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DETERMINATION OF CHLORINE BY ALUMINIUM MONOCHLORIDE MOLECULAR 

ABSORPTION SPECTROMETRY USING LEAD ATOMIC LINES 

Key words :  a l u m i n i u m  c h l o r i d e  m o l e c u l a r  a b s o r p t i o n  s p e c t r o m e t r y :  

e l e c t r o t h e r m a l  v a p o r i z a t i o n ,  c h l o r i d e ,  d e t e r m i n a t i o n  

Pekka P a r v i n e n  and L a u r i  H .  J .  La junen  

Depar tmen t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  Ou lu ,  SF-90570 O u l u ,  

F i n l a n d  

ABSTRACT 

I n  e a r l i e r  s t u d i e s  t h e  methods f o r  d e t e r m i n a t i o n  o f  c h l o r i n e  by  

a l u m i n i u m  monoch lo r ide  m o l e c u l a r  a b s o r p t i o n  s p e c t r o m e t r y  have 

been based on t h e  use  o f  t h e  c o n t i n u o u s  l i g h t  sources. 

-- 

I n  t h i s  s t u d y  we i n v e s t i g a t e d  t h e  m o l e c u l a r  a b s o r p t i o n  o f  

A l C l  i n  a carbon r o d  f u r n a c e  f o r  d e t e r m i n a t i o n  o f  c h l o r i n e ,  b y  

u s i n g  t h e  l e a d  a tomic  l i n e  a t  261.418 nm e m i t t e d  f r o m  a Pb-ho l low 

c a t h o d e  lamp. A d e u t e r i u m  lamp was used f o r  s i m u l t a n e o u s  back- 

g r o u n d  c o r r e c t i o n .  

INTRODUCTION 

M o l e c u l a r  a b s o r p t i o n  s p e c t r o m e t r y  a t  a h i g h  t e m p e r a t u r e  has  

been d e v e l o p e d  f o r  t h e  d e t e r m i n a t i o n  o f  n o n m e t a l l i c  e l e m e n t s  

(Fuwa e t  a l ,  1969 and H a r a g u c h i  e t  a l ,  1976) .  These e l e m e n t s  a r e  

d i f f i c u l t  t o  d e t e r m i n e  b y  c o n v e n t i o n a l  AAS methods because t h e i r  

resonance l i n e s  l i e  i n  t h e  vacuum u l t r a v i o l e t  r e g i o n .  
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PARVINEN AND LAJUNEN 5 34 

M o l e c u l a r  a b s o r p t i o n  o f  a l u m i n i u m  monoha l i des  fo rmed  a t  a 

h i g h  t e m p e r a t u r e  has  been used f o r  t h e  d e t e r m i n a t i o n  o f  f l u o r i n e ,  

c h l o r i n e  and b romine  (Tsunoda e t  a l ,  1977, D i t t r i c h  e t  a l ,  1986 

and  Pearce  e t  a l ,  1976) .  A l u m i n i u m  m o n o c h l o r i d e  wh ich  fo rmed  i n  

t h e  fu rnace  shows a m o l e c u l a r  a b s o r p t i o n  band a t  261.4  nm. I n  

p r e v i o u s  p a p e r s  a d e u t e r i u m  lamp o f  t h e  t h e r m a l  ca thode  o r  h o l l o w  

c a t h o d e  t y p e  has  been used a s  a l i g h t  sou rce ,  b u t  t h i s  was f o u n d  

t o  be i n c o n v e n i e n t  due t o  t h e  s l i t  w i d t h  and background c o r r e c -  

t i o n  (Tsunoda e t  a l ,  1978). I n  t h e  case o f  t h e  s l i t  w i d t h  t h e  

s e n s i t i v e  measurement o f  a l u m i n i u m  c h l o r i d e  m o l e c u l a r  a b s o r p t i o n  

r e q u i r e s  a n a r r o w  s p e c t r a l  bandpass. I f  t h e  background c o r r e c -  

t i o n  i s  p e r f o r m e d  a t  t h e  same w a v e l e n g t h  h s  t h e  a l u m i n i u m  mono- 

c h l o r i d e  band, a w ide  s p e c t r a l  bandpass i s  needed f o r  backg round  

c o r r e c t i o n .  Tha t  i s  why a w a v e l e n g t h  d i f f e r e n t  f r o m  261.4 nm has 

been used f o r  background c o r r e c t i o n .  T h e r e f o r e  t h e  a b s o r p t i o n  

i n t e n s i t y  a t  260.1 nm, where a l u m i n i u m  c h l o r i d e  a b s o r p t i o n  i s  

m i n i m a l ,  has been s u b t r a c t e d  f r o m  t h a t  a t  261.4 nm u s i n g  a 

2 -channe l  s p e c t r o m e t e r ,  These two p rob lems  may be s o l v e d  by  u s i n g  

a l i n e - l i k e  i r r a d i a t i o n  sou rce  f o r  t h e  a l u m i n i u m  m o n o c h l o r i d e  

a b s o r p t i o n  measurements. 

