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SPECTROSCOPY LETTERS, 16 (3 ) ,  159-179 (1983) 

METAL SPECIATION BY ATOMIC ABSORPTION SPECTROSCOPY. 

THE 1wO STAGE ATOMIZER 

by 
J.W. Robinson and P.L.H. Jowe t t  

Louis iana  S t a t e  Un ive r s i ty  
Baton Rouge, Louis iana  

‘70803 

A .  INTRODUCTION 

Thermal a n a l y s i s  (T.G.A., DTA, e t c . )  has  been e x t e n s i v e l y  used f o r  s p e c i a t i o n  

a n a l y s i s .  However, i t  is  r e l a t i v e l y  i n s e n s i t i v e  tempera ture  l i m i t e d ,  and has  

no t  been u s e f u l  a t  t he  t r a c e  l e v e l .  

In c o n t r a s t ,  atomic a b s o r p t i o n  spec t roscopy i s  a very  s e n s i t i v e  technique  

capable  of d e t e c t i n g  low c o n c e n t r a t i o n s  of me ta l s .  ?he chemical form of metal  

components a f f e c t s  the  a tomiza t ion  proce5s and i s  t he  cause  of chemical i n t e r f e r e n c e s .  

I n  p r a c t i c e ,  chemical i n t e r f e r e n c e s  a r e  reduced by r i g i d l y  c o n t r o l l i n g  the  h e a t i n g  

programs used i n  carbon a tomiza t ion .  S t u d i e s  have been made t o  unders tand  the  

i n t e r f e r e n c e  mechanisms and reduce them. Attempts t o  use a tomic  a b s o r p t i o n  and 

emiss ion  for  metal s p e c i a t i o n  have been published.’’-l7 

systems have been s i n g l e  s t a g e ,  i . e .  vapor i za t ion  and a t o m i z a t i o , .  took  p l ace  i n  

the same s e c t i o n  of the  in s t rumen t .  

Howaver, t o  d a t e ,  a l l  

A two-stage a tomizer  was f i r s t  r epor t ed  by Robinson and Rhodes.” The r e s u l t s  

of a p re l imindry  s tudy  i n  i t s  use  i n  s p e c i a t i o n  a n a l y s i s  a r e  r epor t ed  h e r e .  The 

s y s t m  c o n s i s t e d  of two molybdenum s e c t i o n s ,  an  a tomiza t ion  s e c t i o n  and a 

vapor i za t ion  s e c t i o n ,  which de re  hea ted  s e p a r a t e l y .  The sample was v o l a t i l i z e d  a t  

vary ing  tempera tures  i n  the  v a p o r i z a t i o n  s e c t i o n  and the  vapors  were swept i n t o  the  

a tomiza t ion  s e c t i o n  which was kep t  a t  2x70°C. Atoms were formed i n  the  a tomiza t ion  

s e c t i o n  and swept i n t o  the  o p t i c a l  l i g h t  p a t h ,  where a b s o r p t i o n  took 

p l ace .  Even when v a p o r i z a t i o n  took  p l ace  a t  low 
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ROBINSON AND JOWETT 160 

tempera tures ,  t h e  sample was atomized by t h e  h igh  tempera ture  a tomtzer  and 

abso rp t ion  s i g n a l s  were recorded .  

t o  those  observed us tng  a s l i g h t l y  modtfied commercial a tomic  a b s o r p t i o n  u n i t .  

B . EXPERIMENTAL 

The r e s u l t s  t h a t  were obta ined  were c o r r e l a t e d  

1. Chemicals 

The inorganic  s a l t s  t h a t  were used were commercially a v a i l a b l e  r eagen t  

grade .  For s o l u b l e  s a l t s ,  s t anda rd  aqueous s o l u t i o n s  were prepared wi th  

d i s t i l l e d  de ionized  wa te r .  For ln so lub le  s a l t s ,  a s a t u r a t e d  s o l u t i o n  was 

used; i f  necessa ry ,  a suspens ion  was u t t l i z e d .  

