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R l\lS Diagrmst ics for I.ascr Dcsorpt ion. Laser Ablation

E. C, Aprl.X. S.Sogar. and C. \l. \lillcr and R. C. I%t]er’

Los .tlamos Sat ional Laboratory. Los Alamos. Mw \lcwico N7.5.15. “Ft. Lewis

(:ollege. Durango, Colorado 81301

.4 bsj.rart. Laser desorpt ion mam spw[ rom~t ry is a useful method

fOr interrogate ing maleria]s anti Wellts at or near 5UrfaCCs. [.awv

resorption “ablation cornbincd with Ilwmancc Ionization \law Spectrometry

(RIMS) provides a powerful tool to obtain information on chemical

compo.. ition and spcciation and, in some cases. internal and translational

vnrrgy dislribu~ions. The applicittion of [his technique to the interrogation of

materials and interfacm is discussed for st’ve:al systems. including the analy~is

of convwl[ ional anatyt ical samples. and the study of optical damcge events.

I. lntrodurlion

R l\lS is a povmful tool for olmmmt al and isotopic analysis. The multistep laser

photoionizat ion procwrs. when rouplcdwith conventional mass analysis, can

providr mmptior]al pmforrrmnrc in dct~tivity, dynamic range, and discrimirlation

agitir]st intvrforirlg spc’cirs (.Sogur CL al 19H5a, Fassett et al 1985), Thwr
propvrt ies ran I)(* mmd to grwit advantage both in the analysis of convcnt,ional

rnatmials ( Ilrkov and Let okhov 19R3) and in the interrogation of interfarial

phunomvnii (Kimock et al I~H31. in this report wc will disruss the LISPof Iawr

(Iworption,” ahliltiorl irr combination with RIMS analysis,

I’hc rrmtivat ions for this work ar~ threefold. First, we dmirc to improve

tlw W(lrtivc duty ryclr, relative to continuous sampk evaporation, for ttw

(’xamin~t. iorl of routine analytical samplwr. Smond, thi~ method will allow th~

dirwt ~rl~lysis of rmttcrials without extensive ~amplo preparation, And third, wc

wish to st IKIY ttw rnvchm]i~rrl of Iasrr-material Irlttwrtions, ptwtirularly opticitl

durrmgr. ilrltl Ctrilrlwtvrizv ltw dmmrpt ior]; lddation/damugv prorww,

2. Exlmrirm’rltnl



Iawr parameters incluch 10 nscc pulse Iongth. 5 to 50 mJ pulsm. 0.2 to 1 mm

spot size at the sample. and I(I tlz rqwtilion ratr. After a variabl~ time delay.

th~ intcrrogatirm law (XP[~l cxcimer-pumpcrl dye Iiism . typical parameters: --12

nsec PUISQ. I mm riiarnctrr. 0.5 to 3 mJ. -0.3 cm 1 bandwidth) is passed through

th~ spallcd plume. At a fixed time delay following t h~ twrimer trigger, ions are

detected with a chtinncl electron multiplier. and thr signal processed with a gatrd

integrator ilnd standard analog signal processing electronics.

3. Re9ults..alid. Discussion

T~~phot on emit at im]. In order to expedite diagnostics for our laser

resorption ablation studips. we wished to minimize the complexity of the laser

ionization process and associated hardwar~. \Yc have therefore used single-color

ionization pr~c(’ss~s at the fundamental output frequency of the interrogate ion

riyc laser. This. in turn. required n-photon excitation. n --2. for moderate 10 high

ionization potmllial rlmmmls. \VF+hav~ exarninrd (.+prl et al 1986) a nurnbm of

alornic (and some nmlmular) systems ionizablo via ‘2 - 1- processes. .4 list of

ohserv~d transitions is shown in Ta!dr 1. h-w the atomic systems. the two-photon

recitation typically saturatmi at %2 mJ puke.while the ionization step required

sommvhat higher energies.

