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INTRODUCTION

Within the past fifty years, advances in the 
science of spectroscopy have made possible the rapid 
analysis of chemical substances, and the reasonably 
accurate determination of their component elements. 
Analytical chemists and spectroscopists are trying to 
discover wider applications of spectrochemical analysis, 
but in the spectral range 3450-4800 A., the sequence of 
CN bands has made analysis difficult because of their 
background effect.

When a carbon arc is used in air, when the discharge 
tubes contain nitrogen and carbon compounds, and when 
carbon compounds are introduced into an atmosphere of 
active nitrogen, the emission band spectra of CN are 
always present to some degree.

In the arc sources three strong sequences with 
heads at 4216, 3883, and 3590 A. degrade towards further 
ultra-violet. The four groups of weaker bands, the so- 
called "tail" bands, degrade towards the red. Several 
elements have some sensitive lines - and a few have



their most sensitive lines - within CN bands. Examples 
of these lines are Ga 4172; Pb 4057; Mn 4034, 4033, 
and 4030; K 4044, 4047; Mo 3864, and 3798; and others.
It is desirable, therefore, to quench CN emission as 
effectively as possible if any of these lines is to be 
used for analysis. (1, p. 147)

One of three methods may be used to reduce CN 
emission. First, the arc may be made to burn in a nitro
gen-free atmosphere; second, special precaution may be 
taken to ensure that only a trace of electrode carbon 
enters the arc column; and third, a substance other than 
carbon m y  be used for the electrodes. Even for the 
carbon arc in an air atmosphere, it is sometimes possible 
to quench CN so effectively that several of the sensitive 
lines of elements located within CN bands can be used.
For this purpose the presence of an alkali metal salt 
is recommended. (1, p. 148).

Smith and Wiggins (2, p.325) employed steam;
Marks and Gardner (3, p.370) used a chamber in which arcs 
may be operated in any desired atmosphere. Steadman 
used oxygen to eliminate background effect and CN bands, 
so that potassium might be determined quantitatively, by 
the intensity of its line 4044.14 A. Johnson and Norman 
(5, p.119) used a carbon dioxide atmosphere for removing



CN bands, in their successful measurements of chlorine 
and bromine by high voltage spark methods of excitation. 
Vallee and Adelstein studied the effects (6, p.41 of 
argon and argon-helium mixtures on direct-current arc. 
VaJJ.ee and Peattie (7,p.4) studied the volatilization 
rates in helium and air using direct-current arc by 
the moving plate teohnique.

It has been suggested by some workers that 
noble gases can be used to eliminate CN bands and 
the background effects* During the work described in 
the following pages, helium gas was used and the 
results obtained in helium atmosphere are compared 
with those obtained In air.



Figure 1.



APPARATUS

the a r c chamber

The chamber (Fig#l) for controlled helium 
atmosphere oonsisted of a standard 250-oentimeters 
distillation flask(borosilioon) to which extension 
tubes were attached at the side and bottom* The quartz 
window was mounted on the side extension, and 3/&-inch 
copper tubes, whioh were slotted at one end, were used 
as electrode holders# The position of the lower electrode 
was fixed by a snug fit in the rubber eork, whereas 
the position of the upper electrode was set by a 
vertical sliding contact# The unit was then mounted on 
the spectrograph bench# An inlet and an outlet for 
the continuous flow of the gas were also provided.

EXCITATION SOURCE

A direct-current arc source was used with>
an open circuit voltage of 220 volts and a maximum arc 
current of 15 amperes. Current output was varied 
between 4 amperes and 13 amperes by means of a switch 
and rheostat#
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THE SPECTROGRAPH

The spectrograph used v/as a Baird three-meter 
grating instrument with a modified Eagle mounting. The 
grating was concave and 4 inches wider, with approximately 
15 *000 lines per inch. The lines were ruled on aluminum 
deposited on a glass disc tube. A slit width of 25 
microns was used, and the line mask opening was kept 
constant at 4 millimeters during all the experimental 
work.

HE CORDING- EQUIPMENT

The spectra were recorded on Eastman Kodak II-0 
and IU-Q plates, which are highly sensitive in the 
desired spectral range.

DEVELOPMENT AND PROCESSING

The plates were developed in Kodak D-19 developer 
for 5 minutes, and fixed for 10 minutes. The plates 
were dried in a Dietert plate drier.

