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A SURVEY OF PLUTONIUM SPECTRUM DATA

J. R. McNally, Jr.

GENERAL

Published data on the spectra of plutonium have been compiled into a single

tabulation to assist research workers and spectrochemists. In addition some

unpublished data obtained at the Oak Ridge National Laboratory several years

ago are included. In general, the ORNL wavelengths are quite superior to all

other listings but the intensity data are poor. Wavelength data of Van den Berg

and Klinkenberg are quite good, their intensities very good, but the assignment

to Ion stages poor. Zeeman effects at 2k, 136 oersteds have been obtained at

ORNL but are not included in this preliminary listing.

HISTORICAL

Data on the spectra of plutonium (Z=94) have been reported in the literature

by a number of investigators. The first is probably that of G. K. Rollefson and

2
H. W. Dodgen of the University of California, who reported data on I76 lines

of which 161 were attributed to the plutonium in a 20 microgram sample. Subsequent-

•3

ly, Dodgen, Chrisney, and Rollefson reported a total of 921* lines in the range
o

2100 to 72l*0 A on an intensity scale of 0-10 with an estimated limit of error of

- 0.2 A. In this work they used a 500 microgram sample (originating from Oak

Ridge) that was excited on silver electrodes in a helium atmosphere by a condensed

spark and photographed with a 3-meter Paschen spectrograph having a dispersion

of 5-5 A/mm.

1 hLater, Tomkins and Fred ' of the Argonne National Laboratory reported on

229 lines of plutonium as observed by the copper spark method using 100 microgram,

or smaller, samples. Subsequently, data on the following were published: the
•7

furnace spectra, by Conway ; the hollow cathode spectrum (71^ lines) and the

hyperfine structure of Pu 239, by Van den Berg and Klinkenberg6; the isotope
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o

shifts (238, 239, 2l*0, 242), by Conway and Fred ; the hyperfine structure,

11 9
by Kaliteevskii and Chaika ; the hyperfine structure, by Korostyleva et al j

the isotope shift (239 and 2l*0), by Striganov et al10; and the Zeeman effect,
12 13

by Griffin and McNally ' . L. F. H. Bovey of Harwell is presently engaged

14
in a restudy of the furnace spectra of Pu

10
Striganov et al conjectured on the assignment of electronic configuration

6
based on hyperfine and isotope shift data while Van den Berg and Klinkenberg

attempted to ascribe ionization stages to the spectrum lines based on excitation

data. In both instances, rather significant errors exist, as indicated by the

ORNL Zeeman effects and preliminary classification.

The importance of Zeeman effects to the complete interpretation of the

spectra of plutonium has been recognized by both Russian and Netherland

investigators. Development of a precision comparator at ORNL for the measure

ment of echellograms and of mathematical routines for least squares treatment

of the data by the ORACLE has permitted the measurement and evaluation of the

ORNL Zeeman data with significant precision despite the low magnetic field

(21*,000 oersteds). More than 2l*0 Zeeman patterns, involving J values as high
17

as ll/2, have been measured

It has become evident already that, except possibly for unpublished

5 5B
wavelength data obtained at ORNL ' , and published data of the Netherlands

6
group , the published wavelengths are quite discordant and a complete precision

wavelength and intensity study of this spectrum is very much needed. The

results of several sets of measurements at ORNL have been included in this

compilation (see Table II). Wavelength differences as large as 0.35 A exist

in recent work (see Table I).
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Table 1. Comparison of Recent Wavelength Data on Plutonium

Laboratories Net Bias

a b o
Netherlands - Russian + 0.11 A

Netherlands ORNL 0.013

Maximum

Discrepancy

+ 0.35 A

- 0.11

Average

Deviation

+ °
- 0.13 A

0.023

Measurements made with 3-prism glass Steinheil spectrograph.

b
Measurements made with 3-prism glass Steinheil spectrograph.

Measurements made with 21-foot, 30,000 lines/inch Paschen grating spectrograph.

DISCUSSION OF TABLE

Plutonium spectrum data have been tabulated in six columns of Table II.

