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SPECTROSCOPY LETTERS, 2 2 (  1) , 69-77 (1989) 

Preconcen t ra t i on  o f  Non-vo la t i l e  Metal Compounds Using a Thermospray 

Increased Atomic Absorp t i on  Sensi t i v i  t y  

D.S. Choi and J.W. Robinson 

Lou is iana  S t a t e  U n i v e r s i t y ,  Baton Rouge, LA 70803 

ABSTRACT 

A t h e n o s p r a y  was used as a metal p reconcen t ra t i on  dev i ce  f o r  f lame AAS. 

Wi th  1.0 mL of  sample l oad ing ,  t h e  AA s i g n a l  was inc reased about 15 t imes  and 

w i t h  2.0 mL o f  sample l o a d i n g  t h e  s igna l  was inc reased about 30 t imes  canpared 

t o  a thermospray f lame system and more than  two o rde r  o f  m g n i t u d e  canpared t o  a 
normal f lame system. 

INTRODUCTION 

A thermospray i s  a dev i ce  t o  conver t  a stream o f  l i q u i d  i n t o  a j e t  o f  

vapor /aeroso l  m i x t u r e  by t h e  combined a c t i o n  o f  v a p o r i z a t i o n  and 

nebu l iza t ion .1-3  

th rough t h e  heated c a p i l l a r y  tub ing .  The amount o f  energy app l i ed  t o  t h e  

thermospray c o n t r o l s  t h e  degree of vapor i za t i on ,  i.e. t h e  r a t i o  o f  aeroso l  t o  

vapor,  and p r o p e r t i e s  o f  ae roso l ,  which !n t u r n  a f f e c t  t h e  s igna l  

i ntens i  ty.4 * 5  

The thermospraying i s  obta ined by f o r c i n g  a so l ven t  

I n  p rev ious  s tud ies ,  i t  was observed t h a t  when t h e  amount o f  energy a p p l i e d  

t o  the  thermospray exceeded t h e  energy requ i red  f o r  steady so l ven t  vapor i za t i on ,  

t h e  v a p o r i z a t i o n  was canp le ted  i n s i d e  t h e  thermospray and a superheated j e t  o f  

vapor c o n t a i n i n g  l i t t l e  aeroso l  emerged. No s igna l  was observed w i t h  f lame AAS. 

I t  was suggested t h a t  t h e  n o n - v o l a t i l e  a n a l y t e  depos i ted  i n s i d e  t h e  w a l l  o f  t h e  

c a p i l l a r y  t u b i n g  3 * 4 .  

Th is  p roper t y  o f  t r a p p i n g  n o n - v o l a t i l e  inetal canpounds i n  t h e  thermospray 
has been s tud ied  as a p o s s i b l e  i n  s i t u  method o f  p reconcen t ra t i on  l ead ing  t o  

inc reased s e n s i t i v i t y .  
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EXPERIMENTAL 

A. Equipment 

1. Atomic Absorp t ion  Spectrometer:  P e r k i n  Elmer Atomic Absorp t i on  Spect raneter  

model 370A equi ppped w i th  deuter ium background c o r r e c t o r .  

2. Solvent D e l i v e r y  System: Perk in  Elmer H igh  Performance L i q u i d  

Chromatography so l ven t  d e l i v e r y  system model Ser ies  2 equipped w i t h  two 

s inuso ida l  dual p i s t o n  pump. 

3. Sample I n j e c t o r :  Waters U6K i n j e c t o r  w i t h  2.0 mL sample loop.  

4. Recorder: The ou tpu t  f rom f lame AAS was recorded on a Sargent Welch XKR 

c h a r t  recorder .  

5. Thermospray: The thennospray n e b u l i z e r  descr ibed p r e v i o u s l y 4  was used. 

The sample s o l u t i o n  and so l ven t  were t ranspor ted  fran t h e  i n j e c t o r  t o  t h e  

thermospray n e b u l i z e r  through a 0.15 mm i.d. s t a i n l e s s  s t e e l  c a p i l l a r y  tub ing .  

B. Reagents and Chemicals 

Stock so lu t i ons .  1000 ppm, o f  t h e  metals were prepared accord ing  t o  t h e  
procedures o f  Pe rk in  Elmer.6 

and a l l  t he  so l ven ts  were HPLC grade. A d i s t i l l e d - d e i o n i z e d  water  was used. 

A l l  t h e  chemicals used were a n a l y t i c a l  grade 

A sample o f  l a k e  water was c o l l e c t e d  f r a n  a l a k e  l oca ted  i n  Baton Rouge. 

