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Atomiza t ion  E f f i c i e n c y  o f  G r a p h i t e  Furnace i n  Atomic Absorp t ion  

Spec t romet ry  

Kej words: Atomiza t ion  e f f i c i e n c y ,  L r a p h i t e  f u r n a c e ,  a tomic  a b s o r p t i o n  

spec t romet ry .  

Yansheng Zheng 

Department o f  Chemistry,  J i l i u  U n i v e r s i t y ,  Changchun 130023, 

P .R. China 

A b s t r a c t  

The a t o m i z a t i o n  e f f i c i e n c y  o f  t h e  HitacM GA-3 g r a p h i t e  f u r n a c e  for 

t h e  p r o d u c t i o n  a n d  conta inment  of a tomic  vapour  was de termined  for  Ag, 

Cd, Cr, Ge and I n  by a method sugges ted .  The method i s  based on t h e  

measurements o f  r e s i d e n c e  t i m e ,  peak h i g h t  and peak a r e a  absorbances  

o f  a n a l y t e  atoms. The 

e x p e r i m e n t a l l y  de te rmined  by a method proposed. The e x p e r i m e n t a l  r e s u l t s  

show t h a t  t h e  v a l ~ u e s  o f  ,8 a n d E , f o r  Ag and Cd appeared  t o  be s t a b l e  in 

t h e  tempera ture  r e g i o n  s t u d i e d .  However, t h e  and €,va lues  of remain- 

img t h r e e  e lements (Cr ,  Ge ,  I n )  reached  a s t a b l e  v a l u e  i n  h i g h e r  tempe- 

r a t u r e  r e g i o n .  The f and E,values o f  In a r e  i n c r e a s e d  ohvious ly  in 

t h e  p r e s e n c e  o f  Pd and ammonium sal t  o f  EDTA as a m a t r i x  modi f ie r .  

and L a v a l u e s  o f  above mentioned e lements  were 

Atomlzat lon e f f i c i e n c y  o f  commercial C r a p h i t e  f u r n a c e  t o  proauce 

an0 c o n t a i n  a n a l y t e  a toms h a s  been s t u d l e d  by s e v e r a l  authors.1-8 

However, t h e  d l f f e r e n c ~ s  i n  the r e p o r t e d  r e s u l t s  o f  d l f f e r e i i t  a u t h o r s  

i n d i c a t e  t h a t  Lhe problem o f  a t o i n l z a t l o n  e f f i c l e n c y  s t i l l  remalns un- 

r e s o l v e d .  A-obably,  p a r t  o f  t h e  problem l i e s  I n  che d e f l n i t i o n  of  
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354 ZHENG 

a t o m i z a t i o n  e f f i c i e n c y  o f  g r a p h i t e  furnaces .  van dell Broek and de Galan' 

have r e p o r t e d  ,rlat t h e  nuaber  of  a n a l y t e  a toms a t  t h e  absorbance  maxi- 

mum, Iim i s  g i v e n  by 

N, N O ( Z R / Z ~ )  (1) 

\Where No i s  t h e  t o t a l  number of  a n a l y t e  a toms i n i t i a l l y  d e p o s i t e d ,  

z, and 2, a r e  t h e  o v e r a l l  t ime c o n a t a n t s  f o r  t h e  removal. a d  t h e  supply  

f u n c t i o n s ,  r e s p e c t i v e l y .  .ihey c a l c u l a t e d  t h e  o v e r a l l  a t o m i z a t i o n  

e f f i c i e n c i e s  o f  two g r a p h i t e  furuaces(CRA-63 and HGA-72) f o r  t h e  a to-  

mizat ior is  of  h g ,  Pb, tin and Cd, and p o i n t e d  o u t  t n a t  t h e  a t o m z a t i o n  

e f f i d i e n c i e s  averaged  l e s s  t h a n  10 % f o r  t h e  above eLcmsnts uuder  com- 

m e r c i a l  o p e r a t i n g  c o n d i t i o n s .  S t rugeon and Berman2 have def ined  t h e  

a t o m i z a t i o n  e f f i c i e n c y  f o r  a n  e l e c t r o t h e r m a l  a t o n i z e r  a t  t h e  t ime t h e  

s i g n a l  h a s  a t t a i n e d  i t s  inaximum v a l u e ,  a s  t h e  r a t i o  uf t h e  number o f  

n e u t r a l  a n a l y t e  a toms,  S,,,, p l u s  i o n i e d  a n a l y t e  atoms, N1, t o  t h e  Lota l  

nu.nber o f  a n a l y t e  aAons i n t r o d u c e d  a s  sample, No, i . e . ,  

( 2 )  

They s u b s e q u e n t l y  c a l c u l a t e d  t h e  r e l a t i v e  v a l u e s  o f  a t o . n i z a t i o n  e f f i -  

c i e n c i e s  o f  t h e  nm$A-2200 f o r  s e v e r a l  e1e.nent.s. Smets5 i n  h i s  s tudy  o f  

a t o z  format ion  i n  and u i s s i p a t i o n  from open s t r i p  atocnizer made fo,- 

lowing e s t i m a t e  o f  t h e  atoiiiiziiLion e f f i c i e n c y :  1 f o r  Au, Ag, C u ,  Ze, 

Mn and Mg, and Less  t h a n  U . l  % f o r  A l .  

