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CHEN Yongchong', ZHAN G Yongrgang' , WEI Bing-chen®, CHEN Chang-q*

(1. Shool of Materids Sdence & Engineering, Bdjing Univerdty of Aeronautics and Agtronaitics, Bejing 100083 ,P. R. of China;
2. Nationd Microgravity Labooratory , Inditute of Mechanics, Chinese Academy of Sdence, Bdjing 100080 ,P. R. of China)

Abdract : In this pgper , the posible reansfor the high thermd vacancy concentration and the low migration barriers
for the Fe atom dffuson in the soichiometric DO; structure Fes9 have been discussed. The high thermd vacancy
ooncentration was attributed to the conpresdon of Fe- Fe atomic pars and the tendon of Fe- 3 atomicparsin Fes

9,5. The deformations (compresdon or tendon) of the atonpairs increase the interatomic potentiads and thus decrease

the enthdpiesof vacancy formation. The low migration barriersfor the Fe atom diffuson in FesS,s were rdated to the
symmetric property of the triangular barriers. Addtiondly , it was conddered that the S atomsin FgS could probably
migrate via neares- naghbour jumps without digurbing the long range order of atomic arrangements, provided thet
during the diff udon process the resdence time on the antistructure dtesis very short.
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1 Introduction

With the only exception that the smdl impurity or
minority atoms can move by the interditid mechanism,
it is mogly the vacancy that is hdd regonsble for the
dffuson of atoms in the ordered dloys®. It was
generdly conddered that the minority atoms in the
ordered dloys, such as the § atoms in Fe;S , cannot
(NN)
jumps, because this mechanism may generate nore and
nore antigte defects and hence the order of dloy would
be destroyed!? 3!, In this cae, diffuson of the S atom
can only take place via direct jumps to further dgant

migrate randomly via the nearest-neghbour

dteson sublattices with S aoms, or via mechanisms
involving more than one dementary jump process, €. g.
the 9x-jump cyde mechanismi*' %!

In our opiniond® | however , it is probable, rot

*  Received date :2002-09-02

only posible, that the S atoms migrate via NN jumpsin
FesS without digurbing the long-range order, and
involving no unique jump process. Snce the reddence
timeof the S atomson the antigructure dtescoud be ©
short that there are a very few of 9 atoms on the

wrong *  sublattices measured a any time.
Furthermore, the mgority atoms Fe can d migrate to
the antigructure dtes via NN junps, dthough there are
NN stes bdongng to the Fe atoms.

But the theoreticd problems of atomic diffuson in
the Fes9 dloys are far from olved. Mosshauer
goectrosopy experiments by Sgpiol and Vog have shown
that diffuson of the Fe atomsin FesS2sisastonishingy
much fager than that of Fe diffudon in Ferich Fe;sS ,
or in pure BCCiron!” °!. In other words, the less the
Fe ontent of Fe;S is, the fager the dffuson of Fe

atomswould be. By oontragt , df-diffudvity of 9 isa
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great ded dower and much less sendtive to the S
ontent. Herein we try to andyze the dffuson
mechanisms to explain the interegting resuits of previous
experi ments.

2 Thermal formation df vacanciesin

FesS

Thermd vacandes and the dfective vacancy
formation anthdpiesaf Fe;S with the DO; sructure have
been invedigated by the podtronrlifetime gectrosopy
method*®! . High vacancy concentration was deduced for
the goichiometric dloy Fess 925 from the trgoping of
podtrons. At about 750 K the trgpping rate in Fe;sSos
reeches sturation, while a which tenperature the off-
goichiometric dloy FexgS,; contans nearly no vacandes
(Fg. 1), dthough an extrgpolation of the vacancy
oonecentration of Fe;gS,1 d D yiddsin the percent range
near the melting temperaturet® 1,
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Fig. 1 Temperature variation of the mean positron lifetime 7
in FersSizs (measured between 5 and 24 h after the
temperature change) and FexsSiz. The dashed lines
indicate the ferromagnetic order-disorder transitions
at T‘[lol

Generdly , the vacancy d)noentrations in dloys are
higher than the vacancy ncentrations in pure
metds?! | yet how can we undersand the sendtive
rdationship between the vacancy concentrations and the
dloy compostionsfor the Fe;S dloys?

