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TABLE VIII

S E N S I T I V I T Y  L I M I T S  REPORTED FOR VARIOUS ELEMENTS 
BY ATOMIC FLUORESCENCE SPECTROSCOPY

E l e m e n t - L i n e ( S )  R a d i a t i o n ,  s o u r c e *  L i m i t  o f  d e t e c t i o n  ( p . p . m )  R e f e r e n c e

A1 387O HIIC 25 (12)
Sb 2176 EDT 0.05 (9)
Be 25^9 HIHC 0.5 (29)
Bi 3025 ED T 0.05 (10)

3968 HHC 0.1 (12)
Cd 2288 P h 0.002 (17)

Os 0.01 (5)
X e 0.1 (31)

Ca 4227 X e 0.1 (13)
Co 2407 X e 0.5 (13)

HHC 0-5 (12)
Cu 3248 X e 0.35 (31)

HHC 0.001 (12)
Cr 3579 HHC 100 (12)
Ga 4172 EDT 10 (17)

HHC 0.05 (12)
Au 2676 X e 3.5 (31)

HHC 0.05 (12)
In 4105 ED T 10 (17)

HHC 50 (12)
Fe 2483 X e 5 (6)

HHC 5 (12)
P h „ H g 1 (20)

Pb 4058 X e 7.5 (31)
X1HC 1 (12)

Mg 2852 X e 0.01 (13)



6o

C o n t i n u a t i o n  o f  T a b l e  V I I I

Element“Line(^) Radiation source* Limit of detection (p.p.m.) Reference

Mn 279*4- Xe 0.15 (6)
HHC 5 (12)

Hg 2537 E D T 0.1 (17)
Ni 2320 H IH C 0.3 (3)

HHC 0.5 (12)
Pd 2500 HHC 0.5 (12)
Se 20*10 EDT 0.15 (18)
Ag 3281 Xe 0.001 (13)

HHC 0.001 (12)
HIHC 0.00*4- (37)

Te 21*4-3 E D T 0.15 (8)
T1 3776 Ph 0.07 (17)

HHC 0.1 (12)
Ti 3895 HHC 5 (12)
Zn 2139 Ph 0.0001 (17)

O s 0.1 (71)
Xe 0.03 (13)

Zr 389O HHC 10 (12)

HHC, h o t  h o l l o w  c a t h o d e  l a m p ;  ED T, e l e c t r o d l e s s  d i s c h a r g e  t u b e ;  
H IH C ,  h i g h  i n t e n s i t y  h o l l o w  c a t h o d e  l a m p ;  P h ,  P h i l i p s  m e t a l  v a p o r  
d i s c h a r g e  l a m p ;  O s ,  O s r a m  m e t a l  v a p o r  d i s c h a r g e  l a m p ;  X e ,  x e  a r c  
c o n t i n u u m ;  P h . H g ,  P h i l i p s  m e r c u r y  l a m p .



• j

61

no significant interferences from cations tested„ Anionic inter­

ferences have been observed for both elements but they are readily 

eliminated by adding complexing agent such as EDTA. In other reported 

interference studies for other elements, no interference was en­

countered in most cases ( 5, 6,. 8, 9> 10, 37)* This chemical 

interference, of course, is very prevalent in flame photometry and 

emission spectrography. It is not so much of a problem in activation 

analysis and X-ray fluorescence,

( c )  S i m p l i c i t y  a n d  L o w  C o s t

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

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

R a d i a t i o n  s o u r c e  o f  v e r y  n a r r o w  s p e c t r a l  p r o f i l e  i s  r e q u i r e d  f o r  

a t o m i c - a b s o r b a n c e  m e a s u r e m e n t s  b e c a u s e  o f  t h e  n a r r o w  b a n d - w i d t h  o f  

a b s o r p t i o n  b a n d s .  T h i s  i s  b e s t  o b t a i n e d  f r o m  a  h o l l o w  c a t h o d e  l a m p ,  

w i t h  c a t h o d e  m a d e  f r o m  t h e  m e t a l  b e i n g  a n a l y z e d  o r  o n e  o f  i t s  a l l o y s .

