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SPECTROGRAPHIC IDENTIFICATION OF MINERAL GRAINS
By
J. N. Stich
ABSTRACT

A qualitative spectrographic method of analysis of single mineral
grains, impurity inclusions, X-ray powder Spmndles, and . other small
samples weighing 1 mg or less is described. Samples weighing as little
as 0.0l mg have been analyzed. When 1 mg of sample ié available, the
accuracy of the method approaches that of & semiquantitative one. During
a 10-month period, 20,000 determinations of 69 metallic and metalloid
elements in over 300 small samples have been made with the method. In
conjunction with petrographic, physical, and X-ray methods, these deter-
minations of chemical composition have been useful in establishing the
mineral identity of small single grains. A direct~current arc is used.
The solution procedure of standardization involving only oﬁe element
per plate greatly facilitates the selection of reliable analytical lines.
A small carbon electrode cut from l/8-in-diameter graphite stock is
used; this is convenieﬁt for the loading and arcing of X-ray powder
spindles. The medium quartz prism spectrograph is preferable to a grat-
ing instrument for qualitative microanalysis as its complete spectrum
coverage for a single exposure includes the most sensitive lines of the

alkali elements.



INTRODUCTION

In connection with the investigation of radicactive raw materials

conducted by the Geologlcal Survey on behalf of the Atomic Energy

- Commission, a very large number and variety of samples are recelved

for spectrographic anaslysis.

Among these samples are many which are available only in l-mg
amounts or less and consist chiefl& of mineral grains and impurity
inclusions hand-picked under a petrographic microscope from various
rocks and ores being studied. Because these small samples are conm-
posed of grains selected individually and occasionally include but
one grain each, they are also referred to as "single-grain" samples.

Although many of these grains can be ldentified on the basis
of such properties as crystal structure, refractive index, hardness,
specific gravity, and X-ray diffraction pattern, frequently their
chemical composition must alsorbe determined in order to establish
their minefal identity (Lee and Wright, 1939).

Owing to the small size of the samples, which generally limits
the duration in the arc of their characteristic spectra to a few
seconds or less, the application of a visual.spectroscope (Peterson et
al., 1947; Jaffe, i9h9) is restricted to the determination of one or
two major elements at a time. Also, unless larger samples are used,
many elements, such as arsenic, boron, and phgsphorué, whose principal
éﬁission lines occur in the ultraviolet range not visible to.the eye,

cannot be detected with the spectroscope.



The use of the more sensitive spectrograph, however, permits
the rapid qualitative analysis of single-grain samples for a complete
range of meﬁallic and metalloid elements in concentrations down to
0.1 percent and lower. Another advantage of the specfrograph is that,
in the form of a épectrogram recorded on a photographic plate, it
produces an objective and permanent record of the analysis of a sample.

The author is indebted to his associates of the Geological Survey
for their help and cooperatign, barticularly to A. W. Helz for his
invaluable technical aid and to C..L. Waring whose suggestiops con-
tributed materially to the scope of this paper. Special thanks'are
due also to C. S. Annell for the use of his standard solutions, to
Alice Dowse Weeks and Mary E. Thompson for providing many of the samples,
to Evelyn Cisney and Joseph Berman for the X-ray diffraction pattern

checks, and to A. M. Sherwood for most of the chemical microanalyses.
DISCUSSION

In addition to inclusions and small single grains, the types of
samples analyzed have included magnetic separates, fragments of min-
eralized wood, placer sand, sedimeﬁts, chemical'precipitates, distilled
water residues, furnace slags, and corrosion products. Samples weigh-
ing as little as 0.0l mg have been analyzed. During a period of ten
months, 20 000 determinations of 69 metallic and metalloid elements
(table 1) in over 300 small samples have been made with the method.

The single-grain samples are received in the form either of the

grains themselves or more-often of ethyl cellulose X-ray powder



spindles containing the grains.

The practice of arcing X-ray spindles rather than duplicate
samples of the grains is advantageous because it reduces phe gmount
of separation work required and also permits the data from the spectro-
grams of the arced spindles to be checked directly with that from the
X-ray diffraction patterns previougly obtained.

