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PHYSICAL REVIEW A, VOLUME 64, 024501



Electron affinity of Bi using infrared laser photodetachment threshold spectroscopy Rene´ C. Bilodeau and Harold K. Haugen* Department of Physics and Astronomy, McMaster University, Hamilton, Ontario, Canada L8S 4M1 共Received 4 March 2001; published 17 July 2001兲 We report the results of high-resolution infrared laser photodetachment threshold experiments on the negative ion of bismuth. The hyperfine structure of the neutral and negative-ion ground states are included in the threshold model. The electron affinity of 209Bi is determined to be 7600.66(10) cm⫺1 关942.362共13兲 meV兴. DOI: 10.1103/PhysRevA.64.024501



PACS number共s兲: 32.10.Hq, 32.80.Gc, 32.10.Fn



Studies of atomic negative ions have led to continued improvements in the binding energies of negative ions in general and the electron affinities 共EA’s兲 of atoms in particular, as illustrated by a recent review of the subject 关1,2兴. The most accurately determined species are among the main body of the periodic table 共groups 13–17兲. This situation can be largely attributed to the fact that the negative ions of these elements are formed by the attachment of a p-orbital electron and thus photodetach into an s-wave continuum—a very favorable condition for laser photodetachment threshold 共LPT兲 spectroscopy measurements 关1,3兴. Only a handful of elements in these groups remain poorly known, principally because they are either very weakly bound or radioactive and thus present unfavorable conditions for experimentation. A notable exception is bismuth. The most recent, and accurate, determination of the EA of Bi, 7640(80) cm⫺1 , now dates two decades to the studies on Bi⫺ by Feigerle et al. 关4兴, using laser photodetachment electron spectrometry. The present article updates this value with high-resolution LPT spectroscopy on 209Bi⫺ , improving the EA of Bi by nearly three orders of magnitude. Details of the experimental apparatus and technique can be found elsewhere 关3,5兴. An 8 keV beam of negative ions is extracted from a cesium sputter source, using a target cathode constructed by compacting high-purity bismuth granules into a copper sleeve. The beam is mass analyzed by 30° deflection in a 0.5 T magnetic field. The resulting 6 nA ion beam of Bi⫺ is then directed with a pair of electrostatic deflection plates into an ultrahigh-vacuum 共UHV兲 chamber 共with pressures of ⬃10⫺8 mbar) where it interacts with an infrared laser light beam. The infrared beam is generated by Raman shifting the 850 nm output of a pulsed 共10 Hz, 8 ns兲 tunable dye laser in a high-pressure H2 cell. Measurements of optogalvanic lines yield a Raman shift of 4155.197(20) cm⫺1 , consistent with the expected shift of 4155.187(5) cm⫺1 关6兴 for a H2 pressure of 22共1兲 bars 共all uncertainties are quoted to one standard deviation, unless otherwise noted兲. The residual dye laser light and anti-Stokes components are eliminated with a pair of dichroic mirrors and a pair of Si semiconductor plates, arranged at Brewster’s angle. The collimated laser light is then directed through a viewport into the UHV chamber to intersect the ion beam at
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90°. The neutral atoms produced by the photodetachment process are detected with a discrete-dynode electron multiplier, while a second set of electrostatic plates deflects the residual negative ions into a Faraday cup. The preamplified signal obtained from the detector is integrated with a gated boxcar averager and finally recorded with a personal computer for analysis. The detachment signal observed over a range of photon energies (h  ) covering the EA defining threshold (6p 4 3 P 2 →6p 3 4 S 3/2) is shown in Fig. 1. Since the photodetachment process results in the detachment of a p-orbital electron, the photoelectron is ejected as an s wave 共the d-wave component is effectively suppressed by the centrifugal barrier near the threshold兲. The dashed curve in the figure shows the Wigner threshold law for s-wave detachment:



FIG. 1. Photodetachment signal of Bi⫺ near the 6p 4 3 P 2 →6p 3 4 S 3/2 threshold. The dashed curve is a Wigner s-wave threshold 关Eq. 共1兲兴. The solid curve is the fit to the data using a model that includes broadening effects discussed in the text 关Eq. 共2兲兴. The bottom panel shows the deviation of the observed signal from the Wigner law due to these effects. Error bars are two standard deviations, based on the observed scatter from 1000 laser pulses per data point. The vertical scale has been normalized such that the magnitude of the photodetachment background signal 共dotted line兲 is 1.
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TABLE I. Relative energy and strength of the hyperfine thresholds.