O n  t h e  o t h e r  h a n d ,  f o r  a t o m i c  f l u o r e s c e n c e  s p e c t r o s c o p y ,  m u c h  c h e a p e r  

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

d i s c h a r g e  l a m p s  m a y  b e  u s e d .  C o m p a r e d  t o  e m i s s i o n  s p e c t r o g r a p h y ,

X - r a y  f l u o r e s c e n c e ,  a n d  a c t i v a t i o n  a n a l y s i s ,  t h e  e q u i p m e n t  f o r  

a t o m i c  f l u o r e s c e n c e  s p e c t r o s c o p y  i s  c o m p a r a t i v e l y . s i m p l e  a n d  l o w  

c o s t .  C e r t a i n l y ,  f l a m e  p h o t o m e t r y  i s  s o m e w h a t  c h e a p e r ,  b u t  g e n e r a l l y  

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

B .  DISADVANTAGES

( a )  N o t  A l l  E l e m e n t s

L i k e  a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y ,  a l l  e l e m e n t s  i n  t h e  

p e r i o d i c  t a b l e  c a n n o t  b e  d e t e r m i n e d  b y  a t o m i c  f l u o r e s c e n c e ‘ s p e c t r o s c o p y .
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Only 26 elements so far have demonstrated their fluorescence charac­

teristics. It can be expected that the number of elements which 

can be determined by atomic fluorescence spectroscopy should even­

tually be comparable to those measured by atomic absorption and 

flame photometry.

( b )  F l a m e  A t o m i z e r s  R e q u i r e  L i q u i d  S a m p l e s

O n l y  l i q u i d  s a m p l e s  h a v e  b e e n  u s e d  t o  d a t e .  W h e n  s o l i d  

o r  g a s e o u s  s a m p l e s  a r e  t o  b e  a n a l y z e d ,  c o n v e r s i o n  t o  a  l i q u i d  s o m e ­

t i m e s  n e c e s s i t a t e s  c o n s i d e r a b l e  s a m p l e  p r e p a r a t i o n , ,

( c )  S i m u l t a n e o u s  A n a l y s i s

S i m u l t a n e o u s  a n a l y s i s  o f  s e v e r a l  e l e m e n t s  w o u l d  b e  d i f f i c u l t  

s o  l o n g  a s  f l a m e  a t o m i z e r s  a r e  u s e d o

( d )  R a d i a t i o n  I n t e r f e r e n c e

B a c k g r o u n d  e m i s s i o n  a n d  t h e r m a l  e m i s s i o n  s h o u l d  b e  e l i m i n a t e d  

b y  m o d u l a t i o n  o f  t h e  s y s t e m .  H o w e v e r ,  t h e  f l a m e  b a c k g r o u n d  e m i s s i o n  

( t h o u g h  o f t e n  n e g l i g i b l e )  i s  a  f o r m  o f  i n t e r f e r e n c e  i n  a t o m i c  f l u o r e ­

s c e n c e  s p e c t r o s c o p y ,  a n d  i t  i s  n e v e r  w h o l l y  e l i m i n a t e d  b y  m o d u l a t i o n ,  

s i n c e  t h e  e m i s s i o n  h a s  a  n o i s e  c o m p o n e n t  a t  t h e  f r e q u e n c y  o f  m o d u ­

l a t i o n ,  I n c i d e n t  l i g h t  s c a t t e r i n g  b y  s o l v e n t  d r o p l e t s  a n d  s a l t  

p a r t i c l e s  i n  t h e  f l a m e  g a s e s  w h i c h  i s  g e n e r a l l y  n e g l i g i b l e  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 s c o p y  a n d  n o n - e x i s t a n c e  i n  f l a m e  p h o t o m e t r y  c o u l d  

b e  s i g n i f i c a n t  i n  a t o m i c  f l u o r e s c e n c e  s p e c t r o s c o p y ,  p a r t i c u l a r l y  

w h e n  a  c o n t i n u o u s  s o u r c e  i s  u s e d .

( e )  S e l f - a b s o r p t i o n

Q u e n c h i n g  e f f e c t ,  w h i c h  i s  n o t  o b s e r v e d  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 s c o p y ,  c a n  t a k e  p l a c e  a t  h i g h  c o n c e n t r a t i o n  i n  a t o m i c  f l u o r e s c e n c e
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spectroscopy. As shown in Figures 8 and 1^, a reversal calibration 

curve occurs and this limits the detectability at upper parts„

C„ PROBLEMS AND FUTURE DEVELOPMENTS

(a) Means of Atomization

Thermal atomization in flames is an inefficient process.

