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SPECTROSCOPY LETTERS, 2(2), 37-42 (1969) 

FLAME PHOTOMETRY AND ATOMIC ABSORPTION SPECTROSCOPY 

J. W .  Robinson 

Department of Chemistry 
Lou i s i ana  S t a t e  U n i v e r s i t y  

Baton Rouge, L o u i s i a n a  

I n  t h e  p a s t  few y e a r s  t h e  a p p l i c a t i o n s  of a tomic  a b s o r p t i o n  

spec t roscopy  have mushroomed t o  p r o d i g i o u s  p r o p o r t i o n s .  

I t s  p o p u l a r i t y  is a t  a n  a l l  t ime h i g h  and i t  is r a p i d l y  be- 

coming a lmos t  a r equ i r emen t  i n  a l l  s e l f  r e s p e c t i n g  a n a l y t i c a l  

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

However, i n  t h e  mids t  of t h i s  phenomenon one o r  two v o i c e s  

have been r a i s e d  i n  p r o t e s t .  From t h e  l e c t e r n  t h e y  have i n s i s t e d  

t h a t  t h e  g u l l a b l e  p u b l i c  be p r o t e c t e d  from t h e  c l a i m s  of t h e  

deve lope r s  of t h i s  new f i e , f d  and f p o s s i b l e  they  shou ld  be en- 

couraged t o  r e t u r n  t o  u s i n g  f lame photometry.  

Perhaps i t  is t ime t o  su rvey  t h e s e  f i e l d s  in t h e  q u i e t  of  

t he  r e s e a r c h  l a b o r a t o r y  r a t h e r  t han  t h e  p r e s e n t a t i o n  room where 

the  deba te  is s h o r t  and seldom complete .  

In  e v a l u a t i n g  a n a l y t i c a l  f i e l d s  i t  is most impor t an t  t o  be 

unemotional abou t  t h e  t o p i c s .  No one g a i n s  i f  t h e  e v a l u a t o r  

f e e l s  he  must defend ' h i s '  f i e l d .  To do so  v i o l a t e s  t h e  f i r s t  

commandment of r e s e a r c h .  "Thou s h a l t  n o t  g e t  e m o t i o n a l l y  i n -  

volved w i t h  t h e  atoms o r  molecules ."  

The p r e s e n t  en thus i a sm f o r  a tomic  a b s o r p t i o n  h a s  been termed 

a f a d .  Th i s  may be a f a i r  r e f l e c t i o n  of t h e  s t a t u s ,  b u t  w e  shou ld  

d e f i n e  ' f a d '  i n  o r d e r  t o  a g r e e  o r  d i s a g r e e .  
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A t  i r r e g u l a r  i n t e r v a l s  new a n a l y t i c a l  f i e l d s  e v o l v e .  They 

may en joy  p e r i o d s  of  ex t r eme  p o p u l a r i t y  and t h e n  t a k e  t h e i r  p l a c e  

amongst t h e  o t h e r  d i s c i p l i n e s  o f  a n a l y t i c a l  c h e m i s t r y .  Good ex-  

amples of f a d s  of t h e  p a s t  a r e  i n f r a - r e d ,  gas  chromatography and 

mass s p e c t r o m e t r y .  T h e i r  p o p u l a r i t y  stems from t h e  f a c t  t h a t  

t hey  a r e  a b l e  t o  p r o v i d e  i n f o r m a t i o n  which was n o t  p r e v i o u s l y  

e a s i l y  a v a i l a b l e .  They pushed back an  a v a i l a b i l i t y  b a r r i e r .  A 

f a d  was deve loped  based on t h e  d e s i r e  t o  o b t a i n  and u s e  t h e  new 

i n f o r m a t i o n .  

It shou ld  be remembered t h a t  t h e  p e o p l e  who buy t h e  equipment  

u s e  money o b t a i n e d  from somebodies b u d g e t .  J u s t i f i c a t i o n  i s  nec-  

e s s a r y  and i t  i s  n o t  enough t o  s a y  "So-and-So s a i d  t h i s  t e c h n i q u e  

is g r e a t " ,  o r  "Everyone h a s  o n e ,  w e  s h o u l d  have  one too".  Mini-  

s k i r t s  and l o n g  h a i r  a r e  f a d s ,  b u t  s c i e n t i f i c  f a d s  a r e  n o t  based  

on such g u i d e  l i n e s .  