where a 0 is the threshold amplitude, E 0 is the threshold energy, and  0 is a small 共constant兲 photodetachment background signal, originating from a weakly populated excited state of the ion or a nearly mass coincident impurity ion. A significant deviation from the Wigner law is clearly observed near the threshold. Similar broadening of the threshold was seen in studies on other s-wave detaching species 关3,7,8兴 and is mainly due to a finite laser bandwidth, Doppler broadening, and the hyperfine structure of the ion and neutral states. Each hyperfine sublevel F of the ionic 2 P 2 ground state can detach to a number of hyperfine sublevels F ⬘ of the neutral 4 S 3/2 ground state, producing many closely spaced thresholds with energy E FF ⬘ ⫽E F ⬘ ⫺E F , where E F ⬘ and E F are the energies of the neutral and ionic hyperfine sublevels, respectively. Given the average energy E J of a fine structure level J, the energy of a hyperfine sublevel can be obtained from
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Energy of the threshold relative to the average threshold energy, i.e., ⌬E FF ⬘ ⫽E FF ⬘ ⫺E 0 . b EA defining threshold.
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where ¯S is defined such that 兺 F,F ⬘ S FF ⬘ ⫽1. Unfortunately, due to the other broadening effects and the very small energy shifts produced by the hyperfine structure, it is not possible to obtain an experimental estimate of the hyperfine constants A and B from the observed signal. Table I lists the expected threshold positions and strengths of the 14 allowed detachment thresholds for the 209Bi isotope (I ⫽9/2), based on the known hyperfine constants for the neutral ground state, A⫽⫺446.942(1) MHz and B ⫽⫺304.654(2) MHz 关9兴, and the recently calculated hyperfine constants for the negative-ion ground state obtained by Beck 关10兴, A⫽⫺121 MHz and B⫽⫺415 MHz. 共Note that 209 Bi is the only naturally occurring isotope of bismuth.兲 The total signal, including the contribution from all the hyperfine components, is then given by R共 h 兲⫽



冕



⫹⬁



⫺⬁



L共 ,h  兲



兺



F,F ⬘



R共 h  兲⫽  0⫹



冕



⫹⬁



⫺⬁



 共  ⬘ ;E 0 兲 S共  ⬘ ,h  兲 d ⬘ .



Here, S( ⬘ ,h  ) is an effective line shape, which includes the effect of hyperfine structure. In particular, assuming a Lorentzian dominated laser line shape with a full width at half maximum, ⌫⫽0.08 cm⫺1 , we have S共  ⬘ ,h  兲 ⫽
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The function S( ⬘ ,h  ) is therefore completely determined from the values of S FF ⬘ and ⌬E FF ⬘ ⫽E FF ⬘ ⫺E 0 found in Table I. Finally, although the interaction region is shielded against electric fields, a small stray electric field is known to remain 关3兴 共likely originating from the electrostatic deflection plates兲. The effect of a static electric field on the photodetachment cross section has been investigated extensively both experimentally 关11兴 and theoretically 关12兴, and can be modeled to a high accuracy with
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L(,h  ) is the line shape 共including the laser bandwidth and Doppler broadening兲 with a line center at h  , and  (;E FF ⬘ ) is given by the Wigner law 关Eq. 共1兲兴 or by some more general formula 共see below兲. For more general forms of  (;E FF ⬘ ), a more computationally efficient formula can be obtained with a change of variable,  ⬘ ⫽⫺⌬E FF ⬘ . We can then write, with the background detachment signal (  0 ) explicitly included,
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where Ai( ␥ ⬘ ) is the Airy function and ␥ ⫽(2/F 2 ) 1/3 ( ⬘ ⫺E 0 ) 共in atomic units兲, with F the magnitude of the electric field. In the present case, the electric field has the effect of increasing the below-threshold signal 共through tunneling兲 and producing a small modulation in the detachment signal above threshold 共see the bottom panel of Fig. 1兲. It should be noted that although the inclusion of an electric field and laser bandwidth improves the quality of the fit, essentially the same threshold energy is obtained.
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Since  0 can be obtained from the level of the below threshold signal, only three parameters remain to be fit: the threshold amplitude a ⬘0 , the electric field magnitude F, and the hyperfine averaged threshold energy E 0 . The solid curve in Fig. 1 is the best-fit result of Eq. 共2兲 and yields an electric field of F⫽11 V/cm, consistent with the previously observed value 关3兴. The most significant sources of error in the determination of the threshold position are from the the laser calibration and possible Doppler shift. 共The uncertainties associated with the LPT technique using the McMaster apparatus are discussed in detail elsewhere 关3兴.兲 The laser is calibrated against optogalvanically active transitions in an argon-filled hollow cathode discharge lamp 共Hamamatsu兲. Lines lying near the region scanned are observed immediately following the measurement with a resulting uncertainty of 0.05 cm⫺1 , including the uncertainty in the Stokes conversion value (0.02 cm⫺1 ) discussed above. A small, approximately linear, wavelength drift (⬇0.01 cm⫺1 per hour兲 was also observed over the course of the experiment, presumably due to thermal changes in the laser system. We estimate that this effect can be corrected to within an error of 0.015 cm⫺1 . The ion-laser beam crossing angle has been previously calibrated with an uncertainty of 0.2° by careful measurements of the accurately known O⫺ ( 2 P 3/2→ 3 P 2 ) detachment threshold 关1,3兴. This alignment can be easily maintained to within 1° between experiments. Given an ion velocity of 90 km/s and photon energy of 7601 cm⫺1 , this can



