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Abst ract

4 method of extraordinary sensitivity 1s described for the
deternination of thirty elements, A solution to be analyzed is
evapcrated|on the ends of copper elecircdes s which are excif.ed by a
condensed dpark discharge‘ to produce the impurif.y‘spectrurn. The
method mayibe applied to the direct deteirinstion of impurities in
sclution, But finde particulsr application in caszes whgreih a chemical

sepax,n.tiongbf the impurities precedes their determmination, ; - e
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UNCLAMITIEY

WNTRCODUCTICN

vumerous references ny be‘found in the spectrochemical litsrature
w0 the use of graphite electrodes for the analysis of solutions.l’z’j)
#lthough they are ideally suited to many methods they‘possess cerbain
iisadvantages: |
1. Lowered sens&&ivity results from ihe penetration of solﬁtions
into the poroué graphite, The use of kerosene, paraffin, og%

collodion to minimize penetration is not entirely‘satisfactory; 1

N
-

A valuable portion of the spectrum (i,e. that containing many of
the rare earth lines) 1is obscured by the ultra-violet cyanopen
band systen,
largely for ths purpose of m;king the region 3600 - 4200 & accessible;

% kind of electrode material was sought which would open this region to view,
Tew non-metallic solids possess sufficient electrical conductivity to‘permit
Lneir use as electrodes, so that atvention was directed to the list of phre
metallic elements, The following considerations dictated the choice of the ,A: '7hi -
electrode material: '

+ 1. High purity with respect to the eleuents sought. o o .

2. Simplicity of spectrum,

3. Fxpendability,

ho Avallability in adequate quantity.

5. Reluctance te pit badly, melt, or oxidize dnring arcing or sparking.r
6. Tase of machining on a lathe,

4)

Copper and silver fill these reduirements to & higher dégree than any other

metals -~ copper being preferred for its lower cost and higher commercisl

 UNCLASSIFIED

The view is widely held among spaetroscopists th&t,érCLQXE%ﬁéﬁi n-

purity.

cholce of Excitation:
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higher sensitivities of detection for most metallic elements than spark
excitation. Generally speaking this is probably true, since in the arc
the number of slates to which an a2tom may be exciled is more lindted than
in the condensed spark. The population of a given excited state is apt to
be greater in are sources than in spark seources, and this relates directly
to the intensity of the light emitted in an electron transition arising
frem this energy level,

Arcs belween copper electrodes are notably subject to wandering and
sputtering -- prcbably because of the ease with which the metal melts
locally to foru jlobules. The giobules miay run devm the electrode or be
spattered out ol the zre by convection currenvs. In any case, the edse
with which a residue which has been pluced upon the electrode may be in-
corporated into a molien bead makes for lowered sensitivity and poor re-
'producibility. Condensed spark disciorges enjoy & reputation for higher
reproducibility than arc scurces for the reason that neither elsctrode
retains its polarity for aore than a fraction of a milli—séccnd, and the
tendency of a discharge to seck out local spots of high enissivity is
minimized,

Although it is probably true ihat conlensed spark discharges between
metal electrodes give souewhat poorer sensitivities than are diScharges
between the same clectrodes, this is due in large part to the greater con-
sunption of materisl in the lutte~ case, The therazl enevgy conveyed to
clectrodes in a typical snark discharce is low compered to that for conven-
tional ares, with the consecuence thut a smaller ruantity of deep--seated
impurities is distilled from the electrodes in the former case. Impurities
in a superfled L residue, on the cotuer lLiand, are readily volatilized in a
condenned spark discherge. In ang event, sensitivities far bﬁgond éxpectation

were cobhained when solutions containin: traces ~F meballic ie cwrities wervre
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dried on copper electrodes and the resldues excited in a condensed
5 :
spark dlscharge,

Erperimental Procedure:

Standard stock solutlons were prepared by diszclving weighed quan-
tities of non-hygroscopic salts of the elements of interest in known
volumes of cuartz-distiiled water, Series of standara soluticns were
prepared by dilution of the stock sclutions so that the follewing con-
centrations were available: 10C, 10, 5, 2, 1, 0.5 . 0es G,0L, 0,005,
0,002, 0,001, 0,0005, and blank micrograms per willi-liters Two wle. of
quartz-distilled hydrochloric acid were added to 50 mls, of each standard
to prevent the hydrolysis of certain cations.

An internal standard solution was alse prepared by dissolving
sufficient amnonium molybdate in quartz-distilled water to give a concen-
tration of 4O micrograms of molybdenus per milliliter.