The spectrographic results are reported qualitatively as "major”,
"minor", and "trace", corresponding approximately to brackets of 10°
percent and over,‘l ~ 10 percent, and 0.1 - 1 percent concentrations.
With single-grain samples and X-ray spindles thest results are used
specifically (1) to confirm the chemical compositions of minerals
tentatively identified by their X-ray diffraction patterns and other
properties, (2) to determine impurities in the minerals, and (3) to
differentiate between minerals producing similar X-ray diffraction
pgtterns,‘such as metatorbernite and metazeunerite. If no patterns
were obtained, the spectrographic reports aid further study and
purification work.

‘Some of the minerals which have been analyzed and whose identi-
fications have been confirmed by checks of the spectrographic results

with the X-ray diffraction patterns are:

Uranium—bearing and rare-earth minerals

Allanite Florencite Soddyite
Autunite - Huttonite Thorite
Bastnaesite Kasolite Torbernite
Beta-uranotil Parisite ' Tyuyamnite
Brannerite Phosphuranylite Uraninite
Carnotite Rauvite Uranocircite
Cuprosklodowskite Saleeite - Uranophane
Cyrtolite Samarskite Zeunerite

Euxenite Sklodowskite



Miscellaneous minerals

Apatite Goethite Pyrargyrite

Apophyllite Halite Pyrochlore-microlite
Azurite Hematite Quartz
Barite Hewettite - Realgar
Biotite Hydromica ° Rutile
Calcite Ilmenite Smaltite~cloanthite
Cerussite Kaolinite Soda-niter
Chrysocolla Magnetite ‘Sphalerite
Conichalcite Melanovanadite - Talc
© Franklinite Montroseite Topaz

Gibbsite ‘ Orpiment Vosenite

: Zircon

METHODS

The spectrographic method of microanalysis 1nitially'applied to
this wide variety of minerals utlilized a 220 d-c volt arc at 10 amp
and an Eagle-mounted 3-meter grating spectrograph. The d-c arc was
chosen because, in general, it glvesthe highest semsitivity (Nachtrieb,
1950). As the method involved a determination of major and minor
elements in very small samples, thevuse of the same excitation con-
ditions favorable to the determination of trace elements in larger
samples was indicated.

The standards used qonsisted of four mixtures containing 10
different elements each, prepared in 1, O.l; and 0.01,percent sefies,
of concentration, with silica as the base material. Because the use
of 1l-mg amounts of each of the standard mixtures in the ?reparation
of the standard plates was based on taking 1 mg of the unknoﬁn sample,
- 10 percent standard spectrograms were obtaiﬁed‘by using 10-mg amounts
of the 1 percent mixtures. The arrangement of the elements within

each mixture followed that described by Van Tongeren (1938).



This procedure had two serious limitations: (1) as the ex-
posures were made in the generally useful range of 2450-3850 A, the
single-exposure spectrum coverage of only 1400 A did not include the
most §ensitive lines of the alkali elements; and (2) the complexity
of the spectrograms of the 1 percent standard mixtures, which made it
difficult to select and identify the reliable anéixtical-lines for
each element. .

The disadvantage of limlted wavelength coverage for a single ex-
posure applied also to the Wadsworth-mounted 21~f't grating spectrqgraph.
With its grating set to cover the ultraviolet range down to 2250 A, the

, .
upper wavelength limit effective is at k750 A, which falls short of the
5890-7700 A regicn where the persistent K, Li, and Na lines are located.
The detection limits of X and Na with the grating spectrographs set
in the ultraviolét range are only about 10 percent on the basis of 1 mg
of sample.

When a medium quartz prism spectrograph accomodating 1llh-in plates
and permitting a single-exposure Eoverage of the entire range from 2080
to 10,000 A became available, the method was transferred to this in-
strument. The d-c arc was retained. At the same time the solution
standardization procedure described by Waring and Annell (1951) vas
adopted. (See Procedure.)