Frech and Baxter7have  d e f i n e d  t h e  c a l c u l a t e d  a t o m i z a t i o n  e f r i c i e c y  

as t h e  r a t i o  o f  t h e  c a l c u l a t e d  a n d  theexpe~entalcnaractarfot ic  meees. 

They s t u d i e d  a t o m i z a t i o n  tempera ture  dependence of CaLcuLated atomiza-  

tion e f f i c i e n c i e s  o f  t h e  HGA-COO and t h e  two-step atomizer f o r  s e v e r a l  

e lements  and p o i n t e d  out t h a t  t h e  c a l c u l a t e d  a t o l n i z a t i o n  e f f i c i e n c y  f o r  

1~06t elements r e a c h e s  a p l a t e a u ,  o f t e n  i n  t h e  h i g h e r  t e m p e r a t u r e  reg ion .  

C h a k r a b a r t i 4  and Cathum' have de te rmined  t h e  a t o m i z a t i o n  e f f i c i e n c i e s  of  

t h e  HGA-400 for s e v e r a l  e lements  under isothermal ,  and non- iso thermal  con- 

d i t i o n s .  They p o i n t e d  o u t  t h a t  t h e  a v e r a g e  .taLues of  a t o m i z a t i o n  e f f i c i -  

encies f o r  A l ,  Co, Cu, Fe. Ag and G a  under  i s o t h e r m a l  and non- i so thermal  

c o 8 a d i t i o n s  were found t o  be a b o u t  0.30 and 0.10, r e s p e c t i v e l y .  
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ATOMIZATION EFFICIENCY OF GRAPHITE FURNACE 355 

I t  would be use fu l  t o  i n v e s t i g a t i o n  and t o  compare t h e  a tomiza t ion  

e f f i c i e n c y  of g r a p h i t e  furnace  ope ra t ed  under var ious  cond i t ions  s ince  

the  var ious  ways a t a n i r e d  a r e  used i n  rou t ine  a n a l j s i s  and a l s o  i n  s tu -  

dy ing  the  mechanism o f  a tomiza t ion .  A l o r  value o f  a tomiza t ion  e f f i c i ency  

, f o r  imstance ,  i n d i c a t e s  formation O f  a non-absorbing spec ie s ,  which 

must be taken  i n t o  account i n  praposlng the  mechanism of atamization. 

The abso lu te  number o f  ana ly t e  atoms i n s i d e  t h e  g raph i t e  furnace i s  

obta ined  by measuring the  absorbance o f  a c h a r a c t e r i s t i c  s p e c t r a l  l i n e .  

A t  any moment, t, t h e  r e l a t i o n  between those two q u a n t i t i e s  can be 

expressed as9 

Rere A ( t )  i s  the  in s t an taneous  absorp t ion  s i g n a l ,  N ( t )  i s  t h e  t o t a l  num- 

ber o f  a n a l y t e  atoms p resen t  i n  t h e  furnace a t  t ime , t ,  me  and e a r e  the  

mass and t h e  charge o f  an e l e c t r o n ,  c i s  the  ve loc i ty  o f  l i g h t ,  is t he  

Doppler l i n e  width,  ei and Ei a r e  the  s t a t i s t i c a l  weight aad energr of 

the  lower l e v e l  o f  t h e  a n a l y t i c a l  l i n e ,  Z(T) i s  the  p a r t i t i o n  func t ion  

a t  temperature T, k is the  Bolt- COQStant, f and H(a,r.d 

O s c i l l a t o r  s t r engh t  and the  Voigt i n t e g r a l  for a po in t  o f  t h e  a n a k t i c a l  

l i n e  contour d i s t a n t  from t h e  l i n e  c e a t r e  by ul=0.72a(here a i s  the  damp- 

ing cons tan t  of  the  Voigt p r o f f l e ) ,  tp 20 a c o e f f i c i e n t  accounting f a r  

&per f ine  s p l i t t i n g  i n  the  ana lF t i ca1  l i n e  and t h e  Doppler l f n e  v i d t h  i n  

the  l i g h t  source ,  6 i s  a co r rec t ion  f a c t o r  f o r  ad jacen t  l i n e s  in the  

l i g h t  source spectrom, sc i s  the  c ros s - sec t ion  of t he  tube. 

