from a transfer manifold, and the pressure was 

measured with one of three MKS Baratron capacitance manometers (1 , 10 and 1000 

Torr) that were reported by the manufacturer to be accurate to 0.01 % of full scale. 

The spectra were recorded in three spectral segments I. 860-980 cm-' 11. 900-1 3 10 

cm-' III. 1240-1400 cm-'. The correspondmg gas sample conhtions are shown in 

Table 2. An addhonal spectrum of N20 obtained with the same optical arrangement 

was used to calibrate line positi&s (with Malu and Wells (26) as standards) and to 
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validate the assumed instrumental h e  shape (sinc + aperture correction). 

AU of the spectra were ratioed against an empty cell, single channel background 

spectrum taken at a resolution of 0.032 cm-' with an extra factor of 16 for the zero 

fill to ensure that the background did not add any noise. The interferometer carriage 

was scanned at a velocity of 40000 zero crossings a second, and a time interval of 

177 seconds was required for one complete scan. The 256 inteferogams were co- 

added in order to obtain adequate signal to noise (- 400 : 1 rms near 1100 cm"). 

The spectrum at each pressure was divided up into 4 runs of 64 co-adds, each 

recorded over a period of 189 minutes. The total integrated absorptions in the fist  

and last co-adds of one set were compared, and a 1% deterioration was observed 

for the phosphme concentration. Outgassing andor air leakage was found to be 

about +0.010 Torr over the 12 hours required to obtain one spectrum. 

The measurements were retrieved from the laboratory spectra using curve-fitting 

techmques (28) illustrated in Fig. 2. For h s ,  each unapohed spectrum was 

measured indwidually by computing a synthetic spectrum and adjusting the assumed 

values of the position and intensities to reduce the differences between the observed 

and computed spectral digits. The upper panel shows the calculated minus observed 

spectral digits after the fitting has been performed. The initial input linelist for the 

retnevals was created by peak f inhg .  We measured the hghest pressure spectrum 

in each region and adjusted the value of the self-broadened line widths, in addition 

to the positions and intensities. Additional retrievals with the pent-ultimate hgh 

density spectrum indrcated that the precisions of the self-broadened widths were 

15% or better. The self-broadened widths ranged from 0.144 cm'latm-' at low J to 

0.039 cm"atm-' at high J. Tbs indicated that for pressures less than 1. Torr the 

Lorentz width (HW€3M) would be less than 0.00013 cm" and an estimate of the 
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self-broadening coefficient to 15% was generally sufficient to obtain reliable 

intensities. 

In our data, all the transitions with K"=3 are split into A1 and A2 components of 

similar intensities, and we attempted to retrieve intensities of both of the 

components separately. For the (R)P transitions with K" = 6, we observed split 

components for J" 2 10 and for the (R)R transitions, the splitting start to be 

observed at J > 7 .  For a handful of these pairs, we did not obtain satisfactory 

retnevals by assuming Voigt line profiles, and we interpreted this to be caused by 

h e  mixing between the split components. However the avadable gas pressures 

were generally too low to measure the h e  mixing parameters accurately. 

The resulting retrievals from the high density spectrum became the input list for 

the lower pressure spectra, and self-broadened widths were then held fixed. 

Retrievals from hfferent spectra were combined to obtain the line position and 

intensity for each dwernible feature in the spectrum. The experimental values were 

matched to initial predctions With assignments and lower state energies so that the 

measured intensity from each individual spectrum could be normalized to its 

correspondmg value at 296 K before the average was computed. In Table 3, we list 

a sample of individual retrievals in cm-2atm-1 at 296 K and the averaged values (in 

bold). Usually, an individual measurement was based on five dfierent spectra. As 

seen here, the individual measurements for positions and intensity displayed good 

internal consistency from run-to run. Because the spectra were recorded in three 

segments, care was taken to check that these data were consistent. For example, in 

Table 3, the first three transitions were measured in both in spectral segments I and 

I1 (listed in Table 2), and there are no systematic differences. The precisions of the 

intensities were thought to be 2% or better with an absolute accuracy of 3%. The 

I 
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precisions of the positions can be judged fiom the rms of the individual 

observations. The absolute accuracies are difficult to ascribe without knowing the 

self-broadened pressure s m s ,  but the present data are at too low a pressure to 

permit accurate self-broadened slufts to be obtained. Nevertheless, our positions 

overall agreed with observed values reported by Fusina and DiLonardo (16) to 

better than 0.0001 cm-’. Therefore we elected not to improve the energy level 

analysis in order to model the line intensities. 

111. INTENSITY ANALYSIS 

The intensity of a h e  absorption (29) : 

hcv,,+,,, 
kT 

B‘ 8n3 $To 
3hc TQ, g A“ VB‘+-A“ I,,, = - - - - 

where IA”> and IB’> are the eigenvectors related, respectively to the lower and 
upper vibration-rotational states of the transition. They can be described as h e a r  
combinations of the zero-order basis set wavefunctions Iv, 1, J, K>. In Eq. (l), 2 = 

2.68675~10” molecules cm-3 is the Loschmidt number at To = 273.15 K ; T = 296 K 
; QT = 1626.070 is the total partition function at 296 K calculated by Tarrago et al. 
(14) ; vB’ +-A= is the wavenumber of the transition, g is the total degeneracy of the 
lower state energy level and E A ”  18 the lower state energy. 

The first step for fitting the intensity measurements is to obtain eigenvectors 

describing the lower and upper states of the transition. To avoid problems connected 

with phase conventions and matrix elements defimtions, we refitted the line 

9 



positions and assignments of the v2/v4 transitions kindly sent by Fusina and Di 

Lonardo (16). The lower state energy levels were calculated using the ground state 

parameters fiom Table 1 of Ref. (16) and included as a constraint in our fit. We 

decided to limit our calculation to J = K = 22 because line intensities correspondmg 

to hgher J values were too weak to be measured with good accuracy fi-om our data. 

The set of programs for both the energy and intensity fitting was written by G. 