Beééuse of the complete spectrum coverage of the prism spectro-
graph for a single exposure, which makes available the K lines at 7665
and 7699 A and the Na lines at 5890 and 5896 A, it is possible to detect

K and Na as low as 0.1 percent in l-mg samples. This is a distinct
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advantage, especially in seeking to differentiate between various
uranium minerals, such as carnotité and:tyuyamunite. (See table

4.) 1In addition the Ca lines at 8498, 8542, and 8662 A-are availahle.
As many of the samples submitted for analysis contain high concen-
trations of uranium, these lines are useful because their intensities
are not depressed by uranium nearly as much as afe those of the Cé
lines at 3159 and 3179 A.

The use of standard solutions, involving only one element per
plate and producing relatively simple spectrograﬁs, greatly facilitated
the selection of reliable analytical lines. (See table 2.) To a
considerable extent, the accuracy of the method depends upon the util-
ization of fhe proper‘lineso (See Results and Tables. )

Checks of many of the X-ray diffraction patterns and some chemical
éhecks, obtained in those few cases where enough sample was available
for a chemical microanalysis, have been made (tables 3 and 4). The
agreement of the chemical and spectrographic results gre adequate for
purposes of mineral identification. It has been our experience in apply-
ing the method that the agreement is likely to be good for samples weigh-
ing about 1 mg; for such samples the results may become semiquantitative
rather than qualitative.

Although the standardization of the method is on a semiqnantitative
basis (Waring and Annell, 1951), the results have been reported only in
qualitative terms, defined in the Discussion, for the following reasons:
(1) many of the samples weigh less than 1 mg, necessitating upgrading of

the element concentration estimations with respect to the standard
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spectrograms that are based on 1 mg of sample; (2) in the case of the
X-ray powderlspindles the exact weights of the samples are not known;
(3) the omission of a flux (see Procedure) increases the possibility
of the sample matrix influencing a determination; and (4) the number
of chemical checks is insufficient for a statistical study of the'
accuracy of the method.

The dispersion of the medium guartz prism spectrograph used is
4.6 A/mm at 2500 A, 8.4 at 3000 A, 17.2 at 3500 A, 21.5 at 4000 A, 42
- at 5000 A, 75 at 6000 A, and 111.5 at TO00 A. The léw dispersion
from 5000 A up is not troublesome because this region is generally free
from strong lines other than those of the alkali elements which are
readily resolved.

Another medium quartz prism spectrograph was availlable having a
lower dispersion of 8.7 A/mm at 2500 A, 14.8 at 3000 A, 22.5 at 3500 A, 33 at
4000 A, 61 at 5000 A, 100 at 6000 A, and 167 at 7000 A. This spectro-
graph permits a complete spectrum coverage for a single exposure on a
10-in,plate. Tests were made to determine whether this instrument waé
also applicable to the microqualitative method in spite of its lower
dispersion than the first spectrograph. Under similar excitation,
optical, and exposure conditions (Procedure), a plate was exposed to
l-mg samples of four minerals producing complex spectra (carnotite,
calcium uranylvanadate, brannerite, and allsnite). Then, utilizing
the solution method of preparing the standard electrodes, ;tandard
plates were made for the eléments Ca, K, Na, Fe, Ti, 8i, Th, U, V, Ce,

La, and Y, constituting the major and minor components of these minerals.
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Tpe series of spectrograms obtained for each element represented
concentrations of 10 percent, 1 percent, and 0.l percent based on
1 mg of sample. By means of these sténdard'plates, the positions
of the analytical lines were readily determined. In spite of the
low dispersion of the instrument, no difficulty was experienced
in identifying these lines in the complex spectrograms of the
"unknown" samples. The analytical results obtained checked with
those previously reported for the same samples tested with the prism
spectrograph with higher dispersion. It is thus indicated that, in
conjunction with the solution standardization procedure, the lower
gispersion medium prism speétfograph also can be used effectively
for the qualitative analysis of single grains, X-ray spindles, and
other small samples weighing 1 mg or less.