The relationship between ground state atoms and total concentration 

of copper sample has been calculated (28). It turned out to be 

only one copper atom in 105 is reduced to the atomic state for the 
sensitivity 0 ol p.pDm. of copper. This indicates that sensitivities 

a thousand times better than those attained to date should be avail­

able with better atomizer. Therefore, a development of better methods 

of atomization would be very important problem for atomic fluorescence 

spectroscopy.

(b) Lack of Radiation Sources

The intense radiation sources capable of exciting fluore­

scence of elements are still limited. The elements which fluoresce 

from using a continuous source are limited and the sensitivities 

are generally poorer than those obtained by using a line source.

To broaden its applications and the number of elements which can 

be determined by atomic fluorescence method, an increase in a large 

number of stable high-intensity sources commercially available are 

highly desirable.

D. ANALYTICAL APPLICATIONS

It is anticipated that atomic fluorescence spectroscopy should



be applied to actual analyses similar to those now using atomic absorp­

tion spectroscopy and flame photometry. The fields for analytical 

applications should include wines, body fluids, water, air, metals, 

cements, soils, tissue, fertilizer, ores, isotopes, etc. Undoubtly 

this technique will prove to be invaluable for inorganic trace 

analysis in the nanogram range in the near future.



CHAPTER V

THE SPECTROSCOPIC STUDIES OF 
THE CHROMOTROPIC ACID - NITRATE REACTION

A. INTRODUCTION

The spectrophotometric determination of nitrate using chro­

motropic acid has been known for several years (22., ~$K)» The reac­

tion provides a specific and sensitive spot test for nitrate (33) 

based on its reaction with a solution of chromotropic acid (1,8 - 

dihydroxy-3,6-naphthalenedisulfonic acid) in strong sulfuric acid.

In the presence of 70$ sulfuric acid, as little as a microgram 

amount of nitrate ion produces the immediate appearance of a yellow 

color with chromotropic acid at room temperature. The reaction be­

tween chromotropic acid and nitrate is markedly influenced by the 

amount of sulfuric acid present in solution. Spectrophotometric 

studies (22, 3̂ +) indicated that the yellow coloration obtained with 

chromotropic acid and nitrate was most intense in aqueous media con­

taining 69-73$ sulfuric acid. It was also indicated that one mole 

of nitrate reacted with one mole of chromotropic acid. But the 

exact chemical nature of the reaction was not clearly understood.

A further investigation of the reaction between chromotropic 

acid and nitrate at optimum concentration (i.e. about 70$) of sul­
furic acid using NMR method has been carried out. Interpretation

65
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of the NMR spectra indicates that one mole of chromotropic acid 

reacts with one mole of nitrate in 7 sulfuric acid. The UV spectrum 

indicated the formation of a quinone compound during the reaction.

It was concluded that a polymerized mononitro derivative of cliro- 

motropic acid was the chromophoric agent in the reaction.

B. EXPERIMENTAL

(a) Reagents

(1) Purified Chromotropic Acid A saturated solution 

of disodium salt of 1,8-dihydroxy-3,6-naphthalenedisulfonic acid 

( Eastman Organic Chemicals, technical grade ) was processed 

twice using decolorizing charcoal. The purified reagent was cry­

stallized from the filtered solution by cooling and adding concen­

trated sulfuric acid. The white product was filtered under suction, 

washed several times with ethanol, and dried in a vacuum oven.

(2) Standard Nitrate Solution A stock nitrate solution 

was prepared by dissolving 0.825 8 °f analytical grade sodium nitrate 
in 1 ml of distilled water to give a 0.602 mg nitrate/p-1 solution.

(5) Sulfuric Acid Concentrated sulfuric acid (du Pont 

Company) was found to be free from nitrate by testing with chromo­

tropic acid.

(b) Equipment

A Varian HA-60 MHz spectrometer was used to obtain NMR 

spectra. A Beckman model DB spectrophotometer equipped with a Sargent 

recorder was used in the study of absorption spectrum.
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(c) Procedure

The optimum concentration (jOfe) of sulfuric acid which 
gave the most sensitive result for the chromotropic acid-nitrate 

reaction was chosen as the reaction media,, 25 mg of chromotropic 
acid was dissolved in 0„5 ml of JOfo (v/v) sulfuric acid, The NMR 

spectra of the chromotropic acid-nitrate system were taken at various 

ratios of the two compounds0 This was achieved by keeping the amount 

of chromotropic acid constant and varying the amount of standard 

nitrate solution,, Increasing concentrations of nitrate were added 

until the proton peaks of the naphthalene ring disappeared from 

the NMR spectrum,

C. RESULTS AND DISCUSSION

(a) NMR Spectra of Chromotropic Acid

(1) In Water and Deuterium Oxide The structure of chro­

motropic acid is illustrated as follows:

The NMR spectrum is shown in Figure 16. The assignments of the ring 

protons are indicated. The protons in phenolic group and sulfonic 

acid group are not evident in the spectrum because they exchange 

rapidly with water molecules in the solvent. In benzene the ring proton 

is usually located at 7»26 p.p.m. The location of the Ha peak which is
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upfield at ’J.Vj) p.p.m. compared to benzene because of diamagnetic 

shifts caused by: (a) the -OH group, (b) the -S03H group. The

location of Hj, peak is downfield at "J.Q3 p.p.m. due to three effects:

(a) the -OH group in para position has about the same effect as in 

ortho position, (b) the -SO3H group causes a slight diamagnetic shift, 
and (c) the neighboring phenyl group causes a strong paramagnetic 

shifto The distance between these two peaks is O .7 p.p.m. The 

splitting of each peak into a doublet is due to coupling between the 

ring protons. The equal area of the two peaks by integration indicates 

that each peak contains the same number of protons.

For a comparison purpose, the NMR spectrum of chromotropic 

acid in deuterium oxide was also recorded. Figure 17 shows the result 
which is essentially the same as in the water.

(2) In Dimethyl Sulfoxide - D6 In order to identify the 

phenolic proton peak, deuteurated dimethyl sulfoxide was used as a 

solvent for chromotropic acid. The results are given in Figure 18 

and the assignment for the peaks is labeled. The broad peak at 

10.88 p.p.m. is due to phenolic proton resonance. Integration of 

the three peaks for -OH, Ha, and H],, showed that all three peaks 

have the same area. It can be concluded from this that each peak 

represents two protons.

(3) In 70/& Sulfuric Acid The -reaction-of the chromo­

tropic acid-nitrate system was studied under condition of optimum 

concentration of sulfuric acid. The NMR spectrum of chromotropic



-OH + -SO3H + H20

OH OH

HO

TMS

4.726.0 5.0 01.02.0
PPM from TMS 

Figure 16

NMR Spectrum of Chromotropic Acid^ 10$> (w/v) in Water



-OH + -SO3H + D20

OH OH

TMS

6.0 5.0 4.72 4.0 2.0 1.0
PPM from TMS

Figure 1J
NMR Spectrum of Chromotropic Acid, 10^ (w/v) in Deuterium Oxide



-SOsH + HoO

OH,

TMS

10 .8 10.0 6.0 1.0
PR-1 from TMS 

Figure 18
NMR Spectrum of Chromotropic Acid, 8$ (w/v) in Dimethyl Sulfoxide - Ds
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acid was observed in 'JO'fi (v/v) sulfuric acid. It is shown in Figure

19. The water peak shifted downfield in the strong acid media. The 

chemical shift of the ring hydrogens remained the same, but the spin- 

spin splitting was lost. Apparently the coupling between the protons 

decreased in the strongly acidic solution.

(b) NMR Spectra of the Chromotropic Acid-Nitrate System in
70^ Sulfuric Acid

(1) Solution Prepared by the Addition of Standard Nitrate 

Solution The spectrum of the chromotropic acid in JOf0 sulfuric acid 
was first obtained. Without changing the instrumental settings, the 

spectrum of the chromotropic acid in 70$ sulfuric acid was recorded 
after the addition of standard nitrate solution. The process was 

repeated with increased nitrate addition. The results are shown in 

Figure 20. Both Ha and H], peaks are equally affected by the addition 

of nitrate solution. Further extra peaks became evident. These

were attributed to the formation of the disodium salt of the chromo­

tropic acid causing a different chemical shift from the free acid.

The presence of the disodium salt and the free acid resulted in four 

peaks instead of two. At mole ratio 1 : 1 ,  the Ha and Hj, peaks disap­

peared. Obviously both Ha and Hb protons in chromotropic acid are 

attacked simultaneously during the addition of nitrate solution.

This indicated that the product was a mononitration compound.