Tarrago and has been used in a series of papers related to C3" symmetric top 

molecules includmg PH3 (3,14). The root-mean-square deviations of our energy fit 

(0.00039 cm" for 2208 lines going up to J = 22 using 44 parameters) is s d a r  to 

the one obtained by Fusina and Di Lonardo of 0.00037 cm-' for the IR transitions in 

v2 and v4. Our refitted parameters, defined by the notation of Table 4, are shown in 

Table 5 in order to inhcate how the eigenvectors were computed. Having obtained 

the eigenvectors for the dyad, we then used five intensity parameters, defined in 

Table 6, to fit 979 intensity measurements to 1.9%. The values of the intensity 

parameters obtained in the our fit are listed in the first column of Table 7 .  The 

detaded rms (root-mean-square) deviations for the line intensities fits of v2 and v4 

are given in the second column of Table 7 along with the number of h e s  used in the 

fit. Two parameters are needed to fit the v2 band w i t h  1.5% (the terms & and dol, 
the first term of the dipole moment transition derivative expansion in v2 and its J 

dependance) and three parameters are needed to fit the v4 h e  intensities w i h  

2.1% (the terms dl, dll and'd12, the leading term of the dipole moment transition 

expansion of v4, its J dependance and its K dependance respectively), accordmg to 

the notations of Table 6. Without the Herman-Wallis terms, the rms deviations 

become 9% in v2 and 11% in v4, respectively. The vibrational transition dipole 
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moment, bectly related to Id&/? for v2 is <1pJ> = 0.08251(5) Debye and for v4 

(related to Id1]) <JpvI> = 0.08626(5) Debye. 

For completeness, the line positions of the strongest hot band 2v2-v2 were 

computed using the pentad parmeters from Tarrago et al. (3) for the upper states. 

Some 62 transitions were identified, and the corresponding intensities were modeled 

to 4.6 % using two parameters, 6 and which are also shown in the second 

column of Table 7. The value of the vibrational transition &pole moment for the hot 

band is equals 0.1177(4) Debye. We searched the spectrum for more hot 

bands and &d see very weak features that coincided with preQcted transitions of 

bands such as v2+v4-v2. However, only a small number of observed intensities was 

accurately measured, and we elected not to pursue the analysis of these other hot 

bands. 

In the h d  column of Table.7, we show the vibrational bandstrengths for the 

v2 and v4 band, S2, and S4, obtained from the expression given for S, in Ref. (29) 

using the value of the rotational partition function Qr = 1597.135 and for the 

vibrational partition function Qv = 1.0181 17 at 296 K. When compared to the total 

integrated bandstrength CSi, we see that the strong Coriolis interaction coupling 

between the fundamentals causes a transfer of intensity from v4 to v2, but that the 

total integrated intensity S,(int)= S2+S4 =156.(4) cm'2atm-' at 296 K is close to the 

total vibrational bandstrength CS, = 154.89 (12) cm'2atm-' at 296 K. The vibrational 

bandstrength S, and the htegrated bandstrength CS, are also calculated for the hot 

' 

band 2 ~ 2 - ~ 2 .  

As pointed out by previous authors, the intensity distribution w i h  the v4 

band is rather peculiar because of the x,y Coriolis interaction. The RP subbranches 
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are of the same intensity as the PP subbranches, as it can be seen in OUT intensity fit, 

whereas the PR subbranches are very weak and therefore can not generally be seen 

in the present optical. Many perturbation-allowed transitions with A@-1) =k3,&6 

and &9 were also observed. We include many of them to fit the h e  positions, but 

we are able to use only a restricted number of them (17) in our intensity fits as they 

appear only in lllgher optical densities. However, some of them are as intense as the 

allowed transitions, as in the case of the SR (3,l) transition at 1161.504 cm-l seen 

in Fig. 2. Because of the strong rovibrational interactions between the upper state 

energy levels J'=4 K=2 and K=3, both E energy levels are strongly mixed (the 

coefficients of the eigenvectors are -0.62 and 0.74), and a strong 

perturbation-allowed transition results. In the case of th~s  transition (and for a few 

more perturbation-allowed transitions), we are able to fit the intensity to witzlln a 

few percent, thus demonstrating the quallty of our model. For example, in Table 8 

we present a set of vibrationally-mixed transitions whose levels are so greatly 

perturbed that we are unable to i d e n w  with certainty the vibrational upper state or 

the upper state K. The columns are the observed line position in cm-' and its 

experimental uncertainty, the number of spectra used .in the retrievals, the observed 

intensity in cm'2 atnil x10e3 at 296 K and its experimental uncertainty in percent, 

followed by the upper state J and symmetry S', the lower state J, K and symmetry 

S". The last two columns show, respectively, the observed - calculated h e  

position in cm" and the ratio of the calculated to observed intensities. Although 

these data have not been included in the intensity fit, they are nevertheless well 
\ 

reproduced by the calculation. 

The transition moments are compared in Table 9 

previous authors. The present values are lower than 

with the values obtained by the 

those deduced by Tarrago et al. 
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(14) for v2 and v4 using the overall band strength (Sz+S4= 184 cm-2 am-’ at 300 K) 

measured at low resolution by McKean and Schatz (19) and from the relative 

intensity ratio between the two dipole moment derivatives of v2 and v4 : 

p = [dk/dq2]/ [d!-k(y]dq4a(b)] = x 1-35 (5) (2) 

In Eq. (2) the sign of the relative ratio (E = k 1) is correlated with the relative signs 

of the first order Coriolis interaction c’11 as defined in Ref. (14). In fact, both the 

absolute and relative signs of transition &pole moments < v” I I v7> 

correspondmg to a pair of interacting states can be unambigously determined 

through the contributions of the cross terms in the line intensities expression (see 

Eq. 1). In the absence of line intensity measurements, Tarrago et al. (14) were thus 

unable to determine the relative sign of the v2 and v4 transitions dipole moments. 