As Sownin FHg. 2, the DO; gructureisan ordered
BCC gructure with three different sublatticesa , 3 and
Y. In Fes 95, the Fe atoms are located on two
different dtesa andy , and the 9 aomsonf. It is
sown that the duder of one Fe atom ony dte with
daght neares- neghbour Fe etomsond isendosed in the

netof 9 aomsonf3 (Fg. 3). 9nce the equilibrium
bondng dsance ry, rp of Fe- Fe and Fe - 9
atompairs repectivdy are mot equd, the endosed
dructure may resut in the ddformation in the whole
crydd lattice. The d€formed interatomic digance R,
R,of Fe- Feand Fe- 9 atonpars reectivdy shoud

Fig. 2 Unit cell of the DOy structure Fe;Si with full
order. The Fe aloms occupy open cireles
( @ sites) and grey circles ( y sites) and the
Si atoms occupy black circles (B siles)

Fig. 3 In the Fe;Si matrix with full order, the
cluster of one Fe atom on ¥ site with eight
nearest-neighbor Fe aloms on @ is enclosed

in the net of Si aloms on B siles

stify the geometricd redriction
Rl = R2 =r (1)

For vduesof | r1 - ra| < r1, the dadic ddormation

energy £, of the Fe - Fe atompars can be
goproximatey given by
2
r-r
L, = Kk 5 (2

and the dadic dfformation energy /€ , of the Fe - 3
atompairs

r-r

e, = k > (3
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where ky (or kp) istheforce congant of the Fe- Fe (or
Fe- 9) atompaird™!,

Gongdering the quantity ratio of Fe- Fe and Fe-
9 atompairsis 1 1 in Fes 925, the red interatomic
dgance rp can be gven by the harnonic ddformation
function

o(Le ; + /¥ ))
ro = r =0
or
i.e.
kit krp
fo = k1+ k2 (4)

Subdituting in BEg. (2) and (3) shows that

r - rg)?

AE]_ = k]_ 2 (5)

and

ro - ro)?

AE = k > (6)

where A E;, A E; are the ddformation energy of Fe- Fe
and Fe - 9 atonpars, repectivdy, resuting from the
harmonic dformation of atonparsin Fes9 matrix with
ful order (Fig. 4).

Fe - Si atompairs
E Fe - Fe atompairs

Fig. 4 Interatomic potential function E of Fe - Fe atompairs
and Fe - Si atompairs plotted versus interatomic
distance r. ro is the deformed interatomic distance of
Fe ~ Fe and Fe - Si atompairs in FessSias

The deformation energiesAA E; and A Ezincrease the
potentid energiesof Fe and 9 atoms and thus attribute
to the eader formation of vacandesin FersS2s. If the Fe
ontent increases in Fe;S, the endosed dructure of
Fers925 matrix woud be desroyed and the average
deformation energiesin the whole crysd would decrease
to the locd latticeddortion energes. Therdore,
thermd vacandesin F&sS d 9 decrease.

3 Sf-diffusion in Fe;S

For Fes 925, the reauting vdue from high
temperature >’ Fe Mossbauer gectrosoopy of the Fe sif-
diffudvity is srikingy high; it amountsto 5% 10™ 3 m?
s dready a 993 K, but afactor of 5 to 10 lower for
the off-oichiometric dloy FesS20!™”. Radotracer
investigation by Qude and Meher!*! do indicates that
Fe dffuson in Fe9 is gtrongly dependent on the
oompodtion; with increesng Fe oontent the Fe
dffusvity decreases repidy. But dffuson of 9
(dmuated by ™ Ge) is much less dfected by the
ocomposdtion (Fg. 5), i. e. the dffuson of both
components isobvioudy not* coupled’ %1,
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Fig. S Temperature dependence of Fe and Ge diffusion in
FesSi alloys of three different compositions, One D
value for Si diffusion has also been measured. The
Curie temperatures have been indicated by vertical

line segments'"!
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Upon deviation from the goichiometric conpostion
to the iron rich sde, maybe the thermd vacancy
oconcentration decreasng acoount for the decrease of the
df-dffudvity of Fe in Fe;s9. However , it fals to
explan the* deowled’ dffuson of the S aoms.
Furthermore, Mossbauer experiments imply that in the
off- goichiometric dloy FespS2 or Fesp 15, there are
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Fig. 6 (a) (b} For an atom migration in the BCC structure via an NN jump theie are twe barners of
triangular shape to overcome, while (c) (d) for an NN juxp in the FCC structure tie gate iz

the four atoms at the halfway point
dgnificantly more jumps between thed and[} dtesthan
jumps between thoG andy sted” 2.

S it remais harein an open problem for discusion
that why the Fe atoinsjumping to the antigructure dtes
in Fe;S beoomes dominating when leaving goichiometry
versus the Fe- rich dde.

As we krow, for an atom dffuson in the BCC
gructure via an NN junp there are two barriers of
trianguar shape to overcome; while for an NN jump in
the FCC dructure the gate is the four atoms a the
hafway point (Fig. 6)!*"). Ina succesful jump , when
the atom moves from the average podtion by thermd
activation, its potentid energy ® ( ro) increases to a
maximum @ (ro) + AP a the barrier and then
decreaes. This maximumisthe leas heght for acertan
path which defines the sadde point of the function ®
(r) and the heght of the potentid barrier AD. In the
pure BCC (or FCC) dructure, the potentid energy
function ® (r) described by this potentia-barrier modd
isperfectly symmetric (Fig.6 (b) , (d)).