2. Equtpment 

a .  Pe rk tn  E l m e r  403-HGA 2000 

A commercial PE graphi. te fu rnace  was modified to produce a slow 

h e a t t n g  ramp. A swi tch  was p laced  i n  p a r a l l e l  t o  the  HGA a tomiz ing  tempera ture  

ad jus tment  bu t ton .  It  was turned t o  the  "on" p o s t t t o n  wh t l e  t he  a d j u s t i n g  

poten t tometer  was s lowly  turned wi th  a kymograph. 

Ni t rogen  was used aa  the  purge gas and was in t roduced  a t  the  fu rnace  

windows. The flow r a t e  was ad jus t ed  t o  180 cc lmtn  t o  o b t a i n  the  b e s t  compromise 

between peak h e i g h t  and peak wtd th  wh i l e  u s tng  a h e a t i n g  ramp of 7,5'/mtn over  a 

temperature range  of 100-2000'~. 

The samples were d e l i v e r e d  wt th  a l O p L  Hamtlton s y r i n g e .  

b .  'Itro-Stage Atomizer 

i. I n t e r i o r  Components. A diagram of the  molybdenum ana lyz ing  

s e c t i o n s ,  the carbon suppor t s  and the  c e n t e r  e l e c t r o d e  I s  dep ic t ed  t n  F igure  1. 

The thermocouple used t o  monttor t h e  tempera ture  of the  vapor t za t ion  s e c t i o n  

was p laced  j u s t  above t t ,  as  shown in t he  d iagram.  

Each molybdenum p iece  was connected t o  the  c e n t e r  carbon e l e c t r o d e ,  and t o  

the  end carbon suppor t s .  These t n  tu rn  made e l e c t r t c a l  connec t tons  w t t h  t h e i r  

r e s p e c t i v e  water  cooled b r a s s  e l e c t r o d e s .  The center carbon p i ece  was he ld  i n  

p o s i t t o n  by two wate r  cooled  b r a s s  e l e c t r o d e s .  

Vapor iza t ion  tube: 15/64" i d ,  :L/4" od, 1" long.  Atomizatton tube: 5/16" i d ,  

j/8" od ,  3/4" long  l ead ing  t o  a s e c t i o n  114" od. The o p t i c a l  l i g h t  pa th  was 

d r t l l e d  through t h i s  p i ece .  See F igu re  1. 

It  was found t h a t  t he  d i s t a n c e  between the  molybdenum p ieces  was c r i t t c a l .  

A convenient  d t s t a n c e  of 118" - 114'' was used .  
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METAL SPECIATION 161 

AT0 M I Z E R I N TE R 10 R 

C O M P O N E N T S  

f r o n t  b r a s s  e l e c t r o d e  

,t h e r  m o c o u p l  e 

bot tom brass 

c a r b o n  center 

--bJ 
electrode 

Figure 1. 
The four brass e lectrodes were designed to accomodate 

a large e l e c t r i c a l  connection area. They are also water 
cooled. The thermocouple monitored the temperature of the 
vaporization sec t ion .  
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162 ROBINSON AND JOWETT 

zF7s transformer 

ATOMIZER HOUSING 

Figure 2 
Exploded view of the atomizer houstng ahowtng 

the removsble doors, top end back brass e lectrodes,  
snd vtewing windows. 
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METAL SPECIATION 163 

argon 

r c u  turnings 

gas exhaust 

argon 

F i ~ p r e  3 
Diagram of the  gas  system f o r  t he  two-stage a tomizer .  

Argon was used t o  provide  an  i n e r t  atmaephere.  I t  was d r i ed  
wi th  s i l i c a  g e l .  
cha rcoa l .  Oxygen was removed wi th  h o t  copper  tu rn ings .  
Sepa ra t e  s t reams en te red  the  a tomtze r .  Clea .ed methane was 
only  mixed wt th the  argon going i n t o  the  a tomizer  body. 

Trace cornpor\ents were removed wi th  a c t i v a t e d  

The chromel-alumel thermocouple was c a l t b r a t e d  wt th  a n  o p t i c a l  pyrometer 

(Leeds and Northrup model 9632-c, 775°-28000C) to I M ~ ~ U N  tempera tures  of the  

v a p o r t z a t i o n  tube above 1O0OoC. 

was c a l i b r a t e d  by p l a c i n g  ano the r  chromel-alurnel thermocouple w i t h i n  t h e  tube .  

