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SPECTROSCOPY LETTERS, 6 ( 3 ) ,  183-189 (1973) 

R.M. Dagnall*, J.M. Manfield, M.D. Silvester 

and T. S. West. 

Chemistry Departnent , Imperial  College of 
Science a~d Technology, London. S.W.7 2AY U.K. 

We have previously described q u a l i t a t i v e  measu?e- 

ments concerrij ng the  feasibility of atomic absorp t ion  

spec t rone t iy  of nel-c~lry a t  1W.9m ( I ) .  This commun- 

i c a t i o n  desc r ibes  the  a i a l y t i c a l  u t i l i t y  of such measure- 

ments i ogc the r  with some atomic emission s t u d i e s  us ing  

a conventional monochroinator system purged with an 

i n e r t  gas t o  prevent absorption of r a d i a t i o n  by oxygen. 

Lkperinental- 

( a )  Atomic Abszrstiori S tudies .  

The pyiniajxy sou?ce of resonance r a d i a t i o n  was a 

rncrcury microuave exc i ted  e l ec t rode le s s  d ischarge  lamp 

(soroe ?Ocm long) ,  opei*ated a t  I 5  wat ts  i n  a fore- 

shortened 3/11 wave resonant cav i ty  (Electro-?:edical 

Supplies Ltd.). The l i n e  i n t e n s i t y  a t  lt'&.'-)m and 

s t a b i l i t y  were incr.easedby cooling the lamp; 

used f o r  t h i s  purpose a t  a f l o w  r a t e  of 1.8 1 loin-'. 

argon was 

*Present address : IIu.ntingdon Research Centre,  
~iUfiTIT<GIjCT~. U . R. 
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DAGNALL ET AL. 

The experimental arrangement i s  shown i n  Fig. 1. 

Radiation from the l m p  ( A )  was passed through the  

absorption tube (C)  ( length 11 cm, i n t e r n a l  diameter 

2 cm) via a sl i t  (B) (width 21nm), before en te r ing  t h e  

g ra t ing  monochromator ( D )  (Rank Precis ion Indus t r i e s  

Ltd., Type D330 with a l i n e a r  dispers ion o f  26 A / m ) .  

The monochromator was flushed with argon (z. 3 1 min-’) 

t o  remove atrnospheric oxygen which absorbs s t rongly a t  

wavelengths bclow 200 nm. 

been used w i t h  s imilar  r e s u l t s ) .  

The photomultiplier ( G )  (EN1 Ltd. ,  Ty-pe 6256 S )  

0 

(Nitrogen could a l s o  have 

output was measured on a Servoscribe potentiometric 

cha r t  recorder with a 20 uF capaci tor  across  t h e  input  

terminals t o  reduce short  term noise. 

P i p r e  1- tchenunatic representat ion o f  atomic absorption system. 

A - He; discharge lamp 

B - S l i t  

C - Absorption tube 

D - S l i t  

b - P t  loop 

P - Glass sleeve 

G - Flonockror.!ator and photomultiplier 

II - Sample cup 
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SPECTROMETRY OF MERCURY 

A platinum 100:p sampling and nebulising, device  

(2) was used t o  introduce t h e  sample i n t o  t h e  absorpt-  

i on  tube ( C ) ;  This was achieved by r a i s i n g  t h e  sample 

cup (H) conta in ing  t h e  t e s t  so lu t ion  s o  t h a t  t he  p l a t -  

inum loop (E)  dipped i n t o  it a i d  picked up a su r face  

tens ion  f i l m  o f  0.1 pl. The water was evaporated 

by pass ing  a small dc. cur ren t  through t h e  loop (Pig.  2 ) ;  

the d r i ed  sample was then atomised by pass ing  a su f f i c -  

i e n t  dc c u r r e n t  t o  hea t  t he  loop r ap id ly  t o  j u s t  below 

its mel t ing  po in t  (E 1,50O0K). Argon was used a s  t h e  

c a r r i e r  gas.  

(b) htomi.c Ehission S tudies  

The cx2erimentnl system was s i m i l a r  t o  t h a t  used 

f o r  t h e  atomic absorption s tud ie s  except t h a t  no source 

of r a d i a t i o n  was usod and the  platinurn loop  sornpler 

terminated i n  a sho r t  l ength  (ca. 4~10,) o f  narrow bore 

(2mn) quar tz  tubing. Within this sec t ion  of  tub ing  

an atnosplieric argon plasma was i n i t i a t e d  (flow r e t e  

1.8 ml/rnin) us ing  a + wave resonant c a v i t y  coupled t o  

a microwave genera tor  opera t ing  a t  a power of  40 

4.5 v. 

Figure 2. E l e c t r i c a l  c i r c u i t  f o s  hea t ing  t h e  P t  loop. 

185 

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



DAGNALL ET AL. 