It h a s  been s a i d  t h a t  t h e  e a r l y  worke r s  i n  t h e  f i e l d  o f  

a tomic  a b s o r p t i o n  made w i l d  and u n j u s t i f i a b l e  c l a i m s .  The most 

c o n t e s t e d  c l a i m s  a r e  t h o s e  i n  the a r e a s  of  i n t e r f e r e n c e s .  I my- 

s e l f  have s t a t e d  t h a t  a tomic  a b s o r p t i o n  e n j o y s  an  i n h e r e n t  advan- 

t a g e  ove r  f lame pho tomet ry ,  because  i t  i n v o l v e s  t h e  number o f  

u n e x c i t e d  atoms r a t h e r  t h a n  t h e  e x c i t e d  a toms .  The b a s i s  f o r  t h e  

c la im i s  a s  f o l l o w s :  

The atom p o p u l a t i o n  i n  a f l ame  i s  in a s t a t e  of dynamic 

e q u i l i b r i u m  which c a n  be d e p i c t e d  i n  t h e  f o l l o w i n g  s i m p l i f i e d  

form.  
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FLAME PHOTOMETRY AND ATOMIC A B S O R P T I O N  SPECTROSCOPY 

Tota l  Number 

mol ecu l e  s 
c o n t a i n i n g  t h e  
p e r t i n e n t  sample 
a toms 

Ki - of Atoms Reconverted 
imple Atoms t o  

unexci ted  
a toms 

It K2 
e x c i t e d  
a toms 

mo 1 e c u l  e s 
K3 (eg.  o x i d e s )  + 

The t o t a l  number of  atoms depends on t h e  e f f i c i e n c y  of 

t h e i r  product ion ( i . e . ,  K 1 )  and t h e i r  r a t e  of l o s s  ( K 3 ) .  

number of e x c i t e d  atoms i s  such a small  percentage of the  t o t a l  

atom popula t ion  t h a t  i n  most c a s e s  i t  can be ignored .  Hence, 

the  atomic a b s o r p t i o n  s i g n a l  i s  predominantly c o n t r o l l e d  by K 1  

and K3. 

The 

However, i n  the  c a s e  of flame photometry i t  is  the  number 

of e x c i t e d  atoms t h a t  i s  measured, and t h i s  is very dependent on 

K2. Hence, t h e  s i g n a l  measured i n  flame photometry is  a f u n c t i o n  

of K 1 ,  K2 and K3. Extra  experimental  c o n t r o l  is necessary to  

minimise the  e f f e c t  of K2 which i s  a f f e c t e d  by tempera ture ,  

chemiluminescence, e tc .  This  can be done i n  p r a c t i c e ,  b u t  every  

e x t r a  c o n t r o l  is  a p o t e n t i a l  source of e r r o r  and flame photome- 

t r y  f i n d s  i t s e l f  a t  an i n h e r e n t  d i sadvantage .  

Any f a c t o r  which a f f e c t s  t h e  t o t a l  atom popula t ion  w i l l  

a f f e c t  f ame photometry and atomic a b s o r p t i o n  more o r  l e s s  equal -  

l y .  B u t  any f a c t o r  which a f f e c t s  t h e  e q u i l i b r i u m  between ground 

s t a t e  and e x c i t e d  s t a t e  atoms u s u a l l y  a f f e c t s  t h e  emission s i g n a l  

much more than t h e  a b s o r p t i o n  s i g n a l .  

It has  been claimed t h a t  t h e r e  a r e  no r a d i a t i o n  i n t e r f e r e n c e s  

i n  atomic a b s o r p t i o n .  This  is  an over  s ta tement .  However, i n  t h e  
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sense  t h a t  two elements  do  n o t  a b s o r b  a t  t h e  same wavelength;  t h i s  

s t a t emen t  is  v i r t u a l l y ,  b u t  n o t  c o m p l e t e l y ,  t r u e .  