I n  t h i s  paper ,  t h e  use  o f  a t o m i c  l i n e s  f r o m  v a r i o u s  e lemen ts  

f o r  t h e  d e t e r m i n a t i o n  o f  c h l o r i n e  i s  examined f o r  t h e  c o n v e n i e n t  

use  o f  t h e  m o l e c u l a r  a b s o r p t i o n  t e c h n i q u e  w i t h  s i m u l t a n e o u s  backg- 

round  c o r r e c t i o n .  A s t h e r e s u l t  t h e  a t o m i c  l i n e  o f  l e a d  a t  261.4 nm 

was f o u n d  t o  be most  s u i t a b l e  f o r  r e q u i r e m e n t s  men t ioned  above. 

EXPERIMENTAL 

Appara tus  

The m o l e c u l a r  a b s o r p t i o n  o f  a l u m i n i u m  m o n o c h l o r i d e  was meas- 

u r e d  w i t h  a Pye Unicam SP 9 s p e c t r o m e t e r ,  f i t t e d  w i t h  a g r a p h i t e  

f u r n a c e .  The i n s t r u m e n t  o f f e r s  t h e  p o s s i b i l i t y  o f  s i m u l t a n e o u s  

background c o r r e c t i o n  w i t h  a d e u t e r i u m  lamp. N i t r o g e n  gas ( 4  

l / m i n )  was f l o w e d  t o  p u r g e  t h e  c a r b o n  r o d  f u r n a c e  f r o m  a i r .  Lead, 

i r o n  and  manganese Cathodeon L t d  h o l l o w  ca thode  lamps were used 
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DETERMINATION OF CHLORINE 535 

T a b l e  1. E x p e r i m e n t a l  C o n d i t i o n s  f o r  A l C l  M o l e c u l a r  A b s o r p t i o n  

Measurement. 

1 A lumin ium s o l u t i o n  

D r y i n g  

A s h i n g  

C o o l i n g  

10 !JL 

120 OC 20 s 

700 OC 20 s 

2 A d d i t i o n  o f  sample s o l u t i o n  5 PL 

D r y i n g  120 OC 20 s 

A s h i n g  700 OC 20 s 

A t o m i z a t i o n  and measurement 1900 OC 7 s  

a s  t h e  l i g h t  sou rces  f o r  t h e  m o l e c u l a r  a b s o r p t i o n .  The s p e c t r a l  

band w i d t h  o f  t h e  monochromator  was u s u a l l y  s e t  a t  0.2 o r  0.5 nm. 

P rocedure  

The e x p e r i m e n t a l  c o n d i t i o n s  f o r  t h e  measurement o f  t h e  A l C 1 ,  

m o l e c u l a r  a b s o r p t i o n  a r e  g i v e n  i n  Tab le  1. I n  p r a c t i c a l  measure- 

ments ,  so as t o  o b t a i n  t h e  a b s o r p t i o n  spec t rum o f  A l C l  i n  an  

a l u m i n i u m  n i t r a t e  s o l u t i o n  (0.01 M) ,  c o b a l t ,  n i t r a t e  (0.01 M )  and 

s t r o n t i u m  n i t r a t e  (0.01 M) were  added i n  o r d e r  t o  enhance t h e  

s e n s i t i v i t y  and improve  t h e  p r e c i s i o n  o f  a n a l y s i s  a s  r e p o r t e d  by  

Tsunoda e t  a l .  (Tsunoda e t  a l ,  1978) .  

Chemica ls  

All t h e  r e a g e n t s  used were a p r o  a n a l y s i s  g rade  o f  Merck .  To 

p r e v e n t  t h e  escape o f  c h l o r i n e  d u r i n g  a s h i n g ,  t h e  measurements 

were done f r o m  base s o l u t i o n s .  