Lou is iana  (1988). Water was sampled i n  a c i d  washed Malgene con ta ine r .  The 

sample was a c i d i f i e d  t o  pH 2.0 w i t h  a concen t r i c  HC1. 
0.45 um membrane f i l t e r ,  sample was passed th rough t h e  C-18 SepPak column t o  

e l i m i n a t e  t h e  organ ic  cons t i t uen ts .  

A f t e r  f i l t r a t i o n  th rough 

An a i r l a c e t y l e n e  f lame was used th roughout  t h i s  study. 

C. Experimental  Procedure 

i )  Metals i n  Superheated Vapor 

The power o f  t h e  thennospray n e b u l i z e r  was s e t  t o  140 w a t t  and t h e  s o l v e n t  

f l o w  r a t e  was se t  a t  0.6 mL/rnin t o  ensure t h a t  a l l  t h e  s o l v e n t  was conver ted  t o  

superheated vapor. A f t e r  t h e  thermospray n e b u l i z e r  was e q u i l i b r a t e d  under 

c o n d i t i o n s  t o  produce superheated vapor (CSV), 2 mL o f  t e s t  s o l u t i o n  was 
i n j e c t e d  and a l lowed t o  pass through t h e  thermospray nebu l i ze r .  S imu l taneous ly ,  
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PRECONCENTRATION OF NON-VOLATILE METAL CONPOUNDS 7 1  

the thermospray nebulizer was placed ins ide  a 500 mL suct ion f lask  which was 
submerged i n  an ice  bath. The top of the f lask  was sealed with aluminum f o i l  
while the s ide  suct ion opening was open f o r  vent i la t ion .  
was trapped for  5 minutes by cooling. After 5 minutes, power was turned off and 
t h e  thermospray nebulizer was immediately t ransfer red  t o  another suc t ion  f lask  
t o  cold t r a p  the  vapor and aerosol mixture f o r  a f u r t h e r  5 minutes. The amount 
of analyte  in  each condensed solut ion were then measured. 

The superheated vapor 

11)  On-line Metal Preconcentration by Thenospray 

The thenospray  nebul izer  was placed t o  the pos i t ion  i n  t h e  flame AA burner 
chamber as described e a r l i e r . 4  The energy of thermospray nebul izer  was s e t  
a t  1 4 0  w a t t  and solvent flow r a t e  was s e t  a t  0.6 m L / m i n  again. 
t h e n o s p r a y  nebulizer was equi l ibrated a t  t h i s  CSV, 1.0 mL of sample so lu t ion  
was in jec ted .  After t h r e e  minutes, the flow r a t e  was increased t o  1.5 m L / m i n  

After t h e  

abrupt ly  t o  e l iminate  the  superheated vapor conditon. 

RESULTS AND DISCUSSIONS 

a )  Studies  of the  analytelsuperheated vapor separat ion 

The volume of the  condensed so lu t ion  confirmed the can[. 

vapor by the  cold t r a p  using suct ion f lask .  
?te recovery c the 

The superheated vapor contained v i r t u a l l y  no metals as  shown i n  Table 1. 
This c lear ly  explained the reason f o r  no ana ly te  AA signal when the  thermospray 
nebul izer  was operated a t  superheated condi t ion.  

Table 1 

Amount of ana ly te  i n  Superheated Vapor and i n  Thermospray 
Nebulizer Tubing, n = 3 

Total Amount of Amount of Metal in  Amount of Metal 
Metal Injected Superheated Vapor Left i n  Tubing 

2.0 ug Mg 

5.0 ug Cd 

10.0 p g  c u  
10.0 ug Ca 

100.0 Llg Ca 

0.02 ug (1%) 

0.20 pg (2%) 

0.20 119 (2%) 
3.0 ug (3%) 

0.05 vg (1%) 
2.0 ug ( lo rn)  

9.7 Llg (97%) 
9.9 ug (99%) 

5.0 ,,g (100%) 

95.0 pg (95%) 
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12 CHOI  AND ROBINSON 

I n j e c t i o n  

A A  

I n j e c t i o n  

& A  -2 

C 

L 

Fig. 1 AA Signal obtained a t  CSV 
A: analy te accumulation per iod 
6:  
C :  

s ignal  from 1.0 m l  o f  0.5 ppn Cu s o l u t i o n  
s ignal  from 1.0 m l  o f  0.5 ppn Ca s o l u t i o n  

When the thermospray nebul izer  was run a t  non-CSV condi t ions almost a l l  t he  
metal t h a t  was trapped was e lu ted f ran  the thenospray  nebul izer  as shown i n  

Table 1. The metal t rapp ing  e f f i c i e n c y  was h igher  than 97% except i n  t h e  
presence of high s a l t  content. 