A number of palrs of i" dia, copper electrodes were prepared* and
placed, by pairs, in a nichrome coil clectrode evaporator (Figure 1.
Pifty micro-liters of the internzl stundard solution were transferred, by
means of a micro syringe pipet, to the top of each electrode and carefully
evaporated thereon. Following this, 50 miero-liters of the most dilute
standard were evaporated on each electrode of the first pair, Cne hundred
micro-liters of the succeeding, stronger standards were evaporated on
electrode pairs in the same manper, 1In this way a series of copper elec-
trodé pairs was obtained, bearing the folléwing weights of elenents on
their top surfaces: blank, 0,00005, 0,000k, 0,0002 «...vs. 0,01, 0.02 ...,

0.5, 1.0, and 10.C micrograms, Care was observed in keeping the droplets

7 g7 dia. cormerciAl electrolytic copper rod is very pure, and is adequate

for the present use, The rods were cut to 14" lengths, ono end being faced
smooth and flat on a lathe., The sides were machined lightly from the finlshed
end back for a distance of ", The sharp edge was removed by very slight
champfering in the lathe. This treatment is adequate to reveal a clean,
bright copper surface, and is superior to "cleaning¥ methods involving geale
removal by nitric acid followed by distilled weter rinsingy : s
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of solution from becaming too large and rumning down the sides of the
electrodes. The heat supplled by the coil was not high enouéh tu cause
spattering of the droplets.

Two spectrogravhs were employed: an Eaglc—mounﬂéd* J-meter grating
(15,000 lines per inch, 6 inch aperture, £ 20) and a Wadsworthemourted
2A~-foot grating (15,000 lines per inch, 6 inch aperture, f 21). The
rulings of the latter grating were of such contour as to direct a large
percentége of the diffracted light into the [irsi-order uliraviolet. The
first grating gave much higher sa sitivities in the direction of the first- ,
orcdey red without sericus loss in the [irst-order ultraviolet intensity,

The following photographic plates werce feund to be satisfactory:

1. #astman 102-0 plates for the region 2200 - 4400 E.

" 2. Bastman T-F or 103-7 plates for the re~ion 5600 - 6500 2.

3¢ Armcnin-sensitized Fastman I-N plates for the region 6806 -~ 8030 g.

Alignment wes achleved Uy projectins the electrelde sradew-images on
a graduzted sereen placed wverperdicular o the optical axis, The overall
reproducioility of the method was Improved by resert Lo nish megnifica-
tion of the Z2-mm. electrode separztion. The electrode palrs were sparked,
beginning with the blank and proceeding through the more concentrated
standards. They were coparked in thils sequence to svoid contanination
0. the weakest standards by dust from the stronger onecs, Txcltation was

33
vy means of a hipgh~voltage condensed spark dischargze unit oper&teg at
2 kva nominal power input and 25,000 volts output. The circult constants

were: capacity = 0,021 pF, inductance =-0,32 mii,

'1[1: '

Stepped spectra for plate calibration were photcgravhed in the con-
ventional manner, using a retating lozurithmie stepped sector., 5 direet

current arc between iron eleciredes was erpleoved to avold sector-synchro-

¥ Manufacturec by Paird Assoclates, Combricge, Maso.
= Hanufactured by the Jarrell-Ash fo,
v

B Manufactured oy A. Re Le ~ Dietert Co., Olenialc
b4 b4
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nizetion errors which would have siiended Lhe use of an alternating
surrent source,

£11 plates were developed for thmve minutes in Fastmapn D19 at 16,0°
Te, fixed in acid hypo for ten minutes, 2ni washed for fifteen minutes in
a stream of water.

Following plste processing the most sensitive impurity lines were 1o-
coted, end their transmissions determined by photometry, The transmissicn
of the continuous backzround sdjacent to sach line was also determined,
Line znd backeoround transmissions were then deteridned for molybdenum lines
of su;table density and proximity teo the analvsls lines, %he line trans-
nissions were converted into relative intensities by means of the H& D
surves obtained from the calibration spectra. Background corrections
were made by subtracting the relative backsround intensity from the com—
wined line and backrrovnd intensity for impurity and internal standard
jines.é) Log ratios of the net impurity and internal standard line
intensities were then computed. Working curves were constructed by plotting
rog intensity ratios apsinst log impurity concentraticns,

Table T lists the sensitivities obltained for a number of elements with
the spectrographs mentioned before, Figures 2 - 7 show a nber of typleal
working curves prepared n the manner described using the Fagle spectro-
graph; the Wadsworth instrument was used in obtaining data for the working
curves shewn in Figures 8 - 13, For same kindS'pf work the accuracy of
phetometric evaluation #as not reguired, ana seml-quantitative results

~were obtained by visual comparison of the impurity lines with those of

standard®spectra photographed on the same plate. Visuel sensitivities ¢f
detection were usually found Lo be better than phociometric limits,

Gffect of Large Tuantities of Immudties on Line Irtensities:

e

The probable effect of large quantities of various elements on the

p.