Prior to adopting the solution method of standardizing the
medium quartz prism spectrographs, the use of pure minerals as stand-
ards had been considered. For the following reasons, however, it was
adjudged impracticable: (1) the very large number of mineral standards
required; (2) the difficulty of obtaining pure minerals; (5) the prob-
lem of diluting these minerals to obtain sets of spectrograms correspond-
ing to various series of decreasing element concentrations; (4) the
presence of impurities in the unknown sainples analyzed and the fact that
the samples are often mixtures of two or more distinct minerals; (5)
the need for an independent and all-inclusive procedure of analysis in
cases where the sample is a newly discovered mineral in the process of

identification or where it is a chemical precipitate or other material;
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and (6) the complexity of the resulting spectrograms thus again making

it' difficult to select reliable analytical lines.
PROCEDURE

As described by Waring and Annell (1951), the solution stand-
ardization procedure involves the preparation of a standard plate
for each element, with each plaﬁe showing a series of spectrograms
representing element percentages decreasing in multiples of ten
from 10 percent to 0.0001 percent, based on an unknown sample weigh-
ing 1 mg.

The standard solutions are prepared from "C.P." and "Specpure"”
grade chemicals usually to give a concentration of 10 mg of the ele-
ment per milliliter of solution (See Appendix for the compositions); .
0.01 ml of each 10 mg/ml solution is equivalent to 10 percent of the
element in a l-mg sample. These solutions are consecutively diluted
so that 0.01 ml of each is then equivalent to 1.0, 0.1, 0.01, 0.001,
and 0.0001 percent of element based on a l-mg sample.

In the preparation of a series of standard electrodes repre-
senting 10 - 0.0001 percent element concentrations in a l-mg sample,
the bottoms of the elecﬁrode craters are first sealed with paraffin
added in the form of a few drops of a 1 percent benzéne solution of
the wax (Waring and Annell, 1951). Then 0.0l-ml aliquots of the
10 - 0.0001 mg/ml solutions are introduced into the electrodes, using
a micropipette equipped with an extension whose tip fits into the

craters. The electrodes are dried in a brass holder placed on an
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asbestos-covered hot plate adjusted to a temperature of approximately
100 C.

Provision of reference spectra for the standard plates follows
the arrangement used by Waring and Annell (1951) . Prior to arcing
of the electrodes in the order of decreasing element concentration,

a spectrum of iromn is recorded on the plate. Folléwing ‘arcing of ‘the
last standard electrode, a spectrum of 1 mg of aluminum alloy (Alcoa
aluminum standard no. 874) weighed out in the form of filings is also
registered. The spectrograms are 2.3 mm high and positioned so that
the bottom of one gpectrogram nearly coincides with the top of the
succgeding one. The arrangement is similar for the unknowns except
that the number of spectrograms included between the reference spectra
is limited to two or three. 1In running a suite of unknowns, a half
‘dozen such series of spectrograms and reference spectra can be recorded
on a plate.

The concentrations of elements +in the unknown samples are esti-
mated by visual comparison of certain lines of these elements in the
unknoﬁn spectrograms with those on the standard plates. When the sample
weight is less than 1 mg, the esfimtions are upgraded by the necessary
factor. IP, for example, the sample weighs 0.5 mg, the preliminary
estimations are multiplied by two. The plates are read on a viewing
desk under a microscope or on a viewing box with a magnifying eyeplece.

Besides furnishing reference points additional to those provided
by the iron spectrum, the aluminum alloy spectrum serves as a useful

check on exposure, emulsion speed, and plate processing. The Cr line
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at 2780.70% A, in particular, is a sensitive indicator of the optimum
conditions. When these are being maintained, the intensity of the

line falls within a transmission range of 80 to 95 percent, measured
with a Jarrell-Ash microphotometer. The other components of thé
alloy~--Cu, Fe, Mg, Mn, Si, Ti, and Zn--present in known trace amounts
also produce lines whose intensities may conveniently be used ﬁ;ﬁ’
supplementary reference when estimating concentrations of these elements
in the unknowns.