The transition &pole moments we obtained are in reasonable agreement with those 

obtained by Kshirsagar et al. (19) from the measurements of 57 line intensities. In 

Fig. 3 we show the ratio (Kshsagar et al. / present) of 51 observed intensities, and 

it is seen that their values are lower by some 15% for v2 but in good agreement for 

v4. The overall mean of 0.88 f 10% is not far from the intensity accuracy ascribed 

by Kshsagar et al. for their diode laser measurements. Compared to the computed 

values of the transition dipole moments (23), our values are in good agreement for 

v4 but are lugher for v2 because these authors relied on the Kshsagar et al. 

intensities. 
I 
I 

Finally, Tables 10 and 11 show a comparison between measured and 

calculated intensities for the dyad v2/v4 and for the strongest hot band 2v2-v2, 

respectively. For the dyad, we use the energy and intensity parameters from Tables 
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5 and 7. For the hot band, we use the upper state energy parmeters from Tarrago et 

al. (3) and the intensity parameters determined in the present study. For each h e ,  

they include the line assignments (lower and upper levels), the observed 

wavenumbers, the difference between the observed and calculated frequencies (in 

lo4 cm-I), the measured intensities (SO), the calculated intensities (Sc), the 

difference between measured and calculated intensity in percent (So-Sc/So), the 

ratio between calculated and measured intensity, the number of scans used for the 

intensity measurement and the estimated measurement uncertainty in percent. 

IV. LINE-BY-LINE PREDICTION 

The present h e  intensity analysis combined with the assignments and line positions 

of Fusina and Di Lonardo (16) provides the basis for a new predction of PH3 at 10 

pm. For 4440 transitions up to J = 22, the v2 line positions range from 770.878 to 

1183.405 cm-’, and the v4 values cover the region from 866.468 to 1372.496 cm-l. 

The line intensities vary from to 3 . ~ 1 0 - ~ ’  cm”/(molecule . cme2) at 296 K. 
Default constants of 0.1 and 0.08 cm-’ atm-’ are assumed, respectively, for the self- 

and air- broadened widths because the published measurements are limited (See 

Ref. 30 and the references therein). The temperature dependence of the widths is set 

at 0.75, and the pressure-induced SMS are zero. Ths predxtion of the v2/v4 and hot 

bands 2v2-v2 wdl be submitted to the HITRAN (21) and GEISA (22) databases? and 

is also avadable with one of us (1.K). These new data correct a long standing 

deficiency in h e  parmeters for the dyad region phosphine. 

/ 

V. CONCLUSION 
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The present analysis has provided extensive measurements of absolute line 

intensities in the dyad region of phosphme and verified the prior analysis of the line 

positions by Fusina and Di Lonardo. The measured intensities have been 

reproduced w i h  experimental uncertainties and a reliable database of PH3 line 

parameters has been generated for the dyad at 10 p. Investigations of self- 

broadening coefficients, including h e  mixing between the A+,A- components of the 

K = 3,6,9 transitions, should be pursued in the hture. In the course of the present 

study, we became aware of some discrepancies occurring in the various databases 

concerning the ground state of PH3. We are pursing new intensities measurements in 

the far-mfked region of phosphme in order to provide a better prediction of the line 

positions and intensities. 
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Figure Captions 

1. Laboratory spectrum of phosphine from 11 10 to 121 0 cm”. The spectrum was 

recorded at 0.002 cm-I resolution with the FTS at the PNNL facfities. The optical 

path is 9.91 cm, and the pressure is 5.08 Torr of PH3 at 298.1 K. 

2. Retneval of positions and intensities using non-least least squares curve-fitting at 

1161 cm-’. The lower panel shows the observed and synthetic spectra overlaid, and 

the upper panel plots the Merences between the two spectra in percent. The optical 

path is 9.91 cm, and the pressure is 0.743 Torr of PH3 at 298.2 K. 

3. Ratio of PH3 h e  Intensities: the Kshusagar et al. (20) / present. Flfty-one 

observed intensities from two studies are compared. Below 1050 cm-l, the values 

of Ref. 20 are lower by 15%h the v2 region and in better agreement for v4 

transitions. 

4. Comparison of observed and calculated spectrum near 1121.5 cm-’. The path is 
.0991 m, and the PH, pressure is 0.344 Torr at 298. 2 K. 18 



I 
I 

I 
I 

1 
I 

I 
I 

1 0
 

0
 

-
N

 
7
 

#?- 
-I -

0
 

8 '0
 

9 '0
 

P'O
 

NO I SSI YVSNV'tll 
2

'0
 

0 

7
 

0
 
a
 

c
 
0
 

0
 

rJ
 

I e 

+ rb 
I
'
 

'
0
 

.. 

a, 
0
 

0
 

0
 

c
 

F
 

9
 .. 

K m
 

c
 

a, 
(v

 

.. E" 0 v
) 

Q
 

m
 

+
 

.. 
.. 

0
v

)
 

u
n

 
-w

 
o

e
 



Nn: ph3.U 

0.46 0.48 0.5 0.52 0.54 
1 

2 - 0.5 
g-0.5 
8 0  oc 

-1 

I I I I I I 

0.48 0.5 0.52 0.54 
01 

0.46 

cm-’ 



Ratio of Kshirsagar / Present PH, Intensities 
1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  