intensity ratios for trace constituents has not been-thoroughly investigated
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because .of the magnitude of the problem, Fifty micrograms of plutonium

were found to be without effect on the impurity line intensities within -~
the limits of experimental errcr, however, Table TII shows the deviation

of working curves fop several lmpurities with 50 mierograms of plutonium

and with no plutonium present. The existence of an enhancenent or de-

pressant effect on the trace coastituent line intensities shwuld be inves-
tigated for each case in which an appreclable quuntity of foreign elenents

is present,

Application to the Analysis of Plutenium:

The oncasion for the development of tiie copper spark method wis the
need for analyses of plutoniwm nitrate process solutions. The highest
accuracy and preclsion were not demanded, a se.ni-guantitative analysis
sufficing to revenl the nature and aprroxiuste cuantities of impurities
present which might necessitate gpecial tresatment in the ensuing purifi-
cation steps. The complexity of the plutonium spark spectrum is such that
if more than fifty micrograms were sparked the nunber of coincidences of
plutonium lines with impﬁrity lihes and the general spectrum background
would become prohibitive, The analysis of plutonium solutions was carried
out i manner identical to that alreacy described for the rumning of
standards, except that consideration had to be given to the radioactive
nature of the material, For health's sake it was necessary Lhat the
oparation of eleckrode coating be carried oub In a well-vertilated hood
by an operator dressed for the occasion (i.e., wearing a tightly-fitting,
full-lensth laborabory garment, rubber gleves, and a plastic face shieldj,
The sparking of electrcdes bearing plutonium residues was carried out in
a special discharge chanber (Figure 14) to minlmize the spread of raéio-
active dust,

In manv cases the sensitivities of detection of impurities obtained

by the direct sparking of plutonium residues wqgg;ggddqguate. It
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rnecessary to effect a chemical sepgration of tine plutonium from the ime-

purities before determining the latter. Onec method of carvying out such

. X 7
a separation, mcking use of cupferron, is described elsewhere.

Application to the Anal;;f_s_is of ijater and liineral Acids

| The copper s;ark methoed has bLeen applied to the determination of
metallic impurities in stream waters, commercial aciaé, and water and
acids which had been triply-distilled from quartz vessels., Five ml. of
the water or acid were reduced to 0,1 to 0.2 ml. by evaporation on &
special balance. The balance was connected to an infra-red lamp which
wouia automatically turn off when the desired weight was reached (Figure
15)}. The remaining concentrate was then evaporated on a pair of copper
electrodes and snarked in the manner descrined. (uartz vessels were
used throuzhout, The copper spark method is not adapted to the analysis
of sulfuric, nityic, and phosghoric acids, since these atté-ck copper
madly during evaporation and leave a crust of copper salts. |

Frecision and Acouragy:

e average deviation from the mean of 119 intensity ratios rmm in
cuadruplicate was 7.5%. This was the average error obtained for a number
of elements, and wes computed from the data used to construct the working
curves, 3inece no chemical separabions are involved in this procedure
the determination of impurities in knowm sclutlons is identiczl with the
raning of standards, Tor this reason no addib;onal in.fonmtion‘ would te

sained by running "recovery” excerlments.
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SENSITIVITIES CF DETSCTICN OF ELRENTS IN
CCNDEN3ED SPARK DISCHARGE BET IFEN
COPPER ELXCTRCDAS.

Minlmn detectable

amount (micrograms) #ave length
Element ‘
Wadsworth Fagle R

Li Oo mos OQ (mos 6707. 8£+
Be 0.2001 00002 3131.07
¥g <0, 01 - 2790,78

- 0,0001 2798,06
Al 0,01 : 0,002 394403
K 0,1 0,01 7664491
Ca <0, 001 - 3933467 LT s
Se Oo 5 Oo 005 o 3996 061
Ti 00 5 had !6186012
v 0.0 . 0.02 3185,40
Cr 0,02 0,002 267116
Mn 0,001 040002 : 2605 .69
Fe Qs 0,02 LOL5 82
Ni 0,01 - - 3492,96
Co 0,01 - 3453.51
Zn Ool » - ' MOG’?
Ga 0.02 - ‘ . 4172,06
As (¢19 1 0,1 2780420
Rb - 0.01 7800,23
Sr 0,005 0.0002 4215.52
Zr 0.01 - - 3958,22
Cb 045 - £229,15
Sb Oe5 0.2 3040,67 ’
Pt 0.5 Cel 2830430
Ce 0.1 0.1 L151.,97
b 0.1 Oel 28323,07
Tk C.1 00 05 AOl?.lh
Bi 0.05 0.005 3167.72

la ‘ 0.005 0.003 4333.73
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TABLE II

EFFECT OF 50 MICROGRAMS CF PLUTONIUNM
ON WORKING CURVES

_Element | aF
Cr ' D
ar . 45
v 15
Ca 0
La 0
Al 11

# A is the errcr obtained in the determin.tion of an
element in the presence of 50 wderograms of plutonium
when working curves are used which were prepared from
standards not containing this amount of plutonfiom,
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