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HISTORY OF Mo VI

TRAWICK (1934); spark 4d, 5s, 5p, 5d, 6s

CHARLES (1950); spark 4f

ROMANOV & STRIGANOV (1969) 6p, 7p, 6d, 7d, unconnected hydrogenic
Penning discharge

MUSTAQ et al. (1979); spark 4p64d-4p54d5s

TAUHEED et al. (1985); spark 4p64d-4p54d2; long  wavelengths CI

EDLÉN et al (1985).; spark 7s, 5f, 5g, 6g, connected hydrogenics
(6h, 7h, 7i, 8i, 9i, 8k, 9k)

KANCEREVICIUS et al. (1991); 8p, 9p, 10p, 11p, 6f, 7f, 8f, 9f, 10f, 4p54d2,     
semi-sliding spark 4p54d5s



14 May 1985

Dear Joe,

You may be interested in 
this paper, especially in the 
discovery of an unexpected 
perturbation of the ng 2G series, 
which has consequences for the 
series limit determinations in other 
members of the isoelectronic 
sequence.  The paper will appear in 
Physica Scripta.

Best regards to you and 
the family,

Yours,

Bengt



Bengt Edlén (1906-1993) with King Gustav VI Adolf





K. Rahimullah, Adil Ahmad, Sabra Khatoon, 
S. M. Afzal, M. S. Z. Chaghtai

K. Rahimullah, Adil Ahmad, 
Evelyn and Joe Reader, 
Sabra Khatoon, M. S. Z. 
Chaghtai, Tauheed Ahmad

Taj Mahal, India, 2005



“The anomalous 
behaviour of the ng
series is explained by 
interaction with the 2G 
term of 4s4d64d2.”





HEISE et al. APPLIED OPTICS (1994)



E. Kononov, A. Striganov, L. Ivanov, E. Ivanova
Spectroscopy Council offices (1983)
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ENERGY LEVELS OF ROMANOV AND STRIGANOV (1969)



“Then a strong line at 2003 Å, slightly 
broadened by the unresolved splitting 
of 5g 2G, could be definitely assigned to 
the transition 5g-6h which connects the 
chain of yrast levels 6h, 7i, and 8k to 
the rest of the term system.”

Edlén, Tauheed, and Chaghtai (1985)





OBS
3705.233 Å

(INT=50,000)



15 December 1985

Dear Joe,

This is to thank you very 
much for your encouraging letter.  It did 
me a lot of good.  I am improving but 
there is a long way to go.

Many thanks for the collection 
of your recent papers which give so 
much new and important information 
on various spectra.  I was specially 
interested in your results for sodium-like 
strontium which extends our knowledge 
of that sequence considerably.  
Concerning the polarization formula I 
have always emphasized that the second 
term has only a formal connection with 
the quadrupole polarization.  The 
formula is useful, however, for deriving 
series limits.  This is confirmed by your 
experimental value for Sr27+ as compared 
to the vaue extrapolated on the basis of 
the polarization formula.



I had thought that Mo VI had 
been well knit together in  the recent 
paper by me and Chaghtai’s group.  
However, I had a letter recently from 
Ryabtsev in which he points out that the 
identification of 4d-6f must be wrong.  He 
has observed a strong Mo VI spectrum in 
the region below 300 A and has found 
three different lines for the 4d-6f multiplet.  
Other errors are also indicated.  It will be 
interesting to see what Ryabtsev’s study 
may lead to.  I seem to have had bad luck 
with molybdenum.  Some years ago Larry 
Curtis involved me in a paper on
Mo XIV which you revised later.

With all good wishes to you and 
Evelyn from Friedel and myself.

Yours,

Bengt



Curtis, Lindgard, Edlen, Martinson, and 
Nielsen

“Published material is combined with 
previously unreported measurements to 
obtain reasonably accurate energies for 
terms with n=4, 5, 6, 7, and 8.”



Reader, Luther, 
Acquista (1979)



READER, LUTHER, ACQUISTA 
(1979)

“…a paper on Mo XIV by Curtis, 
Lindgard, Edlén, Martinson, and 
Nielsen appeared…   

…our 4p-6s line identifications are 
the same.  However, our 4d-6p, 
4f-5g, and 4f-6g identifications are 
different. The energy level 
systems thus differ considerably.”



Ryabtsev letter to Edlén
(1985)

“With a great sorrow I have 
bad news also for one-
electron spectrum of Mo VI 
which is under publication by 
M. Chaghtai et al with your 
participation (many thanks for 
the manuscript before 
publication). Identification of 
4d-6f transitions is certainly 
incorrect as well as the 
location of the 8p levels.” 