) a r e  t h e  

The atoms aeed not  be d i s t r i b u t e d  homogeneously by o v e r t h e  tube l eng th ,  

but they must maintain a homogeneous d i s t r i b u t i o n  i n  t h e  plane perpendi- 

c u l a r  t he  l i g h t  beam, because o therwise  the  A( t )  measured v i l l  not be 

l i n e a r l y  r e l a t e d  t o  N ( t ) . l * l o  The cons tan t  

0,434j4iiln2 e2 glexp(-Ei/kT) f + s H ( a ,  J 
K= ( 4 )  

me c2 Agp Z ( T )  

w i l l  be c a l l e d  the  atomic absorp t iv i tx(cm2)  by analogy molecular spec t -  

rometry. In the  r ap id ly  heated g raph i t e  furnace t h e  number o f  ana ly t e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



356 ZHENG 

atoms p resen t  i n  the  a n a l y s i s  volume a t  time t is  determined by the  re -  

l e a s e ,  and the  t r anspor t  o f  atoms i n t o  and t h e i r  loss from the  a n d l y d s  

volume.'' The e f f l c i ency  o f  t h e  g raph i t e  furnace  t o  produce and con ta in  

t h e  ana ly t e  atomic vapour i s  governed by i t s  a b i l i t y  t o  r e l e a s e  n e u t r a l  

ana ly t e  atoms f r o m  a tomiser  su r face  and t o  t r a n s p o r t  them i n t o  t h e  ana- 

l y s i s  volume. The i d e a l i z a t i o n  condi t ion  o f  t h i s  process  r e q u i r e s  that 

t h e  amount of  ana ly t e  atoms r e l eased  from t h e  a to lp i re r  su r f ace  at  a W  

t ime o f  a tomiza t ion  should e n t e r  t he  a n a l y s i s  rolrune. However, some of 

t h e  ana ly t e  atomic rapour formed may be l o s t  dur ing  any s t a g e  Of atomiza- 

t i o n  by va r ious  atom loss processes ,  fo r  example, loss by d i f fus ion  t o  

the  coo le r  ends of  t h e  atomizer and through t h e  i n j e c t i o n  hole ,  by re- 

adso rp t ion ,  by explosion and by convectiolb. In a d d i t i o n  it i s  a l s o  poss i -  

b l e  t h a t  ana ly t e  atoms a r e  l o s t  a s  non-absorbing molecular spec ie s ,  such  
as, exidea ,  ca rb ides ,  &lor%des e tc .  Ln f a c t ,  t h e  t ine-dependent 

t l o n  of N ( t )  can be expressed  as a convolution' 

N( t ) = fS( t')R( t- t ' )dt '  ( 5 )  
here  S(t ' )  i s  the  s u p p Q  r a t e  o f  t h e  atoms and R ( t )  i s  t h e  removal func- 

t f o d d e s c r i b i n g  loss from t he  furnace) .  The i n t e g r a t e d  form o f  equat ian  

00 a (5) is 
N ( t ) d t  = [ t ) dt] [jR t 1 d t  (6) 

It should be poin ted  o u t  t h a t  no t  a l l  of t h e  a t o m  which are t r a n s p o r t e d  

t o  the gas phase n e c e s s a r i l y  e n t e r  t h e  a n a l y s i s  volume; a f r a c t i o n  of 

them may be l o s t .  Therefore ,  a correCt€on f a c t o r  m u s t  be used t o  account 

f o r  the  a t o m  loss a t  each &age ox t h e  atom, formation. Smets5 has w e -  

sked t h a t  / was used as a c o r r e c t i o n  f a c t o r  t o  account f o r  t h e  f rac t€on  

o f  the  t o t a l  number o f  ana ly t e  atoms t h a t  e n t e r  t h e  a n a l y s i s  volume 

dur ing  each s t a g e  o f  atomization. The i n t e g r a t e d  r a t e  of atomic formation, 

f ( t ) d t ,  has been assumed t o  he d i r e c t l y  p ropor t iona l  t o  t h e  number of 

a m l y t e  atoms, No, i n i t i a l l y  depos i ted  i n  t h e  grapkLte furnace  as  g iven  

hr t h e  following, express ion:  

jo:(t)dt= No 

i:(t)dt= ,¶No ZR 

Using equat ions  ( 6 )  and ( 7 )  we g e t  
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ATOMIZATION EFFICIENCY OF GRAPHITE FURNACE 357 

here $ i s  t h e  mean r e s idence  time of atoms i n  t h e  furnace.  

