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Abstract 

The isotope shift (238-235) has been determined for 229 emission 

lines of uranium in the infrared region between 1984 and 5393 cm 

(5.0 to 1.85 microns). 
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Precision isotope shifts for uranium ( 238U-234U) in the 

visible and near infrared were reported recently. 1  Isotope shift 

data are valuable for confirming line classification and for 
-Pu 

designating level configuration. We report here the observed isotope 

shifts of 229 Uranium emission lines in the 1894 to 5393 cm 	region 

of the spectrum. The reported shifts are between the 238 and 235 

isotopes of uranium. The shifts were determined from spectra recorcied 

on the McMath Solar Fourier transform spectrometer (FTS) at Kitt Peak 

National Observatory. The FTS operates in vacuum and has up to one 

meter of travel. The uranium spectra were obtained with a resolution 

of 6 mK (1 mK = 10 3cm). The FTS was equipped with a potassium 

chloride beam splitter and liquid nitrogen cooled InSb detectors. 

Wedged germanium filters served to eliminate radiation above 

6000 cm —1  and thus limit the range of observation to the desired 

region. The region 5775 to 1775 cm 	(1.7 to 5.6k) was recorded 

with this system. 

The uranium spectrum was excited using a water cooled hollow 

cathode operated at 500 milliamperes current with 266 Pascals (two 

Torr) of argon carrier gas flowed continuously. A wedged sapphire 

window was used and tne space between the hollow cathode and the FTS 

entrance aperture was flushed with dry nitrogen gas. The uranium 
Q 

cathode was open ended and the back window was mounted at an angle to 

1-4 

reduce black body radiation entering the FTS. Uranium metal cathodes 

27.5 m long with 8 rmi diameter hole were made from depleted uranium 

metal. The 238U spectrum was observed using one of these cathodes. 
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To obtain the 238U-235U isotope shift spectrum, a sleeve of 0.025 

mm thick uranium metal enriched to 93 percent 235U was inserted into 

a 238U metal cathode. The resulting spectrum indicated about 12 

percent intensity from 

From our FTS observations of the 238U emission spectrum between 	
U 

1817 and 5598 cm 	we have generated a line list that contains over 

9000 lines believed to be uranium neutral (U I) or singly ionized 

uranium (U II) lines. Of these, 4433 have been classified as 

resulting from transitions between known levels of U I and of U II and 

are the subject of a separate report. 2  

To find 235U lines the 238U-235U spectrum was compared with 

the 238U spectrum and new lines picked out as 235U lines and 

associated with 238U lines by their relative intensities. Figure 1 

illustrates this in the wavenumber region 5040 to 5050 cm. The 

spectrum is shown at the top. Three isotope shift pairs 

are indicated. The isotope shift is negative for the 5042 and 5047 

cm lines, and it is positive for the 5048 cm line. The 235U 

lines of the 5042 and 5048 cm 	line pairs show a moderate amount 

broadening effect caused by hyperfine structure while the 235U line 

of the 5047 cm 	pair is sharp. Widths up to 380 mK were found. 

For the widest lines, a number of the hyperfine components are 

resolved. The 235 U lines with broadening or unresolved hyperfine 

structure yield less accurate values of measured isotope shifts as 

discussed below. The two Ar carrier gas lines noted are easily 

distinguished from 238U lines by their line width. 
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Table 1 is a listing of data for the 229 uranium lines that had a 

discernible isotope shift. The observed wavenumber (cm) in vacuum 

is given in column one and the air wavelengths (in Angstroms) 
'i 

calculated from observed wavenumbers are given in column two. The 

intensities are the 238U relative intensities. For lines that can 

be classified as transitions between known energy levels, the 

truncated value of the energy levels E-0 and E—E are given along with 

the corresponding J—values, J-0 and J—E. The energy levels and 

J—values are from Ref. 1 and 3 for U I and from Ref. 4 for U II. Two 

of the lines in the list are doubly assigned to transitions whose 

calculated frequencies are within 	0.005 cm 	of the line 

frequency. Sufficient isotope shift data was not available for the 

levels involved to determine which transition corresponded to the 

observed isotope shift. The isotope shift in mK is equal to the 

wavenumbers of the 238U line minus the wavenumber of the 235 

line. Hence a positive shift means the 238U line is at higher 

wavenumber. The CHA column indicates the character of the hyperfine 

structure of the 235U line. A 5 indicates shading toward higher 

frequency, that is a line where the strongest hypertine coriponent is 

followed by components weakening toward higher frequency. A 6 

indicates shading toward lower wavenumber. Where there is no entry, 

the line is either sharp or the pattern is nearly symmetrical and the 

shading could not be determined. 