KANCEREVICIUS, RAMONAS, RYABTSEV, CHURILOV 
(1991)

“Analysis of our spectra shows that the energies of both 6f and 8p 
upper configurations in [4] (Edlén et al.) are erroneous”

“On account of what has been stated above it is obvious that a 
revision of the identification of the transitions between highly excited 
states of Mo VI in the long wavelength region carried out in [4] is 
desirable.  The errors in determining the energies of the levels 6f 
and 8p lead to the erroneous identification of the transitions 5d-8p, 
5d-6f, 6s-6p, 6d-6f, 6f-7g.  This, in its turn, brings about doubts as to 
the identification of both the transition 7g-8h as well as of the 
obtained value of the Mo VI ionization potential.”



A. N. Ryabtsev and 3-m grazing-incidence spectrograph (1983)



S. S. Churilov repairing vacuum pump (1983)



He is rather worried about the analysis 
of Mo VI, where he, as you know, is a 
co-author with Chaghtai and and some 
other Indians.  The reason for his 
worries is that Ryabtsev has pointed 
out some errors in the analysis, and he 
wants to know how serious it is.  I told 
him that you might have some 
information on this, as you are working 
on Mo VII.  To be more specific, 
Ryabtsev has questioned 6g, 8p, and 
the ionization limit.  This does not 
sound too serious to me, but Bengt is 
worried.

Don’t put any work into this now, I will 
just call and ask for your opinion if 
something should be done, and if it 
then could be done with your material.

Sincerely

Ulf



EXPERIMENT AT NIST – new plates 1996

LIGHT SOURCE SLIDING SPARK DISCHARGE 

Mo electrodes with quartz spacer

Peak currents 300 – 2300 A

Excellent separation of stages of ionization

SPECTROGRAPHS    10.7-m  GRAZING-INCIDENCE

150 – 500 Å

10.7-m NORMAL-INCIDENCE

400 – 5300 Å

CALIBRATION Y SLIDING SPARKS

Platinum hollow cathode

Thorium hollow cathode

ACCURACY Wavelength uncertainty: ± 0.005 Å
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SLIDING SPARK SPECTRA OF Mo on 10.7-m 
GRAZING-INCIDENCE SPRECTROGRAPH

Mo VI Mo V



0.056 Å
5g9/2-6h11/2

5g7/2-6h9/2

2003 Å line of Mo VI



5247

5277

7h - 8i

7i - 8k

1000 amps

300 amps

HYDROGENIC TRANSITIONS 
OF Mo VI





RESULTS

IMPROVED WAVELENGTHS:  200-5300 Å – 234 lines total

IDENTIFICATIONS FOR PENNING LINES

NEW LINES FOR HIGH LEVELS

REVISED EVEN-PARITY LEVELS OF EDLÉN

REVISED A FEW KANCEREVICUIS IDENTIFICATIONS

112 ENERGY LEVELS TOTAL

SLIGHT REVISION OF IONIZATION ENERGY

ACCURATE RITZ-TYPE WAVELENGTHS 







Present
Wavelength

(Å)

Previous
Wavelength

(Å) Ref Intensity

Wave 
number
(cm-1)

Even
level

Odd
gA(s-1) log(gf)

