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Abstract:

The possibility of using submerged 60 cycle alternating current electrodes as a light source for
quantitative Chemical analyst was investigated. The Intensities of the spectral lines produced were
measured hy means of a multiplier phototube. The studies were made using the internal standard
method. A series of teste were made with lithium as the Internal standard and adding Mg, Ca, Zn and
Cu in varying amounts.

A series of tests were also made using cadmium as the internal standard and adding Li, Mg, Ce, Zn end
Cu In varying amounts.
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I*  ABSTRACT

The possibility of using submerged 60 cycle slterastl&f current
electrodes ee e light source for qusatltstire chealcsl Bnelyele wee In-
veetlgsted. The Intensities of the speetrel lines produced were aessured
by raepne of e multiplier phototube. The studies were me.de using the
Intemel etenderd method. A series of tests were aede with lithium $s
the Intemel stBnderd and adding %, Ce, Zn »nd Cu in varying mounts.
A series of tests were else m#de using eedmiua re the internel standard

and adding Li, Mg, Ce, Zn end Cu In varying amounts.



1. IMTBODuUCTIOK

The submerged electrode used In thla etudy we* first Inveeti®eted by
feddl. He need it for quelitetlve determinations. A list of the elenente
end the lower limits of concentretlone thst cen be detected vleuslly wee
given by him.

During previous work et this institution some ehenges hed been mad#
in the epperetus suggested by Todd, from those changes end observations
it was thought that further investigation of the relation between concen-
tration and intensities of the epectrel lines produced, might result in e
quantitative method of analysis of solutions.

With the possibility of a method for quantitative determination of
elements In solutions in mind, it was decided to construct the necessary
apparatus needed to operate # multiplier phototube, end e preliminary
study of the effects of additional elements in the solutions was also to
be made If the Intensity of the light source was found to be adequate.

It he# lons been recognised that e light source capable of giving #
homogeneous light for e considerable length of time would increase the
usefulness of the spectroscope.

The possibility of obtaining additional information on the behavior

of ions In solution was recognized in planning this study.

3. Cheo. V 15, p 241 (1938)
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A - Input A. C. voltage regulator

B - D. C. Power supply to photomultiplier
tube

C - Photomultiplier Tube

D - Amplifier to galvanometer
E - Galvanometer

E - Spectroscope

G - Submerged electrode

H - Control panel for submerged electrode

Arrangement of Instruments

Figure |
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Input Constant Voltmae Sqguimtor;

The lerge dally fluctuations of line voltage and amperage made It
necessary to stabilize the power source for both the direct current power
supply and the alternating current supply to the submerged electrodes.
Any change In the d, e. voltage supplied to the multiplier phototube would
have changed the amplification factor of the tube. To check the voltage
regulator, a variable transformer wee placed in the supply line to the
voltage regulator, for a 10 volt change in the variable transformer no
change in the output voltage of the d. c, power supply could be detected
with e 7- inch Triplett volt-ohswallllemieter, 50,990 ohms/volt d. c.
Direct CtoTftBt HfiltflX HHfflglX»

The power supply, figure 2, consisted of a high-voltage transformer,
*2, 1509-9-1509 volts, 115 volte primary; two half-wave mercury rectifier
tubes, RCA 816; # filtering system of two condensers, C* Cg, h aur-f, 3000
volte d. c.i two chokes, L1, Lg, 12 heaerys, 80 me. d. c.j end a bank of
voltage regulator tubes, RCA V890, to serve as a voltage divider for the
multiplier phototube. A 190,909 ohms, 30 watt resistor, Rjl served as e
asane of discharging the condensers when the power supply was turned off.

A similar power supply wee used by Dleke and Crosswhitel.

Multiplier m&totwbft:
The multiplier phototube used with this work was a RCA IP22 having

# spectral response of about *000 A0 to 7000 A. H Is capable of aultt-

1 J. Opt. Soc. of Am 7 35, p *71 (1985)
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R2 10, OOO-a.

W 105

VR 90
0-50 ma'

RCA 816

RCA 816

Direct Current Power Supply



plying feeble currents produced under week Illualnetlon by an everege
velue of 200*000 time* when operated »1 100 volts per stage. A good review
on the behavior of » multiplier tube le given by Engetroal, The ehereoter-
letlce of the tube Itself are presented In tentative data published by
ROAZ.