The first column lists the wavelength in angstroms as reported; the second

column lists the intensity in arc or hollow cathode; the third column is the

intensity in the spark; the fourth column is the author reference as given

in this report; the fifth column the vacuum wave number as determined by the

method of Werner, McNally, and Johnson ; and the sixth column gives general

remarks. Author reference 7 shows furnace intensities under the remarks column

corresponding to furnace temperatures of 2600-2400°C, 2l*00-2200°C, and

2200-2000°C; values are given for 2600-2l*00°C in all cases and for lower temp

eratures only as observed; a dash indicates not observed. Also in column six

the notation HFS means hyperfine structure reported in original reference,

IS means isotope shift, and I and II stand for Pu I and Pu II assignments

of Yan den Berg and Klinkenberg on the basis of excitation data in the hollow

cathode and as reported in other sources. Zeeman studies at ORNL indicate

that the II assignments are very reliable, but that many I assignments are

incorrect and should be II. A Q in the remarks column indicates question mark.
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REMARKS

It is hoped that this present compilation will lead eventually to an

improvement in the understanding of the electronic structure of this second-

rare-earth series element. Although the table is not definitive enough for a

thorough spectrum classification, it should be useful as a guide for spectro-

chemists and for preliminary classification studies. Suggestions and new data

on plutonium spectra may be readily added to the table. Comments, recommenda

tions, and new data are solicited by the author.
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PAGE NO 3

WAVELENGTH ARC SPARK AUTHOR WAVENUMBER
IN AIR INT. INT. REF. IN VACUO REMARKS

7221.46 0 3 13843.81
6887.63 7 14514.79 3,2.0
6880.10 7 14530.67 3,2,0
6813.03 7 14673.72 0
6785.34

6772.39

6767.16

6740.38

7 14733.60 3,2
7 14761.77 3,2
7 14773.18 3,1
7 14831.87 2,1

6675.47 7 14976.09 0
6673.07 7 14981.48 3,2,1

7 15083.55 4,3,2
7 15098.59 1,0
7 15103.81 1,0
7 15114.25 0
7 15120.06 0,0
7 15127.03 7,5,3
7 15158.48 0
7 15193.01 2,1
7 15197.12 0

6627.91

6621.31

6619.02

6614.45

6611.91

6608.86

6595.15

6580.16

6578.38
W AR7A.W 7 15201.81 2,16576.35

6565.53

6561.16

6544.24

7 15226.86 0
7 15237.01 0
7 15276.40 4,3,1

6542.1 9 15281.40 HFS
7 15297.30 6,5,3
7 15315.98 1

6535.30

6527.33
6503.71 7 15371.60 0

7 15383.38 1
7 15405.43 8,7,5
9 15406.83 HFS
7 15411.29 6,5,4
7 15424.39 1
7 15432.87 1
7 15435.90 1
7 15442.55 2,1,0
7 15468.66 1
7 15499.72 3,2,1
9 15500.56 HFS

0 3 15511.10
7 15525.04 2,0
7 15541.96 1,2,1

1 3 15578.36
7 15592.45 1,1

0 3 15599.10
0 3 15647.07

7 15667.55 0
3 3 15667.96

7 15703.80 0,1,1
0 3 15768.62

7 15804.69 1

6498.73

6489.43

6488.84

6486.96

6481.45

6477.89

6476.62

6473.83

6462.90

6449.95

6449.6

6445.22

6439.43

6432.42

6417.39

6411.59

6408.86

6389.21

6380.86

6380.69

6366.13

6339.96

6325.49



PAGE NO

WAVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

6324.75 1 3 15806.54

6324.7 10HL 6 15806.66 I

6323.81 1 3 15808.89

6321.93 7 15813.59 1

6321.87 1 3 15813.74

6321.8 10 6 15813.92 I

6309.99 7 15843.51 1

6304.9 50 6 15856.30 I

6296.17 7 15878.29 1

6286.27 7 15903.30 1

6279.62 0 3 15920.14

6279.4 15 6 15920.69 I

6278.90 7 15921.96 1,0

6274.0 15 6 15934.40 I

6273.82 7 15934.85 1,0

6268.49 7 15948.40 1

6258.33 7 15974.29 0

6256.34 7 15979.38 3,1

6251.47 7 15991.82 2

6233.18 7 16038*75 1
6231.4 10 6 16043.33 i
6224.29 7 16(561*66 i
6214.64 7 16086*60 1,1,0
6213.37 7 16089.88 0
6203.21 7 16116*24 0
6201.1 20 6 16121.72 I
6196.1 30 6 16134.73 !
6195.89 7 16135*28 3,2,0
6193.75 0 3 16140.85