196.234 .233 K 4 509596 4d3 11p1 1.29E+09 -2.13

197.160 .163 K 5 507202 4d5 11p3 2.16E+09 -1.90

199.828 .835 K 80 500430 4d5 9f7 3.14E+10 -0.73

200.788 .794 K 8 498038 4d3 10p1 1.84E+09 -1.95

201.729 .733 K 15 495715 4d5 10p3 3.14E+09 -1.72

204.619 .620 K 100 488713 4d3 8f5 3.37E+10 -0.68

205.690 .691 K 150 486169 4d5 8f7 5.33E+10 -0.47

207.752 .745 K 8 u 481343 4d3 9p1 2.88E+09 -1.73

208.692 .691 K 60 479175 4d5 9p3 5.04E+09 -1.48

213.018 .017 K 90 469444 4d3 ps75 1.73E+09 -1.93

213.755 .756 K 1,000 467825 4d3 7f5 6.81E+10 -0.33

214.195 .196 K 1,000 466864 4d5 ps75 3.52E+10 -0.62

214.407 .409 K 200 466403 4d3 ps63 5.49E+09 -1.42

214.888 .890 K 1,500 465359 4d5 7f7 1.13E+11 -0.11

214.942 .942 K 110 465242 4d5 7f5 5.88E+09 -1.39



215.598 .600 K 2,500 dc 463826 4d5 ps47 8.51E+10 -0.23
215.598 .600 K 2,500 dc 463826 4d5 ps63 2.22E+10 -0.81
216.180 .182 K 3 462577 4d3 ps65 2.29E+09 -1.79
217.394 .395 K 1,500 459994 4d5 ps65 4.82E+10 -0.47
217.892 .892 K 1,200 458943 4d3 ps53 5.07E+10 -0.44
218.238 .238 K 2,000 458215 4d3 ps55 5.53E+10 -0.40
218.955 .954 K 5 u 456715 4d3 8p3 3.11E+08 -2.65
219.063 .062 K 150 456490 4d3 8p1 7.23E+09 -1.28
219.126 .125 K 3 456358 4d5 ps53 5.09E+08 -2.44
219.391 .391 K 125 455807 4d3 ps43 2.08E+09 -1.82
219.477 .476 K 5 455629 4d5 ps55 9.39E+05 -5.17
219.847 .846 K 7 454862 4d3 ps31 2.46E+06 -4.75
220.201 .202 K 250 454131 4d5 8p3 1.09E+10 -1.10
220.642 .641 K 10 453223 4d5 ps43 8.07E+07 -3.23
221.319 .319 K 1 451836 4d3 ps45 4.49E+07 -3.48
222.592 .593 K 2,000 449252 4d5 ps45 2.19E+10 -0.79
224.483 .483d K 3,000 445468 4d5 ps37 6.83E+09 -1.29
226.469 .471 K 3,000 441562 4d3 ps35 8.66E+10 -0.18
227.801 .804 K 250 438980 4d5 ps35 1.50E+10 -0.93
228.368 .370 K 450 437890 4d3 ps33 5.00E+09 -1.41
229.262 .266 K 5,000 436182 4d3 6f5 1.86E+11 0.17
229.677 .680 K 8,000 435394 4d5 ps27 1.51E+11 0.08
229.723 .726 K 140 435307 4d5 ps33 3.79E+09 -1.52
230.348 .352 K 2,000 434126 4d3 ps25 2.43E+10 -0.71
230.433 .437 K 10,000 433966 4d5 6f7 3.04E+11 0.38



230.628 .633 K 250 433599 4d5 6f5 2.08E+10 -0.78
230.850 .854 K 200 433182 4d3 ps23 9.10E+09 -1.14
231.728 .731 K 80 431540 4d5 ps25 2.39E+07 -3.72
232.233 .239 K 2,000 430602 4d5 ps23 7.27E+10 -0.23
233.113 .117 K 4,000 428977 4d5 ps17 1.51E+10 -0.91
234.187 .192 K 1,500 427009 4d3 ps21 4.51E+10 -0.43
234.465 .472 K 60 426503 4d3 ps15 1.13E+08 -3.03
235.898 .900 K 2,000 423912 4d5 ps15 6.71E+08 -2.25
237.719 .716 K 200 420665 4d3 ps13 1.04E+08 -3.06
239.188 .185 K 1,500 418081 4d5 ps13 3.01E+09 -1.59
239.409 .411 K 400 417695 4d3 ps11 1.38E+09 -1.93
240.347 .344 K 50 416065 4d3 7p3 1.17E+10 -1.00
241.050 .047 K 1,500 414852 4d3 7p1 1.52E+10 -0.88
241.847 .844 K 4,000 413485 4d5 7p3 4.60E+10 -0.39
241.967 .966 K 50,000 413279 4d3 d113 1.24E+12 1.04
242.250 .246 K 2,000 412797 4d3 d115 6.92E+10 -0.22
243.486 .487 K 1,800 410701 4d5 d113 1.11E+11 -0.01
243.773 .772 K 100,000 410218 4d5 d115 1.91E+12 1.23
245.155 .153 K 1,500 407905 4d3 d103 7.74E+10 -0.16
246.717 .713 K 50,000 405323 4d5 d103 9.07E+11 0.92
248.065 .060 K 25,000 403120 4d3 d71 4.95E+11 0.66
252.302 .294 K 150,000 396350 4d5 d97 1.36E+12 1.11
253.779 .770 K 125,000 394044 4d3 d105 9.17E+11 0.95
255.443 .443 K 400 391477 4d5 d105 1.48E+10 -0.84
264.148 .151 K 250 378576 5s1 10p3 3.86E+09 -1.39
273.508 .511 K 100,000 365620 4d5 5f7 1.90E+11 0.33
273.894 .898 K 100,000 365105 4d3 5f5 2.53E+11 0.45
275.847 .851 K 150 362520 4d5 5f5 4.72E+09 -1.27

.3034

.7778



THEORETICAL CALCULATIONS

Cowan codes: Hartree-Fock; Diagonalization; 
Least-Squares Fit  (RCN; RCG; RCE)

SIMILAR TO KANCEREVICIUS ET AL.

