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Institute ofPhysics, Leningrad Sfate University, UlYanovsknya 1, Petrodvorets, 
Leningrad 198904, USSR 

ABSlRACP The possibil i t ies of plam atcmizatim for  laser fluorescence 
trace analysis are discussed. Fulsed hot hol lm cathode discharBe was 
used for  analysis of solut ims and powdered simples. The Ngh voltage 
spark and laser-induced breakdm ( hser spark) were used as atardzers 
of metal-mtaining atmxpheric aerosols. Detectim limits were  inp,rwed 
by mEans of tmPOr6l bBdwmmd selection. 

1. INTRODUCTION 

Plasma is wide4 used in spectroch~&o8l d s s i a n  analysis. Berth armple evapc- 
rr%ti.cn and exci ta t im of gpectra of atans under d e t e m b ~ t i o n  are c a r ~ i e d  out 
in plasarr. Today ICP-AES is m e  of the mst universal analytical techniques in 
the world. G l o w  d i s d m g e  anissian m t b d  (GD-AES) is widely used fo r  the 
analysis of dry residues of soluti~ms, powders and solid samples (1-s). RF GD 
s~ccesful ly  deals w i t h  m - m h & i n g  sem~le analysis. The l a se r - indud  break- 
d m  ~ r o s c a ~  ( L E I  is also perspective for  the aerosols-cmtaining gases 
mitoring c4.6) .  

Hawever the produdim of bh-prre substances todey needs the Ngher sen- 
s i t iv i ty  thm 0.01-1 p ~ m  level u-lly obtained by emissim analysis. One of 
the mys to imprave the analytical performance of the methods based cn plasm 
atunizatica is to use the laser-excited atunic fluorescence. It is well knm 
tht in sane cases the single atun can be detected by this t e b i q u e  (0-8,. 

Besides the wlsed plasm a tan imt im is more suitable for the wlsed lasers 
usuelly used in laser fluorescence th6n the m t i n u m s  atamimtian. Marewer, 
the wlsed plasm makes it possible to a t a m  fran the excited or meta- 
stable levels for the element that could not be excited by laser radia t im fran 
the Brcwxi state directly CB'. 

The a r t i c l e  demonstrates the analytical possibil i t ies of laser fluorescence 
with pllsed plasm atanization in the case of trace analysis of soluticns, 
m e r s  and aerosols. 

2. PULSH) HOT HOLLOW CATODE DISCHARGE 

2.1. Instnrmentatial sad oJ3zatlqp JazzuEttws. 
In the preaent experbents, the quartz wxter-cooled discharge tube (Fig.1) was 
used. The discharge circuit included s t a b i l i d  hlgh voltage d. c .  power sypply 
(up to 2 kV, up to 1.5  A) and 500 O h  ballast  resistor. The possibility ms 
provided for wlsed operatian of the hollow cathode discharge. The liquid or  
pawdered sample ms placed at the bottan of the cathode. Ttae atcwimtian pro- 
cess to& place under the cathode temperature up to 1800°C (cathode current 
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0.6-0.8 A) af te r  a minute's asNng at 
100CJ°C (abcut 0.3 A). 

The fluorescence ms excited by a 
pulsed dye laser, muwed tw Yffi:Nds+ 
Isse.r. The gpectral width of the se- 
cond h m m i c  dye laser radiatim vaa 
0.03 nm, pllse durrrtim 10 ns, pulse 
energy up to 0.02 mJ and the repeti- 
tim rate 12.5 Hz. T h  laser beam h s  
re&anguhr c r ~ ~ s - s e c t i m  (3-2 dl.. 
The lower edge of the bean ms about 
3 urn above the higher edge of the 
hollow cathode. The f luoremce ra- 
d ie t im ms collected fmm the m e  
above the hol lw cathode cavity and 
focused t h r w h  calibrated attama- 
tors onto the entrance slit of the 
manochramtor. For zwctml fi l tering 
of the f b o r e m c e  radiation an Fig. 1. Disdxwge tube 
Chmw-'I'umer type ~~~cchnmtor 
(2 r d n m ) ,  equiped with a ruled grating ( 1200 graves mn-1) ms used. The elec- 
t r i c  signal fran the R+fl' wis measured d m v e r t e d  into d ie i t a l  data  b a box- 
car integrator w i t h  time resolution of 4 ns. 

For the  detenaination of Co, Stokes direct  l ine fluore- was metsaured 
at 340.512 nm, after excitatim at 304.400 nm. In the case of N i .  the f luores- 
cence ms excited at wvelength 301.914 nm and ms detected a t  310.155 run. In 
bath cases tb spectral slit w i d t h  of m-tor was 0.2 nrn. 'he spectral 
pawer d a s i t y  of the exciting laser radia t im ms suf'ficimt t o  setmate the 
selected t ransi t ims.  

2.2. Ahllts and discawicn 
The process of mnple atanizatian at different b l low cathode lmpemtures, 
d-dence of s-1 cm pressure and s a t  of a discharge ms were investigated 
w i t h  the aim of choosing the aptimua experanental canditicms for the analysis. 