The a t o m i c  l i n e  o f  l e a d  (267 .4  nm) gave t h e  s t r o n g e s t  A l C l  

m o l e c u l a r  a b s o r p t i o n .  I n  t h e  case o f  i r o n  and, manganese t h e  

obse rved  absorbances  were  weak. The p r a c t i c a l  measurements p r o v e d  
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536 PARVINEN AND LAJUNEN 

I Pb 261.417 nm 
Fe 
Mn 

Mn 

Fe 

261.762 nm 

261.89 rim 

261.814 nm 

261.54 nrn 
261.45 nrn 
261.38 nrn 

0.03 - 

0.01 4- 

I I 
0.1 1.0 ppm 

F i g .  1. C a l i b r a t i o n  c u r v e s  o b t a i n e d  b y  d i f f e r e n t  a t o m i c  l i n e s  

u s i n g  ho l l ow-ca thode  lamps o f  m e t a l l i c  e lemen ts .  

t h a t  t h e  s e n s i t i v i t y  d i d  n o t  depend s i g n i f i c a n t l y  on  t h e  s l i t  

w i d t h  when u s i n g  t h e  l e a d  a t o m i c  l i n e .  Thus ,  i t  can be conc luded  

t h a t  a l e a d  h o l l o w  c a t h o d e  lamp i s  t h e  mos t  s u i t a b l e  l i g h t  sou rce  

f o r  A l C l  m o l e c u l a r  a b s o r p t i o n  s p e c t r o m e t r y .  

I n  a t o m i c  a b s o r p t i o n  s p e c t r o m e t r y ,  background c o r r e c t i o n  

u s i n g  a d e u t e r i u m  lamp i s  t h e  c o n v e n t i o n a l  p r o c e d u r e .  The same 

p r o c e d u r e  f o r  t h e  background c o r r e c t i o n  i n  A l C l  m o l e c u l a r  

a b s o r p t i o n  s p e c t r o m e t r y  was t e s t e d  by  m e a s u r i n g  t h e  abso rbances  

w i t h  and w i t h o u t  background c o r r e c t i o n  u s i n g  s o l u t i o n s  c o n t a i n i n g  

1 mg L- c h l o r i n e  and  s o l u t i o n  c o n t a i n i n g  no  c h l o r i n e  a t  a l l .  I t  

can  be seen f rom T a b l e  2 t h a t  t h e  backg round  a b s o r p t i o n  can be 

c o r r e c t e d  q u i t e  w e l l  b y  t h e  D - lamp sys tem.  S i m u l t a n e o u s l y ,  t h e  

dynamic  range 0 1  t h e  who le  method became v e r y  w ide .  
2 

I n  p r a c t i c a l  a n a l y s i s  t h e  i n t e r f e r e n c e s  caused b y  o t h e r  

h a l o g e n i d e s  a r e  s m a l l e r  i n  t h i s  method t h a n  i n  methods r e p o r t e d  

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



DETERMINATION OF CHLORINE 537 

Table 2 .  The Effec t  of  Background C o r r e c t i o n  on t h e  Absorpt ion 

I n t e n s i t i e s  Obtained f r o m  a S o l u t i o n  Conta in ing  a 1 

mg/L Chlor ine  a n d  Pure A l i m i n i u m  S o l u t i o n  Without 

Chlor ine .  

So 1 u t ion Absorpt ion i n t e n s i t y  

background c o r r e c t e d  no c o r r e c t i o n  

A 1  - s o l u t i o n  0.125 

A 1  - s o l u t i o n  + 1 mg/L c h l o r i n e  0.685 

0.875 

1.105 

A 
0.8  

I -  

BT 

0.6 

F- 
I 

1 I I 1 I 
0.01 0.1 1.0 10 loo ppm c 

F i g .  2 .  The i n t e r f e r e n c e s  of t h e  o t h e r  ha logenides  on t h e  

de te rmina t ion  of c h l o r i n e .  
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538 PARVINEN AND LAJUNEN 

Table 3. Content  o f  t h e  Standard Sample. 

S i02 46.92 % CaO Spuren 

0.36 % 
A1203 

1.10 % G l u h v e r l u s t  12.95 % 
Fe203 
MgO 0.51 % c1 0.503 % Added. 

C 1  measured 0,501 %, s tandard  d e v i a t i o n  O,t23, h i g h e s t  va lue  

0,521 %, lowest  va lue 0,463 % 

K20 + Fla 0 
2 

38.16 % 

Table 4. A n a l y t i c a l  Data on A l C l  M o l e c u l a r  A b s o r p t i o n  Spectro-  

metry .  

