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Some definitions:

formalism
theory
method
algorithm

formula

operators, conditionally convergent integrals, ...
represanhtions, tranucated integrals and series
computational procedure for a well-defined
mathematical task

equation whose right hand side has nothing more

complicated than integrals over given functions
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H ks dJJ_ in e l-ul-s/mae method

SUBROUTINE hpsi(a_in,a_out)
implicit none

integer :: ix,iy,iz,i,j,a,lm,ik
real(8) :: wk(-Nx:Nx,-Nx:Nx,-Nx:Nx)

wk=0.d0
do i=1,ML ; wk(Lx(i),Ly(i),Lz(i))=a_in(i) ; end do
a_out(1:ML) = ( Vpsl(1:ML) + Vh(1:ML) + Vxc(1:ML) )#a_in(1:ML)

do i=1,ML
ix=Lx(i) ; iy=Ly(i) ; iz=Lz(i)
a_out (i)=a_out (i)+(-H2M) /H**2*(
+3*cNO*wk(ix,iy,iz)
+cN1*(wk(ix+1,iy,iz)+wk(ix-1,iy,iz)+wk(ix,iy+1,iz)
+wk(ix,iy-1,iz)+wk(ix,iy,iz+1)+wk(ix,iy,iz-1))
+cN2#* (wk(ix+2,iy,iz)+wk(ix-2,iy,iz)+wk(ix,iy+2,iz)
+wk(ix,iy-2,iz)+wk(ix,iy,iz+2)+wk(ix,iy,iz-2))
+cN3#*(wk(ix+3,iy,iz)+wk(ix-3,iy,iz)+wk(ix,iy+3,iz)
+wk(ix,iy-3,iz)+wk(ix,iy, iz+3)+wk(ix,iy,iz-3))
+cN4*(wk(ix+4,iy,iz)+wk(ix~4,iy,iz)+wk(ix,iy+4,iz)
+wk(ix,iy-4,iz)+wk(ix,iy, iz+4)+wk(ix,iy,iz-4)))
end do

returm

END SUBROUTINE hpsi
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Fourier Transform Ion Cyclotron Resonance Mass Spectrometry
Alan G. Marshall

Center for Interdisciplinary Magnetic Resonance, National High Magnetic Field Laboratory,
Florida State University, 1300 East Paul Dirac Drive, Tallahassee, FL 32310 .

As for Fourier transform infrared (FT-IR) interferometry and nuclear magnetic resonance
(NMR) spectroscopy, the introduction of pulsed Fourier transform techinques revolutionized
ion c_:g_;c!otron resonance mass spectrometry: increased speed (factor of 10,000), increased
sensitivity (fac_tor of 109). increased mass resolution (factor of 10,000—an improvement not
shared by the introduction of FT techniques to IR or NMR spectroscopy), increased mass
range (factor of 500), and automated operation. FT-ICR mass spectrometry is the most
versatile technique for unscrambling and quantifying ion-molecule reaction kinetics and
equilibria in the absence of solvent (i.e., the gas phase). In addition, FT-ICR MS has the
following analytically important features: speed (~1 second per spectrum); ultrahigh mass
resoluuon and ulqahigh mass accuracy for analysis of mixtures and polymers; attomole
sensitivity; MS® with one spectrometer, including two-dimensional FT/FT-ICR/MS; positive
and/or . nggative ions; multiple ion sources (especially MALDI and electrospray);

biomielecular molecular weight and sequencing; LC/MS; and single-molecule detection up to
108 Dalton. Here, some basic features and recent developments of FT-ICR mass
spectrometry are reviewed, with applications ranging from crude oil to molecular biology.

INTRODUCTION

Various aspects of the Fourier transform 250
relationship between an interferogram and a
spectrum were known to Michelson and

Rayleigh, among others. Moden FT optical 200 | worldwide Installed 1
interferometry may be said to have originated -
from P. Fellgett's 1951 thesis at Cambridge i | FT-ICR MS Systems

University (1), and practical implementation of
FT-IR  spectroscopy exploded almost
immediately. following the introduction of the 100 |
Cooley-Tukey fast Fourier transform algorithm
(2), which has become the most highly cited

paper in all of mathematics. FT-NMR was 50
introduced in 1966 by Emst and Anderson (3).
However, it was another nine years before 0 |
Fourier transform methods could be
1975 1980 1985 1990 1995

implemented in ion cyclotron resonance (4, 5):

FT-ICR MS evolution since then has paralleled
that of FT-NMR (6), much as FT-NMR FIGURE 1. Following Comisarow/Marshall’s

borrowed many concepts from  FT- first homebuilt instrument in December, 1973,
interferometry. The growth of FT-ICR MS is the first commercial instrument (based on their

. graphically evident from Figure 1. 1976 patent) appeared in 1980.
I;J CP430, Fourier Transform Spectroscopy: 11th International Conference
i\ edited by J.A. de Haseth

o © 1998 The American Institute of Physics 1-56396-746-4/98/$15.00
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4 k
Basic Operation: W,-(F.t+At)~Z—l-[$t-h] w,(7.1)
k!l in

Spatial Grid Points: N " 2
Mesh spacin ~0.3A WL .4
pacing h=03A £ ® A ~30Ry
Occupied orbital energy =~ (.1eV accuracy

Number of mesh points

. N_=~64,000
Points inside 7.5 A sphere
Number of Electrons: N, N =240
(Number of Occupied Orbitals N_/2) -
.
Time Step: \h ﬂ‘ . A, B s
h h h
Number of Time Steps: M, M, = 40,000

-1
Resolution of Spectrum AE = 2,{%) ~0.15eV

Hamiltonian, Number of non-zero elements: M, = 100
(Sparse matrix in mesh representation)

Storage requirement: N_xN,  120MB ¢ (7. 1)

- ; L S
CPU time (FP Operation): N_xN, xM xM, <10 Ne

he¢P) Hi(F. )
~3x10"*FPO

200hours/1CPU(Vector)

var
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FIGURES

FIG. 1. Electronic excitations in benzene. The two TDDFT calculations our own (leftmost) and
one of those of ref. [3] (next on right). The next level scheme shows the CI calculation of ref. [17].

The rightmost column shows the empirical spectrum as compiled in ref. [3].
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imeutal data the predictions of TDLDA

aad CASSCF-CCI [16] are given.
Electrm-vibretionm cu-”":’—'—w_'

in TD F !
Btr"'SJJ Schnell, Yabane, T. Chew, Phys, US” M

7/10-3 | TDDFT_ CASSCF | Exp.
iy 1.6 0.5 1.3
1B, 59 75 90
‘B, | 1100 900-950

Width | Aj, vibrations

Ki(ev)| 1 2 Bt o

™B,. |0.12 003 0.15| 014 | 0.18
1B, |0.12 0.03 015| 0.14 | 0.17
g, |0.12 003 0.15 0.125

3 .o;t'«s
wagafude ¥