The entries under width are the overall hyperfine pattern width 

of the 235 line. The calculated value of the 238U-235U isotope 
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shift was obtained by dividing the 238U-234U shifts of Engleman 

and Palmer by the factor 1.194. Engleman and Palmer report an 

uncertainty of 4 mK for their isotope shift values. 2  The observed 

minus the calculated value (0—C) is given in the last column. In 

three cases noted by "*' the values of Blaise and Radziemski 3  were 

used. The average value of 0—C for the 118 lines compared with 

Engleman and Palmer values is 13 mK. A number of values are subject 

to considerably uncertainty because of hyperfine structure present in 

many of the 235 lines. This uncertainty could be 30 mK or larger for 

lines with considerable width and/or peculiar or irregular shape. 

No 0—C values were derived for the 34 U II lines. In addition a 

number of U I lines have no 0—C value because isotope shift values 

were not available for one or both of the combining levels. For those 

lines where the isotope shift was known for one level we were able to 

derive the isotope shift for the other level. These 16 levels and 

their shifts are listed in Table 2. Except for tne three cases noted, 

all isotope shift values are derived from a single measurement. The 

uncertainties in the values of the level shifts coula be 30 mK or more 

because of the hyperfine width of the 235 lines as mentionea above. 

We have designated configurations for the levels on the basis of 

their observed isotope shift and the ranges of isotope shift for U I 

configurations found in Refs. 3 and 5. The even level configurations 

are the same as those designated by Blaise and Radziemski 3  without 

benefit of isotope shift values. The isotope shifts found here 

confirm their designations. There were no previous designations for 

the odd levels. 

Ir 
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TABLE 1. 	ISOTOPE SHIFT OF rJRA1IUM LINES,1.85.5 M.ICRONS 