6192.72 1 3 16143.54

6192.7 200 6 16143.59 I*HFS
6192.64 7 16143.74 7,5,3

6192.63 7 9,10 16143.77 HFS»IS

6190.78 0 3 16148.60

6186.4 10W 6 16160.03 I

6176.21 4 9 16186.69 HFS

6176.2 50 6 16186.72 I

6175.98 7 16187.29 2,1
6162.2 50 6 16223.49 I

6161.86 7 16224.39 3,0

6155.56 7 16240.99 2,1

6149.87 7 16256.02 1,0

6138.8 50 6 16285.33 I

6138.44 7 16286.29 3,2

6121.93 7 16330.21 3,1

6119.5 50 6 16336.69 I

6119.25 4 9 16337.36 HFS

6119.13 7 16337.68 3,2

6111.34 7 16358.51 0

6110.91 7 16359.66 0
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WAVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

6105.33 7 16374.61 0

6103.9 20 6 16378.44 I

6102.79 7 16381.42 1,0

6100.6 30 6 16387.30 I ,HFS

6100.50 7 16387.57 4,2

6100.32 5 9 16388.06 HFS

6092.3 50W 6 16409.63 I,HFS

6092.12 7 16410.11 4,3,2

6091.92 4 9 16410.65 HFS

6090.09 7 16415.58 2

6075.0 10 6 16456.36 I

6065.1 30 6 16483.22 I

6056.05 7 16507.85 0,0

6055.29 7 16509.92 0

6050.36 0 3 16523.38

6039.2 15 6 16553.91 I

6032.17 7 16573.20 1,0

6029.63 7 16580.18 0

6027.60 7 16585.77 0

6026.33 7 16589.26 0

6024.86 7 16593.31 0

6020.74 7 16604.67 0

6018.99 0 3 16609.49

6017.38 0 3 16613.94

6013.1 30W 6 16625.76 I

6012.67 7 16626.95 2,0

6007.3 15HS 6 16641.82 I

6000.42 7 16660.90 2,1

5999.8 30HL 6 16662.62 I

5999.41 7 16663.70 2,1

5996.87 7 16670.76 0

5995.3 10 6 16675.12 I

5995.09 7 16675.71 0

5992.55 7 16682.78 0

5983.32 100 6 16708.51 I ,HFS

5983.14 7 16709.01 6,5,2

5979.36 7 16719.58 0

5977.33 7 16725.26 0

5970.72 7 16743.77 0

5952.43 7 16795.22 2,1

5952.4 20 6 16795.30 I

5945.12 7 16815.87 3,2,0

5945.1 20 6 16815.93 I

5944.05 7 16818.90 1,0

5939.73 7 16831.13 1

5937.1 30 6 16838.59 I

5937.06 7 16838.70 2,1

5925.81 7 16870.67 2,2

5918.0 20 6 16892.93 I»HFS

5901.89 7 16939.04 0



WAVELENGTH ARC

IN AIR INT

5901.33 10H

5895.85 10

5895.8

5893.07

5892.95 30

5892.94

5891.82

5889.8

5881.09 20

5880.89

5874.81 10

5864.88

5864.83 50

5864.83 * 1

5857.02

5853.71 12

5853.63

5838.99 30

5838.92 2

5838.76

5837.73

5835.9 15

5835.88

5829.06 15

5818.46

5812.67 12

5807.17

5807.10 30

5788.95 12

5788.12

5788.00 10

5778.12 10

5770.11

5769.89 50

5767.96

5765.48 10

5759.45 12

5748.16

5747.96 10

5747.09 15

5733.19

5733.07 50

5733.02

5727.10 10

5712*41 30

5712.30

5709.33 20

5703.37

5703.20 10

5691.49 15

SPARK

INT.