1.4 Kst'iir:ptl3.'ratio'+ + 

I v, = 2 m 

I v4 = 4 - 

- Mean RATIO = 0.88 with rms = IO. % - 

- - 

1.2 - - 

I - 
- I 

4 0 

CT - 2 - 
5 1.0 

4 - 
:2* 98 3 + - 

4 - 
- 2 - 
- 4 

lg  
*22 

0.8 - 
- 

- I 

0.6 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  
1 1 1 1 . 1 1 1 1  

4 

4 

900 1000 1100 1200 
cm-1 



4 1  
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E 
LT 
6\" 

n - 2 -  

-2 

1 

Z 
0 
0 cn 
2 cn 0.5 
Z 
Q 
K 
t-- 

0 

I I , ,  , 1 1 1  I I I I , l , I I  I I I I ,  I I I I -  - run: ph3.t2 date: 
linefile: hi.edit 

res 0.001 109 cm- 
molecule PH3 

0-;- pres 0.344 torr 

- apod. 4 

- foreign molecule 
pres 0.000 torr 

- 

7 
-4 - 

b 

path 0.10 M 

7 
h T T 

1 1120.056920 7.519E-03 0.1024 
2 1120.121450 7.126E-04 0.1124 
3 1 1 20.1 33350 6.179E-04 0.1044 
4 1 120.141 630 2.944E-04 0.0985 
5 1 120.1 54330 8.338E-04 0.0925 
6 1 1 20.1 55500 8.697E-04 0.1044 
7 11 20.201 430 1.561 E-04 0.0925 
8 1 120.235800 1.062E-01 0.1 124 
9 1 120.259950 8.348E-04 0.0925 

10 1 120.309270 4.221 E-03 0.0965 
1 1 1 120.309280 4.221 E-03 0.0965 1 12 1120.309410 7.248E-04 0.1 124 I' 
13 1120.315100 4.412E-01 0.1024 
14 1 120.367 170 8.958E-04 0.0965 
15 1 120.369490 8.958E-04 0.0965 
16 11 20.429900 2.920E-01 0.1 183 
17 1 120.459400 1.42 1 E-02 0.1004 
18 1120.459800 1.421E-02 0.1004 

1 120.466860 3.01 8E-04 0.0985 
0 1 120.506340 2.546E-02 0.1 064 
1 1120.509500 1.245E-04 0.1084 
2 1 120.533800 2.003E-02 0.1024 
3 1120.559100 1.083E-01 0.1 124 
4 1 120.57921 0 8.390E-04 0.0925 
5 1120,721900 4.007E-03 0.1004 
6 1 120.734100 4.852E-01 0.0945 
7 1 120.745390 7.989E-04 0.1 104 
8 1 120.745390 9.795E-04 0.1004 
9 11 20.768900 7.235E-02 0.1 104 

I 

0 1 120.769550 1.667E-04 0.0925 
1 1 120.770620 1.667E-04 0.0925 
2 11 20.828570 7.749E-04 0.0925 
3 1 120.907420 2.000E-03 0.0945 
4 1 120.9301 90 2.340E-01 0.1 164 
5 11 20.978040 7.877E-05 0.0905 

1120 1 120.5 1121 1121.5 1122 1 122.5 
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Table 1 Ground state and dyad fit from Fusina and Di Lonardo (16) 

State #Lines Fitted Region m 

Ground 65 MW/sub .d 0.099 Mhz 
200 Far-IR 0.000045 cm-' 

3060 GSCD (v2,~4) 0.00024 cm" 

J' up to 23, 19 parameters to describe GS. 

(v2,v4) 2490 IR transitions 0.00037 cm-' 
246 Far-IR (v4+2) 0.00023 cm" 

37 MW/sub .d . 0.9 MHz 

(v2 -v2),(v4 'v4) 

J' up to 24'46 parameters to describe v2 = 1 and v4 = 1 

GSCD = ground state combination Merences 



Table 2 Gas sample pressures 

I 860-980~zn-~ 
1.05 
2.23 
4-89 

iI 900-2310 CEI" 
0.119 
0.154 
0.344 
0.743 
1.81 
5.08 

Ill 1240-I 400 em-' 
1.15 
2.01 
4-66 

f Path: 9.906 f 0.008 cm. 
Temperatuse: 298. K. 
760 Ton = I atm = 101.3 kPa. 



Table 3 Sample measured positions and intensities of PH3 

944.40 i 118 -0,00001 
944.40 1 121 0.00ooo 
944.40 1222 0.00000 
944.40 1 132 0.00001 
944,40 1123 0.0000 f 

948.85071 3 -0.00004 
948 '850724 -0.00003 
948.850732 -0.00002 
948.850747 0.00000 
948.850757 0.00001 
948.550760 0.00001 
948.85081 1 0.00006 
948,850749 0.00003 

976.157766 4,00004 
976. I57783 -0.00002 
976.15779 1 -0.00002 
976.1578 14 0.00000 
976.157847 O.OOUQ4 
976.157851 0.00004 
916,157820 8.00003 

1198.275772 -0.00016 
1198.275784 -0.OOO15 
1198.275785 -0.00015 
1198.276387 0.00046 
t 198,275932 O.UW26 

1323.308578 -0.oQo04 
1323.3 08627 0.0000 1 

1323.302%1? 0.00003 
1 323.3 08645 0,00003 

0.2921 -0.1 
0.2941 2.1 
0.2859 -0.8 
0.2847 -1.2 
03882 1.3 

0,03864 -2.0 
0.03889 -1.4 
0.133956 0.3 
0.03985 1.0 
0.04077 3.4 
0.03943 0.0 

0.03944 1.7 
0.03945 -1.4 

0.01830 0.2 
0.01847 1.2 
0.01847 0.9 

0.01820 -0.8 
0.01827 0.1 
0.1825 1.0 

0.01796 -1.6 

1.316 0.1 
1.302 -1.0 
1.308 -0s 
1.334 1.4 
1315 0*9 

0.00754 2.3 
0,00734 -0.4 
0.00723 -1.9 
0.00737 1.7 

0.743 
2.238 
1.509 
1,053 

5.077 
4.891 
0.743 
0.344 
2.238 
I .809 
1 . u s  

0,743 
4.891 
2.238 
5.077 
1,809 
1.053 

0.344 
0.743 
0.154 
0.219 

4.557 
2.01 1 
1.149 

thdividd retrievals with averaged values [in bold). 
"he units ate: Position and Di in an-'; Intensity in an-' . am-' 

at 296 K and Pressure in Ton af 298.1 K. 
Table 4 Upper State Energy Matrix for the v2/v4 System of PH3 



~ 
~ 

The elements are given according to the phase convmtiolls of Ref (29).The 

The set (vz2 VJ) quai  to ( 1.0) and (0,l) fox the upper states of vz and v4 respectively. 
qmm number M is omitted throughout the Tabk. 
b 



Table 5.a. : Fitted upper state enam parameters 
from present study for the v;r =l  state. 