NAVE WAVE tNT J-O J-E LEVELS IS CH WD CALC 0-C 

NUMBER LEN(TH ODD-EVEN 

1984.626 50373.593 1 13/2 13/2 8755-10740 - 	135 5 42 

2039.800 149011.051 1 5 5 28896-30936 - 	311 6 96 

20148.220 148809.572 5 13/2 13/2 133144-15392 - 503 6 

2095.187 47715. 1426 1 
5 5 78614-10051 

- 	419 
- 324 

6 
- 321 - 	3 

2187.110 145709.9714 1 

2202.644 145387.607 1 6 7 19103-16900 - 322 5 273 

2218.343 45066.403 1 15/2 13/2 8521-10740 - 	119 5 99 

2238.360 44663.387 1 9/2 11/2 11544-13783 +1120 

22(42.564 44519.660 1 8 7 19142-16900 - 206 5 287 - 	191 	-17 

2302. 828 43413.029 2 11/2 13/2 13089-15392 - 556 6 15 

2314.651 43191.280 1 14 5 15778-13463 - 376 5 66 - 390 	+14 

2317.543 43137.383 0 - 254 
- 314 - 3 

2354.760 42455.596 0 6 6 10288-12643 - 	317 
7 

2391.374 41805.564 2 5 6 14970-17361 + 379 5 80 + 386 - 

2418.915 41329.579 1 13/2 15/2 15717-18136 - 504 5 112 

2435.312 41051.306 0 9 8 19297-16862 - 	174 

2441.625 40945.165 1 + 376 5 

2443.710 40910.230 5 - 254 6 

2458.989 40656.033 2 6 6 17102-14643 - 	170 5 168 
1427 	-13 

2480.818 140298.296 1 4 5 22792-20311 - 	1440 6 - 

2491.466 40126.070 0 6 7 15804-18295 + 	127 + 	117 	+10 

2518.454 39696.075 1 14 5 141411-16929 + 	612 + 586 +26 

2537.989 39390.532 - 	1 6 5 31134-33672 + 	179 6 26 

2541.008 39343.732 1 7 6 15712-18253 - 342 - 	361 	+19 

2541.056 39342.989 1 3 4 14576-12035 - 	250 - 	315 	+65* 

2560.371 39046.192 2 6 5 14174-11613 - 	130 - 	120 -10 

2567.291 38940.9145 6 4 4 4453- 	7020 - 305 - 303 - 2 

2572.380 38863.907 2 11/2 11/2 13961-11389 + 	152 5 156 

2585.238 38670.613 3 5 5 1143144-16929 + 	89 5 27 + 	90 - 	1 

2585.294 38669.775 3 7/2 9/2 18797-16211 + 	1438 5 32 

2599.233 38462.399 1 4 5 18319-15720 - 	3148 5 
+ 	391 	+ 	9 

2600.980 38436.565 1 6 7 18825-21426 + 	1400 

2618.123 38184.889 2 13/2 13/2 133414-15962 + 902 5 242 

2625.020 380814.562 5 8 7 19142-21767 + 	125 5 188 -'- 	113 	+12 

2628.478 38034.458 2 4 5 15778-18406 + 	87 5 23 + 	67 	+12 

2629.404 38021.064 1 5 6 17589-20218 + 	1014 5 36 

2631.156 37995.747 3 9/2 11/2 9882-12513 -1198 

2631.769 37986.397 0 + 577 5 106 

2632.776 37972.367 5 11/2 9/2 5790- 	81423 - 	3147 6 
+ 	132 -13 

2645.131 37795.0014 1 4 3 12362-15007 + 	119 

2655.390 37648.984 14 14 5 1142714-16929 + 	551 6 60 + 557 - 6 

2663.249 37537.900 5 9/2 9/2 8379- 	5716 + 	223 6 2014 

2672.952 371401.621 0 - 538 

2675.149 37370.304 1 
1 6 6 19758-17070 

- 229 
- 348 5 18 - 	371 	+23 

2698.254 37185.7214 
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TABLE 1. 	ISOTOPE SHI'_l"r OF tJRANIIJM LINES, 1.8-5.5 MICRONS 

WAVE RAVE .INT J-O J-E LEVELS IS CH WD CALC 0-C 
NUMBER LENGTH ODD-EVEN 

2702.929 36986.816 0 + 296 
2707.279 36927.386 2 - 261 
2710.423 36884L551 2 7 6 15353-12643 - 265 5 - 261 	+ 4 
2718.285 36777.871 5 - 321 6 22 
2724. 027 36700.347 0 3 4 15169-17893 + 74 

2727.859 36648.792 2 6 6 12910-15638 + 183 + 	159 	+24 
2730.545 36612.741 1 5 5 14344-11613 - 225 - 223 - 2 
2732.726 36583.520 2 9,2 11/2 21387-18654 + 177 
2738.601 36505.039 0 3 14 14774-12035 - 349 
2755.412 36282.319 1 + 280 

2756.257 36271.195 2 + 317 
2763.063 36181.852 6 13/2 13/2 12629-15392 - 761 6 166 
2778.974 35974.693 1 + 68 
2797.329 35738.641 5 4 5 1(4411-11613 - 717 6 170 - 719 	+ 2 
2798.873 35718.925 0 3 3 15169-17963 + 150 5 80 

2805.091 35639.748 2 8 7 18621-21426 + 170 + 	157 	+13 
2807.549 35608.545 4 + 259 5 64 
2820.940 35439.511 6 13/2 11/2 5526- 8347 - 352 6 52 
2833.964 35276.643 1 6 6 13361-16195 - 119 - 	124 	+ 	5 
2847.577 35108.001 0 + 113 

2865.476 34888.701 1 6 6 23084-20218 - 309 
2873.708 34788.759 5 5 6 13632-16505 + 600 6 62 + 630 -30 
2878. 604 34729.589 1 11/2 11/2 8510-11389 .- 260 6 
2890.397 3 14587.890 6 3 4 10819-13710 + 798 5 150 + 805 - 7 
2896.121 34519.530 2 6 6 141714-17070 - 148 5 138 - 	131 	-17 