2

0

PAGE NO

rHOR WAVENUMBER

IF, IN VACUO REMARKS

6 16940.65

6 16956.39

2 16956.54

7 16964.39 2,2

6 16964.74

3 16964.77

3 16967.99

2 16973.81

6 16998.95

7 16999.53 3,3

6 17017.12

7 17045.93 5,4,2

6 17046.08 I,HFS

9 17046.08* HFS

3 17068.81

6 170 78.46

7 17078.69 2,2

6 17121.51 I,HFS

9 17121.72 HFS

7 17122.19 2,4,2

3 17125.21

6 17130.58
7 17130.64 2,1

6 17150.68
3 17181.93

6 17199.04
7 17215.33 2,2
6 17215.54

6 17269.51
7 172 71*99 1*1
6 17272.35

6 17301.88
7 17325.90 1,0
6 17326.56
3 17332.36

6 17339.81

6 17357.97

7 17392.06 2,2

6 17392.66

6 17395.30

9 17437.47 HFS

6 17437.84 I,HFS

7 17437.99 2,2

6 17456.01

6 17500.90

7 17501.24 3,6

6 17510.34

3 17528.64

6 17529.16 II

6 17565.23
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PAGE NO

AVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

5682.65 7 17592.55 2,4,0

5672.86 10 6 17622.91 I

5667.51 7 17639.55 2,2

5667.45 30 6 17639.74 I ,HFS

5667.29 1 9 17640.23 HFS

5663.23 12 6 17652.88 I

5659.47 15 6 17664.61 I

5654.38 12 6 17680.51 I

5648.29 10 6 17699.57 I

5637.94 10 6 17732.07 I

5630.48 6 10 17755.56 IS

5630.45 7 17755.65 3,6,0

5630.44 100 6 17755.69 I

5628.33 30 6 17762.34 1 ,HFS

5592.60 7 17875.82 2,4

5592.49 15 6 17876.17 1,HFS

5590.78 7 17881.64 3,5

5590.51 4 10 17882.50 IS

5590.48 30 6 17882.60 1

5581.75 10 6 17910.57 1

5580.86 7 17913.42 1

5579.14 10 6 17918.95 1

5577.50 30- 6 17924.22 1

5570.68 7 17946.16 3,4

5570.48 25 6 17946.80 ]

5570.43 3 9 17946.96 HFS

5562.06 4 9 17973.97 HFS

5561.98 7 17974.23 3,5

5561.95 50 6 17974.33 1[,HFS

5549.52 40 6 18014.59 1[,HFS

5549.49 2 9 18014.68 HFS

5549.38 7 18015.04 3,4

5545.08 10 6 18029.01

5542.62 10 6 18037.01

5537.74 7 18052.91 1,1

5537.66 50 6 18053.17 I,HFS

5537.21 7 18054.63 1,1

5531.79 10 6 18072.32

5518.14 10 6 18117.03

5517.64 7 18118.67 1,1

5516.55 10 6 18122.25

5510.66 40 6 18141.62

5510.59 7 18141.85 2,2

5498.42 9 18182.00 HFS

5498.41 50 6 18182.04

5498.32 7 18182.34 3,5

5489.68 15H 6 18210.95

5486.32 7 18222.10 1,1

5486.31 15H 6 18222.14

5482.14 7 18236.00 1,1



PAGE NO

WAVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

5482.03 50 6 18236.36

5479.48 12 6 18244.85

5476.40 7 18255.11 2,3

5476.18 0 3 18255.85

5476.11 15H 6 18256.08

5470.22 10 6 18275.74

5446.02 10 6 18356.94

5427.83 20 6 18418.46

5423.26 4 3 18433.98

5418.17 7 18451.30 1,2

5418.10 10 6 18451.54

5414.22 10 6 18464.76

5408.59 0 3 18483.98

5402.38 15H 6 18505.23

5384.52 15 6 18566.61

5381.17 7 18578.17 2,5

5381.00 30 6 18578.75

5364.12 30 6 18637.22

5358.44 1 9 18656.97 HFS

5358.35 30- 6 18657.29

5341.98 9 18714.46 HFS

5341.88 15 6 18714.81 [,HFS

5334.18 10 6 18741.83

5328.35 9 18762.33 HFS

5328.30 12 6 18762.51

5325.37 10 6 18772.83

5321.74 10 6 18785.63

5320.47 10 6 18790.12

5317.95 7 18799.02 0,1

5316.82 15H 6 18803.02

5311.98 12 6 18820.15

5310.64 7 18824.90 0,0

5310.13 20 6 18826.71

5308.55 10 6 18832.31

5307.08 15 6 18837.53

5305.47 20 6 18843.24

5304.90 7 18845.27 0,1

5304.23 30 6 18847.65

5297.79 10 6 18870.56

5289.50 10 6 18900.13

5288.62 1 3 18903.28

5281.69 20 6 18928.08

5272.64 10 6 18960.57 ]