Effect of catMe -ratme cm the fluorescence intensity is illustrated 
by Fu. 2. It shows *t signal increases with rising of the cathode tameratme. 
Hcwever, the increase in the aetaniz~r tmwxature results  in a significant 
increase the emissim radiaticm fran the analytical me.  That is cmneded 
with temperature thrcu8h the disdxc- 
ge mmt. %s the m i n  problem in 
the d. c. hot hollow cathode discharge F 
is to reduce emissicm background. L 300 

7'he time depmdmce of t h  f l u e  U 
rescence of cobalt a t  a fixed hollcw 0 
catode tmpxature and far  different R 
inert gases is shown in Flg.3. The E 200 
a w l e  atanizaticm time decreased S 
whm the discharge gas r~ss changed C 
f r a n H e t o N e a n d t h e n t o A r .  Thsat E 
1500"~ the mechanism of atcmizatim N 100 . 
is *fold: besides the thmml C 
atunizatim a large role is pWed by E 
cathodic sputtering. This can be 
easily seen for tW heavier gas A r ,  

Ne 
2.1 kF'a 

t 

. 
whm cathodic splttering is more ef- 50 100 150 
fective than in the case of H e  and Ne. T I M E ,  s 

Effect of gas pressure cm in-- 
sities of fluorescence and emissim FU.2. T-ral bebvior of fluare=ce 
bsdrground is s h m  in Fig.4. A s  can at  d i f fe rmt  cathode temerature 



be seen the fluorescence signal in- with increasing of pressure. This is 
due to the increasing atanic ve~arr concentraticm near the cathode oavity 
resulting frun an increase in the diffusion time. Ek tbmxe ,  the emission 
hckgmnd wrs reduced with the in- of gas pressure beoause the bright 
emitting plasnrz WAS canfined into the cavity. Unfort~mately, the possibility 

160 - 260 
T I M E ,  s 

Fig. 3. Fluorescence in different gases Fig. 4. Fluorescence v e r a s  pressure 

of increasing the gas pressure wrs limited by the stability regicn of the 
hollow cathode discharge. An arc-rmde WAS initiated by f'wthm increase in 
pressure. Therefore the crptimrm pressure of the disdmxe gas is near the 
am-mode regime of hot hollow cathode d i s c m e .  Ekwser it ws kgnssible to 
measure low atan ccmcentraticns by aperating the Imp in the direct current 
mde, because of the emissim backgraurnd of the hallow cathode plasm. 

In order to improve the sienel to hckmmmd ratio mlsed operstion of the 
hot hollm c a W e  wrs used. Efficient elimination of emissim bacbera;md m s  
obtained by periodical switching off the dizchw-ge and excitetirug the f luores- 
ceslce in the afterglow. This technique reduced tha detection l i m i t  by 2 orders 
of megnitude. The pllsing of the plasm wrs pravided b an e lechmic  circxlit 
mchnxized with the laser pllse. I t  ~ F I S  fcund tbt the plam wrs quickly 
(*l ps) extinguished af ter  the discharge interruptim, while the intensity of 
fluorescemce remined constant for 300 ps. This is explained by the fact that 
the atanizer temperature uas decreasing slowly and wrs practically constant a t  
the used pulse duraticn. 

CBlibratim ws obtained cm the bsis of equeous solutims w i t h  known Co 
and N i  content. To obtain the d&im l i m i t  the came ws extxapol~ted to a 
value equal to three t h e s  the stambni deviatim of the backepuxmd, detemined 
by nm-selective scattered laser radiatim (wide-band luminiscence of mils and 
windows of the discharge tube which was caused by laser radiatim). Resulting 
IM) are: 0.02 ppb for Co in dry residues of aqueous solutions and 5 ppb for N i  
in dry residues of aqueous solutims. This analytical results are ccaparable 
with laser fluorescence - FPA detectim limits and better ~ ~ F U I  results obtained 
by laser fluorescence with other atunization techiques ( see review C 10) ) . 

Detenninaticm of Co i n  mxiered AlzO3 and SiO? was carried cut with a prom- 
dure similar to tbat described abwe. Detedim limits obtained are: 5 ppb for 
Co in A1209 and 1 ppb for Co in SiOz. However ,  opt- analytical d i t i o n s  
pruved to be different: for Co detenninatian in aqueous solutims, the gas (Ne) 
pressure wss set a t  2.1 kPa and the cathode tenperatwe a t  1600°C, while in the 
case of ~ ~ ~ 3 a - s  gas pressure ms 1.8 kPa and the cathode tmpxature 1500°C. 
This w s  caused by t h  luwer stability of the hollow cathode d i m e  operated 
w i t h  the M e r e d  simple. For better analytical perfornrances the stability 
shaxld be inarylved at higher operating values of temperature and preswre. 
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3. SPABK PLASMA 

Another type of ~ l s e d  gas d i d a r g e  v a s  used for  the laser-excited f luoresxn- 
ce analysis of -1s in air. Atunizatian of atamspheric aerosols uas realised 
in the laser spark fo& by fccused radia t im of the  power laser or  in  the 
high-voltage spark d i m e  with very sMlar energy and tim zakmmkrs. The 
m i n  dvmtages  of &hod with h r  spark are: 