F igure 1 ind i ca tes  t h a t  no AA s ignal  was observed when the  thermospray 

nebul izer  was operated a t  CSV but  l a rge  and sharp AA peaks were observed by 

increas ing solvent f low r a t e  presumably red i sso l v ing  t h e  deposited analyte. 
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73  PRECONCENTRATION OF NON-VOLATILE METAL COMPOUNDS 

1.2 
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0.6 

v1 

U 
n 

r- 2 0 .4  
m 
.r 
v) 

U U 

0.2 

0.0 

AA signal  a t  normal 
TN opera t ion 

In jec t ion  nn i 

AA signal  a t  preconcentrat ion mode 

Fig. 2 Comparison of s igna ls  obtained from normal operat ion and 
preconcentration mode. 1.0 ml of 0.5 ppn Cu so lu t ion  was 
t e s t e d .  

This confirmed t h a t  the  metal deposited ins ide  the  thermospray nebul izer  
when superheated vapor was produced and was washed off when t h e  condi t ion was 
removed. 

I n  a simple explanation. i t  appears t h a t  deposi t ion of t h e  non-volat i le  
ana ly te  appeared t o  be an evaporation phenanenon, i.e. a non-volat i le  s a l t  
remained preferen t ia l ly  i n  so lu t ion  phase and f i n a l l y  dr ied on t h e  s o l i d  sur face  
of the inner  wall of the capi l la ry  tubing. The r e s u l t s  of canplete  ana ly te  
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14 CHOI AND ROBINSON 

Tab le  2 

Ana ly te  P reconcen t ra t i on  Fac tor  a t  Superheated Cond i t i on  

Absorbance S igna l  

Volume I n j e c t e d :  1 .O mL 

Sample 

0.5 ppm Cu 

0.5 ppm Ca 

0.05 ppm Mg 

0.05 ppm Mg 

0.05 ppm Mg 

0.1 ppm Cu' 

+ 10 mM NaCl 

+ 50 mM NaCl 

Normal 

Burner  1 

0.025 

0.024 

0.030 

0.030 

0.028 

0.005 

Increased 

S e n s i t i v i t y  

No A f t e r  vs . 
Preconcen t ra t i on  P reconcen t ra t i on  Normal 

w i t h  Thermospray' w i t h  Thermospray Burner 4 

0.079 1.15 f 0.08 X 46 

0.060 0.72 + 0.06 X 30 

0.081 1.20 0.05 X 40 

0.080 1.00 f 0.08 x 33 

0.079 0.70 2 0.08 x 25 

0.017 0.46 t 0.C2 x 92 

Signal  ob ta ined a t  optimum opera t i on  

S igna l  ob ta ined a t  normal ope ra t i on  a t  1.8 mL/min 

Signal  ob ta ined a f t e r  p reconcen t ra t i on  s tep ,  n = 10 
4 Preconcent ra t ion  f a c t o r  

* 2 mL i n j e c t i o n  

recovery  i n d i c a t e d  t h a t  i t  was a r e v e r s i b l e  phys i ca l  p rocess  i n  which t h e  

depos i ted  a n a l y t e  c o u l d  be red i sso l ved  and i n j e c t e d  i n t o  t h e  flame. 

b )  On- l ine  Metal P reconcen t ra t i on  Mode 

The a b i l i t y  o f  t h e  thermospray n e b u l i z e r  t o  t r a p  t h e  n o n - v o l a t i l e  metal 
under superheated vapor c o n d i t i o n s  r a i s e s  t h e  p o s s i b i l i t y  o f  us ing  t h i s  p r o p e r t y  

as  on - l i ne  metal p reconcen t ra t i on  s tep  f o r  f lame AAS. To s tudy  t h i s ,  t h e  
thermospray n e b u l i z e r  was operated a t  CSV and t h e  sample was i n j e c t e d .  

sample passed th rough t h e  thermospray n e b u l i z e r  and t h e  a n a l y t e  depos i ted  i n s i d e  

t h e  n e b u l i z e r  wa l l s .  

s o l v e n t  f l o w  r a t e  was inc reased fran 0.6 ml /min  t o  1.8 ml/min and CSV c o n d i t l o n s  

were e l im ina ted .  

f lame producing a l a r g e  s i g n a l .  

The 

A f t e r  a l l  t h e  sample had passed th rough t h e  system t h e  

The depos i ted  a n a l y t e  red i sso l ved ,  and was swept i n t o  t h e  
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0.10 

0.08 

0.06 

0.04 

0.02 

0.00 

Cd s tandard  

3 PPb 

75  

5 PPb 

- -  

l a k e  wa te r  

F ig .  3 Ed i n  l a k e  water .  S igna l  was ob ta ined  f rom 2.0 m l  o f  
sample a t  p reconcen t ra t i on  mode. 