introduce an error due to the Doppler effect of 0.04 cm⫺1 . Finally, it is known that measured thresholds can experience an energy shift in the presence of high-intensity, lowfrequency light fields, due to the ponderomotive potential 关13兴. However, with peak intensities obtained in the experiment of only ⬃5⫻106 W cm⫺2 , a shift of ⬍0.01 cm⫺1 is expected. Including all these possible systematic errors and the statistical uncertainty of the fit (0.02 cm⫺1 ), we obtain a final value for the hyperfine-averaged threshold of E 0 ⫽7600.72(10) cm⫺1 . In summary, due to the high resolution of the experiment and large hyperfine splitting of Bi, an analysis including the effects of the hyperfine structure of the neutral and ionic ground states was required in order to describe the observed spectrum. The EA is defined as the separation between the lowest neutral and lowest negative-ion hyperfine states. For 209 Bi, this is the 6p 4 3 P 2 (F⫽6.5)→6 p 3 4 S 3/2 (F⫽6) threshold, which is 0.063 cm⫺1 less than E 0 共see Table I兲. The EA of 209Bi is therefore found to be 7600.66(10) cm⫺1 关942.362共13兲 meV兴 关using 1 eV⫽8065.544 77(32) cm⫺1 关14兴兴.



关1兴 T. Andersen, H.K. Haugen, and H. Hotop, J. Phys. Chem. Ref. Data 28, 1511 共1999兲. 关2兴 Note that the review article of Ref. 关1兴 lists the EA of Bi obtained from a preliminary analysis of the data presented here. The most recent previous determination of the EA of Bi is 7640(80) cm⫺1 , obtained by Feigerle et al. 关4兴. 关3兴 M. Scheer, R.C. Bilodeau, C.A. Brodie, and H.K. Haugen, Phys. Rev. A 58, 2844 共1998兲. 关4兴 C.S. Feigerle, R.R. Corderman, and W.C. Lineberger, J. Chem. Phys. 74, 1513 共1981兲. 关5兴 M. Scheer, C.A. Brodie, R.C. Bilodeau, and H.K. Haugen, Phys. Rev. A 58, 2562 共1998兲. 关6兴 W.K. Bischel and M.J. Dyer, Phys. Rev. A 33, 3113 共1986兲; E.C. Looi, J.C. Stryland, and H.L. Welsh, Can. J. Phys. 56, 1102 共1978兲, and references therein.



关7兴 M. Scheer, H.K. Haugen, and D.R. Beck, Phys. Rev. Lett. 79, 4104 共1997兲. 关8兴 M. Scheer, R.C. Bilodeau, and H.K. Haugen, J. Phys. B 31, L11 共1998兲. 关9兴 R.J. Hull and G.O. Brink, Phys. Rev. A 1, 685 共1970兲. 关10兴 D.R. Beck 共private communication兲. 关11兴 N.D. Gibson, B.J. Davis, and D.J. Larson, Phys. Rev. A 47, 1946 共1993兲. 关12兴 N.L. Manakov, M.V. Frolov, A.F. Starace, and I.I. Fabrikant, J. Phys. B 33, R141 共2000兲. 关13兴 M.D. Davidson, J. Wals, H.G. Muller, and H.B. van Linden van den Heuvell, Phys. Rev. Lett. 71, 2192 共1993兲, and references therein. 关14兴 P.J. Mohr and B.N. Taylor, Rev. Mod. Phys. 72, 351 共2000兲.



We thank Donald R. Beck for providing theoretical input on the hyperfine constants and Michael Scheer for assisting with the initial experimental work and data analysis. In addition, we gratefully acknowledge the financial support of the Natural Science and Engineering Research Council of Canada 共NSERC兲.