Javel ength Atomic Absorption Atomic Emission 

(nm) Sens i t iv i ty  L i m i t  o f  DetectioM L i m i t  of Detectjora 

(PPd (8) (@;I 

184.9 0.2 4 x 10-11 5 x 10-10 

253.7 8.0 3.2 ?o-9 2 x lo-1o 

* SIN = 2.0 . 

watts (2 ) .  The monochromator s l i t  widths were s e t  a t  

O.05nlr11 and the plasma was adjusted such t h a t  it f i l l e d  

the monochromator entrance s l i t .  

m x L T b  !IdU DISCUSSION 

Atomic absor2tion measurements were made a t  2 5 3 . 7 1 ~ ~  

(intercombination l i n e )  and 184.9nn (resonance l i n e )  

using solut ions prepared from mercuric chloride.  

Calibrafion curves were obtained a t  both wave- 

lengths (Figs.  3 and 4 respect ively)  and the  r e l a t i v e  

s e n s i t i v i t i e s  ( f o r  1% absorption) and l i m i t s  of detect-  

ion a r c  shown i n  Table I. 

TARLE I .  

Atomic Absorption and Zinission o f  Mcrcuq 

a t  253.7 and 184.9nm 

The noise leve l  a t  253.7nm is approximately twice 

t h a t  at- l&+.9nm and i n  consequence the l i m i t  of detect-  

i on  a t  l84.9m i s  b e t t e r  than expected from a comparison 

of the  s e n s i t i v i t y  r a t i o  a t  the two l i n e s .  

The l i m i t s  o f  detect ion for atomic emission a t  the 

sme two l ines  are  a l s o  shown i n  Table 1; however, i n  

t h i s  instance the intercombination l i n e  a t  253.7 gives 

the  lowest l i n i t  o f  detect ion i n  s p i t e  of a higher noise 

leve l  because the exci ta t ion energy required a t  2 5 3 . 7 ~ 1  

ic appreciably l e s s  than t h a t  a t  184.cJnm. 
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SPECTROP.ETRY OF MERCURY 

0 400 800 1200 16002000 
Concentration (p.p.m.) 

Pill;ure 3 .  ktouic  absorption o f  mercury a t  253.7nm. 

CC!ICLUGION!; 

The determinatiori of mercury by atomic absorp t ion  

spec tsonet rg  a t  253.7nm is now consj-dered t o  be a 

otanciard method of anal.ysis, e s p e c i a l l y  a s  mercury may 

be atomised by v i r t u a l l y  a l l  types o f  n o n - f l u e  c e l l s ;  

heme t h e  atomic absorption method i s  normally p re fe r r ed  

l;O t h a t  by a ton ic  emission. Table I shows. t h a t  t h e  l i m i t  

of  t letection by atomic emission a t  253.7nm i n  an argon 

ylasnia, CBL be supc?rior t o  t h a t  by atomic absorp t ion  

0 20 40 60 80 I00 

Concentration (p p.m.1 

Figure 4. Atomic absorption of mercury at 184.9nm. 
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DAGNALL ET AL. 

spectrometry. However, the lowest l i m i t  of de t ec t ion  may 

be obtained by atomic absorption spectrometry a t  184.9nm. 

It is  widely known t h a t  the 253.7m intercombination 

(6 So - 6 PI) l i n e  i s  less sens i t i ve  than t h e  resonance 

l i n e  a t  '184-.9nm ( 3 ) ,  i n  f a c t  it i s  probable t h a t  t h e  

s e n s i t i v i t y  a t  1W.9nn can be as much a s  50-fold t h a t  

a t  253.7nm (1, 4). The r e s u l t s  i n  Table I show a 40- 

fo ld  increase i n  s e n s i t i v i t y  which is s u f f i c i e n t  t o  

j u s t i f y  a n a l y t i c a l  determinations a t  the resonance l i n e  

when increased s e n s i t i v i t y  i s  required. A contr ibut ing 

f a c t o r  i n  t h i s  work has been the u t i l i s a t i o n  of a mercury 

microwave exci ted electrodclcss  discharge lamp. It is 

r e l a t i v e l y  simple t o  prepare these sources for t h e  more 

v o l a t i l e  elements such as nercury and they are qu i t e  

s t ab le  i n  operation a s  a r e s u l t  of t he  production of 

e s s e n t i a l l y  a "cas discharge". The i n t e n s i t y  of the 

mercury discharge lamp i s  such t h a t  wavelengths can be 

monitored which up t o  this time have been considered t o  

be beyond the reach of conventional non-vacuum instrumentation. 

The  preparatj.on of e lectrodeless  discharge lamps for other  

v o l a t i l e  elernen-ts, e.g. S ,  P,  halogens e t c . ,  which exh ib i t  

major  resonaiice l i n e s  within the region 170.0 - 200.0nm. 
suggests t h a t  atomic absorption methods may be extended 

even fu r the r .  

I 3 

The-deteminat ion of mercury is  described by atomic 

absorption and emission spectrometry a t  184.9mn (resonance) 

l i n e  and 253.7nm (interconbination) l i n e .  B 40 f o l d  

increase i n  s e n s i t i v i t y  by atomic absorption i s  observed 

a t  184.91~1. A microwave excited e l ec t rode le s s  discharge 

lamp i s  used as source 2nd t h e  monochromator is  purged 

with an i n e r t  gas. 
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