Pb - lamp Continuum l i g h t  
source (Tsunoda 
e t  a l ,  1978) 

C h a r a c t e r i s t i c  c o n c e n t r a t i o n  0.03 mg/L 0.02 mg/L 
( 1  % -abso rp t i on )  

Dynamic range mg/L up t o  ca. 3 up t o  ca. 1 

P r e c i s i o n  (RSD) 3 %  2 - 4 %  

Table 5. I n t e r f e r e n c e  caused by  o t h e r  ha logenides on t h e  A l C l  

abso rp t i on .  The c o n c e n t r a t i o n  o f  t he  i n t e r f e r r i n g  

halogenide was a lways 100 mg/L. (C1 1 mg/L). 

Element Absorp t i on  i n t e n s i t y  

p resen t  method e a r l i e r  methods 
( D i t t r i c h  e t  a l ,  1986) 

100 % 

77 % 

46 % 

-77 % 

-71 % 

rv20 % 

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



DETERMINATION OF CHLORINE 539 

e a r l i e r .  I n  f i g u r e  2 t h e s e  i n t e r f e r e n c e s  a r e  d e s c r i b e d  f o r  

measurements done on a 1 mgL- c h l o r i n e  s o l u t i o n .  As can  be seen 

t h e  m o s t  s e r i o u s  i n t e r f e r e n c e  i s  caused b y  f l u o r i n e  w h i c h  i s  

o b v i o u s  because i t  has  t h e  most  s t a b l e  m o l e c u l e  w i t h  a l u m i n i u m  i n  

t h e s e  c i r c u m s t a n c e s .  The e f f e c t  of  b romine i s  n o t  s e r i o u s  u p  t o  

a b romine  c o n c e n t r a t i o n  o f  10 mgL- and i o d i n e  has no  e f f e c t  a t  

a l l  u n d e r  t h e s e  c i r cums tances .  

As an  c a l i b r a t i o n  sample we have used a s t a n d a r d  sample 

where  t h e  c h l o r i n e  was added a s  s o d i u m c h l o r i d e  ( T a b l e  3 ) .  F o u r  

samples  have been t a k e n  f r o m  t h i s  m i x t u r e ,  d i s s o l v e d  i n  hyd ro -  

f l u o r i c  a c i d ,  p r e c i p i t a t e d  c h l o r i n e  a s  AgCl  and  t h i s  i s  d i s s o l v e d  

i n  an  ammonium s o l u t i o n  where t h e  measurements have been done. 

CONCLUSIONS 

The s e n s i t i v i t y  and p r e c i s i o n  o f  t h e  p r e s e n t  s y s t e m  and by 

u s i n g  a con t inuum l i g h t  sou rce  (Tsunoda e t  a l ,  19781,  a r e  

p r a c t i c a l l y  t h e  same. However, t h e  dynamic r a n g e  i s  a b o u t  t h r e e  

t i m e s  l a r g e r  w i t h  t h i s  method t h a n  tha t  r e p o r t e d  e a r l i e r  ( T a b l e  

4 ) .  A l s o  t h e  i n t e r f e r e n c e s  caused b y  t h e  o t h e r  h a l o g e n i d e s  a r e  

s m a l l e r  i n  t h i s  method ( T a b l e  5). 

These e x p e r i m e n t a l  r e s u l t s  sugges t  t h a t  t h e  method p roposed  

h e r e  can  be u s e f u l  f o r  p r a c t i c a l  a n a l y s i s  o f  c h l o r i n e .  

REFERENCES 

D i t t r l c h ,  K., Han isch ,  8. a n d  S t a r k ,  H.J., 1986. F r e s e n i u s  

Ana l .  Chem. Vo l .  324, : 497. 

Fuwa, I<. and V a l l e e ,  B.L., 1969. Ana l .  Chem. 41, : 188. 

H a r a g u c h i ,  H. and Fuwa, K., 1976. Ana l .  Chem. 48, : 784. 

H a r r i s o n ,  G.R., 1969. M.I.T. Wave length  Tab les ,  The M.1 

P ress ,  Eng land.  

Z. 

T 

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



5 40 PARVINEN AND LAJUNEN 

Pearce ,  R.W.B. and Gaydon, A.G., l b r o .  The I d e n t i f i c a t i o n  o f  

M o l e c u l a r  Spec t ra ,  3 r d  ed., Chapman & H a l l ,  London. 

Tsunoda, K., F u j i w a r a ,  K. and Fuwa, K., 1977. Ana l .  Chem. 49, : 

2035. 

Tsunoda, K,, F u j i w a r a ,  K. and Fuwa, K., 1978. Ana l .  Chem. 50, : 

861. 

Gate Received: 01/18/89 
Date Accepted: 0 2 / 2 / /  89 

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