Below 1000°C, the  molybdenum s e c t i o n  tempera ture  

ii. Atomizer Housing. A water  cooled  hous ing  f o r  t he  a tomizer  is  

dep ic t ed  i n  F igure  2. The hous ing  had two removeable water -cooled  d o o r s ,  each 

inc lud ing  a viewing window and the  o p t i c a l  l i g h t  path window. 

The hous ing  a l s o  provided p o r t s  f o r  gas i n l e t  and exhaus t  and f o r  i.wo 

thermocouples.  

iii. Gases. The system of gases  t h a t  w s s  used i s  dep ic t ed  i n  

F igu re  3. 
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164 ROBINSON AND JOWETT 

3- ganged variable 
auto I transformers I 

back 

Figure 4 
E l e c t r i c a l  diagram of  the two-stage atomizer.  The 

vartable auto-transformers were used t o  gradually heat  
the vaparizat ion s e c t i o n ,  The variac shown a t  the bottom 
of the f igure  was used t o  control  the current provided t o  
heat  the atomization sec t ton .  In Wither case  were the f u l l  
l i n e  vol tages  reached i n  normal operat ions .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



METAL SPECIATION 165 

ARGON FLOW 

c c /  rnin 

ARGON FLOW 

cc/rnin 

30 

4 l11111IIIIII 

5 0  

4 I IIIIIIIIIII 4 I I I I I I I I I I  II 

&TEMP 

Figure 5 
E f f e c t  of the carr ier  gas  flow r a t e  on the thermal- 

ebsdrpt lon a ignal  of 100 ppm l ead  c h l o r i d e ,  us ing  the two- 
s tage  atomizer.  A t  increased flew r a t e s  b e t t e r  reso lu t ion  
and f i n e  s tructure  were observed. 
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ROBINSON AND JOWETT 

Argon was used a s  t h e  i n e r t  a tomizer  gas .  I t  was d r i e d ,  c leaned and scrubbed 

166 

of oxygen by pass ing  I t  through s i l i c a  g e l ,  a c t i v a t e d  charcoal  and heated copper 

t u r n i n g s ,  r e s p e c t i v e l y .  

was s e p a r a t e l y  c o n t r o l l e d  from t h a t  going through the ana lyz ing  tubes (10-230 cc/min) .  

The argon flow i n t o  the atomizer  body (250-750 cc/min)  

Methane was used t o  remove f r e e  oxygen f o r  t he  system. I t  was mixed only 

wtth the argon going i n t o  the  atomizer  body (5-10 cc/min) .  

cleaned in the  same fa sh ion  a s  the  argon.  

It  was d r i ed  and 

Helium was used a s  the  f i l l e r  gas f o r  the demountable hollow cathode.  

i v .  E l e c t r i c a l  System. The a tomiza t ion  s e c t i o n  power was r egu la t ed  

with s 184, l l 5 V  v a r i a c .  'Ihe l i n e  vo l t age  was s tepped down with a Signal  

Transformer (9V, 500A). 

The vapor i za t ion  s e c t i o n  power was r egu la t ed  with two XIA ganged v a r i a c s .  

Two s t e p  down transformers  were used (12V, 5OOA) i n  s e r i e s .  

system is shown i n  F igu re  4. 

A diagram of the  

v. O p t i c a l  and S iana l  Processtnp. Svatems. 

a .  Demountable hollow cathode lamp, designed and b u i l t  t n  our  

own l a b o r a t o r t e s .  

b .  Mechanical chopper f t t t e d  wi th  a reed switch f o r  phase locking.  

c .  Jarrel-Ashe 0.5 m monochromator; 1180 lines/mm g r a t i n g  and 

R-106 photomul t i p 1  i e r  . 
d .  GCA-McPherson/Heath Photometric read o u t  a m p l i f i e r ,  model 

EU i'03-31" 

e .  Beckman 10" s t r i p  c h a r t  r eco rde r .  

v i .  P r e c i s t o n  sampltng. 1 0 p L  sy r inge ,  w i th  a removeable 4" need le .  

c .  A i r  SamDling 

t .  Dyna-Vac dtaphragm pump, model 4 K Cole Palmer Instruments .  

i t .  Gelman g l a s s  f i b e r  f i l t e r s ,  type A ,  no 61694. 

t i t .  h y e r  flow meter ,  0-5 l l m i n .  

