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PRELIMINARY STUDIES IN ECHELLE FLAME SPECTROSCOPY 
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M.S. Cresserl, P.N. Keliher, and C. Wohlers 

Chemistry Department 
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INTRODUCTION 

It has recently been stated' that "flame photometry can 

scarcely equal the freedom from spectral interference of 

atomic absorption until monochromators with effective band- 

passes of ca. 0.02 2 (i.e. half-band width of absorption line) 
become generally available." Resolution of at least this 

order is now attainable with the aid of instrumentation based 

on the echelle grating, with none of the disadvantages nor- 

mally associated with conventional ultra-high resolution 

monochromators. 

The echelle grating, which was developed by Harrison 3 , 4  

some twenty years ago to answer this very need, consists of a 

series of ruled wedges, generally 8-80 mm , arranged in such 
a way that the inclined grating resembles a series of steps. 

The optical system is arranged such that the incident light 

is nearly normal to the steep side of the wedge. Order over- 

lap is avoided by preliminary dispersion with a low resolution 

prism or grating. The resulting spectrum is thus a two-dimen- 

sional array in which vertical displacement is indicative 
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M, S. CRESSER ET AL. 

of the grating order, and horizontal displacement indicates 

wavelength within each order. For more detailed information 

the original references should be consulted . 3-7 

The principai advantages of the use of the echelle as a 

dispersive system in analytical spectroscopy are that it pro- 

vides spectral resolution which could otherwise be obtained 

only with a much larger conventional monochromator system, and 

that the intensity of the resolved spectral line is very much 

greater than that which could be obtain'ed with a simple mono- 

chromator of comparable resolution. So far these advantages 

have been put to excellent use primarily in astronomical 

studies *-I1, where physical size is often particularly impor- 

tant. Thus, for e'xample, small echelle systems in rockets have 

been used in solar spectral studies . Echelle instruments 

have also been employed in the investigation of the Zeeman 

effect'*, line structure13 , and isotope ratio studies 
where very high resolution is essential. Our preliminary 

investigation, which we believe to be the first in echelle 

flame spectroscopy, indicates that the virtual specificity 

of echelle emission spectroscopy is directly comparable to that 

of atomic absorption spectroscopy, and that molecular band 

interferences, in particular, are virtually non-existent. 

Moreover, in view of the fact t h a t  even w i t h  high background 

flames such as the turbulent oxy-acetylene flame used in the 

present investigation, line to background ratios are improved 

by more than one order of magnitude compared to typical 

emission spectrometers, excellent detection limits should be 

readily obtainable with a suitable detector-readout system. 

8 

14 , 
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ECHELLE FLAME SPECTROSSOPY 

In this publication we wish to report some preliminary 

observations on the use of the echelle in analytical flame 

spectroscopy, with particular reference to the effect of high- 

resolution on concentration-intensity relationships. 

INSTRUMENTATION 

The system used consists of a Spectraspan Model 101 Echelle 

Spectrometer (Spectrametrics, Inc., Burlington, Mass.) fitted 

with a Beckman total consumption burner. The instrument is 

fitted" with an echelle grating in a Czerny-Turner mounting 

and a quartz prism. The dispersion of the system was esti- 

mated to be 0.48 2 mm'l at 2,000 2 and 1.2 2 nun-' at 5,000 8, 
with a free spectral range of 18 2 and 100 8 respectively at 
these wavelengths. Spectra over the entire UV-visible range 

were photographed with exposures of less than one minute on 

4 "  x 5" Polaroid Type 57 film rated at 3,000 ASA. A slightly 

fuel rich turbulent oxy-acetylene flame was used throughout 

this investigation. 

RESULTS AND DISCUSSION 

A brief preliminary investigation of the determination of 

sodium showed that strong self-reversal of the sodium lines 

at 589.00 n m  and 589.59 nm was clearly visible at high sodium 

concentrations both photographically and also by manual photo- 

electric scanning. A clear indication of this is obtained from 

the calibration curves shown in Figure 1. Using entrance and 

exit slits of 25 p and 100 p respectively, the intensity at the 

line center decreases with increasing sodium concentration 

above 250 ppm. If, however, measurements are made at the 

half-intensity and quarter-intensity points on the emission 
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p r o f i l e  obtained by nebul iz ing  a 20 ppm sodium s o l u t i o n ,  t h e  

e f f e c t  of  r e v e r s a l  on the c a l i b r a t i o n  curve i s  less pronouned, 

p r imar i ly  as a r e s u l t  of t h e  narrower absorp t ion  p r o f i l e  of 

t h e  atoms i n  the coo le r  o u t e r  mantle of t h e  tu rbu len t  f l a m e .  