IDENTIFICATION OF SPECTRA

The spectrum lines were identified using an



A. R. L. comparator-densitometer unit with a regulated 
power supply.

EXPERIMSNTAL WORK

SPECTRAL RANGE

Since CN bands are known to have their heads 
at 3590, 3#83, and 4216 A., the spectral range of 3450- 
4800 A. was used. However, to check the influence of 
helium on the spectral lines of various elements, 
preliminary work was done in the range 2250-3600 A. where 
many elements have their persistent lines.

PREPARATION OF SAMPLES. BURNING TIME. AND SPECTRAL 
ARRANGEMENTS

Spectroscopic grade l/4-inoh electrodes of
graphite set in 3/^-inch oopper tubes, were used to
hold R. U. powdero The spectra were recorded on either
II-O or III-O plates. The spectra were obtained for 

$

different burning times of 2, 5, lit 10» 15, 20, and 25 
seconds.

THE PRELIMINARY WORK IN THE SPECTRAL RANGE 2250-3600 A.

The preliminary work consisted of studying the



effect of he 1 1 m  atmosphere on the spectra obtained in 
air. For this work, R. U. powder which contains 50 
elements was used.

ARCING OF R. U. POWDER IN AIR AND HELIUM

It can be seen from Plate 1 that during the 
arcing in air, CN bands are evidently present in the 
range 2250-3600 A., with the head at 3590 A. It can 
also be seen that with a time of arcing up to 10 seconds 
(spectra 2, 3, 4, 5, Plate 1), not much background is 
present. However, with the longer time of arcing, the 
presence of background becomes quite evident (spectra 
6, 7, 3, Plate 1). The analysis of spectra is given in 
Table 1.

During arcing in an atmosphere of helium it 
was found that the CN band was absent, and that the 
background effect was eliminated. The spectra are shown 
in Plate 2, and the analysis is recorded in Table 1 A.

EFFECT OF LOW AND HIGH CURRENT DENSITY USING HELIUM 
ATMOSPHERE

t

Since the background effect is produced during 
a long arcing time, the effect of low and high current



density was examined with arcing times of 15, 20, and
25 seconds.

It can be seen from Table 2 that at 4 amperes 
relatively few elements emit spectral lines, as compared 
to those elements emitting lines at 13 amperes.

It is Important to note, from the comparison of 
Tables 1, 1 A, and 2, that some of the elements found 
in spectra obtained in air cannot be detected, even by 
using high current density, in an atmosphere of helium.

FINAL INVESTIGATION IN THE SPECTRAL RANGE 3450-A300 A .

The preliminary work done in the range 2250- 
3600 A« indicated that helium gas eliminates background 
effect and the CN band with the head at 3590 A. During 
the preliminary work it was also established that some 
of the elements could not be detected in an atmosphere 
of heliumo

As stated in the introduction, the three CN 
bands ocour in the spectral range of 3450-4300 A. For 
this reason, the final Investigation was made in this 
rangeo The spectra were recorded on the same plate (Plate 
4) for arcing in helium and air atmospheres. The spectra



were obtained using arcing times of 10, 15, 20, and
25 seconds.

The results of this investigation are given in 
Table 3* The results are in accordance with those 
obtained by Marks and Gardner(3, p. 370) for Ca lines 
of 3933.67, 3968.47 A., and the A1 line of 3944.03 A 0 
The residual CN band observed in the spectra may be 
due to one of the two following reasons : (1) helium 
sold in the market contains traces of nitrogen, (2) if 
the air from the bulb is not completely flushed out 
by incoming helium gas, then the nitrogen of air m y  
combine with carbon from the electrodes to give ON 
bands.

STUDIES 2N THE RANGE 3450-4800 A . USING CARBON AND 
COPPER ELECTRODES IN AN ATI G SPHERE OF AIR AND HELIUM

As suggested in the introduction, copper 
electrodes can be substituted for carbon electrodes to 
avoid CN bands. As compared to the temperature of carbon 
electrodes, the arc temperature of copper electrodes is 
not high enough, so the intensities of lines are lowered 
to a considerable extent when copper electrodes are used.
To compare the effect of electrodes and of helium atmosphere 
it was decided to study the spectra using copper electrodes
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in air and in an atmosphere of helium. Spectra obtained
in the above manner were also compared with the spectra
obtained using carbon electrodes in air and helium. A
special powder for the above investigation was prepared
by blending equal proportions of Alo00, CaCCh , metallic
Cr, PbO, Mn0o, Mo0o> C&SO. , and ZrCl,• These compounds  ̂ > A 4
were chosen because the persistent lines of the 
elements constituting these compounds occur in the 
regions of ON bands.