2906.355 34397..978 6 4 5 10557-13 1463 + 170 6 42 + 	198 -28 
2929.799 34122.728 6 4 5 1 14543-11613 - 690 6 198 
2934.888 34063.560 3 5 14 14970-12035 - 860 6 - 854 	- 	6 
2941.979 33981.457 0 7 7 15353-18295 + 2140 6 57 + 	251 	-11 
2948.021 33911.812 2 6 7 19685-22633 + 365 5 39 

3010.704 33205.766 7 5 6 11633-14643 + 182 6 78 + 	165 	+17 
3021.914 33082.587 3 7/2 9/2 5401- 8423 - 421 6 56 
3025.027 3.3048.543 3 5 5 14344-17369 + 333 + 	3214 	+ 	9 
3042.073 32863.358 7 11/2 11/2 10740-13783 +1234 6 227 
3066.496 32601..619 1 + 321 6 

3103.236 32215..640 4 6 6 13402-16505 + 454 4 	14t3 	- 	9 
3121.256 32029.648 5 9/2 9/2 11544- 	8423 - 154 5 224 
3123.691 32004.681 2 5 14 1 14344-17468 + 287 + 290 - 3 
3134.218 31897. 185 3 3 4 15169-12035 - 364 6 
3138.952 31849.080 5 5 5 16602-13463 - 638 6 52 - 608 -30 

3141.912 31819.075 6 11/2 13/2 7598-10740 - 322 5 115 
3157.085 31666.152 7 3 4 8878-12035 + 324 + 330 - 6* 
3196.555 31373.296 7 6 6 11457-14643 + 138 6 130 + 	165 -27 
3254-905 307114.485 9 4 5 10208-131463 + 479 6 57 + 	1457 	+22 
3283.350 30448.393 3 5 6 14970-18253 + 500 + 477 	+23 

$1 
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TABLE 1. 	ISOTOPE S1IFT OF URANIUM L.INES,1..8-5.5 1ICONS 

WAVE 	WAVE 	INT J-O J-E 	LEVELS 	IS C1 	WD 	CALC 0-C 

NUMBER 	LENGTH 	 ODD-EVEN 

3283.878 30 14 143.497 1 8 8 17428-20712 + 100 

3325.857 30059.239 7 3 2 8878-12204 - 1318 5 23 

3347.412 29865.678 5 2 2 8856-12204 - 186 5 34 

3354.002 29806.998 2 5 6 17589-20943 + 232 5 
3356.544 29784.424 5 5 5 14970-11613 - 760 6 

3382.362 29557.076 7 5 5 10081-13463 + 645 5 102 	+ 	6146 	- 	1 

3393.079 29463720 3 5 6 16825-20218 + 138 6 100 	+ 	148 -10 

3409.220 29324..224 18 4 5 1288 14-16294 i 317 6 94 	+ 	303 	+114 

3421.753 29216.817 8 11/2 9/2 2294- 5716 - 332 6 52 
3431.088 29137.326 1 5 4 19553-16121 - 402 

3465.762 28845.315 5 13,/2 11/2 11813- 	8.347 + 331 6 61 

3492.404 28625.763 6 9 8 19297-22789 + 914 5 49 	+ 	79 	+15 

3497.850 28581.194 5 6 7 13 1402-16900 + 3 95 	+ 	2 - 	1 

3501.844 28548.596 8 4 14 10208-13710 + 678 5 65 	+ 683 - 5 

3538.991 28248.935 5 6 7 13361-16900 - 75 5 - 	93 +18 

3541.156 28231.665 5 9 8 18511-22052 + 289 + 298 - 9 

3549.363 28166.386 6 + 497 6 
3553.475 28133.792 5 7 7 13346-16900 + 83 6 49 	+ 	59 -24 

3561.650 28053. 4464 3 5 5 14344-17908 + 159 5 + 	162 - 3 

3568.3614 28016..404 5 6 5 13361-16929 + 233 5 35 	+ 	232 + 	1 

3599.969 27770.441 5 14 14 22792-19192 - 248 5 - 260 	+12 

3605.102 27730.901 4 13/2 13/2 11787-15392 - 791 5 37 
3616.1486 27643.610 2 5 6 16602-20218 + 117 6 + 	12 14 - 	7 