I f  t h e  dimensions of t h e  en t rance  s l i t  are increased ,  see 

Figure 2 ,  t h e  e x t e n t  of r e v e r s a l  becomes less pronounced when 

measurements are made a t  the l i n e  c e n t e r ,  u n t i l  eventua l ly  a 

t y p i c a l  emission c a l i b r a t i o n  curve such as tha t  shown i n  Figure 

2C i s  obtained.  I t  should be poin ted  o u t ,  however, t h a t  even 

under these condi t ions ,  t h e  s p e c t r a l  r e s o l u t i o n  a t  t h i s  wave- 

length  i s  s t i l l  appreciably bet ter  than 1 8. 
depth of t h e  r e v e r s a l  ' w e l l '  w a s  found t o  decrease w i t h  increas-  

i ng  s l i t  w i d t h  a t  a given concent ra t ion .  The r e s u l t s  obtained 

f o r  sodium i n d i c a t e  t h a t  by using an e c h e l l e  monochromator, 

e x c e l l e n t  d e t e c t i o n  l i m i t s  should be a t t a i n a b l e  by atomic 

absorp t ion  spectroscopy using either continuous or  f l a m e  

sources ,  and these are a t  present  under i n v e s t i g a t i o n .  

A s  expected, t h e  

The c a l i b r a t i o n  curves obtained for manganese showed t h e  

same t r ends  as those  descr ibed  above f o r  sodium. T h e  spectruro 

of t h e  manganese t r i p l e t  obtained using 1 0 0  p s l i t s  is shown 

i n  Figure 3 ,  and t h e  c a l i b r a t i o n  curves f o r  manganese a t  t h e  

peak and h a l f - i n t e n s i t y  po in t s  on the  emission p r o f i l e  from 

a 1 0 0  ppm manganese s o l u t i o n  are shown i n  Figure 4 .  

To ob ta in  some idea of the u l t ima te  r e s o l u t i o n  of t h e  

ins t rumenta t ion ,  t h e  mutual i n t e r f e r e n c e  of the  gal l ium 

and manganese l i n e s  a t  403.30 nm and 403.31 nm respec t ive ly  

w a s  i nves t iga t ed .  Although, as expected, no clear sepa ra t ion  

of t h e  l i n e s  w a s  ob ta ined ,  even w i t h  a 25 p ent rance  s l i t ,  

182 

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



ECHELLE FDUE SPECTROSCCPY 

v1 
9) 
rl : 
p 
v1 

a 
jd 
c, 

3 < 
r 
- .  

g 
g 
W I  

5 '  

I 

0 2000 4000 6000 8000 10000 

I? 
! !  
I - ' .  
1.: ',.. '\ 
k ': \. 
f ...'. 

/' 

I '. 
' : '., . 

C '. \. L__ ----------- 
'. \. c em--- -.... '.+/-- ,,+, '.., 

I 

'.. <. 
. I . .  %. . .. 

/' 

' . .  --. .... -.-. A --.. ..... -.__ 
.*.... -.-.-.--. B."'. " . .. ,. -._, . ' . .  . ... .. .-:-:-..-;z 

I 

C a l i b r a t i o n  curves  f o r  sodium a t  589 .00  nm 
with 25 p e n t r a n c e  s l i t  a t  A )  l i n e  c e n t e r ,  
B) 50% l i n e  i n t e n s i t y  a t  20 ppm, C )  25% l i n e  
i n t e n s i t y  a t  20 ppm. 

Calibration c u v e s  f o r  sodium at 589.00 nm with 
A)  25 p entrance s l i t ,  B) 100 p entrance slit, 
C )  5 0 0  p entrance s l i t .  All curves are a t  l i n e  
center.  
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11 
FIG. 3 

P h o t o e l e c t r i c  scan of manganese t r i p l e t ,  
us ing 100  p ent rance  s l i t ,  showing t y p i c a l  
r e so lu t ion .  (1 ,000 ppm) 

0 50 0 1000 
ppm Manganese 

FIG. 4 

Cal ib ra t ion  curves f o r  manganese a t  4 0 3 . 0 8  nm 
a t  A) l i n e  c e n t e r ,  B) 50% i n t e n s i t y  a t  100 ppm. 

s u b s t a n t i a l  broadening of t h e  403.31 nm manganese l i n e  w a s  

clearly v i s i b l e ,  i n d i c a t i n g  t h e  d e f i n i t e  presence of gal l ium, 

when s o l u t i o n s  conta in ing  equal  amounts of manganese and 

gal l ium w e r e  a s p i r a t e d  i n t o  t h e  flame. I n  t h i s  i n s t ance  t h e  

l i m i t a t i o n  is  t h e  a c t u a l  phys ica l  over lap  of t hese  s p e c t r a l  

l i n e s ,  which a r e  separa ted  by only 0.009 nm. This is  prob- 

a b l y  t h e  b e s t  documented mutual i n t e r f e r e n c e  system i n  atomic 
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ECBLLE FLAME SE’ECTXOSCOIY 

absorption spectroscopy, but our results indicate that the 

interference can be virtually eliminated in echelle spectros- 

copy by making measurements at a point on the high wavelength 

side of the manganese 403.31 nm line emission profile. 

CONCLUSIONS 

The results of this preliminary investigation indicate 

that the very high resolution attainable with an echelle spec- 

trometer gives to flame emission spectroscopy a virtual spec- 

ificity previously associated only with absorption and fluor- 

escence techniques, and that even where the latter techniques 

can furnish greater sensitivity, the echelle spectrometer should 

prove to be an invaluable tool in the detailed investigation 

of these phenomena. 
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