C .  PROCEDURE 

1. Two-Stans Atomizer 

a .  Flow Rate of Argon 

Argon was used t o  sweep the evolved gas from t h e  vapor i za t ion  s e c t i o n  

t o  t h e  a tomiza t ion  s e c t i o n .  F tgu re  5 showa the e f f e c t  of t h e  c a r r i e r  gas  flow 
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METAL SPECIATION 167 

r a t e  on t he  a b s o r p t i o n  s i g n a l  f o r  lead  c h l o r i d e  (100 ppm). 

a flow r a t e  of 110 ccfmin was normally used .  

Based on t he  r e s u l t s ,  

b .  Heatinp. Rate  

Because t h e  h e a t i n g  r a t e  was manually c o n t r o l l e d  i t  was not  Very l i n e a r .  

The h e a t i n g  time of a c y c l e  was t h e r e f o r e  used f o r  comparison purposes .  F igu re  

6 shows the  r e s u l t s  of changing the  h e a t i n g  time. Based on the  r e s u l t s ,  a h e a t i n g  

c y c l e  of 5 .5  min was used s i n c e  t h i s  gave adequate  r e s o l u t i o n .  

c .  Vapor i za t ion  S e c t i o n  Temperature-Depth P r u  

For  good r e p r o d u c i b i l i t y ,  i t  was impor tan t  t o  p l ace  t h e  sample i n  

the  h o t t e s t  p o r t i o n  of the  v a p o r i z a t i o n  tube .  This  was necessa ry  because  t h e r e  

was a marked tempera ture  g r a d i e n t  a long  the  tube .  

d .  Sample I n t r o d u c t i o n  

A 4" need le  was used t o  in t roduce  the  sample. A smear ing  problem 

occured i f  t he  sy r inge  was n o t  h e l d ,  and withdrawn s t e a d i l y  and c o n c e n t r i c a l l y  

because a s l i g h t  sy r inge  movement caused a l a r g e  needle  t i p  t r a v e l .  This  problem 

was a l l e v i a t e d  by u s i n g  a n  i n j e c t o r  suppor t .  

2. A i r  Sampling 

a .  Sample C o l l e c t i o n  

Ambient a i r  (14-50 m3) wsa drawn through a 1" diam. Gelman 0.3 

f i l t e r  a t  a r a t e  of 3-5 l l m i n .  

t he  c e n t e r  of t h e  f i l t e r .  The argon!methane mixture e n t e r i n g  the  a tomize r  

hous ing  was t empora r i ly  stopped wh i l e  i n t roduc ing  the  f i l t e r  d i s c s  i n t o  the  

v a p o r i z a t i o n  sect ion .  

D .  RESULTS AND DISCUSSION 

Sample d i s c s  (1/4") were punched from around 

1. Standards  and So lu t ions  

a .  Two-Stage Atomizer 

i .  Lead. Severa l  l ead  compounds were ana lyzed  and t h e  r e s u l t s  

ob ta ined  wi th  the  two-s tage  a tomize r  f o r  a c e t a t e ,  n i t r a t e ,  and oxide  a r e  

dep ic t ed  i n  F igu re  7. The oxide  e x h i b i t e d  only one prominent peak which was 

a t  1500°C. 

l a t t e r  a r e  r epor t ed  t o  decompose t o  t h e  oxide  a t  40OoC. 

observed a b s o r p t i o n  t r a c e s  vere probably  t h a t  o f  t he  ox ide .  S o l u t i o n s  of l ead  

carbonate  and molybdate were a l s o  ana lyzed  and t h e  recorded  a b s o r p t i o n  t r a c e s  

The n i t r a t e  and a c e t a t e  a l s o  showed a s i n g l e  peak a t  1500°C. The 

Consequent ly ,  the  
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168 ROBINSON AND JOWETT 

H E A T I N G  T I M E  

4 min.  -. 