- t h  possibility of analysis in real time withart a w  sampling; 
- e l h i m t i a n  of electrode's inlplrities; 
- Ngh tenseratare tkit &mld emble high efficiency of atanizatian; 
- high sensitivity of the analysis. 
Earlier Wziemski et a1 (4.5) used laser-induced breakdm spectrosc~~~ 

( L I E  tedmique) f a r  spectrochemica1 analysis of metals in the air detecting 
the emissian spectrrt. However in that case laser spark was used bath for the 
m l e  a t u n i a t i a n  and excitatian of atans under determinatim.At t b  seme time 
sufficient decrease of detection limits can be obtained when a spwk d i s c h m e  
in the air is used anly for aerosols e ~ ~ % p o r a t i a ,  h i c h  is thm followed by 
fluorescence detedian of atuns under detenninatian. Such an apportunity ws 
shown i n  the case of analysis of Na-cantaining aerosols i n  the ah. 

3.1. I k t m m x m b t i a J  sod cZeLatJ&r 
Atanizatim of Na-ccntaining atmospheric aerosols ws carried cut in the laser 
spark induced by f m s e d  radiaticm (lO1lW/cmZ power density) of the Q-switch 
ruby laser (20 ns  pulse, up to 0.4 J/pulse, 1 Hz repetitian rate) or  in the 
higkvoltage spark discharge (1 nF, 10 kV through the ~ u l s e d  oaaxial transfor- 
nrer 1: 4) with very similar time and energy mramters .  

Ckmcentratian of N a  in the a i r  was created by spraying e q u m s  soluticm of 
NaCl with Na cantent 10 pg/ml. The dye laser (5 ns  wise width, 0.15 m J / ~ l s e ,  
0.05 nm linewidth, up to 50 Hz repetitian rate) vas pmpd by Nz laser. To re- 
cord resulting fluorescence manochramtor w i t h  f/2.5 aperture, 2 m/mn recip- 
r0(381 linear dispersicm and PMT connected with barrcar integrator (4 ns gatc 
w i d t h ,  50 Ohm) were used. 

3.2. M t a  Bod c h m s i o n  
The sodium atans fluorescence ms IWIW& by pulsed dye laser radia t im with 
varyins time delay respedively to the spark discharge. To reduce the ncn-se- 
l e d i v e  scattered radia t im an the wivelength of registration, various ccnlpo- 

n m t s  of Na yellow duplicate were used for  exciting and recording the fluores- 
cence (589.6 nm and 589.0 nm respectively). The analytical level 3zPwz ms 
popllated from the level 3?Pl/z 
( a E = 0.002 eV) thrcu8h co l l i s ima l  300 - 
processes in the air. 

The hser m k  d i s d m x e  had a 
ccntinucus spectrum and relaxed du- E 
ring abcut 0.5 ps a f t e r  the breakdm M 
(Flg.5). Plasm emissim of the 1 2 0 0 -  
higkvoltege spark in the a i r  had the S 
same kinetics. A t  the presence of S \ 
Na-Ccntaining aerosols in the analy- I 
t i c a l  m e  a s s i m  of Na atans 0 ' \ 

.\ 
excited in the spark superhqmsed an N 100 - ' \ 
the -k cwn glow and exceeded it in '. 
duratian. Rsdziemski et a1 (.a) used ' . 
the differences in kinetics of p h m  .<. 
bckgramd and emission signal of -- 
atuna determined for decreasing of 1 I 

detectian l i m i t .  Other possibility to 0 5 10 
reduce emissian ba&gramd is to ex- T I M E  ,ys 
cite the fluorescence in the after- 
glaw of spark discharge. The experi- F b . 5 .  Kinetics of spark plasma 
ment shows (Fig.6) t l ~ t  the msximua ( - - - Na presence in the air) 



Fig. 6. Na f luoresaace a s  a A;mdicn Fig. 7. Excitaticn of Na f luorexeace 
of delay time ( m d  peak) in the after8 law 

of fluorescence signal we, achieved a t  40 ps delay of the laser excitatim fran 
the manent of the air breakdam. 

The Fig. 7 il lustrates the case when cancentraticm of N a  atuns in the air is 
so mll thet the emission signs1 is undistinguishable against the w o u n d  
the plasrne awn glow. A t  the same time the fluorescence signal (the seccnd peak) 
may be surely recorded that allows to canclude that 1- detectian limits can 
be obtained t 2 -m  those in LIES technique. 

F 
L 
u 
0 200 

Laser induced fluarescence in a hollow cathode dischrge provides high 
sensitivity in the case of a tani~rt ion of metals i n  aquecus solutims and in 
PaJdered samples. Pulsed m t i m  allows to obtain ultralow detedian limits, 
camarable to those reported by laser fluorescence w i t h  electrothexml 
atanizatim 

I t  is also shorrm that the laser fluorescence determhaticn of metals in 
aerosols with the laser qxck  atunizatilcn has advantages in canparision with 
the emissicn analysis. 
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