3628.8114 275149.,697 4 + 421 6 1149 
3629.301 27546.001 6 5 44 10081-13710 + 908 

3633.303 27511.873 5 14 5 14274-17908 + 608 + 634 -26 

3652.436 27371.1146 2 4 14 17533-21185 + 86 
3663.903 27248.670 6 7/2 9/2 12092- 	8423 + 3414 5 298 
3673.362 27215.593 2 4 5 32708-36381 + 296 
3673.362 27215.593 2 5 5 33853-30179 + 296 

3722.068 26859.1457 3 11/2 9/2 25887-22165 + 3148 6 
3729.830 26803.561 5 5 6 13632-17361 + 280 5 79 	+ 286 - 6 

3739.223 26736.230 5 + 330 6 
37149.039 26666.227 8 9/2 7/2 9114- 	141453 - 3514 5 54 
3799.615 26311.278 6 - 321 914 

3621.267 26162.193 4 5 6 11613-151435 - 275 5 
3836.738 26056.698 6 11/2 9/2 9553- 5716 + 38.3 
3836.888 26055.680 0 5 4 26734-30571 + 383 6 
3836.888 26055.680 0 5 5 28578-24741 + 383 6 
38143.193 26012.934 5 6 7 15804-19647 + 164 5 + 	171 	- 7 

3859.789 25901.085 5 4 5 16451-20311 + 2141 + 	220 	+21 

3902.341 25618.654 6 4 14 8133-12035 + 262 + 	2614 	- 	2 

3931.569 251428.200 6 4 5 12362-16294 + 573 + 	560 	+13 

3931.569 251428.200 6 6 7 27093-31024 + 205 
3961.328 25237.174 7 7 6 11677-15638 + 143 6 + 	139 	+ 	4 



32 - 315 1 10 
146 - 	166 +12 

214 + 276 +12 
39 + 235 -51 

- 	346 +12 

+ 298 4 2 
98 + 128 + 2 

	

1414 	+ 190 - 1 

	

108 	+ 178 +21 

' 257 + 6 

	

110 	- 3141 + 6 
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TABLE 1. 	ISOTOPE SHIFT OF URANIUM LIES,1.8-5.5 MICRONS 

WAVE 	WAVE 	INT 3-0 J-E 	LEVELS 	IS CII 	WD 	CALC 0-C 

NUMBER 	LENGTH 	 ODD-EVEN 

3992.022 25043.129 6 	3 	14 15560-19552 + 320 

4003.016 24974.350 7 	11/2 	11/2 8510-12513 - 317 5 

4005.203 24960.713 6 	5 	6 11633-15638 + 738 5 

4019.252 24873.465 7 	6 	5 12910-16929 + 40 

4087.518 24458.051 7 	5 	5 11633-15120 + 366 6 

4135.243 24175.779 5 	7 	8 15353-19489 + 700 

4145.450 214116.253 4 + 310 

4157.566 240 145.973 5 - 1457 

4159.962 214032.12 14 6 	6 	6 12910-17070 - 142 

14174.5143 23948.183 8 	6 	7 111457-15631 + 825 5 

14216.776 23708.331 7 	7/2 	9/2 9933- 5716 + 252 6 

42141.316 23571.156 6 	5 	6 15542-19783 + 250 

4251.610 235114.085 2 + 311 

4267.827 23 142 14.736 6 	9/2 	7/2 115144-15812 + 625 6 

4284.652 23332.751 6 	5 	6 15542-19826 + 302 6 

4317.218 23156.746 8 	4 	5 11403-15720 - 174 6 

4327.983 23099.148 6 	13/2 	11/2 15717-11389 - 168 6 

4336.257 23055.072 6 	14 	5 15778-20114 + 33 
14337.454 23043.710 7 	8 	7 14501-18839 + 203 6 