5270.01 9 18970.03 HFS

5269.80 50 6 18970.79 ][,HFS

5269.51 7 18971.83 0,0

5268.05 1 3 18977.09

5267.74 10 6 18978.21 1

5259.07 20 6 19009.49 1

5254.00 10 6 19027.84 ]
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PAGE NO

WAVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

5032.267 1 5B 19866.24

5023.380 25 5B 19901.38

5023.37 30 6 19901.42 I

5023.31 1 3 19901.66

5023.28 5 9 19901.78 HFS

5014.15 9 19938.02 HFS

5013.093 5 5B 19942.22

5004.45 30 6 19976.66 I

5002.714 20 5B 19983.59

4999.61 10H 6 19996.00 I

4999.48 7 19996.52 0»-

4997.47 10H 6 20004.56 I

4993.194 15 5B 20021.69

4992.71 12H 6 20023.63 I

4989.40 30 6 20036.92 I

4989.30 7 20037.32 1,3

4986.882 15 5B 20047.03

4986.80 60 6 20047.36 I

4986.723 15 5B 20047.67

4986.72 3 10 20047.68 IS

4984.384 85 5B 20057.08

4984.248 80 5B 20057.63

4982.63 10 6 20064.14 I

4982.603 15 5B 20064.25

4982.59 1 3 20064.30

4981.785 1 5B 20067.54

4980.75 10 6 20071.71 I

4980.739 25 5B 20071.76

4979.327 75 5B 20077.45

4970.88 1 3 20111.57

4969.83 1 3 20115.82

4969.72 7 20116.26 0,-

4969.63 30H 6 20116.63 I

4966.567 20 5B 20129.03

4961.72 0 3 20148.70

4959.240 15 5B 20158.77

4957.626 25 5B 20165.33

4957.4 9 20166.25 HFS

4957.40 * 1 3 20166.25*

4955.649 25 5B 20173.38

4955.18 low 6 20175.29 I

4949.60 15 6 20198.03 I

4945.513 20 5B 20214.72

4945.48 10 6 20214.86 IIQ

4945.295 10 5B 20215.62

4945.25 1 3 20215.80

4941.947 15 5B 20229.31

4937.98 1 3 20245.56

4935.792 1 5B 20254.54

4935.018 25 5B 20257.71
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PAGE NO 10

WAVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

4876.328 5 5B 20501.53

4874.153 20 5B 20510.67

4872.54 10H 6 20517.46 I

4870.68 7 20525.30 0,1

4870.036 15 5B 20528.01

4865.076 40 5B 20548.94

4864.899 40 5B 20549.69

4864.75 1 3 20550.32

4860.37 20 6 20568.84 I

4860.269 5 5B 20569.26

4854.001 30 5B 20595.83

4853.81 0 3 20596.64

4852.392 25 5B 20602.65

4852.12 10 6 20603.81 I

4852.099 15 5B 20603.90

4851.479 20 5B 20606.53

48 51.08 7 10 5B 20608.20

4850.32 7 20611.46 0,1

4850.218 40 5B 20611.89

4850.07 3 3 20612.52

4847.49 1 3 20623.49

4845.676 30 5B 20631.21

4845.56 0 3 20631.70

4842.825 25 5B 20643.36

4842.40 9 20645.17 HFS

4842.40 * 1 3 20645.17*

4842.337 40 5B 20645.43

4840.63 0 3 20652.72

4840.607 30 5B 20652.81

4834.812 5 5B 20677.57

4832.548 10 5B 20687.25

4831.527 25 5B 20691.63

4830.32 10 6 20696.80 I

4829.731 25 5B 20699.32

4828.991 15 5B 20702.49

4823.23 30 6 20727.22 I I,HFS

4823.203 90 5B 20727.34

4823.04 7 9 20728.04 HFS

4823.00 6 3 20728.21

4820.203 10 5B 20740.24

4819.27 8 3 20744.25

4818.639 15 5B 20746.97

4817.91 15 6 20750.11 I

4817.847 0 5B 20750.38

4817.69 0 3 20751.05

4815.539 20 5B 20760.32

4814.46 7 20764.98 2,4

4814.41 30 6 20765.19 I,HFS

4813.361 40 5B 20769.72

4811.709 10 5B 20776.85
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WAVELENGTH ARC SPARK AUTHOR

IN AIR INT. INT. REF.