&The quoted uncertahies are under parenthesis 
and correspond to lo. 
Constxained to zero. 

"Constrained value to the best fit like in Ref (16), 
see text in that reference. 

b 



Tabie 5 ,  b. : Fitted Coriolis-type t m s  for the V&J 

Interacting System from the present study. 



Table 5.c. : Fitted upper state energy 
parcunders h m  present study for the 

992.13490(7) 
4.469 i 24Q) 

3.94407( 1) 

0. '1297(5) 

-0. 'i 764(6) 

0.1536(3) 

0.995(7) 

0.b 

-2.95( 5 )  

3.933(4) 

1.2716) 

0.b 

-2.61 1)  
0. W(5) 

-0.270(2) 

0.b 

0.b 
&The quoted uncertainties are under parenthesis 
and correspond to 10. 
Constrained to zero. b 





Table 7 
intensities, vibratioaal and integrated ba&ken&s for the PH3 dyad v2/v4 and for 

Fitted intensity parameters .from fhe present study, statistics for fitted 

the ~ v Z - V ~  hot b a d .  

State Transitions moments" 

Present 

Present 

399 

580 

979 

62 

1 .ri 

2.1 

t .9 

4.6 

69-39 (2) 

85.5 (1) 

154.89 (12) 

184. 

I .  126(4) 

77. (4) 

7%. 1 (2) 

3 2  (3) 

156. (4) 

1.01(5) 



Table 8 Vibrationallymixed transitiom iil the PH3 dyad 

lOll.l3357(02) 2 3.20 3.7 16 A 173 A 
lOi1.55569(19) 2 3.90 7.5 16 E 17 1 E 
lo€1.6U119(07) 2 3.31 1.8 16 E 172 E 
1016.29777 (02) 3 7.35 1.4 15 E 16 1 E 
1016.36808 (04) 3 7.23 2.5 15 E 162 E 
1021.04952(25) 2 26U 3.2 14 E 1 5 8  E 
1021.17887 (03) 3 133 2.1 14 E 15 1 E 
1021.91930(01) 2 3.68 2.9 14 E 15 8 E 
1026.21034(02) 3 25.1 1.2 13 E 14 1 E 
1031.40556(05) 4 41.5 3.7 I2 E 13 1 E 
1032,65671 (00) 3 8.48 1.5 12 E 13 7 E 
1033.15409(02) 3 8.57 1.7 12 E 13 7 E 
1122.72231 (20) 5 17.9 2.7 14 E 142 E 

1122.82299 (03) 4 40.0 1.6 12 E 12 1 E 
1123.310.;16;(09) 5 41.4 1.2 12 E 12 1 E 
1123.59214 (02) 3 10.5 1.5 14 E 142 E 
1146,04865(21) 2 1.84 7,7 12 E 12 1 E 
1147.49860f04) 3 23.8 2.2 12 E 127 E 
1147.99602(02) 3 20.8 1.7 12 E 22 7 E 
1153.20?70(04) 3 7.20 3.0 14 E 148 E 
1154.07750(05) 3 11.0 2.6 14 E 14 8 E 

1252.02281 (03) 4 27.7 1.8 12 E I1 1 E 
1253.65946(04) 4 40.0 1.7 12 E 11  7 E 
1254.15688 (02) 4 36.8 1.2 12 E 11 7 E 
1264.12705 (02) 3 9.56 1.8 13 E 12 1 E 
1276.32771 (08) 3 4.85 1.3 14 E 13 1 E 
1276.76029(02) 3 11.7 1.6 14 E 13 8 E 
1277,63020(02) 3 16.3 1.8 14 E 13 8 E 
1288.57669(01) 3 2.46 1.1 15 E 14 1 E 
1288.67498(07) 2 3.02 1.2 15 E 142 E 

1122.78924(07) 4 6.09 1.5 16 A 163A- 

1158.91402(15) 3 1.64 1.9 16 A 169A- 

-0.00 14 
-0,0003 
-0,0006 
-0.0002 
-0.0003 
4,0001 
-#.OW1 
0.0001 
-0.0000 
0.0001 
-0.0000 
-0.0110 1 
-0.OO00 
-0.oo03 
0.000 1 

-0.WO1 
o.oou1 

-0.0002 
0.000 I 
-O.OQO i 
Q.0002 
0,0002 
-0.0003 
-0.0000 
-0.0000 
-0.0002 
-0.000 1 
-0.0002 
-0.0000 
0,000 1 
-0.0003 
-0.0002 

1 .005 
0.923 
1.060 
0,972 
0.957 
0.960 
0,970 
1,034 
0.953 
0.973 
0.972 
0.946 
1.000 
1.069 
I .w 
1.093 
1.161 
1.008 
0.958 
1.027 
0.989 
0,930 
0.8% 
0.9% 
1 .ow 
0,992 
1.011 
1.044 
1.01 I 
0.989 
I .030 
0.944 

f. The positions and obs-cal positions are in GIB-'. "she intensities are in 

is 0.998 f 5.3%. 
a'' am-' x10" at 296 IS. The inem ratio o f  these caieuhkdlobserved intensities 



Y? v4 

0.0825 l(5) 0.08626(5) 

0.07 17(2) 0.0843(8) 

0.09113) 0.095(3) 