RELATIVISTIC MODE (not important)

LARGE MIXTURES: 4f, 5f, 6f, 6p, 7p, 8p with 
4p54d2 and 4p54d5s

MAIN USE:  SELECT LONG WAVELENGTH CI 
LINES FOR LEVEL OPTIMIZATION  - 24 LINES
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SCHEMES FOR ACCURATE RITZ-TYPE 
WAVELENGTHS
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Even level Odd level Observed
wavelength

Intensitya Calculated
wavelength

Uncertainty

4d3 7f5 213.755 1,000 213.7530 0.0004

4d5 7f7 214.888 1,500 214.8870 0.0004

4d5 7f5 214.942 110 214.9399 0.0004

4d3 8p3 218.955 5 u 218.9533 0.0004

4d3 8p1 219.063 150 219.0605 0.0008

4d5 8p3 220.201 250 220.1989 0.0004

4d3 6f5 229.262 5,000 229.2624 0.0005

4d5 6f7 230.433 10,000 230.4334 0.0005

4d5 6f5 230.628 250 230.6284 0.0005

4d3 7p3 240.347 50 240.3450 0.0005

4d3 7p1 241.050 1,500 241.0488 0.0005

4d5 d97 252.302 150,000 252.3034 0.0006

4d3 d105 253.779 125,000 253.7778 0.0006

4d5 d105 255.443
255.443 K

400 255.4527 0.0006

Wavelengths (Å) of selected lines of Mo VI as calculated from optimized level values.



4d5 5f7 273.508 100,000 273.5083 0.0007

4d3 5f5 273.894 100,000 273.8950 0.0006

4d5 5f5 275.847 150 275.8469 0.0007

4d3 d95 286.299 25,000 286.3000 0.0007

4d3 d83 288.278 80 288.2768 0.0011

4d5 d87 288.920 10,000 288.9182 0.0008

4d5 d83 290.439 4,000 290.4399 0.0012

4d3 d73 291.446 250 291.4479 0.0007

4d3 6p3 291.916 15 291.9176 0.0007

4d3 6p1 293.625 2,500 293.6247 0.0007

4d5 d73 293.660 6,000 293.6590 0.0008

4d5 6p3 294.137 1,000 294.1359 0.0008

4d3 d85 296.673 25,000 p 296.6734 0.0008

4d5 d85 298.963 4,000 298.9648 0.0008

4d5 d57 314.956 120,000 314.9562 0.0009

4d3 d55 317.302 40,000 317.3037 0.0009



4d5 d47 318.578 20,000 318.5798 0.0009
4d5 d55 319.926 4,000 319.9263 0.0009
4d5 d37 323.092 8,000 323.0946 0.0009
5s1 7p3 337.446 80 337.4468 0.0003
5s1 7p1 338.834 30 338.8358 0.0003
4d3 4f5 374.465 300,000 374.4656 0.0012
4d5 4f7 377.540 400,000 377.5389 0.0013
4d5 4f5 378.124 8,000 378.1237 0.0013
5s1 6p3 448.757 100 448.7589 0.0005
5s1 6p1 452.804 60 452.8059 0.0005
7s1 5p1 457.966 40 457.9654 0.0007
7s1 5p3 468.536 80 468.5368 0.0006
6d5 5p3 501.954 7 501.9552 0.0006
5d3 7f5 540.546 10 p 540.5283 0.0003
5d5 7f7 542.496 20 542.4951 0.0003
5d5 7f5 542.826 3 542.8326 0.0003
6g7 4f5 565.322 200,000 565.3220 0.0004
6g9 4f7 566.621 250,000 566.6231 0.0005