The i n t e g r a l  of  equat ion  (1) and t ak ing  i n t o  account equat ion  ( 8 )  y i e l d  
@ 

Ai=J;(t)dt= K /I NozR/sc ( 9 )  
here Ai i s  t h e  i n t e g r a t e d  absorbance. We r e c a l l  that 

No= m.! fA / Ma (10) 

here m i s  t h e  ana ly t e  mass, NA i s  the  Avogladro number, Ma i s  t h e  molar 

mass of t h e  ana ly t e .  

S u b s t i t u t i n g  equat ion  (10) i n t o  equat ion  ( 9 )  y i e l d s  

According t o  t h e  meaning of t h e  a tomiza t ion  e f f i c i e n c y  sugges ted  f i r s t  

by de Galan’‘, i t  i s  def ined  as the  r a t i o  o f  the number of n e u t r a l  ana ly t e  

atoma p resen t  i n  the  a n a l y s i s  rolume a t  t i m e  when the  absorbance r eaches  

i t s  m a x i m u m  t o  t h e  t o t a l  number o f  a n a l y t e  atoms depos i t ed  i n  t h e  graphi -  

t e  furnace .  

Using e q u t i o n s  (1) and ( 9 1 ,  equat ion  (12) become 

here  A, i s  the  peak Mght absorbance. Ue known that t h e  K value can be 

c a l c u l a t e d  from t he  equat ion  (2) on t h e  b a s i s  of phys i ca l  parameters af 

element determined. The res idence  t i m e  of atoms ( tR), peak h lgh t  aacP 

peak a r e a  absorbances may be measured exper imenta l ly  i n  the  s p e c i f i c  

condi t ions .  Then the  f i n a l  r e s u l t  is t h a t  t h e  va lues  of1 and Ek can be 

o b t d n e d  r e a d i l y  from eqpat ioas  (11) amd (131, r e spec t ive ly .  

Experimental  

Apparatus 

A Bi tach i  180-50 atomic abso rp t ion  spec t rometer  with a GA-3 draph i t e  

furnace  and a XHT-164 cha r t  recorder(made i n  China) was used. Pyrocoated 

g raph i t e  tubes(made i n  China),  p y r o l y t i c  p la t form and V-shaped boat(made 

i n  ou r  l abora to ry )13  were used f o r  t h i s  study. The sise of t h e  g raph i t e  

t ubes  used i n  o u r  experiments was rz 2.33 mm and Is30 mm. Hollov catho- 

de lamps of  Ag, Cd, C r ,  Ge and In(made i n  China) were used as a l i g h t  
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358 ZHENG 

source. The XCL current was 7.5 mA for CdsCr, In and 10 mA for Ge- 

A deuterium arc background system was used throwhout. N2 was used as 

the purge gas at a flow rate o f  150 ml/min and the purge gas was stopped 
during the atomization step. Sample 6OlUtiOn was injected i n t a  graphite 

tube rith a 10 o r  20 p1 Eppendorf micropipette. 

Reagent s 

The stock solutions(1 mg/ml) were prepared from metals o r  thier com- 

pounds(analytica1 reagent grade) in sub-boiling distilled rater. The 

working solutions were prepared by diluting the stock solution with sub- 

boiling distilled water directly before measurements. 

Procedure 

The temperature o f  the furnace was corrected with an MT-2 optical pyro- 

meter(made in China). The maximum power was used for heating program o f  

furnace. To avoid possible analyte i o s s ,  ashing was carried out at moae- 

rate temperatures. The graphite furnace operating parameters are the 

Same drying and ashing temperatuses, and varying atomciration temperatures. 

The integration 

to. 10 6. 

time under stopped-flow conditions o f  purge gas was 6 

For each element and at each temperature, the mean blank signdl :vas 

subtracted from the average peak hight and peak area absorbances for at 

least five replicate measurements. The values of and €&were then cal- 

culated frori these blank corrected peak hight and geak area absorbance 

values. 

Results and Discussion 

Calculation of K and measurement of  z R 
Calculation of the K value was performed using equation (2) .  According 

to Ref.9 the gas temperature is lower by 73 K than set temperature. The 

temperature dependent parameters of Doppler line width and partition 

function were evaluated according to expressions given in Refs. 9 and 14. 