0.075 (calc) 0.086 (cdc) 
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IQIP 416.A.. 91 
(QIP 115.6 , 11 
(PIP (15.E 21 
IQIP (15.A.. 31 
IQIP (15.A-. 31 
IQIP 115.E I 4 )  
(QIP ( 1 5 . E  , 51 
(PIP (15.1- .  61 
IQIP 115.6 . 11 
IQIP 115.8 8) 
IQIP IlS,A+,  91 
IQIP 114,A+. 01 
(PIP 114.E . 1)  
IQIP 114.E , 21 
(PIP 114.At. 31 
(PIP (14.A-. 31 
IQIP l14.E . 41 
(PIP l l 4 . E  , 5) 
IQIP 114.A-, 61 
1Q)P 114.E , 11 
IQlP 114.1 81 
IQIP IlS.A4.121 
IQIP l14.L*. 91 
(QIP 113.A*. 01 
IQIP I13.E 11 
1Q)P (13.8 , 21 
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IQIP 114.8 ,101 
(PIP 113,E , 51 
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(PIP 114.E .I11 
(PIP (13 .9  , 11 
IQIP 113.6 . 81 
IQIP (14,A*.121 
(PIP I12.Ar. 01 
IQIP l l 2 . E  11 
IQlP 112.6 21 
IQIP l I l . A * .  91 
IQIP (12,A*, 31 
IQIP I l Z . A - .  31 
(QlP (12.E 4 )  
IQIP 112.E , 5) 
IQIP l13.E ,101 
IQIP 112.A-, 61 
IQIP l l 2 . E  , 11 
IQIP (13.E . I l l  
1QIP 112.8 . 81 
(PIP l11.W. 01 
(PIP 111.8 11 
IQIP l l3 .A+,12l  
IQIP 111.6 . 21 
IQIP (12.A.. 91 
(Q)P l l l , A + .  31 
IQIP l l l . A - .  31 
(PIP 11I.P . 4 1  
IQIP (1I .E  , 51 
IQIP (12.E ,101 
IQIP l I l . A + .  61 
IQIP l 1 I . E  11 
(PIP 112.K -11)  
101. 1 l l . E  . 81 
(PIP (10.At.  01 
(QIP l1O.P . 11 
(QIP 110.E . 21 
IQIP 1lO.A..  31 
(QIP 110.A-. 31 
(QIP (11.11. 91 
IQlP l10.K . 4 1  
IQIP (10 .6  , 51 
IQIP 1 l l . E  ,101 
(PIP (lO,A+, 6 )  
IQIP 110.6 . 71 
IQIP 11O.E 81 
IQIP I 9 , W .  01 
(QIP I 9 . 6  . 11 
lQlP I 9 . 6  . 21 
IQIP I ) .A+. 31 
IQIP I 9.A-. 31 
IQIP I 9 . E  . 4 1  
1QIP (10.A.. 9) 
(QIP I 9 . 6  . 51 
(PIP I 9 .W.  61 
IQIP ( 9 . 8  . 71 
(QIP I @.A*. 01 
IQIP ( 8.B 11 
IQIP I 9 . 6  81 
(PIP I 8 .0  . 21 
IQIP I 8 .6  . 4 1  
1QIP ( %.A+.  61 
I Q I P  ( 8 , E  . 71 
IQIP ( 1.A.. 01 
IQIP I ' 1 .E  . I1 
IQIP I 7 . 8  . 4 1  
IOIP 1 1 . 6  . 51 

-~ 
(1VI (VI (VI1 (VI11 IVlIII 11x1 1x1 1x11 - ____ 

15 A+ 3 9 0 
14 E 10 1 0 
1 4 E  9 2 0  
I 4  A* 4 3 0 
14 A- 4 3 0 
1 4 E  8 4 0  
1 4 s  1 5 0  
14 A- 3 6 0 
1 4 6  6 1 0  
I 4 E  5 8 0  
14 A+ 2 9 0 
13 A1 5 0 8 
1 3 6  9 1 0  
1 3 E  8 2 0  
13 A t  4 1 0  
13 A- 4 1 0  
1 3 6  1 4 0  
1 3 B  6 5 0  
13 A- 3 6 0 
1 3 6  5 1 0  
1 3 6  4 8 0  
14 A+ 1 12 0 
13 A+ 2 9 0 
12 A+ 5 0 0 
1 2 6  8 1 0  
1 2 E  1 2 0  
12 A+ 4 3 0 
12 A- 4 3 0 
I 2 6  6 4 0  
13 B 3 1 0  0 
1 2 6  5 5 0  
12 &- 3 6 0 
13 E 2 11 0 
1 2 E  4 1 0  
I 2 E  3 8 0  
13 A+ 1 12 0 
11 AI 4 0 0 
1 1 E  8 1 0  
1 1 8  1 2 0  
12 A* 2 9 0 
I1 A+ 3 3 0 
11 A- 3 3 0  
I l E  6 4 0  
1 I E  5 5 0  
12 6 2 10 0 
11 A- 2 6 0 
I 1 6  4 1 0  
12 E 1 I1 0 
1 1 6  3 8 0  
IO A+ 4 0 0 
1 0 E  7 1 0  
12 A+ 1 12 0 
L O 6  6 2 0  
11 A+ 1 9 0 
10 A* 3 3 8  
10  A- 3 3 0  
1 O E  5 4 0  
1 0 B  4 5 0  
11 E 2 18 0 
10 A t  2 6 0 
1 0 E  3 1 0  
11 E I 1 1  0 
1 0 E  2 8 0  
9 A r  4 0 0  
9 6  6 1 0  
9 E  5 2 0  
9 A t  3 3 0  
9 A -  3 3 0  

10 A+ 1 9 0 
9 6  4 4 0  
9 E  3 5 0  
IO E 1 10 0 
9114 2 6 0  
9 8  2 1 0  
9 6  1 8 0  
8 A +  3 0 0  
8 6  6 1 0  
8 E  5 2 0  
8 A I  2 3 0  
E A -  2 3 0  
8 0  4 4 0  
9 A r  1 9 0  
8 E  1 5 0  
8 A t  1 6 0  
8 6  2 1 0  
l A +  3 0 0  
1 E  5 1 0  
8 8  1 8 0  
7 8  4 2 0  
? E  3 4 0  
l A *  1 6 0  
? E  1 7 0  
6 A +  3 0 0  
6 8  4 1 0  
6 8  2 4 0  
6 6  1 5 0  