5 . 5  rnin 

A 
;P 111111111 

I 

I 0  rnin A 
4 l l l l I l l I l I l I  
+ t e rn p ., 

F l y r e  6 
Effec t  of the heat ing  ra te  on the thermal-absorption 

s igna l  for  100 ppm lead ch lor ide .  
preferred becauae the e igna l s  were s u f f i c i e n t l y  sharp and the 
heat ing  time wag shor t .  

The 5.5 mlnute cycle was 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



METAL SPECIATION I69 

PbAc, 

I Temp. 

0 LOO 700 ' 1500 C m 

Figure 7 
Thermal-absorption curves of lead a c e t a t e ,  ox ide  and 

n i t r a t e  u s i n g  the two-stace atomizer .  The low temperature 
decomposition of the  oxyanions produced absorpt ion t r a c e s  s imi lar  
to t h a t  of l ead oxtde .  

100 ppm 

PbO 

Saturated S o l u t i o n  

temp. ( O C )  
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ROBINSON AND JOWETT 170 

coincided with t h a t  of the oxide.  These s a l t s  a l s o  decompose t o  the  oxide a t  

low temperatures .  

The lead ch lo r tde  exh tb t t ed  a sha rp  s i g n a l  a t  SlO'C a s  s h m n  i n  Ftgure 8. 

The s i g n a l  was bel ieved t o  be due t o  the v o l a t i l i z a t i o n  and a tomiza t ion  of t he  

h a l i d e .  The s i g n a l  a t  l5OO'C was probably due t o  the oxide.  

When t n  s o l u t t o n ,  t he  m t a l  would be ionic  and hydrated.  Upon d ry tng ,  t hese  

ionic  samples may produce l a r g e  amounts of t he  oxide and some PbC1,. The 

abso rp t ion  t r a c e s  may be an  t n d t c a t i o n  of the d i s t r i b u t i o n  of t he  l ead  between 

these forms a f t e r  d ry ing  from s o l u t i o n .  

S imi l a r  r e s u l t s  t o  the c h l o r t d e  were observed with lead iodide.  Figure 8 

shows the abso rp t ion  t r a c e s  t h a t  was obtained us ing  a s a t u r a t e d  s o l u t i o n  of t he  

iodide.  

the case  of t he  c h l o r i d e ,  the s i g n a l  observed a t  530°C was bel ieved t o  be due t o  

the h a l t d e  s p e c i e s ,  and t h a t  occurtng a t  1600OC t o  the  oxid, ,  

Depicted a r e  the  two s i g n a l s  observed a t  5JO'C and 16OOOC. As i n  

Figure 8 a l s o  shows the abso rp t ion  t r a c e  of a lead su lpha te .  ' b e  r e s u l t s  

showed the  appearance of two promtnent s i g n a l s  occurtng a t  6 8 0 O C  and 1450'C. 

t t .  Cadmium. The ab fo rp t ion  t r a c e s  t h a t  were recorded f o r  cadmtum 

a c e t a t e ,  n t t r a t e ,  and oxide a r e  r ep resen ted  In Ftgure 9 .  The oxtde exh tb i t ed  a 

s i n g l e  peak a t  7W0C which was cons ide rab ly  lower than the reported subl tmat ion 

of t h e  amorphous form of the s a l :  The small sample s t z e  and the cons ide rab le  

c a r r i e r  gas flow r a t e s  pas s ing  over t h e  sample were thought t o  be an  important  

f a c t o r  c o n t r t b u t t n g  t o  the  l a r g e  temperature d t f f e r e n c e .  

The cadmtum a c e t a t e  and n t t r a t e  appeared a t  s t m t l a r  temperatures  a s  the 

ox ide ,  namely, 6OO0C and 700°C, r e s p e c t i v e l y .  

t o  t he  oxtde occured below these temperatures ,  confirmed by TGA s t u d t e s .  

This suggested t h a t  decomposition 

The abso rp t ion  t r a c e s  of cadmium c h l o r i d e  and todlde revealed the  presence 

of two prominent s i g n a l s  occuring a t  340' and 65OoC, t n  each case ( s e e  Figure 10) .  

