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This invention relates to the excitation of atoms. More 
particularly, this invention relates to the excitation of 
atoms of elements contained in a ?uidjby the arcing or 

_ sparking method. 
Atoms can be raised from their normal state to higher 

energy states by bombarding them with electrons, or by 
subjecting them to high temperatures in a ?ame 'or an 
electric arc, or by allowing them to absorbradiant energy 
from an external source. A higher than normal energy 
state ‘is. generally referred to as an “excited” state; When 
the atoms return to a state of lower energy, radiation is 
emitted in the form of photons of very de?nite frequency. 
The emission spectrograph is commonly used for the 

analysis of chemical elements and occasionally for the 
analysis of certain chemical compounds. The sample 
atoms and molecules are ?rst excited. Upon returning 
to normal they emit the characteristic radiations in the 
form of light rays. These light rays are passed through a 
lens system, a collumation system, a ditfraction grating, 
and then usually displayed on a photographic plate. The 
light rays are recorded on the photographic plate as verti 
cal lines at a position determined by the frequency of the 
light. The frequency of any line of the emission spectrum 
is proportional to the difference between the values of the 
energies of two states of the atom or molecule emitting 
the radiation; that is, 

Where 1/ is the frequency of the light, E1 is the initial 
energy of the atom or molecule; E1 is the ?nal energy of 
the molecular or atom, and h is the Planck constant. 
The ‘invention described herein is a new method and 

apparatus for exciting atoms of a ?uid by arcing method. 
In using the arcing method, a voltage is‘developed across 
a pair of electrodes having su?icient energy to excite the 
atoms of a ?uid to be investigated. 
A disadvantage of current methods of exciting atoms 

of a sample by the means of the arcing method is that un 
wanted background appears and contaminates the photo 

' graphic plate, thereby interfering'with the detection of 
the desired light rays. This unwanted background arises 
from the interaction of the material the electrodes are 
made of with elements of the air contained in the arc. 
For example, with carbon electrodes, the carbon of the 
electrodes and the nitrogen atoms of the air are violently 
thrown together and frequently combine. In the process 
of combining and disassociating, the CN molecules give 
o? a very large number of bands of light rays that are 
poorly‘ resolved which give rise to an unwanted back 
ground. The unwanted background produced thereby 
is commonly referred to as the cyanogen bands. These 
bands may range from 3590 to 3583, 3883 to 3850, and 
42l6'to 4152 angstroms. In actual operation, this back 
ground appears as a universal darkening throughout much 
of the wave length region of interest on the photographic 
plates. ' 

10 

16 

20 

25 

30 

35 

40 
‘ is contained in the chamber 14. This ?uid may suitablyv 

45 

50 

55 

60 

65 

1 2,920,201. 
Patented J an. '57, 196i) 

2 
In attempting to detect the presence and darkness of 

an individual line representative of a speci?c chemical 
element, it is necessary to clearly distinguish this line from 
the unwanted background. The cyanogen band makes 
this di?icult and consequently prevents the detection of 
lines caused by small amounts of a given chemical element 
which produces very light emission lines. For example, 
the cyanogen band interferes with the detection of small 
amounts of rubidium. The emission line of rubidium 
appears at 4202 angstroms. 

This invention is a new method and apparatus for excit-' 
ing atoms of a ?uid sample which substantially eliminates; 
the production of unwanted background caused by the‘ 
interaction of the material of the electrodes with elements 
contained in the air in the arcing region. For example,‘ 
our new method and apparatus substantially eliminates 
the production of the cyanogen band when carbon elec-_' 
trodes are used. ' p . ' 

Brie?y described, the method consists of providing a‘_ 
continuous supply of liquid to each electrode. The 
sample ?uid may be supplied to both electrodes, or in the 
alternative, to one electrode with distilled water supplied‘ 
to the other. A voltage is then applied across the elec-_) 
trodes of suf?cient magnitude to excite the atoms in they 
?uid sample to higher energy states. 
One type of apparatus which is used in carrying out 

the new method includes a means for placing ?uid on 
both electrodes. Means are provided for producing a 
voltage across the electrodes (which have ?uid thereon) 
su?icient to excite the atoms in the ?uid sample to a higher 
energy state. 
A better understanding of the invention, as well as its 

many advantages, may be had by reference to the detailed 
description to follow and the single ?gure which shows a 
schematic drawing of our new apparatus for carrying out 
our new method. ' 

The ?gure shows a ?rst electrode 10 which is supported 
by an electrode supporting member 12. 