- 
nu2 
nu2 
""2 
""2 
""2 
nu2 
""2 
""2 
""2 
nu2 
""2 
""2 
nu2 
nu2 
""2 
""2 
""2 
""2 
M 2  
""2 
""2 
""2 
""2 
M 2  
""2 
""2 
""2 
""2 
""2 
nu2 
nu2 
nu2 
nu 2 
""2 
nu2 
""2 
""2 
""2 
M I  
M 2  
nu2 
""2 
nu2 
""2 
""2 
""2 
""2 
""2 
""2 
""2 
""2 
""2 
M 2  
nu2 
M 2  
""2 
""2 
""2 
nu2 
""2 
""2 
""2 
""2 
""2 
""2 
""2 
""2 
""2 
""2 
""2 
""2 
""2 
nu2 
""2 
""2 
""2 
""2 
""2 
""2 
M I  
""2 
M I  
nu2 
""2 
""2 
""2 
""2 
""2 
""2 
""2 
nu2 
""2 
nu2 
""2 
""2 
""2 

-- 
829.33880 
830.83489 
831.22134 
831.83836 
831.89682 
932.18273 
833.91414 

831.24447 
839.36012 
841.83343 
842.59424 
842.12863 
813.13312 
843.19049 
813.83240 
844.11102 
846.02269 
841.58040 
849.46345 
851.69119 
851.83104 
854 
854.42060 
854.56130 
854.98506 
855.68066 
855 . lo965 
856.10160 
851.35945 
858.01515 
859.65212 
860.89144 
861.63565 
863.99332 
864.98885 
866.16681 
866.31383 
866.75104 
866.76419 
861 . m 3 9  
861.51050 
868.55515 
869.93320 

811.65335 
813.14110 
813.11074 
816.22931 
811. 81217 
811.96649 
818.15122 
878.42934 
819.16316 
879.20169 
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- 3 . 0  

7 . 8  
2 . 2  

- 0 . 2  
-2 . l  

2 . 1  
2 . 9  
2 .e 
1 . 1  

- 2 . 0  
0 . 9  
2 .o 

- 0 . 4  
- 0 . 2  
0 . l  

- 0 . 2  
1 . 0  

- 0 . 1  
0 . 3  

-2 .5  
-0 .9  

2 . 4  
3 . 5  

- 2 . 0  
0 . 4  
3 . 0  
0 . 5  
0 . 0  
0 . 2  

- 1 . 1  
1 . 1  
0 . 1  

- 0 . 9  
0 . 8  
2 . 6  
2 . 3  

-0 .2  
- 3 . 8  

3 . 2  
-1. I 

2 . 8  
2 . 4  

-0.1 
0 . 2  
0 . 1  
0 . 7  

- 0 . 4  
- 1 . 3  

1 . 9  
-0 .1  

1 . 6  
-3 .9  

2 . 2  
-0.1 

2 . 2  
-0 .8  
0 . 8  

- 1 . 0  
- 0 . 4  
- 0 . 3  
- 0 . 3  

2 . 9  
- 3 . 8  

4 . 7  
- 4 . 1  

0 . 3  
- 1 . 3  
- 1 . 8  
-0 .1  

2 . l  
2 . 4  
3 . 9  

- 6 . 3  
- 2 . 1  
- 3 . 4  
- 4 . 4  

0 . 4  
0.8 
2 .5  
3 .9  
2 .4  
1 . 6  
0 . 4  
1 . 1  
3 . 5  
2 . 1  
2 . 1  
3 . 4  
1 . 5  
1 . 9  
0 .9  
0 . 1  
0 . 4  
0.8 
0 . 8  
0 . 1  
0 . 3  
5 . 0  
2 .4  
1 . 3  
1 . 2  
1 . 2  
0 . 9  
1 .8  
2 . 1  
0.8 
1 . 5  
0 .8  
1 . 9  
2 . 3  
2 .4  
1 .5  
1 . 5  
2 . 1  
0.8 
0 .2  
0.0 
1.1 
1 .0  
1 . 9  
2 . 3  
0 . 8  
1 . 1  
0 . 1  
1 . 5  
0.8 
3 . 0  
0 . 3  
2 . 1  
0 . 1  
1 . 6  
1 . 5  
1 . 9  
1 . 1  
0 . 6  
0 . 6  
0 . 2  
0 . 2  
0 . 8  
1 . 6  
1 . 6  
1 . 9  
1 . 0  
3 . 5  
2 . 3  
1 . 1  
2 . 0  
2 . 8  
2 . 5  
2 . 1  
3 . 0  
1 . 1  
1 . 4  
0 . 6  
1 . 4  
1 . 0  
4 . 1  
0 . 5  
1 . 0  1.7 





I111 l l I I1  IIVI (VI IVI) IVIf) ( v l l l l  11x1 (XI 1x11 I l l  

7 6  5 1 0  
7 6  4 1 0  
6 A +  3 0 0  
6 6  4 I O  
6 A +  1 3 0  
5 E  3 2 0  
4 A .  2 0 0  
4 s  3 1 0  
4 6  1 2 0  
4 A +  1 3 0  
3 A +  2 0 0  
8 9  4 4 0  
9 A -  1 6 0  

11 A* 1 9 0 
1 0 E  1 8 0  
9 E  2 1 0  
E A -  1 6 0  
1 6  1 5 0  
611 2 4 0  
1 A .  1 6 0  
5 6  2 4 0  
4 A -  1 3 0  
1 6  I 1 0  
3 A -  1 3 0  
2 E  1 2 0  
4 E  1 4 0  
5 6  1 5 0  
6 A +  1 6 0  
1 A I  1 0 0  
l e  1 1 0  
3 A .  1 0 0  
3 e  1 1 0  
4 A +  2 0 0  
4 E  3 1 0  
4 A -  1 3 0  
5 6  4 1 0  
5 e  3 1 0  
5 A -  1 3 0  
6 E  4 1 0  
6 6  3 1 0  
l A t  3 0 0  
I C  5 1 0  
1 6  3 4 0  
1 A -  1 6 0  
S A +  3 0 0  
0 6  6 1 0  
8 E  3 5 0  
9 r *  4 0 0  
9 E  6 1 0  
9 E  5 1 0  
9 A -  3 3 0  
9 E  4 4 0  
9 E  3 5 0  
9 A -  1 6 0  