The results of these tests are given in Table 
4* It can be seen from Table 4 and from Plate 5(spectra 
2, 3» U$ 5)# that with the use of copper electrodes in 
air the intensities of spectral lines decrease and CN 
bands and background effect are eliminated. Use of 
copper electrodes in the atmosphere of helium gas, 
however, further decreases the intensities of the lines.

From Table 5 and Plate 5(spectra 6, 7, &, 9)f
it can be seen that use of helium gas removes the background 
effect produced by carbon electrodes. Use of helium 
also makes it possible to identify lines that occur in 
the region of CN bands. Comparison of Table 4 and Table 
5 shows that spectra obtained in helium atmosphere, 
using carbon electrodes, are more intense than those 
obtained using copper electrodes •



EFFECT OF HELIUM AND AIR ATMOSPHERES ON THE VOLATILIZATION
RATES USING- DIRECT-CURRENT ARC. WITH COPPER AND CARBON 
ELECTRODES

The moving plate technique employed by Vallee
and Peattie(7*P« 4) was used to study volatilization
rates. The powder used was the same as that employed
for Plate 5« Intensities of lines, for different time %
exposures, were measured, to check the volatilization 
rates.

From Table 6, it is evident that volatilization 
rates are high for carbon electrodes as compared to 
copper electrodes in an atmosphere of helium, and that 
volatilization rates decrease with the increase in arcing 
time*

Comparison of Table 6 and Table 7, shows that 
volatilization rates are much higher in air than inaan 
atmosphere of helium. It can also be seen from J?able 7 
that volatilization rates are fairly constant, and do 
not change with arcing time, in air.



CONCLUSIONS

During the experimental work the effect of helium 
gas on the spectra obtained by burning samples in a 
carbon arc was studied in the CN band regions. From 
the experimental work it can be concluded that:
(1) During arcing in a helium atmosphere relatively 

few elements are excited as compared to those 
excited in air. This effect can be attributed to 
one of the following two reasons: either (a) an 
atmosphere of helium quenches the excited atoms 
or (b) an atmosphere of helium absorbs the radia
tions emitted by excited atoms0

(2) Helium eliminates CN bands and the background effect. 
This fact can be applied in analyses of samples,
the constituent elements of which have their 
spectral lines in the CN band regions.

(3) The study of the effects of helium gas and copper 
electrodes on the spectral lines, shows that 
helium gas further decreases the intensities of 
lines.

(4) Helium gas retards volatilization rates, and 
volatilization rates decrease with an increase in 
arcing time in an atmosphere of helium.
Since iondzation potential of helium is extreme

ly high, it may be possible to use helium gas for quanti
tative analysis in CN band regions. Limited available 
time made study of this effect impossible for the author.
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TABLE 1 (PIATB 1±
Description of Sample : R* TJ* powder in the chamber

with air*
Emulsion : III-*$*
Excitation : 9 amperes*
Spectral Range : 2250-3600 A.
Note : At least two of the persistent lines of the

following elements were present in the spectrum* 
The spectra numbers correspond to the following 
arcing times :

Spectrum Number Arcing Time,
 ___________seconds

2   2
3 .............  ?4   ?!5   106   15
7   20S ............  25

The * shows the presence of element.

Element Detected in Spectrum Number
______________2 3 4 5 6 7 8

0 * * * ♦ * *
Si * * * * * *
Zn * * * * ♦ *
Mg * * * * * *
Mn * * * * ♦ ♦
Pe * * ♦ ♦ *
Be * * * ★ * ♦
Ca * ♦ * * * ♦
Cu * ♦ * * ♦ *
Cd * * * ♦ * *
Na * * * * * *
CN * * * * * *
ST * *XJAs * *
B * *
Sb * *
Pb * ♦
Sn * ♦
In ♦ *
Tl * ♦
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T4BLE 1 (Continued)

Element Detected in Spectrum Number
_____________ 2- 3 4 5 . 6  7 8

A1 * * *Ag *
cr *Au *NI *
Ir *Pft *

Elements not detected In air : 
Hg, w, Ti-, 7, Ba, So, Zr«
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TABLE 1 A ( HATE 2)

Description of Sample : R. U, Powder in the chamber
with helium.

Emulsion : III-O.
Excitation : 9 amperes.
Spectral Range : 2250 - 3600 A.
Note ; At least two of the persistent lines of the fo

llowing elements were present in each spectrum. 
The spectra numbers correspond to the same 
arcing times as given in Table 1.
The * shows the presence of the element.