Analogous t o  t h e  lead h a l t d e s ,  it is bel ieved t h a t  t he  lower temperature s t g n a l s  

were due t o  the ha l ide  spec ie s .  

t o  t he  formation of oxide a s  a r e s u l t  of h e a t i n g  hydrated tons produced du r ing  

d i s s o l u t i o n .  

Those occurtng a t  65O'C were thought t o  be due 

The a n a l y s i s  of some z inc  compounds was a l s o  attemped us ing  the two-stage 

This problem a tomize r ,  bu t  cons tde rab le  l ack  of r e p r o d u c i b i l i t y  was encountered.  
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PbC1, 

100 ppm 

PbI, 

Saturated Solutton 

PbS& 

Saturated Solutions 

Temp. ('C, 

Ffgure 8 
Thermal-absorption curves obtained wtth the two-sthge 

atomtzer for lead chloride:, Iodide and s u l f a t e .  Each exhibited 
unique low temperature peaks, a s  well  a s  a t  higher temperatures 
(1500°, 1600' and 1450', respec t ive ly )  whtch were thought t o  
correspond t o  the oxtde. 
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Y 

CdAc, 

100 ppm 

9 600' 

/ T O O 0  

Cd 0 

Saturated Solution 

Fi.gure 9 
Results obtstned using the two-stage atomizer for 

cedmtum s c e t a t e ,  nttrate and oxtde. Essent ia l ly  no 
differences were observed between these compounds wtthtn 
expertmental error,  due t o  the I n w  temperature decompos t ion 
of the oxyantons. 
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CdCl, 

100 ppm 
I 

CdI, 

Figure 10 
Results obtained for  cadmium chloride and iodide using 

the two-stage atomizer.  These compounds exhibited a low 
temperature s igna l  (540') which was tFi.ught t o  be the ha l ide  
spec tes .  
to  oxide,  formed when heating the sample so lu t ions .  

The s igna l s  observed a t  650° were bel ieved to be due 
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174 ROBINSON AND JOWETT 

was thought t o  be due t o  contaminat ion o f fu rnace  f o r  t h i s  h igh ly  s e n s i t i v e  element .  

Mercury compounds were a l s o  examined, b u t  because of t h e i r  high v o l a t i l i t i e s  a t  low 

temperatures  of t he  vapor i za t ion  s e c t i o n ,  we were unable s u c c e s s f u l l y  t o  observe 

the  ther.r\al deg rada t ion  c h a r a c t e r i s t i c s .  

b.  R e s u l t s  Usinp. t he  P?-Graohite Furnace 

i .  Lead. Figure 11 shows the  r e s u l t s  obtained f o r  lead c h l o r t d e ,  i o d i d e ,  

n i t r a t e ,  oxide,  and s u l f a t e  u s i n g  the  PE graph i t e  furnace.  I n  c o n t r a s t  t o  t h e  

abso rp t ion  t r a c e  observed using the two-stage a tomize r ,  l ead  c h l o r i d e  exh ib i t ed  

only one s i g n a l  u s ing  t h e  PE fu rnace .  

t he  s i g n a l  observed f o r  t h e  l e a d  oxide.  The reduced temperature  compared t o  the  

two-stage atomizer  was probably due t o  the reducing power of t he  carbon p rocess .  

The low temperature  s i g n a l  due t o  the  v o l a t i l i z a t i o n  of t h e  lead c h l o r i d e  was no t  

observed. This  shortcoming was probably due t o  the  i n a b i l i t y  of the PE furnace t o  

atomize the  evolved gases  a t  t he  low temperatures .  Likewise,  t he  a b s o r p t i o n  curve 

of t he  lead iodide revealed only one s i g n a l ,  observed a t  1180°C. 