F i g u r e  2 shows the  AA s igna l  ob ta ined fran 1.0 mL o r  0.5 ppm Cu s o l u t i o n  
when t h e  thermospray n e b u l i z e r  was opera ted  a t  p reconcen t ra t i on  mode. 

compared w i t h  the  s igna l  o f  0.5 ppm Cu s o l u t i o n  ob ta ined  a t  normal thermospray 

nebul i zer  ope r a t i o n .  

Th is  was 

A s t rong  sharp s igna l  was observed. Table 2 l i s t s  t h e  r e s u l t s  ob ta ined 

w i t h  o t h e r  metals.  
mL and 27 t imes  us ing  a 2.0 mL sample i n j e c t i o n .  

The p reconcen t ra t l on  f a c t o r  was about 15 t imes  us ing  a 1.0 
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CHOI  AND ROBINSON 76 

Unfo r tuna te l y .  due t o  t h e  narrow d iameter  and s h o r t  l e n g t h  o f  c u r r e n t  

t h e n o s p r a y  n e b u l i z e r  t ub ing ,  t h e  t o t a l  amount o f  a n a l y t e  t h a t  c o u l d  be 

accumulated i n  t h i s  way was l i m i t e d .  I n  t h e  presence o f  l a r g e  amounts o f  s a l t ,  

sane f r a c t i o n  o f  a n a l y t e  and s a l t s  were b l w n  ou t  by t h e  vapor; thus ,  t h e  

p reconcen t ra t i on  f a c t o r  was reduced and r e p r o d u c i b i l i t y  was poor. 

Wi th  t h e  w ider  and long c a p i l l a r y  tub ing .  i t  i s  be l i eved  t h a t  more a n a l y t e  

can be loaded and h i g h  p reconcen t ra t i on  f a c t o r  can be achieved. Th is  approach 

i s  being f u r t h e r  i nves t i ga ted .  

c )  Cd Concent ra t ion  i n  Lake Water 

To extend t h i s  on l i n e  p reconcen t ra t i on  mode t o  r e a l  sample, t h e  l a k e  water  

was c o l l e c t e d  and t e s t e d  f o r  t h e  presence o f  cadmium. F i g u r e  3 shows t h e  

r e s u l t s  a f t e r  2.0 mL load ing .  It i s  es t imated  t h a t  t h i s  l a k e  conta ined abcut 3 

ppb cadmium. The r e s u l t s  agreed w i t h  r e s u l t s  ob ta ined us ing  a g r a p h i t e  fu rnace  

AAS. 

d )  Thenospray  Nebu l i ze r  Washing Method 

I t  was noted t h a t  ope ra t i ng  t h e  thennospray n e b u l i z e r  a t  CSV caused an 

i nc rease  i n  backpressure, r e s u l t i n g  i n  t h e  blockage o f  t h e  thennospray n e b u l i z e r  

even tua l l y .  The reason i s  n o t  c lea r .  Perhaps some o f  t h e  metal canpounds t h a t  

depos i ted  i n  the  thermospray n e b u l i z e r  were no t  washed o f f  even when t h e  

superheat ing  c o n d i t i o n  was removed, l e a v i n g  t r a c e  amount o f  n o n - v o l a t i l e  a n a l y t e  

i n s i d e  t h e  t u b i n g  w a l l .  Another p o s s i b i l i t y  i s  t h e  p y r o l y z a t i o n  o f  n o n - v o l a t i l e  

o rgan ic  cons t i t uen t .  Such t races  o f  a n a l y t e  may be cumula t ive  un less  i t  was 

removed by a c lean ing  so lvent .  Once t h e  thennospray n e b u l i z e r  was b locked up, 

i t  was almost imposs ib le  t o  c l e a r  i t  up again. There fore ,  i n  general  use, i t  

was necessary t o  opera te  t h e  t h e n o s p r a y  n e b u l i z e r  a t  t h e  c o n d i t i o n  where no t  

superheated vapor was produced. 

backpressure was no t iced ,  with a weak c i t r i c  a c i d  o r  EDTA s o l u t i o n  t o  renove 

depos i ted  metals.  T y p i c a l l y ,  0.5 mM o f  c i t r i c  a c i d  s o l u t i o n  o r  0.5 mM EDTA 

s o l u t i o n  was run th rough thermospray n e b u l i z e r  w i t h  10 W energy i n p u t  f o r  about 

one hour, f o l l owed  by de ion i zed  water. 

It was h e l p f u l  t o  wash t h e  thennospray nebu l i ze r ,  whenever some 
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