Element Detected in Spectrum Number
_____________ 2 3 U 5 6 7 8

c * * * * * ♦
Si * *
Zn * * * * * *
Mg * * * * * *AMOMn * ♦ ♦ * * *
Fe * * * ♦ * *
Be * * * * ♦
Ca * * *
Cu * *
ca * * ★ *
Na * * * * * *
As * *
B *
Sn ♦
In *
Tl * * *
Ag * * * * *

4

Elements NOT detected in helium but present in 
air spectra (Table 1)i

CN, Bi, Sb, Fb, Al, Cr, Au, Ni, Ir, Pd.
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TABLE 2 (PLATE 3)

Description of The Sample ; R. U# Powder in chamber
with helium* Changes in current"density.

Emulsion t II-O.
Excitation : Spectra Numbers 2, 3, 4,   4 amperes.

Spectra Numbers 5, 6, 7,   13 amperes.
Spectral Range : 2250 - 3600 A,
Note : At least two of the persistent lines of the

following elements were present in each spectrum. 
The spectra numbers correspond to following 
arcing times t

Spectrum Number Arcing Time,_____________________ seconds.
2, 5 *......... 1$3, 6   20
4, 7 .......... 25

The * shows the presence of the element.

Element Spectrum Number
________________ 2 3 4____g, 6 ?

c * * ♦ X * X

Si x * * * X
Zn x * * ♦ ♦ X
Mg X * * * ♦ X

m x X * * X

Fe X ♦ x * * X

Be X * ♦ * * X

Ca * * ♦ . ♦ X

Cu * ♦ X

Cd * * * X

Na * * ♦ X * X

ON x X

Is * * X

B ♦ X

Sb * X
Pb * * X
Bn X * * X X

In X
Tl x * X

A1 * X
Ag * ♦ $ x X X



TABLE 2 ( CONTINUED)

22.

Element Spectrum Number
2 k 5 6 7

Cr *
Hg * *
Ti ★ He
V * *
Ba *
Sc *
Zr H*
W *

Elements NOT detected ;
Bi, Au, Ni, Ir, Pd*

Elements detected in helium but Not in air t 
Eg, W, Ti, V, Ba, Sc, Zr.





TABLE! 3 (PLATE A)

Description of The Sample : R. IT. powder spectra in
helium and air.

Emulsion : II - 0.
Excitation : 10 amperes.
Spectral Range ; 3450 - 4300 A.
Note ; Spectra numbers correspond to following arcing

times :
Spectra Numbers Arcing Time, seconds

2, 6. . 
3, 7 o 1520

25
4, 8
5, 9

Spectra in Air : Spectra numbers 2, 3» 4* 5*
Element Wavelengths of Observed Lines

CN
Pb
CaA1
Mn
Sc
CrBa
Zn
Fe
Sr
In
W

3590, 3883. 4216.
3639.58, 3683.47 
3933.67, 3968.47, 4226.73
3944.034030.76, 4033.07, 4034.49 
4023.694254.04, 4274.80
4554.04
4680.14, 4722.16, 4810.53
3719.94
4607.334511.32
4008.75

Spectra In Helium : Spectra numbers 6, 7, 8.

Mg 3838.26
Sr 4077.71
A1 3944.03T1__________3775.72

Ca----------3933.67, 3W$:W,~K22L.73
Zn 4680.14, 4722.16, 4810.53

Elements detected in air but NOT in helium : 
CN, Pb, Mn, So, Cr, Ba, Fe, In, W.
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TABLE 4 (PLATE 5)

(Spectra Numbers 2, 3, 4, 5)
Description Of The Sample : A powder containing equal

proportions of the following 
compounds: AlgOo, CaCOo, 
metallic Cr, pbu, MnOo, MoOq , 
CdSO^, ZrCl^.

Emulsion ; II -0.
Spectral Range : 3450 - 4800 A.
Excitation : 10 amperes.
Spectra number 2 and 4: Copper electrodes in air.

2 6 and 2 sec ohd s re spec tive ly.