5d3 6f5 652.072 50,000 652.0779 0.0005
5d5 6f7 653.857 40,000 653.8624 0.0006
5d5 7p3 754.957 25,000 754.9583 0.0004
5d3 7p1 757.413 15,000 757.4138 0.0006
6s1 5p1 761.016 800,000 761.0214 0.0016
5g7 4f5 780.432 700,000 780.4323 0.0009
5g9 4f7 782.918 800,000 782.9169 0.0011
6s1 5p3 790.660 1,600,000 790.6662 0.0016
7g9 5f7 950.263 100,000 w 950.2641 0.0018
8s1 6p3 950.855 30,000 950.8616 0.0009
7d3 6p1 1011.184 4,000 1011.1799 0.0011
7d5 6p3 1029.565 2,000 1029.5603 0.0009
5d5 5f7 1182.143 1,000,000 1182.1418 0.0018
5d3 5f5 1215.397 800,000 1215.3940 0.0014
6d3 7f5 1224.529 150 1224.5270 0.0014
5d5 5f5 1227.102 8,000 1227.1068 0.0012
6d5 7f7 1228.620 400 w 1228.6182 0.0013
6g7 5f5 1268.495 3,000 1268.4862 0.0013



IONIZATION ENERGY

TRAWICK (1934) 543 600 cm-1

KIESS (1956); AEL 549 000 cm-1

(Zr IV series)

EDLÉN et al. (1985) 555 132 ± 2 (?) cm-1



“The anomalous 
behaviour of the ng
series is explained by 
interaction with the 2G 
term of 4s4d64d2.”

X

X





Δp = T – Thydrogenic

Δp = αd R <r -4> + αq R <r -6>

αd= dipole polarizability

αq= quadrupole polarizability

P = R <r -4>/Zc
2

q = <r-6>/Zc
-6  x Zc

4/<r -4>



(ng levels not perturbed by 4s4p24d2)



Levels Method Limit Unc.

5s-8s Quadratic quantum defect 555100.4

5g-8g Quadratic quantum defect 555031.8

5g-8g Polarization formula 555022.7 2.3

6h-8h Linear quantum defect 555114.6

6h-8h Polarization formula 555115.6

6h-8h, 7i-8i,8k Polarization formula 555127.5 0.8

6h, 7i, 8k Polarization formula 555129.7

Edlén et al. 555132.0 2 (?)

5g, 6h, 7i, 8k Polarization formula 555125.7 2.3

Values for the ionization energy (cm-1) of Mo VI determined from 
various levels.



IONIZATION ENERGY

TRAWICK (1934) 543 600 cm-1

KIESS (1956); AEL 549 000 cm-1

(Zr IV series)

EDLÉN et al. (1985) 555 132 ± 2 cm-1

READER (2010) 555 127.5 ±1.7 cm-1



Lund,Sept. 5, 1998

Dear Larry,

Your letter of july 29 made me very 
happy.  How much more would it have 
enjoyed Bengt, if he were alive!

I am grateful for you having taken the 
trouble to inform me about Joe Reader's 
talk at Santa Fe which confirmed that 
Bengt‘s levels to determine the ionization 
potential of Mo VI were confirmed to be 
correct. - Indeed Bengt felt unhappy to 
have allowed Chaghtai to use his name as 
coauthor.  I am sure Bengt would have 
been more careful to read Chaghtai's
manuscript if he had been in better 
health.  He was just recovering from his 
first stroke at that time.

My very best wishes for your health and 
continued work!

Fond regards,

Friedel Edl'en



RS RS RS JR Edlén

6336.04 5 4f‐5d 4f‐5d
6328.11 1.5
6198.21 1.4
6195.84 1.8
6189.16 1.8
6188.67 11 4f‐5d 4f‐5d
6166.09 1.6
6035.62 0.75 4f‐5d 4f‐5d
5871.37 1.5 7d‐8p
5619.63 1.7 8d‐8f
5585.08 1.0 8d‐8f
5448.82 7.5 5f‐6d
5355.81 2.5

5276.86 45 7i‐8k 7i‐8k
5247.45 35 7h‐8i 7h‐8i
5043.55 10 7g‐8h not obs
5042.77 8.5 7g‐8h not obs
4501.73 1 not obs
4495.55 9 not obs
4490.73 11 not obs
4272.95 8 7p‐7d 7p‐7d

RS RS RS JR Edlén

4232.04 100 7p‐7d 7p‐7d
4062.04 60 7p‐7d 7p‐7d
4054.55 3 7f‐8g
3735.32 90 6s‐6p 6s‐6p
3538.39 20 7d‐7f
3510.27 6.6 5d‐4d2