For theordered dloys, the geometric characterigics
of the potentid function of atom migrations via NN
jumps are much conplicate. In the Fe;S dloy with full
order, when the Fe atom jumps from thed to they
ublattice it hasto overcome thefirg barrier of triangular
shape wondding of three 9 atoms and the seoond of
three Fe atoms (Fg. 7).

@(r)

m{ Mi\i dae O
o <A (I L € -
(i § ¥ r
Fig. 7 In the stoichiometrie DOy structure Fe,Si,
the Fe atom hnr:]a:- from the a to ¥ sublattice
to overcome the [first barner of triangular
shape consisting of three Si atoms on £ sites

and the second of three Fe aloms on a sites

This jumping path, symmetric in geometry, could be
referred to as repid passage’ for the Fe atoms diff uson
in Fess92s. In Fers9ys , each S atom rdatesto 24 rgpid
passages for the Fe atomsjunmping between thed andy

dtes, i.e. the sublattice or the 9 atoms net provides
the triangular-barriers as the regpid passages for Fe
dffugon. In Fewp 924, however, there are 4 to 12
percent of the rgpid passages subgituted by the higher
migration barriers of triangular shgpe with only one or
two 9 atoms (Fg. 8 (&8 (b)). In FexpS20, 20 to 60
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(b)
{e)
Fig. 8 In the off-swichiometric DOy structure FesSi, it is
thought that energy barriers of triangular shape (a)
with two Si atoms or (b) with one Si atom for the Fe

atoms jumping between a and ¥ sites be higher than
(¢) the barriers with six Fe atoms for the Fe atoms
jumping between a and B sites. The mosaic circles
are [3 siles occupied by Fe
percent of the rgpid passages are destroyed. In other
words, the migration barriers for Fe dffudon in Fe;S
are much eendtive to the Fe mntent. If the potentid
barrierswith one or two S atoms are higher than that
with 9x Fe atomsfor the Fe atom jumps between thed
and3 sublattice, Fe dffuson in Fexp 92 may prefer to
thed - B nmodd rather than thea -y moodd , asproved
by the results of Mosshauer experiments ).

By mntrag , the barriersfor the S atoms diff udon
in Fegpy Y90 are les dfected by the change of
compostion. Yet the potentid energy of the 9 atomson
O dtesis higher acoording to the change of NN atoms
around the 0 dtes. This change would increase the
reddence time of the § atoms on 0 dtes and thus
oontribute to the S atoms taking efective jumps, i.e. it
shauld oontribute to the sf-diffudvity of 9 in Fexp
9g0'®!. Therefore, when the DO; order decreaes the 9
«f-dff usvity would be less dfected or even accderated ,
though the thermd vacandies decrease alot (Fig.5) .

4 ummary

Gometric  discusdons on the aonpars and
migration barriers indicate that the potentid energy
barriersfor the Fe atoms dffudon in Fe;S , as wdl as
the thermd vacancy concentrations, are dosy sendtive
to change of the compostion. S the low migration
barriers shoud do atribute to the extremdy high
dff uson codffident of Fein FesSos.

The mirority 9 in Fe;S coud probably migrate via
NN jumpsonly if the resdence time on the antigructure
dtesisvery sort. In the off-goichiometric Fe;9 dloys
the longer resdence timeaof 9 ona stesoontribute to its
taking dfective jumps. Therdore the Hf-diffugvity of
9 in Fe;sS is much less dfected or even accderated when
leaving doichiometry versus the iron rich dde. The
discusions explain the results of previous experi ments.
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Multiphoton ionization dissociation mechanism o 2- Butanone
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Abdract : Mutiphoton ionization dsodation (MPID) mechanism has been sudied on 2 - butarone nolecue
reonated via (n,,3d) sate by 3 photons. The main MPID products are G;HsO™ and CHsCH;, , the intendty of
CGHsO" is1 4 timeslarger than that of CHsCH; , and some mionr ions GH; , GH3 and CHs are d observed in
the whole experimentdly ectra region, where as no parent ion isobserved. The mass Hected reonance enhanced
multiphoton ionization disdation Pectratake a Smilar feature, but the laser power indexesof thefragmentd ions are
dfferent from each other. Based on the experimentd resuits, the mutiphoton ionization disodation mechanism is
made out to acoord with' nolecuar ion ladder modd”. The produd ng mechanism of the main ions has been di scused

in detal acoording to* ladder switching”.

Keywords: 2-butanone; Multiphoton ionization disodation; Ladder switching; Timeof-fight mass ectrum



