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INTRODUCTION

RIMS analysis of solids uses ion bombardment or laser heating to desorb material from a sample surface.  The resulting plume of material consists of positively and negatively charged secondary ions and neutrals representative of the surface chemical composition.  Ions in the plume are electrostatically separated from the neutrals prior to photoionization by applying a puled bias voltage to the sample.  The neutral atoms and molecules are then intersected by lasers tuned to specific atomic resonance transitions to selectively excite only the element of interest.  Excited atoms within the laser volume are photoionized by an additional laser tuned to an autoionizing resonance above the ionization potential of the element of interest.  A positive bias voltage is then applied to the sample to separate the photoions from the rest of the sputtered neutrals.  These ions are then differentiated based on their mass-to-charge ratios in a time-of-flight mass spectrometer and detected by a multi-channel plate ion detector.  Because interfering species are generally transparent to the laser wavelengths used to excite/ionize the element of interest, RIMS analysis can be performed on solid materials with minimal sample preparation; thereby, reducing the analysis time.

EXPERIMENTAL

RIMS analysis was performed on the CHARISMA instrument at Argonne National Laboratory (1).  Briefly, solid samples containing Fe, Eu, U or Pu were either sputtered with a 15 keV pulsed Ga+ ion beam or desorbed by laser heating the sample by the 351 nm, pulsed output of a diode-pumped Nd:YLF laser.  The desorbed material was then photoionized with pulsed Ti:sapphire lasers (2).  Briefly, the Ti:sapphire cavities are pumped with the 527 nm, pulsed output of a diode-pumped Nd:YLF laser.  Each laser cavity outputs a 15-20 ns pulse of 1.5-1.8 mJ at a repetition rate of 1 kHz and is grating tunable over a wavelength range of 700-1000 nm.  The wavelength range can be extended by intracavity frequency doubling for RIMS schemes requiring wavelengths outside of the Ti:sapphire fundamental output.  The resulting ions were then extracted into a reflectron time-of-flight mass spectrometer and analyzed based on their mass-to-charge ratios.

RESULTS

Previous work by Isselhardt et al. showed that measurements of the 235U/238U ratio in uranium oxides can be extremely sensitive to variations in laser wavelength (3).  This sensitivity is primarily a function of the isotope splitting, the observed spectral linewidth induced by the excitation/ionization laser and the laser bandwidth.  These observations can be applied more generally by the methodology developed herein for correlating the spectral resolution of a given resonance transition to the relative uncertainty factor for the isotope ratio measurements of the associated RIMS scheme.  The precision of isotope ratio measurements depends heavily on the sensitivity of the isotope ratio to variations in the laser wavelength.  We demonstrate that the measured spectral linewidth distributions can be fit using a Voigt approximation profile shown below:



where σ is the standard deviation, c is the speed of light, ω is frequency, ω0 is the resonance frequency, Γ is the half-width of the Lorentzian, G is a dimensionless saturation parameter and A is a dimensionless scaling factor.  The spectral resolution calculated from the center wavelengths and spectral linewidths obtained from the Voigt approximation fits of the experimental data can be correlated to the wavelength sensitivity of the associated isotope measurements.  These data show that the sensitivity to variations in the laser wavelength decreases as the spectral linewidth distributions of each isotope become less resolved.  This behavior is observed over a diverse set analyses of solid samples containing Fe, Eu, U and Pu and represents an empirically-based method for obtaining the relative uncertainty factor for isotope ratios measured by RIMS.  This methodology represents a significant step toward predicting the precision of RIMS isotope ratio measurements in a general way.
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