3484.77 13 6d‐7p 6d‐7p
3476.60 200 6s‐6p 6s‐6p
3411.11 25 6s‐4d2

3408.60 200 6h‐7i 6h‐7i
3386.98 20 6d‐7p 6d‐7p
3343.20 1.5 6d‐7p 6d‐7p
3323.75 22 5f‐5g 5f‐5g
3293.29 50 6g‐7h 6g‐7h
3293.00 45 6g‐7h 6g‐7h
3133.32 10 6f‐7g not obs 7i‐9k
3122.43 10 6f‐7g not obs 7h‐9i
2301.48 30 6d‐4d2

2292.73 15 6p‐6d 6p‐6d
2272.58 200 6p‐6d 6p‐6d
2192.57 100 6p‐6d 6p‐6d

ROMANOV & STRIGANOV’S LINES OF Mo VI



Mushtaq, Chaghtai, Rahimullah (1979)

4 of 19 levels of 4p54d5s confirmed by 
Kancerevicius et al. (1991)

Tauheed, Rahimullah, Chaghtai (1985)

5 of 38 levels of 4p54d2 confirmed by Kancerevicius
et al. (1991)

1 of 35 4p6nl- 4p54d2 2-electron jump CI lines 
confirmed by Reader (2010)



Edlén, Tauheed, Rahimullah, Chaghtai
(1985)

•8p and 6f levels rejected by Kancerevicius et al. 
(1991)

•8d, 7g, 8g levels rejected by Reader (2010)

•Ionization energy  - ~ not affected



Kancerevicius, Ramonas, Ryabtsev, Churilov (1991)

•9 lines of 120 not Mo VI - (V, VII, VIII-only 2 spark 
regimes?): 5 levels dropped

•2 new levels of 4p54d2

•4p54d(1P)5s 2P1/2, 3/2 levels still unknown (should be 
strong to 4p55s)

•New least-squares fit; rms error 161 cm-1 vs 281 cm-1 
(dropped bad levels)

•Similar admixtures 4p54d2 and 4p54d5s – 4f, 5f, 6f, 6p, 
7p, 8p





Mo VI J=3/2, 5/2 ENERGY LEVELS , OSCILLATOR 
STRENGTHS, AND LANDE g-VALUES

Lin Pan and Donald R. Beck; Physica Scripta (2006)

Relativistic configuration interaction calculation

Relativistic screened hydrogenic wave functions

Correlations:  300 configurations in core

Final matrix: 19621x19621

“Virtual subshells”



Transition Wavelengtha Noteb Pan and Beck
Coulomb  Babushkin

f(present) Intensity 

4d3 4f5 374.465 0.2849 0.2896 0.3226 300,000
d35 329.827 0.0087 0.0090 0.0090 30,000
d55 317.302 0.0628 0.0666 0.0695 40,000
d65 313.944 0.0143 0.0155 0.0270 30,000
d75 303.147 0.0023 0.0025 0.0044 1,500
d85 296.673 0.0771 0.0808 0.0766 25,000
d95 286.299 0.0207 0.0221 0.0212 25,000
5f5 273.894 0.4451 0.4835 0.7099 100,000

d105 253.779 1.7480 1.8422 2.2140 125,000
d115 242.250 0.1346 0.1404 0.1523 2,000

6f5 229.262 0.2863 0.3061 0.3672 5,000

5d3 d75 2125.495 b 0.0011 0.0014 0.0023
d85 1843.481 0.0417 0.0551 0.0432 25,000
d95 1504.694 0.0115 0.0140 0.0104 8,000
5f5 1215.397 0.6207 0.7048 0.7858 800,000

d105 899.123 0.2545 0.2365 0.2598 300,000
6f5 652.072 0.1502 0.1804 0.1702 50,000

6d3 d95 2711.377 b 0.0041 0.0056 0.0028
5f5 4747.849 0.2091 0.2781 0.2399 8,000

d105 12690.645  b 0.2282 0.1853 0.2000
d115 3754.688 b 0.0055 0.0041 0.0048

6f5 1999.366 0.9901 1.0228 1.0002 25,000

4d5 4f5 378.124 0.0136 0.0139 0.0153 8,000
d55 319.926 0.0082 0.0090 0.0103 4,000
d75 305.539 0.0101 0.0109 0.0159 20,000
d85 298.963 0.0146 0.0154 0.0158 4,000
5f5 275.847 0.0056 0.0062 0.0090 150

d105 255.443 0.0256 0.0269 0.0242 400
d115 243.773 2.1563 2.2486 2.8350 100,000

6f5 230.628 0.0250 0.0268 0.0277 250

Comparison of f-values of Pan and Beck (2006) with present values.



THANK YOU

END OF STORY
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