The a-parameter in the Voigt integral was calculated from the values 
16 listed in Ref. 9 and 15 using following relatcon: 

froin which H(a, J ) was obtained.' Correction of the hyperfine structure 
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ATOMIZATION EFFICIENCY OF GRAPHITE FURNACE 

c o e f f i c i e n t  qI was a l s o  made using an express ion  from L*vovl5 t o  account 

f o r  t h e  slight temperature dependence o f  Q . In all the o t h e r  cases $ ras 
equal  t o  1.00 except t h a t  $30.914 f o r  Ge. 

359 

As state e l s e ~ h e r e , ’ ~ ~ ~ - ~ ~  t h e  atom res idence  t ime ( z,) can be measu- 

r e d  exper imenta l ly  from t h e  A( t )  VS. t ime curves  only f o r  t imes  a t  which 

the  atomic formation i s  p r a c t i c a l l y  zero. This cond i t ion  is more c lose ly  

f u l f i l l e d  as we use  t h e  maximum power , in  o rde r  toEeduce  t h e  a tomiza t ion  

time i n t e r v a l ,  and use  A (  t )  values &stant from t h e  mactmun. z, is equal 

t o  t ~ 4 - t ~ ~  ( x = O - l . O )  according t o  d e f i n f t i o n  of mean r e s idence  time o f  

atoms. The f i n a l  choice  f o r  the  measurement of Z R w a s  t o  use i n t e r v a l s  

from %.6A to t0.6A/e * 

I n f l u e n c e s  o f  a tomiza t ion  temperatures on t h e  

- 

va lues  

The f va lues  o f  Ag, Cd, Cr, Ge and In in var ious  a tomiza t ion  temperatu- 

r e s  were c a l c u l a t e d  from equat ion  (11) on t h e  b a s h  o f  t he  va lues  exper i -  

mentally measured of Ai and Z,, . The r e s u l t s  a r e  L t s t e d  i n  Table 1. It can  

be s e e n  from Table 1 t h a t  t h e  va lues  of A g  and Cd do no t  change s ign l -  

f i c a n t l y  i n  t h e  temperature i n t e r v a l  s t u d i e d  whether t h e  samples a r e  

evapora ted  from the  wall, or us ing  t h e  platform and t h e  V-shaped boat 

techniques.  Moreover, t h i e r  va lues  appeared t o  be s t a b l e  and the  RSD of 

average k va lues  were 4-18 %. The / va lues  o f  remairxtng t h r e e  elements 

( C r ,  Ge, I n )  reached a stable in the  h ighe r  tempera turereg ion .  The d i f f e -  

rence among, t h e  1 value f o r  Ag, Cd and Cr obta ined  from the  t h r e e  d i f f e -  

r e n t  ways was no t  l a r g e r  than 15 %, But t h e  8 values  f o r  Cr, Ge and In 

were slowly inc reased  with the  i n c r e a s e s  of a tomiza t ion  temperatures,  and 

i t s  value reached a s t a b l e  in t h e  h igher  temperature region. The / va lues  

f o r  I n  and G e  ob ta ined  from t he  wall were about 1-3 and 10-19 times less 

than t h a t  by t h e  p la t form and t h e  V-shaped boa t  t e c M q u e s ,  r e spec t ive ly .  

It can be seen  from equat ion  (11) that t h e  temperature-dependent para- 

meters a r e  A i r  K and ZI(. The temperature can not  e f f e c t  s i g n i f i c a n t l y  K 

value ca l cu la t ed .  Therefore,  i t  is assumed t h a t  t h e  change i n  t h e  8 value  

wfth the  temperature is determtned s o l e l y  by tbe a l t e r e d  value of A i / c R  . 
As shown i n  pigs. 1 and 2 ,  Ai/tR va lues  of Ag and Cd do no t  change signi- 

f i c a n t l y  in t he  temperature i n t e r v a l  s tud ied .  The remaining th reee lemen t s  
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Table 1 The valves  of  and for Ag.  Cd. Cr. Ge and In in various 
a tomi r a t i o n  temperatures. 

Element 

A g  

Cd 

C r  

Ge 

In 

Temp. 
(K) 
1800 
1900 
2003 
2100 
2200 
2300 
2400 
2 500 
2600 
2 700 

1400 
1530 
1600 
1700 
1800 
1900 
2500 

2400 
2 500 
2600 
2700 
2800 
2900 
3000 

2500 
2600 
2700 
2800 

2900 

3000 

3100 
1800 

1900 

2000 

2100 

2200 

2300 

2400 

2500 

2600 

n P V 
22 24 

28 
25 26 24 

26 
30 
27 

29 
29 
30 
30 
31 

29 
30 

32 
35 
3a 

43  47 49 
45 51 53 
47 56 58 
4a 52 53 
48 52 54 
47 52 54 
46 51  53 

4.0 3.4 4.1 
4.4 4.5 5.2 
5.7 5.5 6.4 
6.7 6.6 7.6 
7.8 7.6 8.6 
8.7 8.2 9.3 
8.7 8.9 9.7 

1.1 

0.3 2.5 3.3 
0.3 3.0 3.9 

3 . 4  3.4 4.8 

0.2 3.09 1-4 1.8 1.7 

(11) 
- .  