T.4BLE I
otwrvwl Two-Photon Transitions

<iround Stiilr Excit,ed State 13twrgy Diffcrenw+”

Elwmwt ( :onfigurat ion ‘l’(’rIll (hmfigurat ion Trrm (cm 1)

(:a (.is~) 1~,, (4s4(!) ‘ I)z 3729H

(:al” X2X. P’ ‘z :{7550
‘I’s +F~:(5d’’6sz) , (5(1’%s7s) J 3:2 44(M6

(5(1’%s2) ~F:~ : (5(1’%47S) ~~:,;2 430M

“’r,, is given for (;aF,



anomalous: for high intcnsit im ( I(IF \\” CI112) [hr hydrodynamic temperature

was mrasurm-1 10 Iw SO(M) Ii. whilv the killrtic tmr]pmaturr was WIO Ii. and the

intrrnal (rlrclronic) tempt’raturd was ~?()()(~ Ii. At Iowrr intensities (4 x 107

\V cm:) tho otword (list rilju!k]ns wrrr coolor. an(l nloro nrarly t hmmal. as

shown in Fig I. Th(w rwulls ar(’ consist rnt wit h [ho vsist anrc t)f a [hcrn]al

Liisrr Ildn]iigc $Iudim. f{ l\l S

:,lIS also t)wn US(VI as ii monilor

of 1hr intcriicl ion I)(’t wwn

las(~rs~llddicl(~(.[rirrll~[(~ri~ls

(tsllrr ct al l!Mi)m In illil iill

oxprriments. opt iral (lamago on

uncoatmi (’a F: suhstratw was

initialed with I,(W Ilm puk’s

at fluenccs of 1 to 10 J l.ln:.

Interrogate ion of the spallw]

plumr revralml (Ja atonls and

CaF radicals only when darnagr

cwrn[s orrurml. I]ot !I spwirs

arr monitored hy ‘“2- 1- icmiza-

I ion pror(wcs t h rough t hc

1Ilg iill(l F ‘R Stilt (’S,

r(’hp(’rt iv(’ly, This rhoiw of

intrrllwdialm sliilm \Vilh Illii(l(’

50 [ Ililt1)0111sp(’(. i(w rolll[l 1)(’

(l(~t(lrlwj wit h il singl{~ IiIS(’r

(IYv, III *IIlwqIItvIl rxpt’rillwnts,

( ‘il~~ (lilllla~(i \ d% il]~() illtlurwl

tit 3,%3 IIm ;ind 2(W mII. For

I .()(; pnl irrildi~lioll. wr

ohwmwl 1tl(’rlllill (Nfio K )

wlorily disl ril)ul ions for

holh (!II tind ( EiIF’, In mldition,

the (;HF rwlicul (’xhillilwl

signifir~nt illll(llllll S of illtrrnill

-–. -–.. .-. ..— —— —
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Figm 1. ‘I%nt alum titorn llighl t inw

difit rihut ions for high inlonsily (- 10@

W’ rm2) Rnd low iut(vl~ity (--II x 107 W Cmx

huwr dmorpt ion,



Thtwc results suggosl that while the 1.0(; ~lm twpcrirnrnts ran bc adt~quatrly

modelml in [rrms of a singlr damitgr mcrhanism (Iikrly avalanche breakdown).

the stltJrt-\vavel(lrlgth rmlllts sllggrst the onst~t of swwnd mrchanism. pt*rhaps

mull iphol on ilt)~(’)~~tion. ‘l-his is consis[cn[ with hot h 1tw himodal vclority

(Iistrit)lit ion. aII(l \vit h t ho drrroitsv ill ( ‘ti~ \ il~ralior];ll and rotational cw. itarion,
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Fig. ?. (it) (“;llriurl) atom flight tirrw distributions (dots) for darnagc indurrd

nl 2(Xi rlrrl. 2.5 J crn~ , ‘1’tw solid Iirwri ar~ %ltzmann fits for 400(1 K and WI K

(list ril)llt ions. (1)) Samo its (a). \vhmc th~ solid Iirw now rrprrwmts a cornpm+itc of

I 11(’ fast (33(’i ) ilrl(l slow’ ((i7(”i ) (’oni ribul ions.
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