(2) Solution Prepared by the Addition of Concentrated Nitric 

Acid It was suggested that the appearance of the extra peaks in 

Figure 20 was the result of the formation of disodium salt of the chromo­

tropic acid. Therefore a study was made using nitric acid instead of



-OH + -SOoH + HoO

HO

TMS

9.0 7.83 7.13 4.011.0 10.10 1.02.03.0
PPM from TMS

Figure 19

NMR Spectrum of Chromotropic Acid, 5/° (w/v) in 70°h Sulfuric Acid



C.A. : Nitrate (mole ratio)

l • 0.75

fJ
 J _

' **>* ’ '‘V.«vwV>

Ht,

\, I I

_L

0.50

0.25

TMS

■ U JL 1
11.0 10.18 9.0 7.83 7oi3 6.0 5.0

PFM from TMS 
Figux'e 20

4.0 3.0 2.0 1.0

NMR Spectra of the Chromotropic Acid - Nitrate System in JOjo Sulfuric Acid: 
By the Addition of Sodium Nitrate Solution



sodium nitrate solution as a means of adding nitrate ion to the 

solution. The results are shown in Figure 21. The extra small 

peaks seen in Figure 20 did not appear under these conditions.

However as before both Ha and Iig peaks disappeared at an equimole 

of nitrate to chromotropic acid.

(c) NMR Spectrum of the Chromotropic Acid-Nitrate System in 
10$ Sulfuric Acid

As already mentioned the reaction between chromotropic 

acid and nitrate is markedly influenced by the amount of sulfuric 

acid present in the solution and the most sensitive reaction takes 

place at about JOfo of sulfuric acid. For the purpose of comparison, 

a 10$ sulfuric acid used as reaction media was also investigated.
The results are shown in Figure 22. It was observed that when nitrate 

solution was increased to large excess, a slight decrease in the Ha and 

I-Ig peak intensities followed. At the mole ratio 1 : 3  (chromotropic 

acid/nitrate) two small extra peaks started to appear. At mole 

ratio 1 : both Ha and peaks disappeared. This indicates reduced

attack by the addition of nitrate solution on chromotropic acid at 

this low acidity.

(d) UV Spectrum of the Chromotropic Acid-Nitrate System in 
70$ Sulfuric Acid

In order to identify the product of the chromotropic acid- 

nitrate reaction at the mole ratio 1 ; 1 in the presence of 70$ 
sulfuric acid, an absorption spectrum for this yellow-brown color 

solution was taken. The result is shown in Figure 23- It has been 

known that p-Benzoquinone has a high intensity band near 2^5 mlJ<; 

a medium intensity band near 285 mMu and a low intensity band near



titrate (mole ratio)C.A.

0.75

0.25

TMS

11.0 10.18 9.0 7.83 7.13 6.0 5.0 lt.o 3.0 2.0 1.0 0
PPM from TMS

Figure 21
NMR Spectra of the Chromotropic Acid - Nitrate System in 70$> Sulfuric Acid: 

By the Addition of Concentrated Nitric Acid



Nitrate (mole ratio)

VrfVnrVrfVv 1
a  rt

vysV/ŵ V wv,i«A Vffrsfr X

TMS

7.83 7.13 6.0 5.5I4- 5.0 4.0 3.0 2.0 1.0 0
PPM from TMS 

Figure 22
NMR Spectra of the Chromotropic Acid - Nitrate System in 10$ Sulfuric Acid



i+35 ^  (5^)» The spectrum obtained shows that the color product 

has a high intensity band near 221 m|i, a medium intensity band near 

259 mlJ'; an<̂  a l°w intensity band near 3̂5 mP» Since these three 

absorption bands of the product closely resemble those of p-Benzo- 

quinone, it can be concluded that the color product is a quinone 

compound.

D. CONCLUSION

The NMR spectra indicate that the product of the chromo­

tropic acid-nitrate reaction in 70$ sulfuric acid is a mononitration 
compound, while the UV spectrum indicates that the product is a 

quinone compound. Since the nitrate solution present in strong 

sulfuric acid produced a nitronium ion (N02 ), the product would be 

a mononitro derivative of chromotropic acid. Furthermore, since 

both Ha and proton peaks of chromotropic acid in NMR spectrum 

disappeared, the structure for the product of the chromotropic acid- 

nitrate reaction in 70$ sulfuric acid may be represented as below:

\

\

S0aH

/ X

The compound is a mononitro-quinone derivative of chromotropic acid 
in polymer form.
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Figure 23
UV Absorption Spectra

  Absorption Spectrum of Chromotropic Acid in 70$ Sulfuric Acid
  Absorption Spectrum of the Chromotropic Acid - Nitrate System

at Mole Ratio 1 : 1 in 0̂% Sulfuric Acid
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