(13) 

(11) 
0.4 4.1 6.7 

0.4 4.1 
2.3 4.3 

(6.3) (15) 
(2.6 4.6 
(6 .8 ;  (17) 
2.8 5.0 

(7.5) ( 1 9 )  
3.1 5.4 

(8 .2)  (22)  
3.6 5.8 

(9.4) (25)  
3.5 6.7 

(10) (30) 
3.5 6.8 

(9.9) (30) 
3.7 6.9 

(9 .6)  (32) 
3.8 7.0 

(9.7) (32)  

W P 
1 5  19 
20 2: 
l5 20 
l4 15 21  
15  22 

22 

1 7  22 
l5 1 6  22 

17 23 

22 38 
2 3  37 
2 5  40 

37 

19 33 
1 7  31 

22 24 34 

2.0 
2.1 lS4 2.2 
2.6 2 i 4  
3 .4  2.7 
3.9 3.0 
4.3 3.2 
4.4 3.3 
0.08 1.0 
0.1 1.1 
0.2 1.3 
0.2 1.6 

0.2 1.9 
0.3 2.2 

0.2 2. i  
1.9 4.3 

(7.7) (13) 
2.0 4.6 

(8.2) (14) 
2 .1  5.4 

(8 .4)  (14)  
2.4 5.6 

(9.1) (15) 
2.9 5.8 

(9.4) (15)  
2.7 6.0 

(9 .8)  (16)  
2.6 5.. 7 

(9.5) (15) 
2.6 5.6 

(9.0) (16)  
2.6 5.5 

(8.8) (15) 

- 
V 

22 
25 
23 

2 1  
20 
20 
2 1  
22 

38 
40 
40 
39 
37 
35 
33 

$1 

2.6 
3.3 
3.3 
3.7 
4.2 
4.5 
4-2  

0.7 
1.0 
1-3 
1.6 

(9.3) 
1.8 

2 :2 
(9.2) 

2.1 

(11) 

8.0 
(22) 
8.2 

(22) 
9.3 

(23) 
9.9 

(24) 
Ll 
(24)  
11 
(24) 
11 
(255) 
9.9 

(25) 
9.7 

(25) 

Atomization mode: 1 'Wall; P Platform; V V-shaped boat. 
Data i n  bracke ts  a r e  using 80Ng/rnl Pd and 2 % ( v / v )  ammonium s a l t  
of EDTA a s  mat r ix  modifier f o r  I n  and use of t h e  0.15 mol/L solution 
of  NaOH far Ge. 
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1400 1800 2200 2600 

'r ( I < )  

Figure  1. Atomization temperature dependence of Ai/zR value.  
1 Ag. 2 Cd. 3 In. Uni ts :  absorbance f o r  A i & .  

reached a s t a b l e  va lue  i n  h ighe r  temperature region. It can exp la in  the 

reason for i n f luenc ing  of a tomiza t ion  teaqberatwe am the / v&es af 

e lenen te  studied. 

In f luences  of a tomisa t ion  tempera tures  on t h e  &,ualues 

As shown in Table 1, t h e  €,values o f  Ag and Cd do no t  change 6 i$p i f iCa-  

n t l y  i n  t h e  temperature i n t e r v a l  s tud ied  whether t h e  samples a r e  evapo- 

r a t e d  from the  wall, o r  u s ing  t h e  p la t form and the  V-shaped boat techni -  

ques. Moreover, t h l e r  va lues  appeared t o  be s t a b l e  and t h e  RSD o f  avera- 

&e ECvalue was 7-13 %. The  values o f  remainfng t h e e  elements(Cr,  Ge, 

In)  reached  a s t a b l e  i n  t h e  higher temperature region. Bowever, t h e h v a -  

l u e s  o f  Ge and I n  obta ined  from t h e  wall of tube were about 10 and 2-4 

t imes  l e s s  than  t h a t  by t h e  p la t form and t h e  V-shaped boa t  techniques. 

The E values  of Ag and Cd obta ined  from the  wall were sma l l e r  than t h a t  

by t h e  p la t form and t h e  V-shaped boat techniques.  The €,values of  Cr 

obta ined  from t h e  t h r e e  ways were the  s iml l a r ty .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



362 ZHENG 

Figure 2 .  Atomization temperature dependence o f  A i / h  value. 
1 Cr. 2 Ge. U p f t s :  absorbance f o r  Ai/zR . 