024501-3



























[image: Infrared laser photodetachment of transition metal ...]
Infrared laser photodetachment of transition metal ...












[image: Direct Test of Laser Tunneling with Electron Momentum ...]
Direct Test of Laser Tunneling with Electron Momentum ...












[image: estimation of heat discharge rates using infrared ...]
estimation of heat discharge rates using infrared ...












[image: Observation of ferroelectricity in a confined crystallite using electron ...]
Observation of ferroelectricity in a confined crystallite using electron ...












[image: Thermal characterization of nanofluids using laser ...]
Thermal characterization of nanofluids using laser ...












[image: In-cabin occupant tracking using a low-cost infrared system]
In-cabin occupant tracking using a low-cost infrared system












[image: novel infrared sensors using micro- and nano ...]
novel infrared sensors using micro- and nano ...












[image: Image Annotation Using Bi-Relational Graph of Images ...]
Image Annotation Using Bi-Relational Graph of Images ...












[image: Monitoring plant condition and phenology using infrared sensitive ...]
Monitoring plant condition and phenology using infrared sensitive ...












[image: pdf-0753\chapter-03-near-infrared-mid-infrared-and-raman ...]
pdf-0753\chapter-03-near-infrared-mid-infrared-and-raman ...












[image: RM8 electron-electron interactions.pptx]
RM8 electron-electron interactions.pptx















Electron affinity of Bi using infrared laser ...






Jul 17, 2001 - Electron affinity of Bi using infrared laser photodetachment threshold spectroscopy ... The solid curve is the fit to the data using a model that. 






 Download PDF 



















 49KB Sizes
 15 Downloads
 251 Views








 Report























Recommend Documents







[image: alt]





Infrared laser photodetachment of transition metal ... 

molybdenum, copper and silver has yielded values for the electron affinities of 5451.0(10),. 6027(2) .... The fit to the data gives an electron affinity for Ag of 10 ...














[image: alt]





Direct Test of Laser Tunneling with Electron Momentum ... 

Sep 24, 2010 - 100 Sussex Drive, Ottawa K1A 0R6, Canada. 2Department of ... image of the orbital from which the electron emerged [7]. To shed more light on ...














[image: alt]





estimation of heat discharge rates using infrared ... 

springs giving values of about 1.2 Ã— 107 cal/s (50 MW) and 1.0 X l0 s cal/s (0.4 ..... Tech. News (Fukuoka Meteorological Agency), pp. 153--161 (in. Japanese).














[image: alt]





Observation of ferroelectricity in a confined crystallite using electron ... 

A combination of two techniques, electron-backscattered diffraction. (EBSD) and piezoresponse force microscopy (PFM), is employed to monitor the ...














[image: alt]





Thermal characterization of nanofluids using laser ... 

A laser induced thermal lens technique has been employed to evaluate the dynamic thermal parameter, the thermal diffusivity, of gold ... thermal lens obtained by fitting the experimental curve to the theoretical model of the mode-matched thermal lens














[image: alt]





In-cabin occupant tracking using a low-cost infrared system 

In-cabin occupant tracking using a low-cost infrared system. Abstract â€“ Vehicles in future will be safer and more intelligent, able to make appropriate and ...














[image: alt]





novel infrared sensors using micro- and nano ... 

Apr 11, 2006 - The fabrication of micro- and nanoElectroMagnetic MetaMaterials (EM3) and their potential application in novel infrared sensors are reported. EM3 refers to composite materials having both, permittivity and permeability, negative simult














[image: alt]





Image Annotation Using Bi-Relational Graph of Images ... 

data graph and the label graph as subgraphs, and connect them by an ...... pletely correct, a big portion of them are (assumed to be) correctly predicted.














[image: alt]





Monitoring plant condition and phenology using infrared sensitive ... 

obtained using longer wavelengths such as red and NIR. Satellite sensors .... balanced sensitivity between the RGB channels at the cost of some spectral range ...














[image: alt]





pdf-0753\chapter-03-near-infrared-mid-infrared-and-raman ... 

Connect more apps... Try one of the apps below to open or edit this item. pdf-0753\chapter-03-near-infrared-mid-infrared-and-raman-spectroscopy-by-y-pico.pdf.














[image: alt]





RM8 electron-electron interactions.pptx 

Energy levels of Helium atom. â€¢ Singlet-â€�Triplet spli ng of S states is about 1 eV. Jellium model: Hartree-â€�Fock theory of free electrons. â€¢ No periodic poten#al.


























×
Report Electron affinity of Bi using infrared laser ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