4339.801 23036.245 6 	2 	3 14191-18530 + 512 5 

4348.098 22992.287 6 	5 	6 11290-15638 + 10 14 6 

14370.666 22873.566 5 	4 	5 19210-14839 - 167 5 

14374.764 22852.140 4 - 111 

4382.669 22810.921 6 	3 	14 15169-19552 - 149 

4439.502 22518.9014 5 	7 	7 17928-22368 + 278 

4450.272 221464.406 6 	6 	7 151435-19885 - 305 6 

41451.387 221458.779 5 	6 	6 12910-17361 - 1514 6 

4459.042 22420.223 5 	6 	5 12910-17369 + 287 5 

1448 14.752 22291.693 6 	4 	5 128814-17369 + 286 6 

4513.321 22126.077 5 	7 	6 11677-16195 - 333 

14521.461 22110.711 8 	4 	5 14411-18932 + 300 5 

14531. 715 22060.680 6 	7 	7 15353-19885 + 130 6 

4553.544 21954.925 4 	3 	3 16983-21536 + 333 6 

14558.185 21932.571 6 	6 	7 15906-20 14614 + 189 6 

4562. 837 21910.210 9 	5 	6 10081-114643 + 199 6 

14567.312 21888.742 4 	4 	5 12362-16929 + 263 

4574.690 21853.440 6 	7 	6 10069-14643 - 335 6 

4576.806 21843.337 5 	5 	6 356714-31098 - 212 

4578.167 21836.843 6 	9/2 	7/2 92141- 	4663 + 61414 

4583.1416 21811.835 5 	14 	4 128814-17468 + 192 5 

4596.890 21747.902 5 	14 	14 16588-21185 + 120 

14606.866 21700.808 6 - 1141 

4608.445 21693.373 6 	6 	5 7005-11613 + 179 5 

14612.455 21674.513 7 	5 	14 11633- 	7020 - 237 5 

4629.400 21595.177 5 	9 	8 19297-23926 + 188 6 

202 
41 + 721 +17 

+ 42 - 2 
117 + 327 +39 

U 

- 75 +33 
73 	+ 8141 -16 

382 

120 
+ 291 +11 

52 - 163 -11 
247 

+ 	214 4. 9 
26 + 195 + 8 
66 4 515 - 3 

714 	+ 110-6 
31 

+ 200 - 8 

+ 170 + 9 
- 253 +16 
+ 196 - 8 
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TABLE 1. 	ISOTOPE SHIFT OF URANIUM LINE.S,1.85.5 NICRONS 