It can be seen from equat ion  (13) t h a t  a l l  parameters were r e l evan t  t o  

temperature. Because in f luence  of temperature on t h e  value is throught 

t h e  r o l e  of Ai/tR , t h e  change i n  t h e  Eavalue wi th  the  temperature is 

determined s o l e l y  by the a l t e r e d  value of A,. Equation (13) shows t h a t  

 is propor t iona l  t o  t h e  res idence  time of ana ly t e  atoms. Note t h a t  a s  

2 is decreased ,  f o r  i n s t ance  by forced convection, a low peak h igh t  

absorbance rill r e s u l t  because of apprec iah le  decrease  I n  t he  res idence  

t ime, which w i l l  also mean t h a t E L w I U  decrease.  I n o r d e r  t o  i n c r e a s e  E 
the experiment shouldbe conducted in t he  g,aaa-stoppedmade andus lng  longe r  

a a p h l t e  tubes  s ince  these  two f a c t o r s  dll i n c r e a s e  t h e  res idence  time 

o f  ana ly t e  atoms which w i l l  reeult i n .  a higher vaLue of Eo.  

The ,9 and 4 v a l u e s  i n  t h e  presence of mat r ix  modi f ie r  

R 

a '  

Previous discus81on of a tomisa t ion  e f f i d e n c y  has t y p i c a l l y  been made 

wi thout  mat r ix  modifier.  Authors2' po in t ed  o u t  that a s u i t a b l e  mat r ix  

modi f ie r  can  i n c r e a s e  obviously t h e  c a l c u l a t e d  a tomiza t ion  e f f i c i e n c i e s  

of some elements i n  g r a p h i t e  furnace.  Therefore,  the i n f l u e n c e s  o f  t h e  

Pd and the  ammonium salt o f  EDTA as a matr ix  modifier on t h e  8 and E, 

values  o f  In in t h e  temperature i n t e r v a l  s t u d l e d  were observed when t h e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



ATOMIZATION EFFICIENCY OF GRAPHITE FURNACE 

samples were evaporated from t h e  wall, u s i n g t h e p l a t f o r m  and t h e  V-shaped 

boa t  techniques.  I t  can be seen from Table 1 that t h e  f l  values  o f  In i n  

t he  presence  of  t he  Pd and t h e  ammonium salt of EDTA were inc reased  by 

a f a c t o r  o f  2.6 when t h e  samples were evapora ted  from the wall o f  tube,  

but by a f a c t o r  of 3.5-4.6 from t he  p la t form and t h e  V-shaped boat. 

Aowever, t h e  f o v a l u e s  of I n  i n  t h e  presence  of t h e  Pd and khe ammonium 

salt o f  ED?A were inc reased  by a f a c t o r  of 3.5-4.1 when t h e  samples were 

evaporated from the  wall of  tube ,  but by a f a c t o r  o f  2.6-3.0 from t h e  

platform and t h e  V-shaped boa t  techniques.  Zheng e t  a121 pointed o u t  t h a t  

t he  a tomiza t ion  o f  Ge i s  r e l evan t  t o  Ge spec ie s  formed i n  the  s a l u t i o n  

and t h e  absorbance of Ge i s  inc reased  obviously i n  the  NaOH so lu t ion .  A a  

shown i n  Table 1, when the  samples were evaporated from t he  V-shaped boa t  

t he  f l  and &,values of  Ge were inc reased  by a f a c t o r  of 1.4-5.5 i n  the  

r eg ion  of 2800-3000 K i n  t h e  NaOH so lu t ion .  Therefore,  i t  i n d i c a t e s  t h a t  

i t , i s  a impor tan t  cond i t ion  t o  use a s u i t a b l e  mat r ix  modi f ie r  f o r  the 

i n c r e a s e  o f  a tomiza t ion  e f f i c i ency ,  

A M l y d ~  of  t h e  a tomiza t ion  e f f i c i e n c y  va lues  

363 

Table 1 summarizes t h e  va lues  o f  k and % f o r  Ag, Cd, C r ,  Ge and I n  

determiaed by us ing  equat ions  (11)  m d  (13).  The p r e c i s i o n ,  ca l cu la t ed  

f o r  f i v e  r e p l i c a t e  de te rmina t ions ,  i s  about 5 % r e l a t i v e  s t anda rd  devia- 

t i o n ,  which r e f l e c t  t h e  combined r e p r o d u c i b i l i t y  o f  t h e  furnace thermal 

program and t h a t  of atom format ion  and loss except  for unce r t a in ty  of 