Element Wavelengths or observed Lines and 
Their Relative Densities

CN 3590(w), 3883(w)
Cr 3593.5(a), 3605.3(a). 4254.35(s) 3610.51(a), 4799.9(h )Cd
Pb 3639.58(b), 3683.57(a), 4057.82(e)
Ee 3719.94(a), 3737.13(a)
Mo 3798.25(a), 3864.11(a), 3902.96(a)
Mg 3838.26(s
Si 3905.53(a)Ca 3933.67(a), 3968.47(a), 4226.73(a)
A1 3944.03(a), 3961.53(a)
Mn 4030.76(h ). 4033.07(h ). 4034.49(h )____

Spectra numbers 3 and 5 : Copper electrodes in helium.20 and 25 seconds respectively.

Cd(3,5) ' 3610.51(sPb(3,5) 3639.58(m
Mo(3,5) 3798.25(wCa (3 * 5 ) 3933.67(s ), 3968.47(s)
Mn(5) 4030.76(w ), 4033.07(w )# 4034.49(w)
Cr{5) 3593.5(v.wj
Al(5)______ 3961.53 (w) ______________ __________

v.s. - very strong, s - strong, m - mild, or medium, 
w. - weak. v.w. - very weak.

, 3683.47(h ), 4057.82(h ) . 3864.11(v.w).



TABLE 5 (PLATE 5)
All conditions are same as Table 4«
Spectra numbers 6 and 8(plate 5): Carbon electrodes in
—  air (20 and 2}T seconds)•

Element Wavelength of Observed Lines and Their
Relative Densities

GN(6#6) 3590.(s)9 4216.0(s), 3333.(s)
Cr(6,8) 3593.5*. 3605.3*. 4254,35(v.s), 4274.80(v.s)
Cd 6,8 3610.51% 4799.94(s)
Fb(6,8) 3639.58*, 3683.47*
Mo(6,8) 3798.25*. 3864.11*. 3902.9o(v.s)Mg(8) 3838.26*
Ca(6,8) 3933.67(v.s),- 3968.17(v.s), 4226.73(v.s)
A1(6.S) 3944.03(a), 3961.53(b )
Zr(8) 4687.80(m), 4772.31 (v.w)

Spectra numbers 7 and 9(Plate 5): Carbon electrodes in
Helium (20 and 25 Seconds)•

Cd(7,9) 36l0.51(v.s), 4799 .94(v .s)
Cr(7,9) 4254.35 w), 4274.80(w)
Pb(7,9) 3 6 3 9 .5 8 (v .s ) ,  3 6 8 3 .4 7 (v .s ), 4057.S2(s)
Mo(7,9) 3798.25(m), 3864.11(mj, 3902.96(s)Ca(7,9) 3933.67(s , 3968.47(s, 4226.73(s)
A1 7,9) 3944.03 n ,  3961.53 n)Mn(7,9) 4030.7 6 {s ) ,  4033 .07(b) ,  4034.49(s)
Mg(9J 3838.26*

* shows that the line is covered with background of 
CN bands#
v.s - very strong# s - strong, m - medium, w -weak, 
v.w - very weak.
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TA.BLS 6 (Plate 6)

Description of Sample: Powder same as that used in Plate 5•Moving Plate Technique*
Emulsion: III-O.
Excitation: 10 amperes*
Range: 3450-4800 A*

Helium Gas in the Arcing Chamber
Percentage of Transmission

Electrode Element and 6 secs* 12 secs* 18 secs*
Type Line

Cu 3683*47 18 21 29c w n 1.5 . 3 11.5
Cu Cd 3610*51 17.5 31 60
C »t n 1.0 5.0 90
Cu Mo 3793*25 94.0 94.0 94.0
c fta n 41.0 66.0 73
Cu Ca 3933.67 100 39 28
C t» w 1.0 1.0 0.9

Elements whose spectral lines appear: Cd, Pb, Mo, Ca, Cr,
Mn*

Elements not detected: Al, Zr*
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UBXAXY 
CWLOIU0O SCHOOt. OF MlWxr 

GOUKS, OOLOIUJX)

TABLE 7 (PLATS 7) 

All conditions sane as Plate 6 

Air in Arcing Chambey:

Percentage of Transmission
Electrode Element
Type and Line 6 secs. 12 secs. 18 secs

Cu Pb 3683.47 0 0 0
C n ft 0 0 0
Cu Cd 3610.11 1.0 iwo 1.0C n cr 0.5 0.5 0.5
Cu Mo 3793.25 0.5 0.5 o.5c ft it 0 0 0
Cu Ca 3933. 67 1.2 0.9 1.5C it i» 1.0 1.0 1.0

Elements whose spectral lines appear: Cd, Or, Pb, Mo,
Ca, Al, Of, Mh, Pe.
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