I t  was observed a t  llj0'C and coincided wi th  

The thermal-absorpt ion t r a c e s  recorded f o r  t h e  lead n i t r a t e ,  oxide and s u l f a t e  

a l s o  exh ib i t ed  a s i n g l e  peak in  each case .  The r e s p e c t i v e  s i g n a l s  were observed 

t o  occur a t  950°, 990' and 10:LO°C. 

temperatures  were thought  t o  be mostly due t o  the  cond i t ions  of t he  g raph i t e  

tube.  

the furnace f i r i n g  number, 

These v a r i a t i o n s  observed in  these  

They r e f l e c t e d  a lowering of t he  observed temperatures  a s  a func t ion  of 

t i .  Cadmium. The s i g n a l s  obtained w i t h  the  cadmium c h l o r i d e  and 

iod ide ,  a c e t a t e ,  n i t r a t e ,  and oxide a r e  dep ic t ed  i n  Figure 12. 

observed a t  34OoC f o r  t h e  c h l o r i d e  and iod ide  us ing  the  two-stage atomizer  

were no t  de t ec t ed  us ing  the PE graph i t e  furnace.  Re f l ec t ing  the i n a b i l i t y  

of t hese  types of fu rnaces  t o  atomize a t  low temperatures ,  the l a r g e  s i g n a l s  

observed a t  850'and 830' f o r  t h e  c h l o r i d e  and iod ide ,  r e s p e c t i v e l y ,  coincided 

w i t h i n  experimental  e r r o r ,  with the s i g n a l  obtained f o r  t he  cadmium oxide.  

The s i g n a l s  

"he peak t h a t  was observed f o r  cadmium oxtde occured a t  80O'C. Those f o r  

a c t a t e  and n i t r a t e  were observed a t  830' and 76OoC, r e s p e c t i v e l y .  

thought t o  be due t o  t h e  oxide s t n c e  the  compounds decompoae a t  low temperatures .  

The temperature  v a r i a t i o n s  t h a t  were observed were presumably p r imar i ly  due to 

the  age of t he  g raph i t e  fu rnace .  

These a r e  
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9 5' 

PbC1, 

100 ppm 

890° 6 PbI, 

G: 1 D i 1  of Saturated 
so lu t ion  

0100 

Pb SO, 

Saturated Solut ion 

Figure 11 
Absorption t races  of lead compounds using the PE graphi te  

furnace system. Depicted a r e  lead  ch lor ide ,  iodide,  n i t r a t e ,  oxide,  
and s u l f a t e .  Each compound exhibi ted only one s igna l  a t  about the 
same temperature, within experimental e r r o r  ( tube age e s p e c i a l l y ) .  
This suggested t h a t  the oxide species  was being observed but  the low 
temperature h a l i d e  v o l a t i l i z a t i o n  escaped de tec t ion .  
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000 

CdO 

1:LOO D t l  
Saturated Solut ion 

Figure 1 2  
Resul ts  recordes f o r  var ious cadmium s a l t s  using the PE graphi te  

system. A l l  compounds exhibi ted only one s ignal  which were e s s e n t i a l l y  the 
same within experimental e r r o r .  This suggested t h a t  the oxide was being 
detected tn each caae,  and t h a t  law temperature v o l a t i l i z a t i o n  of the h a l i d e s ,  
which was seen with the two-stage atomizer, ascapad detec t ion  
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Pb in Air Part iculates 

177 

2330" 

Sample 1: 26.7 M" of A i r .  

2150" 
BKG. 

t I IIIII1l111111111 

2330" Sample 2 ;  14 m3 of a i r  

t I I I I I I I ~ I I I I I ~ ~ ~ I  

BKG. 

I I  1 l 1 l 1 1 1 1 1 1 1 1 1 1 1  
Sample 3: 22.4 m3 of Air. 

B L A N K  BKG. 

FILTER& t I l l  1 1 1 1 1 1 l 1 1 1 1 1 1 l  

_7 

TCO t IIIIIIIIIIIIII 

Figure 13 
Thermal a b s o r p t i o n  t r a c e s  for three  d i f f e r e n t  samples showing 

the  a b s o r p t i o n  a t  the 283.3 n m  l i n e  of lead and D, background, f o r  each.  
The s i g n a l  a t  1560°C was thought t o  p o s s i b l y  be due t o  l ead o x i d e .  
Those a t  233OoC and 215Ooc was not  i d e n t i f i e d .  
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2. Lead tn  A t r  P o l l u t a n t s  

Lead i n  a t r  p a r t t c u l a t e u  was examtned and Ftgure 13 shows the  r e s u l t s  

obtalned f o r  t h ree  d t f f e r e n t  samples. 