c a l c u l a t e d  K value.  Our r e s u l t s  f o r  and €,are d i f f e r e n t  from a tomisa t ion  

e f f i c i ency  va lues  i n  t h e  l i t e r a t ~ r e . ~ ' " ~ ' ~  Probably, t h e  main reason  f o r  

t h i s  d i f f e r e n t  i s  a t t r i b u t e d  t o  exper imenta l  cond i t ions  and a tomizers  

used de termina t ion  of a tomi ra t ion  e f f i c i ency .  Ce r t a in ly ,  d i f f e r e n t  mode6 

o f  a tomiza t ion  i n  va r ious  a tomizers  w i l l  r e s u l t  i n  d i f f e r e n t  atom r e l e a s e  

processes  which w i l l  a p p r e c i a l l y  in f luence  t h e  va lue  o f  t h e  a tomiza t ion  

e f f i c i ency .  The and E&ualues  determined rh;Lch a r e  app l i cab le  only 

under t h e  s p e c i f i e d  a tomiza t ion  cond i t ions  i n  a GA-3 fu rnace  used here. 

Sturgeon and Chakrabarti2' po in ted  o u t  t h a t  vary ing  t h e  a tomiza t ion  para- 

meters w i l l  change t h e  e f f i c i e n c y  of t h e  furnace  i n  d i r e c t  p ropor t ion  t o  

the  change i n  s e n s i t i v i t y  o f  t h e  system. Therefore ,  i t  s u s t  oe e!n>hasized 
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364 ZHENG 

t h a t  t he  a tomiza t ion  e f f i c i e n c y  value i s  r e l e v a n t  t o  t h e  mode of atomizer 

and t h e  experimental  parameters. There i s  only  p r a c t i c a l  meaning f o r  t h e  

a tomiza t ion  e f f i c i ency  va lue  i n  the  given s p e c i f i c  cond i t ions  measured. 

I be l i eve  t h a t  t he  term of apparent  a tomiza t ion  e f f i c i e n c y  used by Koir-  

tyohann e t  a1" was reasonabler .  

~ . ; ~ r ~ o v e r ,  an iinportant x s l e c t  o f  reseaching  a tomiza t ion  e f f i c i ency  is  

conducted mainly t o  improve the  s e n s i t i v i t y  and limit Of de tec t ion  o f  t he  

a n a l y s i s  :nethod. Most o f  t he  a tomiza t ion  e f f i c i e n c y  r epor t ed  i n  t h e  l i t e -  

r a t u r e  1y2 '4 '8  a r e  of t he  same o rde r  of magnitude a s  those  o f  t h i s  work. 

A s  shown i n  Table 1, t h e  va lues  of E i n  t h e  t h r e e  ways o f  samples vapo- 

r i z e d  show t h a t  only a small f r a c t i o n  roughly about  10-40 % of t h e  t o t a l  

number of t he  depos i ted  atoms a r e  a c t u a l l y  atomized, t h e  r e s t  a r e  l o s t  

as non-absorbing spec ies .  This i n d i c a t e s  t h e r e  is still some more reseach 

t o  be done on t he  g r a p h i t e  furnace  t o  inc rease  i t s  e f f i c i ency .  As men- 

t ioned  e a r l i e r ,  €,can be inc reased  by inc reas ing  zL, f o r  example, by ope- 

ra t€ng  the  atomizer i n  the  gas-stopped mode a t  l o w  a tomiza t ion  tempera- 

t u re s .  The e f f e c t  o f  forced  convection on the  absorbance s i g d  of most 

elements is obvious when t h e  g r a p h i t e  furnace is opera ted  i n  t h e  gas-flow 

mode. The E value o f  a p a r t i c u l a r  element should hold  cons tan t  f o r  a s e t  

O f  experimental  cond i t ions ,  such as,  the  i n n e r  gas  flow r a t e  and atomiza- 

t i o n  temperature.  The combination of t hese  two f a c t o r s  and o t h e r  p l a y  a n  

impor tan t  r o l e  i n  determining the  res idence  t i m e  of t he  atomic vapour i n  

the  a n a l y s i s  volume, and u l t i m a t e l y  the  €&value. Thud i n  o rde r  t o  make 

the  €,value as a u s e f u l  i n d i c a t o r  f o r  d i f f e r e n t  a tomizers  aU of  experi-  

mental and in s t rumen ta l  parameters must be maintained unchanged. Compari- 

son o f  the  a tomiza t ion  e f f i c i e n c y  i n  d i f f e r e n t  g raph i t e  fu rnaces  has t h e  

s i g n i f i c a n c e  only i f  a l l  o f  above mentioned condi t ions  maintain c o n s t a t  

and s i m i l a r i t y .  
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