Electrode 10 may be substantially cylindrical in shape 
and has a ?uid chamber 14 formed therein. Some ?uid 

be the solution to be analyzed or may be distilled water. 
The electrode 10 may be made of carbon, which is a 

preferred material. The use of carbon insures excitaton 
of all of the elements of the ?uid sample. Also, the car 
bon is porous, thus permitting the ?uid in chamber 14 v 
to di?use through the porous tip 16 of the electrode 10. 
A ?uid container support 18 is positioned below the 

electrode support 12. A ?uid sample container 20 is 
disposed on container support 18. A portion of the ?uid 
to be analyzed is placed in the ?uid container 20. 
A rotatable disc electrode 22 is mounted in spaced 

relation below the cylindrical electrode 10. The rotat 
able disc electrode 22, which is preferably also made of 
carbon, is disposed so as to dip into the ?uid in container 
20 and carry some of the ?uid ‘into the region between 
electrodes 10 and 22. 

Voltage of sufficient magnitude to excite all of the atoms 
of the ?uid is applied across the electrodes 10 and 22 to 
produce an arc in the arcing region between said elec 
trodes. This is shown schematically by an AC. voltage 
source 24 having one terminal thereof connected to elec 
trode 10 through line 26, and the other terminal connected 
to electrode 22 through line 28. 
By providing means for placing ?uid on both ofthe 

electrodes 10 and 22, the ?uid sample is excited without 
- the production of the unwanted association and disassocia 

70 

tion of the CN molecules in the arcing region. Using this 
new method, clearly distinguishable characteristic lines for 
speci?c elements have been obtained where such elements 
were obscured in emission spectrographs obtained using 
previous methods and apparatus for exciting the atoms. 
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.It is to be understood that various modi?cations may 
be made in the foregoing method and apparatus without 
departing from the scope of the appended claims. ' 
We claim: 
1. An apparatus for use .in exciting the atoms of ele 

ments of a liquid sample comprising: a substantially 
cylindrical electrode having a chamber in which some 
liquid is contained, said electrode being porous to permit 
liquid flow toward an end thereof; a container for holding 
some of the sample liquid; a rotatable disc electrode 
mounted in spaced relation to the cylindrical electrode and 
disposed so as to dip into the sample liquid in said con 
tainer and carry some of the sample liquid into the region 
between said two electrodes; and means for producing a 
voltage across the electrodes su?icient to excite the atoms 
of the sample liquid in said region to a higher energy 
state. 

2. An apparatus in accordance with claim 1 wherein 
said electrodes are made of carbon. 

‘ 3. A method of exciting atoms of elements of a liquid 
sample by the arcing method using two spaced electrodes 
comprising the steps of: providing a continuous supply 
of liquid to one electrode and a continuous supply .of 
sample liquid to the second electrode; and applying a volt 
age across the electrodes su?icient to excite the atoms in 
the sample liquid to higher energy states. 

4. A method of exciting atoms of elements of a liquid 
sample by the arcing method using two spaced electrodes 
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comprising the steps of: providing a continuous supply 
of distilled water to one electrode and a continuous sup 
ply of sample liquid to the second electrode; and applying 
a voltage across the electrodes su?icient to excite the 
atoms in the sample liquid to higher energy states. 

5. A method of exciting atoms of elements of a liquid 
sample by the arcing method using two spaced electrodes 
comprising the steps of: providing a continuous supply of 
sample liquid to one electrode and a continuous supply 
of sample liquid to the second electrode; and applying a 
voltage across the electrodes su?icient'to excite the atoms 
in the sample liquid to higher energy states. 

References Cited in the ?le of this patent 

UNITED STATES PATENTS 

2,344,719 Nusbaum et al._ ________ __ Mar. 21, 1944 
2,643,574 Todd ________________ __ Ian. 30, 1953 
2,753,479 Aughey et al ___________ __ July 3, 1956 

OTHER REFERENCES 

“Estimation of Metals in Solution Spectra,” by T wyman 
et. al. Proc. of the Royal Society A, vol. 133, 1931, 
page 73. _ 

“A New Method of Flame Photometry,” by Weichsel 
baum et al. Proc. of Soc. for Experimental Biology and 
Medicine, vol. 71, No. 4, pages 570-572, August 1949. 

Catalogue from United Carbon Products Co., Inc.._ 
circa-.March .1955, R0. Box 269, Bay City, Michigan. 