10 A. 4 0 0 
1 0 s  1 1 0  
1 0 6  6 1 0  
L O B  5 1 0  
1 0 .  4 5 0  
1 1 E  8 1 0  
1 1 E  1 1 0  
I1 A- 1 9 0 

m t w  numbera 

.- 
1nu1-nu2 
Inuz-nua 
2nul-nul 
2""Z-n"l 
1nu1-nu2 
2n"l-n"l 
l""1 -nu1 
lnul-nul 
2su1-nu2 
1su1-nu2 
2nu2-nu1 
1nu2-nu2 
lnul-nul 
2n"2-""2 
2nu2-nu2 
2nu2-nu1 
l n Y l  dU2 
2"Ul-nul 
1nu2-nu1 
1nu2-nu2 
lnul-nul 
2""l -nu2 
2n"l-n"l 
2nu1 -nu2 
l""1 -nu2 
lnul-nul 
lnu2-nu2 
lnul-nul 
2nu2-nu2 
1nu1-nu2 
2nul-mu2 
2nu1-nu1 
2nu2-nu2 
2nul-nul 
2""1-""2 
2nul-nul 
2""l -nu2 
znu2-nu1 
2nul-ml 
2""l -nu1 
?nul -nu2 
2""l -nu1 
2nul -nul 
2nuZ-nul 
2nu1-nuz 
lnul-nul 
1nu.2-nu2 
lnul-nul 
2nY2-nU1 
anui-nui 
lnu2-nul 
l""l-""l 
Znul -nul 
lnul -nul 
2nu2-nu1 
2nu2-nu2 
2nul-nul 
lnul-nul 
lnul-nul 
1nu2-nu1 
2nul-nu2 
1""Z-n"l 

904.10123 
905.15928 
914.92904 
915.08401 
916.31361 
915.10490 
934.91030 
935.11914 
935.60115 
936.40816 
944.60561 
913 .a6039 
914.14600 
915. (8031 
915.11811 
916.11018 
916.48155 
916.89261 
911.34612 
910.59831 
918.93843 
919.11504 
919.78801 
900.14157 

980.21910 
980.35646 
980.41839 
996.13038 
996.88658 

1004.48108 
1004.64143 
1011.99204 
1012.14468 
1013.31131 
1019.40363 
1019.85581 
1020.61266 
1026.42145 
1016.81198 
1033.08115 
1013.22618 
1035.41115 
1038.40966 
1039.66893 
1039.81086 
1043.16911 
1046.05511 
1016.19361 
1046.61013 
1047.31011 
1048.19121 
1049.51061 
1011.15118 
1052.15199 
1051.38695 
1052.19285 
1054.43136 
1055.61101 
1058.40343 
1058.19835 
1069.44654 

980.a626z 

-1.  sei 
-10.087 
-1.156 
-9.539 
-6.lOa 
-2.445 
-5.991 
-8.521 

4.253 
-6.435 
-6.401 
-1.109 
-1.630 
-6.691 

1.339 
-1.011 

3.144 
3.844 
1 .351  

9.131 
-1.295 
1.966 
1.601 
3.112 
3.343 
3.563 
0.541 
1.349 
3.6S6 
3.054 
3.319 
5.661 
1.320 
5.194 
4 .  459 
5.194 

-1.164 
4.853 
6.233 
5.096 
2.145 

-1.818 
-4.401 
-0.096 
1.835 
1.982 
6.359 

-1.123 
I .  980 

-1.710 
1.261 
3.619 
3.918 
1.315 

-0.336 
3.076 
0.105 

11.290 
1.436 

-2.921 

-1.586 

e.756 

0.914 1 
0.899 1 
0.921 2 
0.905 2 
0.939 1 
0.916 2 
0.940 I 
0.915 4 
1.043 1 
0.936 2 
0.936 I 
0.919 2 
0.914 5 
0.933 4 

1.023 2 
0.990 3 
1.031 1 
1.038 3 
1.024 6 
1.088 2 
1.091 2 
0.981 1 
1.030 3 
1.016 3 
1.032 3 
1.033 3 
1.036 3 
1.005 1 
1.043 3 
1.031 2 
1.031 3 
1.034 2 
1.051 2 
1.013 3 
1.051 3 
1.045 2 
1.058 2 
0.982 1 
1.049 3 
1.061 3 
1.051 3 
1.011 1 
0.981 2 
0.956 1 
0.999 3 
1.018 2 
1.020 2 
1.064 3 
0.919 1 
1.030 2 
0.982 2 
1.013 2 
1.031 3 
1.040 2 
1.074 2 
0.911 2 
1.031 2 
1.001 2 
1.113 2 
1.014 1 
0.911 3 

0.924 3 

- 
0 . 0  
0 . 0  
2 . 1  
0 . 6  
0 . 0  
0 . 1  
2 . 1  
1 . 0  
0 . 9  
1 . 1  
2 . 3  
1 . 9  
2 . 6  
2 . 8  
3 . 1  
0 .1  
1 .8  
0 . 5  
2 .4  
3 . 3  
1 . 6  
1 . 8  
0 . 0  
1 .6  
3 . 5  
1 . 2  
1 . 9  
1 . 3  
3 . 8  
1 . 8  
0 . 8  
1 . 2  
1 .1  
0.1  
1.8 
1 . 1  
0 . 1  
2 . 9  
1 . 3  
2 . 1  
1 . 9  
3 . 3  
4.6 
1 . 3  
1 . 0  
2 . 0  
2 .9  
0 . 9  
2 . 4  
3 .6  
1 . 3  
1 . 2  
2 . 1  
3 . 1  
6 . 0  
1.1 
1 . 5  
0 . 3  
1 .6  
0 .4  
4 . 5  
2 .6  