It has  a l s o  been observed t h a t  t h e  p r o d u c t s  of  combust ion 

from the  s o l v e n t s  and t h e  f lames themselves  a b s o r b  a t  v a r i o u s  wave- 

l e n g t h s ,  p a r t i c u l a r l y  t h e  s h o r t e r  wavelengths .  T h e i r  a b s o r p t i o n  

may add t o  t h e  atomic a b s o r p t i o n  s i g n a l .  Th i s  o f  c o u r s e  i s  a l s o  

a type of  r a d i a t i o n  i n t e r f e r e n c e  and i s  a s o u r c e  of e r r o r .  How- 

e v e r ,  t o  equa te  t h e s e  i n t e r f e r e n c e s  w i t h  t h e  r a d i a t i o n  i n t e r f e r -  

ences  expe r i enced  from t h e  o x i d e s  of  metal  i m p u r i t i e s  and o t h e r  

e m i t t i n g  s p e c i e s  i n  a flame i s  n o t  r e a l i s t i c ,  Th i s  sou rce  of 

e r r o r  h a s  been a major problem i n  flame photometry f o r  many y e a r s .  

Decreasing t h e  s p e c t r a l  s l i t  wid th  d e c r e a s e s  t h e  problem bu t  does 

n o t  e l i m i n a t e  i t .  C o r r e c t i o n  f o r  background changes may be made 

and t h i s  goes f a r  t o  s o l v i n g  t h e  problem. U n f o r t u n a t e l y  t h i s  i s  

n o t  always e a s y  t o  do.  The e r r o r  may n o t  be s i g n i f i c a n t  when 

samples of pure compounds a r e  b e i n g  i n v e s t i g a t e d .  However, i t  

becomes v e r y  impor t an t  when an i n d u s t r i a l  o p e r a t o r  b r i n g s  i n t o  

t h e  l a b o r a t o r y  a sample f o r  a n a l y s i s .  F r e q u e n t l y  he  does n o t  

know t h e  c o n c e n t r a t i o n  of t h e  i m p u r i t i e s  ( s o  a c o r r e c t i o n  canno t  

be made) o r  even what i m p u r i t i e s  a r e  p r e s e n t .  I n  f a c t  he  may be 

s e e k i n g  t h a t  ve ry  p o i n t  of  i n fo rma t ion .  

Reduct ion t o  p r a c t i c e  c l a s s i f i e d  many h i t h e r t o  t h e o r e t i c a l  

problems. I n  p r a c t i c e ,  f lame photometry i s  more s u s c e p t i b l e  t o  

r a d i a t i o n  i n t e r f e r e n c e s  t h a n  atomic a b s o r p t i o n .  

I t  h a s  been s t a t e d  t h a t  t h e  in s t rumen t  companies have ove r -  

s o l d  t h e  f i e l d .  I n  a s e n s e  t h i s  i s  t r u e  of a l l  i n s t r u m e n t a l  

methods of a n a l y s i s .  The in s t rumen t  companies a r e  f r e q u e n t l y  
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a b l e  t o  a c h i e v e  b e t t e r  o p e r a t i n g  performances from t h e i r  equ ip -  

ment i n  t h e i r  r e s e a r c h  l a b o r a t o r i e s  under  t h e i r  i d e a l  c o n d i t i o n s  

than  t h e  a n a l y s t  i n  t h e  f i e l d  i s  a b l e  t o  a c h i e v e .  F r e q u e n t l y  t h e  

in s t rumen t  manufacturer  h a s  b e t t e r  t r a i n e d  pe r sonne l  a t  h i s  d i s -  

p o s a l .  O f t e n  they a r e  e x p e r t s  i n  t h e i r  f i e l d .  Th i s  is  seldom 

t r u e  i n  t h e  i n d u s t r i a l  a n a l y t i c a l  l a b o r a t o r y .  However, i t  i s  

u n r e a l i s t i c  t o  s u g g e s t  o r  even i n f e r  t h a t  t h e  i n s t r u m e n t  companies 

d e l i b e r a t e l y  t r y  t o  d e c e i v e  t h e i r  cus tomers .  

The manufacturer  knows t h a t  d e c e p t i o n  i s  t h e  road  t o  r u i n .  