WAVE WAVE INT J-O J-E LEVELS IS CH WD CALC 0-C 

NUMBER LFNTM ODD-EVEN 

4660.213 21452.392 5 6 7 15804-20464 + 1414 5 130 	+114 

4662.750 21 14 140.719 5 5 6 16602-21265 + 521 + 520 + 	1 

4666.173 21424.991 7 1112 9/2 13099- 	8423 - 117 5 52 

4667.034 21421.038 6 9/2 9/2 115414-16211 - 5148 5 
37 - 	77 +11 

4676.810 21376.262 6 5 6 15542-20218 - 66 6 

4705.059 21247.919 5 9 8 19297-24002 + 285 • 286 - 	1 

4727.983 21144.897 9 7/2 9/2 10444- 5716 + 205 6 163 
601 +13 

4735.321 21112.130 7 14 5 11558-16294 + 613 6 33 + 
+ 	237 +10 

4738.048 21099.979 8 6 6 11457-16195 + 247 6 
191 + 3 

4758.70721008.377 7 5 5 10081-14839 + 194 + 

4792.170 20861.679 5 13/2 15/2 13344-18136 - 
• 

503 6 
5 100 + 	513 +30 

4812.817 20772.182 7 5 6 14970-19783 543 
+ 	145 +15 

4828.733 20703.715 6 7 6 11677-16505 + 160 
330 -35 

4831.784 20690.642 9 3 14 8878-13710 + 295 6 
6 

+ 
+ 530 +19 

4856.153 20586.812 6 5 6 14970-19826 + 5149 

4858.090 20578.604 7 
9 5 6 11633-16505 

+ 
+ 

308 
7143 6 55 + 728 +15 

4872.609 
4890.553 

20517.286 
20442.005 6 4 5 11403-16294 + 405 + 	1405 0 

4906.849 20374.116 7 9 8 17882-22789 + 105 + 	106 - 	1 

4927.678 20287.996 7 9/2 11/2 13275- 8347 + 245 6 118 

14931.711 20271.405 7 3 4 7103-12035 + 2814 6 • 279 
93 

+ 5 
-29 

4946.853 20209.355 6 3 14 8878-13325 - 121 5 69 - 
5 

4948.867 20201.131 7 7 7 133146-18295 + 60 5 + 	55 + 

4982.351 20065.369 6 5 6 16602-21584 + 168 6 + 	174 - 6 

5026.158 19890.483 6 + 202 6 93 

5042.450 19826.217 5 7 6 20680-15638 - 7140 6 75 

50 147.188 19807.605 5 
9 6 6 11457-16505 

- 
+ 

252 
735 5 + 728 + 7 

50148.460 19802.615 
165 6 96 

5056.718 
5070.404 

19770.276 
19716.912 

7 
6 8 8 15458-20528 

+ 
+ 366 6 32 4 	355 +11 

5081.615 19673.412 6 9 9 17882-22964 + 207 + 205 + 2 

5100. 483 19600.635 3 3 2 7103-12204 - 200 

5102.803 19591.724 7 11/2 11/2 131450- 	83147 - 200 6 196 
- 	1 

5105.765 19580.358 5 4 4 12362-171468 + 1456 6 + 	1457 
+23 

5110.726 19561.351 6 7 7 15353-20464 • 287 6 81 + 	264 

5123.488 19512.626 7 
5 5 14970-201114 

+ 
+ 

191 
294 

5 
6 

159 
37 • 	281 +13 

51143.781 
5163.6 144 

19435.646 
19360.883 

6 
9 4 5 10557-15720 - 116 6 29 - 	119 + 3 

5175.098 19318.032 7 7 8 15353-20528 + 410 6 48 4 	385 +25 

5218.924 19155.808 8 9/2 7/2 9882- 	4663 + 547 5 211 

5230.550 19113.230 6 5 6 16825-22056 + 194 6 36 + 	180 
985 

+114 
-33 

5253.595 19029.389 9 6 6 6249-11502 + 952 6 209 + 
593 +13 

5296.596 18874.897 9 5 5 11633-16929 + 606 6 140 + 
2 

5301.999 18855.663 7 3 14 10819-16121 + 362 5 26 + 	364 
94 + 

- 
+15 

5341.740 18715.382 9 6 7 114543-19885 + 109 5 96 
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TABLE 1. 	ISOTOPE SHIFT OF 	URANIE1i LINES,1.8-5.5 ?IICPONS 

WAVE WAVE INT 3-0 3-E LEVELS IS OH ND 	CALC 0-C 

NU1BER LENGTH ODD-EVEN 

5349.750 18687.360 7 6 6 10288-15638 + 	145 	6 21 	+ 	134 
721 

+11 
+15 

5364.949 18634.418 4 6 5 6249-11613 + 736 5 207 	+ 
3 

5371.064 18613.203 9 14 5 11558-16929 + 	301 + 298 
43 

+ 
-30 

5393.430 18 53 6. 016 9 7 6 11677-17070 - 	73 - 

*The shift values of Blaise and Radziemski were used to calculate 0—C. 

If 
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Table 2. New Isotope Shifts for Some U I Levels 

Wavenumber 	 Parity 	 J 	 Isotope 

cm-' 	 Shifta 

14774.234 Odd 3 -56 
_731 

15169.851 Odd 3 

16588.910 Odd 4 -308 

17102.856 Odd 6 -663 

17533.315 Odd 4 -267 

17589.426 Odd 5 _633C 

18319.915 Odd 4 -682 

19210.402 Odd 4 -234 

19553.019 Odd 5 302 

19685.138 Odd 6 -277 

20680.816 Odd 7 -535 

23084.307 Odd 6 -835 

31134.470 Odd 6 151 

12204.403 Even 2 _181C 

16862.069 Even 8 +819 

a.A11 shifts in mK, 1 mK = 1 -3  cm-1 . 

b.Four observations. 

C Two observations. 

4 
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Figure Caption 

Figure 1. Portion of an FTS spectrum showing isotope shift between 

Uranium 238 and 235. Three isotope shift pairs are 

indicated by connecting lines. Two of the shifts are 

negative and one positive. 
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