An electron multiplier le e vacuum tube In which the electrons
emitted from the Illuminated cathode are directed by fixed electrostatic
fields to the first dynode (secondary em itter). The electrons Impinging
on the dynode surface produce many other electrons. These secondary
electrons are directed to s second dynode end these produce many more
electrons. This process Is repeated until the final stage is reached
where they are collected and constitute the current utilised In the out-
put current.

Amplifier. %9tQ.taM XO. falrrapafttsEt

The amplifier tube was a RGA 959" acorn type tube wired a# a reduced
grid current tube In which Sg is the space charge grid (screen) end
the control grid. The circuit in which It was used was a Bubridge and
Brown5* balanced circuit. Only slight changes were made to fit the exist-
ing conditions. A 70 meg.™ resistor was used as the grid bias resistor.
The voltages need on the 959 tube were filament ,65 volts, plate and

screen 6 volte each. After the installation was completed the circuit

1 J. Opt. Soe. of An V77, p *20 (19*7)

2 RCA Victor Division, Radio Corporation of America
/ RSI V 18. p 16 (19b?)

% RSI V *, p 532 (1913)

5 S. S. White Dental Mfg. Co.
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the circuit wee helenced ns reeoaaended "oy PuhrMge sad Browa * la figure
3, Ig was set st 25 oMe, sdjueted to give the desired fllsmeat voltsge
nd Rk the desired piste rad screen volteg#. B7 decreased the aesle reed-
lag hy 5 times, % Adjusted the position of the gslvsnometer resdlag on
Its eerie. The lend wire "A* wee from the saode, Ifo, 10# of the multiplier
Hototube. Lend *3*. the return wire, to the d. c. power supply.
Rubaar~efi Electrodes rad Poatrolat

The submerged electrodes, figure 4, consisted of e short pintlnua
wire pad a longer one. When the system wee turned on e sputtering glow
Pppeered on the shorter electrode, the light from the short electrode
is the light source that Is used with the spectroscope. It Is presumed
that the light produced Is from the bumlag of the oxygen end hydrogen
generated by the alternating cycles of the s. c* used on the electrodes
and the metallic loa being carried Into the flame by the current.

The control to the electrodes wee a resistor la series with It, |Its

purpose Was to adjust the amperage drawn by the electrodes to the desired

value.

ISI VUL p 532 (1933)
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Figure 3

Amplifier, Multiplier Phototube to Oalvsnometer
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R1; 125-n.500 v R2; 75-n- 300 w
Submerged

Electrodes

Figure 4

Submerged Electrodes and Controls



jv, axyasiw&x?*! geC-cssm”s
Th* following conditions *nd procedures were followed for the rerioue

pieces of equipment for ell tests thet were aede. Bisy pro not in chrono-

logical order*

1. AIll power need wee drewn through the eoneteat voltage transformer.

2. She raperrge supplied to the hsak of V. R* tubes of the d. c. power
supply wee 23 me.

3. The volteges of the 959 tube were, filsment .65 volte, plate end
screen 6 volts each,

U. The resistance RO, figure 3, wee set at one-helf of Ite rated value.

5. The 12 volt battery was recharged after each 10-12 hours of use.

6. The d. e. power supply end amplifier were given e 3 hour warm up
period before any tests were aede.

7. The 959 tube wet kept shielded from light end ell pieces of equipment
were grounded end shielded st ell times.

8. Twenty al of solution were used with the submerged electrode*

9. One cm of the short electrode wee submerged when readings were being
taken.

10. The temperature of the solution being tested must be allowed to reach
sequilibrium with the cooling water before any readings ere taken.

U. The eettlng of the internal standard was 250 cm on the galvanometer
scale. The amperage necessary to give this deflection wee obtained
by adjusting the resistance in series with the electrodes.

12. When igniting the electrode, the less the short electrode Is submerged,
the lea* the possibility of the burning off of the tip of the electrode.

- 12 -



13.

14.

15.

16.

17.

>e soon Sg possible after the electrode had beaa Ignited, the elec-
trode wag submerged to the desired depth end the reelstenc# la series
vith It was Increased until the electrode hed lost Its red-hot color.
The eeperege to the electrode was later adjusted to the desired value
after the It ;ht source had been placed In line with the optical
syetea of the etsectroscope.

The final test solutions were h S with respect to nitric acid.

The following lines were used in teking the reedingsi

Lithium 6708 AD Cadmium 5086 A0
Copper 5218 A0 Zinc 4722 A°
Magnesium 5184 A° Calcium 4226 A0

The continuous li# t spectruza, background light, produced by the hot
electrode, wee subtracted from the average maximum deflection of the
$*lveneaeter reading labelled "difference” In the tables.