A customer w i l l  n o t  remain dece ived  f o r  l ong  because he  w i l l  u s e  

t h e  equipment and then  e v a l u a t e  i t  h i m s e l f .  One s a l e  based on 

d e c e p t i o n  may be p o s s i b l e ,  bu t  neve r  two s a l e s .  The a n a l y s t  who 

j u s t i f i e d  t h e  purchase of t h e  equipment ,  b u t  t h e n  f i n d s  h e  can-  

n o t  back up h i s  j u s t i f i c a t i o n ,  w i l l  n o t  a l low h imse l f  t o  be em- 

b a r r a s s e d  tw ice .  

However, t h e r e  i s  u s u a l l y  a gap between t h e  performance 

claimed by t h e  manufacturer  and t h a t  ach ieved  by t h e  a n a l y s t .  

We have grown accustomed t o  t h i s  i n  a l l  f i e l d s ,  b u t  i t  i s  no 

worse i n  a tomic a b s o r p t i o n  t h a n  any o t h e r  f i e l d .  

I t  h a s  been claimed t h a t  t he  d e t e c t i o n  l i m i t s  o b t a i n e d  by 

some w e l l  known workers  i n  flame photometry a r e  s u p e r i o r  t o  t h o s e  

r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  a tomic  a b s o r p t i o n .  These d a t a  may 

be q u i t e  v a l i d .  However, when we d e f i n e  s e n s i t i v i t y  i n  terms of 

s i g n a l  t o  n o i s e  l e v e l ,  w e  a r e  r e a l l y  comparing t h e  h i g h  p e r f o r -  

mance of t h a t  r e s e a r c h  w o r k e r ' s  equipment ,  o p e r a t i n g  under  i d e a l  

c o n d i t i o n s ,  w i t h  conven t iona l  equipment.  It would be i n t e r e s t i n g  

t o  s e e  t h e  s e n s i t i v i t i e s  ach ieved  by t h e  same worker  u s i n g  com- 

merc i a l  equipment i n  a n  i n d u s t r i a l  l a b o r a t o r y .  It shou ld  a l s o  be 
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remembered t h a t  i n d u s t r i a l  l a b o r a t o r i e s  seldom have such h i g h l y  

t r a i n e d  personnel  t o  run  t h e i r  samples and cannot  expec t  t o  a- 

chieve these  s e n s i t i v i t y  l imi t s .  

I t  m u s t  a l s o  be pointed out  t h a t  t h e  c la ims  and counter  

c la ims concerning i n t e r f e r e n c e s  i n  a tomic a b s o r p t i o n  r e l a t e  t o  

the accuracy and p r e c i s i o n  of the method. Detec t ion  l i m i t s  a r e  

almost i r r e l e v a n t  t o  t h i s  q u e s t i o n  and cannot  be used a s  proof 

of i n t e r f e r e n c e s  o r  l a c k  of i n t e r f e r e n c e s .  

I t  has  been s a i d  t h a t  i n  flame photometry s e v e r a l  e lements  

can be analysed consecut ive ly  merely by changing t h e  wavelength 

s e t t i n g  of t h e  ins t rument .  This  p o i n t s  ou t  one of the major d i s -  

advantages i n  atomic a b s o r p t i o n  where t h e  hol low cathode m u s t  a l s o  

be changed t o  ana lyse  a d i f f e r e n t  e lement .  Some progress  has  been 

made i n  reducing  t h e  problem by u s i n g  mult i -e lement  hol low 

cathodes o r  t u r r e t  h o l d e r s ,  However, t h i s  i s  a n  i n h e r e n t  ad- 

vantage t h a t  flame photometry holds  i n  i t s  f a v o r .  

In  summary flame photometry has  equal  o r  b e t t e r  d e t e c t i o n  

l i m i t s  f o r  some elements;  atomic a b s o r p t i o n  has  equal  o r  b e t t e r  

s e n s i t i v i t y  f o r  o t h e r  e lements .  Flame photometry can give good 

p r e c i s i o n  and accuracy under very  c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s .  

B u t  the  average i n d u s t r i a l  l a b o r a t o r y  u s i n g  commercial equipment 

and the ' average '  a n a l y t i c a l  chemist  can  e x p e c t  t o  g e t  more 

r e l i a b l e  q u a n t i t a t i v e  r e s u l t s  u s i n g  atomic a b s o r p t i o n  on a day-  

to-day b a s i s .  
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