The f i r s t  sample exh ib t t ed  a promtnent s i g n a l  occurtng a t  156O'C whtch was 

stmllar t o  the  lead oxtde.  It may have o r t g t n a t e d  from one o r  more lead compounds 

t h a t  decomposed t o  oxide.  The source of the peaks a t  2330' and 2150' were no t  

t d e n t t f t e d .  However, i t  was c l e a r  t h a t  t he  technique was s e n s i t i v e  enough f o r  

s p e c t a t t o n  s t u d t e s  a t  t r a c e  l e v e l s .  

E .  GENERAL DISCUSSION 

1. Advantaxes of t h e  'ha-Stage Atomizer 

The most prominent v t r t u e  of the two-stage atomizer  system was t t s  a b t l t t y  

t o  monttor cont inuously f o r  m e t a l l t c  c o n s t t t u e n t s  of a sample t h a t  was g radua l ly  

betng heated.  A s  a r e s u l t ,  v o l a t i l e  spec ie s  whtch evolved from the sample a t  

low temperatures  could be observed. Thts e f f e c t  was c l e a r l y  observed wi th  the  

metal  h a l t d e s .  The l ead  s u l f a t e  exh tb t t ed  a s t m t l a r  thermal degradat ion 

c h a r a c t e r  i s  t i c s .  

In  c o n t r a s t ,  commerctal systema did no t  have t h t s  c a p a b t l t t y  hecause of 

t h e i r  furnace design.  The l a t t e r  were designed t o  e l tmina te  such s i g n a l s  by 

us ing  a r ap td  hea t tng  ramp t o  converge the  s i g n a l s .  The compounds t h a t  a r e  

v o l a t t l t z e d  a t  low temperatures were no t  atomized, and the re fo re  no t  d e t e c t e d .  

Secondly, s e n s t t t v i t t e s  a r e  much b e t t e r  than  thermal ana lyze r s  (TGA). 

Fu r the r  s t u d i e s  should provtde ref tnements  i n  q u a l t t a t t v e  and q u a n t i t a t i v e  

appl  ica  t tons. 

F. CONCLUSIONS 

The most f avorab le  a t t r t l i u t e  of the two-stage atomtzer was I ts  a b i l i t y  

t o  d e t e c t  v o l a t i l e  metal  compounds whtch evolve a t  low temperatures .  

These compounds were no t  observed wtth the c o m r c t a l  AAS system because 

the v o l a t t l t z a t i o n  occured a t  temperatureB t h a t  were too low f o r  a tomtzat ion 

t o  take p l ace .  

Ihe  s e n s t t t v t t t e s  achteved with atomtc abaorp t ton  were seve ra l  o rde r s  of 

magnttude b e t t e r  than those us ing  TGA. Sample s i z e s  t h a t  a r e  r equ i r ed  f o r  t h e  

thermogravimetrtc ana lyses  a r e  t n  the o rde r  of mtll tgrams and a r e  consLderably 

l a r g e r  than those used wtth atomtc abso rp t ton .  Thus, the two-stage atomizer 
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has a d i s t i n c t  a n a l y t i c a l  advantage over TGA i n  t h i s  r e s p e c t ,  i n  a d d t t i o n  to its 

s p e c i a t i o n  c a p a b i l i t i e s .  

' he  r e s u l t s  obtained with t h e  two-stage atomizer  i i d i c a t e d  t h e  f o r n a t i o n  

of oxides  from d r i ed  s o l u t i o n s ,  probably r e s u l t i n g  from hydra t ion  of t he  ion  i n  

s o l u t i o n s  followed by oxide formation on drying.  Consequently,  u s ing  s o l u t i o n s  

posed l i m i t a t i o n s  no t  encountered wi th  s o l i d  s o l u t i o n s .  

s e n s i t i v i t y  of atomic abso rp t ion ,  i t  waa d i f f i c u l t  t o  load s o l i d  s t anda rds .  

'Ihe sample s i z e s  were n e c e s s a r i l y  l e s s  than l/A. g i n  s i z e .  

measuring was d i f f i c u l t .  

Because of the h igh  

Handling and 

Other a p p l i c a t i o n s  which w i l l  be examined include metal  co r ros ion  

product ion and environmental  p o l l u t i o n  samples. 
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