In order to obtain the average maximum deflection reeding of the
galvanometer ecele, it was necessary to consider the length of time
the light beam from the galvanometer spent et a given setting, i. e.
10 seconds at 265 cm would be more important than *1 second at 2?79
cm. The sputtering of the electrode caused the galvanometer to be
unstable.

The following standard solutions were made from the weighed-out stock
solutions of .10 ntg/alt 5» »b« .05« 2, .2, .02, I, ,1 ag/ral of each
element. %e standard solutions were In turn used to make the follow-
ing concentrations when made up with the 20 ml of the HMO" used on
the electrodes! .5, .25, .1, .05, .025» .01 mg/ml of each element.

« 13
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la eay 20 ml of solution the concentrations of the eleaente present
were the eeae except for the Internal standsrds which wee »2 ag/al la sll
Ceeeet wheress the lithium of Tmblee Il through V end the copper In Table
X1t both of which were five times the concentretlon of the others. It
was not poeelble to detect the Ilthlia end copper In the sane concentra-
tion me the other elements*

The graph* of the d*t«- were -roupede Tlpires 5 through 9 are those
in which cmdalua wme used me the Internal standard. Tlguree 10 through
13 are those with lithium as the Internal standard. Imch figure le & plot
of a single element. The Bommn numerals that identify ereh curve also
represent the table from which the date for the curve was obtained. The
legend on each graph gives flrett the element used es the internal standard*
second, the element plotted is underlined* third, any additional elements
that were present In the same solution. The amperages appearing in Tigure
Ih were the amperages required by the internal standard in order to

produce a deflection of 250 cm on the galvanometer scale.
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VIl. DISCUSSION

She d»t? of TVble# IX throui®i XV were oMsined first. In general
Anelytleal procedures Ilthlua le not encountered end for this reeeon It was
chosen for the Internal standard. In choosing the Internal standard method
ee e heels of comparison* It wee hoped that by adjusting the electrode
system to produce a constant Intensity of light that the energy carried by
other elements would be compensated for end a single curve obtained; |I.
the addition of <g, Zn and Cu, curves XIII, XIV end XV, Figure 11, to the
LI-Ce solution, curve X, would possibly here produced identical curves
within experimental error. The curves obtained from the plotting of the
calcium date. Figure 11, will Illustrate whet was found to take place.
There Is, undoubtedly, some experimental error present but It could In no
way account for the results, ft the ,05 mg/ml concentration of Cs, curve
X, a deflection of 62 cm was obtained. The addition of *05 mg/ml of My
resulted In only a deflection of $0 cm. In other words, the addition of
My decreased the Intensity of light produced by the calcium or Increased
the light produced by the lithium. From Figure 14, it can be seen that
the amperage needed to produce the 62 cm deflection of calcium was ,32
amps. The amperage required to produce the 50 ea deflection in the presence
of Mgwas .37 amp#.

To have to Increase the current la order to get the esse amount of
light from the Internal standard, as more lons are added, to the solution
could be expected. In curve XIV, Zn had been added to the LI-Ce-Mg solu-
tion. ft the concentration of .05 ag/ml of Cs, a deflection of 65 cm was
obtained, an Increase of 1$ cm in deflection when Zn was added. At the



.1 mg/ml concentration of Ce, the difference between curvee XIIl end XIV
ie en Increeee in deflection of 70 cm. from figure 14, curve XIV shows
lese amperage used - ,01 s«p, lees - then curve XIIl et the ,05 ag/al of
Ce. the ,01 ag/al of Ce the curve XItl required .02 eap. more then the
curve XIV. Curve XV le en additional Increase in deflection of 20 ea *t
the .05 ag/ml of Ce ~nd »leo an additional Increase »t the .1 ag/sl of Ce
of hg ea, The eaper*ge used to produce the deflection# of curve XV was
.01 e#p. less at the .05 ag/ial of Ca *ad ,09 asp, lees «t the .1 mg/ml of
Ca,

An examination of the Mg curves, figure 10, that was added to the Ca
of Figure 11 shows a very similar behavior to the Ca of Figure 11. As more
elements are added to the solution the amount of deflection is increased,
l, the Mg lone result in the production of more light. [Ihe crossing
over of curves XIV and XV of Figure 10 does not readily lend itself to an
explanation. The same crossing over occurs on Figure 12, curves XIV and XV,
which is the graph of Zn, In general, the same shifting occurs in Figure
12.