4755.224 10 53

4754.27 7

4753.957 5 5B

4753.84 15 6

4753.72 7

4753.64 15 6

4753.536 10 5B

4753.47 1 9

4748.84 1 3

4748.83 15 6

4748.06 12 6

4747.99 0 3

4741.85 20 6

4741.82 1 9

4739.33 10 6

4735.74 7

4735.31 2 9

4731.22 3 3

4731.15 7

4731.08 20 6

4731.02 9

4726.41 2 3

4725.56 7

472 5.40 15 6

4722.91 10 6

4722.81 2 3

4721.12 7

4720.70 25 6

4720.62 2 9

4716.95 7

4716.49 20 6

4715.96 15 6

4715.64 2 9

4713.14 7

4712.82 15 6

4711.32 1 3

4710.81 10 6

4701.39 10 6

4701.04 5 9

4699.48 0 3

4698.92 15 6

4698.76 2 3

4698.63 9

4695.81 7

4695.13 20 6

4693.93 1 3

4693.11 10 6

4692.24 10 6

4692.10 3 3

4691.96 2 9

PAGE NO 12

WAVENUMBER

IN VACUO

21023.64

21027.86

21029.25

21029.76

21030.29

21030.65

21031.11

21031.40

21051.91

21051.95

21055.36

21055.67

21082.94

21083.07

21094.15

21110.14

21112.05

21130.31

21130.62

21130.93

21131.20

21151.81

21155.61

21156.33

21167.48

21167.93

21175.51

21177.39

21177.75

21194.23

21196.30

21198.59

21200.12

21211.36

21.212.80

21219.56

21221.85

21264.37

21265.96

21273.02

21275.55

21276.28

21276.86

21289.64

21292.73

21298.17

21301.89

21305.84

21306.48

21307.11

REMARKS

1,1

0,0

HFS

HFS

2,4

HFS

1,1

1,2

2*3

,HFS

HFS

0

HFS

2,4

HFS

HFS

1,2

HFS



G

w

U

vJ

w

\J

.J

PAGE NO 13

WAVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

4690.72 1 3 21312.74

4690.22 7 21315.02 2,2

4689.57 25 6 21317.97 I I,HFS

4689.52 6 3 21318.20

4689.40 2 9 21318.74 HFS

4688.06 0 3 21324.84

4686.96 0 3 21329.84

4686.07 0 3 21333.89

4684.31 0 3 21341.91

4683.38 15H 6 21346.15 I

4680.23 3 3 21360.51

4677.06 15 6 21374.99

4676.49 30 6 21377.60

4676.18 1 9,10 21379.01 HFS,IS

4673.40 20 6 21391.73

4673.13 3 3 21392.97

4671.00 2 3 21402.72

4664.23 6 3 21433.79

4664.20 15 6 21433.92 II

4664.10 6 9 21434.38 HFS

4663.08 15 6 21439.07

4657.42 4 3 21465.13

4656.60 1 3 21468.90

4655.26 1 3 21475.08

4650.04 20 6 21499.19

4649.88 7 21499.93 2,2

4646.48 7 21515.66 1,1

4645.70 7 21519.28 0,0

4645.44 20 6 21520.48

4645.18 7 21521.68 1,1

4642.74 10 6 21532.99

4639.50 4 3 21548.03

4639.38 12 6 21548.59 II

4639.28 3 9 21549.05 HFS

4636.13 7 21563.70 1,1

4634.55 12 6 21571.05

4634.35 7 21571.98 1,1

4630.92 30 6 21587.96

4630.82 4 9 21588.42 HFS

4630.79 7 21588.56 0

4627.48 20 6 21604.00 II

4627.43 7 3 21604.24

4627.39 9 21604.42

4625.88 15 6 21611.47

4625.62 2 9 21612.69 HFS

4625.56 7 21612.97 1,1

4624.86 30 6 21616.24

4624.52 7 21617.83 2,2

4619.00 1 3 21643.67

4618.13 0 3 21647.74
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PAGE NO 16

WAVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

4535.138 2 5 22043.89

4534.04 7 22049.22 0

4534.00 10 6 22049.42 I

4533.923 5 22049.79

4533.921 5 5 22049.80

4533.59 1 3 22051.41

4533.097 2 5 22053.81

4533.090 5 22053.84

4532.368 5 22057.36

4532.362 5 5 22057.39

4531.675 5 22060.73

4531.633 1 5 22060.93

4528.942 5 22074.04

4528.933 5 22074.09

4528.619 5 22075.62

4528.581 2 5 22075.80

4527.68 15 6 22080.20 I

4527.661 5 22080.29

4527.649 2 5 22080.35

4527.57 2 9 22080.73 HFS

4527.014 2 5 22083.44

4525.743 1 5 22089.65

4525.152 1 5 22092.53

4525.113 5 22092.72

4524.62 7 22095.13 0

4524.32 15 6 22096.59 I

4523.993 1 5 22098.19

4521.49 7 22110.42 1,0

4521.185 5 22111.91

4521.178 10 5 22111.95

4521.12 20 6 22112.23 I

4521.04 9 22112.62

4520.96 7 22113.02 1,0

4520.227 1 5 22116.60

4520.216 5 22116.65

4519.311 5 22121.08

4519.308 1 5 22121.10

4518.074 1 5 22127.14

4518.064 5 22127.19

4517.795 5 22128.51

4517.785 25 5 22128.56

4516.982 5 22132.49

4516.968 1 5 22132.56

4516.539 10 5 22134.66

4516.527 5 22134.72

4516.294 5 22135.86

4516.291 100 5 22135.88

4516.153 5 22136.55

4516.131 25 5 22136.66

4515.572 1 5 22139.40
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PAGE NO 17

WAVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

4515.562 5 22139.45

4514.779 5 22143.29

4514.770 25 5 22143.33

4513.538 10 5 22149.38

4513.51 10 6 22149.51 I

4512.935 5 5 22152.34

4512.924 5 22152.39

4512.85 10 6 22152.75 I

4512.75 9 22153.24 HFS

4511.670 5 22158.55

4511.664 5 5 22158.58

4511.13 1 3 22161.20

4511.094 5 22161.38

4511.085 1 5 22161.42

4510.579 5 22163.91

4510.573 10 5 22163.94

4509.798 5 22167.75

4509.785 5 5 22167.81

4509.039 5 22171.48

4509.038 1 5 22171.48*

4507.655 5 22178.28

4507.649 15 5 22178.31

4507.64 10H 6 22178.36 I

4507.63 9 22178.41 HFS

4507.183 5 22180.61

4507.175 15 5 22180.65

4506.95 7 22181.75 3,5

4506.706 5 22182.95

4506*667 2 5 22183.15

4506.65 40 6 22183.23 I

4506.56 10 22183.67 IS

4504.933 5 22191.68

4504.933* 5 22191.68*

4504.928 75 5 22191.71

4504.928* 75 5 22191.71*

4504.92 30 6 22191.75 II

4504.90 7 3 22191.85

4504.80 10 9 22192.34 HFS

4504.7 2 22192.83

4503.40 0 3 22199.24

4502.924 1 5 22201.59

4502.669 5 22202.84

4502.667 1 5 22202.85

4502.23 1 3 22205.01

4502.116 5 22205.57

4502.109 5 22205.60

4500.93 0 3 22211.42

4500.865 5 22211.74

4500.861 25 5 22211.76

4500.490 1 5 22213.59
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PAGE NO 19

WAVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

4478.159 1 5 22324.36

4478.148 5 22324.42

4477.639 5 22326.95

4477.636 5 22326.97
,

4477.470 5 22327.80

4477.449 1 5 22327.90

4476.764 5 5 22331.32

4476.761 5 22331.33

4476.51 7 22332.59 0

4475.743 5 22336.41

4475.738 1 5 22336.44

4473.11 7 22349.56 0

4472.863 5 22350.79

4472.859 10 5 22350.81

4472.79 40 6 22351.16 I,HFS

4472.70 10 9,10 22351.61 HFS,IS

4472.6 2 22352.11

4471.846 5 22355.88

4471.846* 1 5 22355.88*

4470.351 5 22363.35

4470.350 15 5 22363.36

4469.126 1 5 22369.48

4469.102 5 22369.60

4468.619 1 5 22372.02

4468.612 5 22372.06

4468.58 10 6 22372.22 I,HFS

4468.48 4 9,10 22372.72 HFS,IS

4467.606 1 5 22377.09

4467.595 5 22377.15

4467.075 2 5 22379.75

4467.072 5 22379.77

4466.738 5 22381.44

4466.737 1 5 22381.45

4465.623 5 22387.03

4465.610 5 22387.10

4464.234 1 5 22394.00

4461.223 1 5 22409.11

4460.259 5 22413.95

4460.256 1 5 22413.97

4459.12 1 3 22419.68

4458.90 10 6 22420.78 IIQ

4458.760 5 22421.49

4458.759 25 5 22421.49*

4458.608 1 5 22422.25

4458.375 5 22423.42

4458.371 1 5 22423.44

4457.750 1 5 22426.57

4457.742 5 22426.61

4457.70 10 6 22426.82 I

4457.283 1 5 22428.92



PAGE NO 20

WAVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

4456.72 10 6 22431.75 II

4456.72 * 3 3 22431.75*

4456.712 10 5 22431.79

4456.709 5 22431.81

4456.61 5 9 22432.30 HFS

4455.89 20 6 22435.93 I

4455.668 1 5 22437.05

4455.659 5 22437.09

4455.63 7 22437.24 3,3

4454.76 50 6 22441.62 IQ

4454.56 0 3 22442.63

4453.575 1 5 22447.59

4453.572 5 22447.61

4453.15 50 6 22449.73 I

4452.71 0 3 22451.95

4451.46 0 3 22458.26

4451.343 1 5 22458.85

4451.342 5 22458.85*

4448.307 2 5 22474.18

4448.306 5 22474.18*

4448.27 2 3 22474.36

4447.416 1 5 22478.68

4447.406 5 22478.73

4447.11 12 6 22480.22 I

4446.994 2 5 22480.81

4446.988 2 5 22480.84

4446.74 7 22482.09 1,0

4445.83 10 6 22486.70 I

4444.742 1 5 22492.20

4444.740 5 22492.21

4444.249 5 22494.70

4444.249* 25 5 22494.70*

4443.883 500 1- 5 22496.55

4443.881 4- 5 22496.56

4442.729 1 5 22502.39
4442.728 5 22502.40

4442.464 1 5 22503.73

4441.748 200 5 22507.36

4441.63 20 6 22507.96 II,HFS

4441.63 * 6 3 22507.96*

4441.57 7 9 22508.26 HFS

4441.5 2 22508.62

4441.082 5 22510.74

4441.077 1 5 22510.76

4440.892 1 5 2 2 511.70

4440.303 20 5 22514.69

4440.301 5 22514.70

4440.24 2 3 22515.01

4438.89 7 22521.85 2,2

4438.23 0 3 22525.20
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PAGE NO 133

WAVELENGTH ARC SPARK AUTHOR WAVENUMBER

IN AIR INT. INT. REF. IN VACUO REMARKS

3036.658 5 5 32921.39

3035.553 1 5 32933.37

3035.296 1 5 32936.16

3035.26 1 3 32936.55

3033.97 4 3 32950.55

3033.944 1 5 32950.84

3033.9 2 32951.31

3033.081 5 5 32960.21

3032.47 8 3 32966.85

3032.4 2 32967.61

3032.221 5 5 32969.56

3031.42 8 3 32978.27

3031.213 1 5 32980.52

3030.0 2 32993.72

3029.89 7 3 32994.92

3029.806 1 5 32995.84

3029.421 5 5 33000.03

3029.159 1 5 33002.88

3028.845 5 5 33006.31

3028.84 6 3 33006.36

3028.8 20 33006.80

3028.76 75 4 33007.23

3026.80 0 3 33028.60

3026.020 1 5 33037.12

3025.96 4 3 33037.77

3025.5 2 33042.80

3025.102 1 5 33047.14

3025.019 10 5 33048.05

3024.89 0 3 33049.46

3024.031 1 5 33058.85

3023.96 10 6 33059.62 I

3023.6 2 33063.56

3023.441 100 5 33065.30

30 23.42 7 3 33065.53

3022.025 1 5 33080.79

3021.343 1 5 33088.26

3021.14 8 3 33090.48

3021.1 2 33090.92

3020.991 1 5 33092.11

3019.794 1 5 33105.23

3019.50 4 3 33108.45

3019.293 20 5 33110.72

3018.21 4 3 33122.60

3018.016 20 5 33124.73

3017.815 1 5 33126.94

3017.20 0 3 33133.69

3016.015 1 5 33146.71

3015.97 2 3 33147.20

3015.05 3 3 33157.32

3014.832 1 5 33159.71
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