The curves of Cu, Figure 13, are of two widely differing concentra-
tions and consequently do not lend themselves to a great deal of inter,
protation. The fact that they represent data of such widely differing
concentrations may point to * need of getting more conclusive date. Some
of the erratic character of the other curves may be due to their being
plotted on such a large scale. Any slight error would be greatly magni-
fied. It is desirable to obtain date that would cover a much wider range
of concentrations before any definite conclusions are drawn.
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In general, to eummprtse the preceding figure* 10, 11, 12, 13, the
Inereeee In number of elements present Increeeee the sensitivity (ea of
deflection) of ell elements present. The current needed to produce this
Inereese In sensitivity decreesee ee more elements ere rdded. |If the
presence of the edded elements bed errrled more of the currant which had
originally been used by the Interne! etaadsrd, It would seem loglcel thet
It should here been neeeseery to Incresse the current supplied to the
electrode In order to re-eeteblieh the desired Intensity of the Intsrarl
stenderd. Since the current used wee ectuslly less re more elements were
added, some other e*pl#n«tlon Is necessary, fin explanation of how one
element could set upon another to #euee then both to produce more [I™it
for m emission spectre could not be found. However, a study of the
nature of the light source taey possibly reveal an explanation.

The date sumaprleed in the curvee produced from Tables IX through Xf
Indicated that pert of the Irregularities could be due to the presence of
the lithium. >a r result, eedatwti was chosen as the next Internal standard
and lithium wee used as sn additional element along with Mg, Ce, Zn and
Cu. Curves I, 111, If and V, figure 9, ere the plots of LI, as the addi-
tional elements were added. It Is easily seen that as the number of
elements in the solution increased, the Intensity of the LI decreased. The
fact that the Li values seemed to approach a constant value of deflection
was probably due to the epeetrel response of the multiplier phototube. An
examination of figure Ih will show thet en Inorwasp in amperage wss re-
quired to produce the desired spectre! intensity of the internal standard

as the number of elements In the solution increased, This Is e contra-
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diction of the result# oht#Ilned from data of 7«hlee IX through XT. An
exaalnFtlon of curvee II. Ill, IT end V of figures 5 6, 7 end 6 shows
*n Inereeee In sensitivity of the eleaente Mg, Ce, Zn end Cu »e each of
these addition*! element# wee added to the solution.

A review of the result# of these two group# of date will show that
with LI ## the Internal standard, the addition of different element# to
the solution, causes an Increase in sensitivity of all the elements
present. The amperage needed to produce this Ineraese In sensitivity SJtm
creaseB as more element# are added. With cadmium a# the internal etandard,
the sensitivity of the element* present is again Increased a# more element#
are added, hut In this case the Rjnperage required to produce the normal
Internal standard had been Increased. While the Mg, Ce, Zn end Cu were
increasing In Intensity, the Intensity of the LI was decreasing as the
number of elements In the solution Increased.

In order to gain further Information on what the effect of LI might
he, the data in Tables I, TI, TH and Till were obtained. In these tables
the elements present are the same »e In Tables Il, Ill, IT and T except
that LI le absent In all eases. In the data shown, the amperage# are seen
to increase a# the number of elements in the solution was Increased, and
the Increase In the Intensity of the light produced, ee more elements were

added, was not nearly eo greet a# it we# when Li wee present.
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The Iljht source w» acre thrn edequete for the epectroeeope available
for thte InreetlSFtton.

The lower liaits of detection wee limited by the background light pro-
duced by the submerged electrode, further experiaantstion could probab-
ly reduce this limiting factor.

When lithium is used es the internal standard, the addition of the
elements studied, end increasing their concentration, Increesee the
sensitivity of ell elements present,

If eedmium is used es the interne! etendsrd, the sensitivity of lithium
decreases with addition of the elements studied end with their increas-
ing concentration. If lithium is not present the Inoreeee in sensitivity
of the elements studied is not nearly so greet.

With ti single element in e solution, Ite concentration could be readily
determined from e known concentration curve,

from the behavior of the elements studied, it is thought that due to the
shifting of the curves caused by the additional elements, a group of
unknowns from closely related sources, having the seme elements present,
could be analysed quantitatively by this method, "each group of unknowns
would probably need a different set of known curves,

It is apparent from the curves presented in this work that each element

has a characteristic curve.
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