The power for the d-c arc 1s supplied by a full-wave mercury vapor
rectifier (220 volts direct current and 15 amp maximum). An inductance
for giving smooth operation of the arc and a rheostat for controlling
the current are used in seriles with the arc. The rheostat has three
fixed values, T4, 38, and 19 éﬁms, producing three possible arc currents
of approximately 2, 4%, and 9 amp. The value of the inductance is not
critical; in this case an old T7.5-kw autotransformer is used for the
purpose.

The standard electrodes, the aluminum alloy samples, and the
unknowns are arced at 9 amp. The iron arc is operated at 4 amp. All
arcings are with a gap of 4 mm for a perioé of 60 seconds at 8 percent
transmission controlled by a rotating-sector disk. The slit width
is 10 microns, with the arc focused on the collimating lens. The
emulsion used is Eastman I-L, developed in D-19 for 4 minutes at
18c+1/2cC.

The samples are weéighed on a 5-mg torsion microbalance and gener-

ally range from 0.1 to i mg. A microfunnel dréWn from 7-mm glass



tubing is used to transfer the samples from the detachable balance
pan to the electrode cratefs° Spindles are transferred directly by
sliding them off the pan.

The weight of sample in a spindle is determined approximately
by subtracting from the total weight of the spindle and its contents
the estimated weight of the spindle alone. Spindle weights can be
estimated to within about + 0.1 mg by comparison with an available
series of previously weighed blank spindles. A supplementary crite-
rion for estimating the weight of sample in a spindle is the fact
that usually the weight ratio of spindle to sample is about 1l:1. As
spindles and their contents usually weigh from 0.5 to 1 mg, the actu-
al sample weight ranges from 0.25 to 0.5 mg. '

No powdered graphite or other flux is added to the sample because
the nature of the samples precludes effective mixing.

The determination of fluorine in the samples of low calcium
content requires a separate exposure (Waring and Annell, 1952).. Two-
tenths of a milligram of calcium as calcium chloride in solution is
added to the electrodes which are dried prior to introduction of the
unknown samples. The addition of calcium causes thé formation in
the arc of the calcium fluoride molecule which emits the bands used
for the fluorine estimation.

The carbon microelectrode used has a deep, thin-walled, cylin-
drical cratgr that is convenient for the loading and arcing of X-ray

powder spindles, in addition to other materials. The half-inch depth

of the crater corresponds to the length of the average spindle, thereby
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eliminating any necessity for cutting it up. This depth also tends to

prevent mechanical loss during arcing of the sample when it comsists of .

refractory grains. After fusing, the sample adheres to the graphite
and burns away to completion along with the carbon, thus fulfilling an

essential requirement of qualitative analysis (Nachtrieb, 1950). The

‘dimensions of the electrode, cut and drilled with a Bausch and Lomb

electrode shaper, are as follows:

1/8-in, spectroscopic carbon rod 1 3/4 in. long

Crater, outside diameter 0.090 in.

Crater, inside diameter 0.052 in. (no. 55 drill)
Crater, depth 1/2 in.

Outside shoulder below
crater rim 5/8 in.

The upper electvpde, the cathode, is cut from a l/h—ina spectro-
scopic carbon rod. Its arc end is hemispherical with a 0.06-in.
radius. Tests showed that this upper electrode produces less back-
ground in the spectrograms than would be caused by electrodes of
smaller dimensions.

The iron arc arrangement consists of a 1/4-in. iron rod as the
lower positive electmpde and an upper carbon electrode the same as

that used for the samples.
RESULTS AND TABLES

Table 1 lists the sensitivities on the basis of l-mg samples for
the 69 elements determined with the method. The values are those

indicated by the solution standard plates on the basis of 1 mg of
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sample. Where less than 1 mg of sample is available, the sensitivities
are reduced hy é factor equal to fhat applied in upgrading the estima-
tibns of element concentrations. (See Procedure.) Interference by
the lines of other elements also decreases the sensitivities listed.
For éxample, vhen uranium is a major or minor component of a sample,
the thorium line at 2837.299 A cannot be used because of interference
by uranium lines at 2837.328 and 2837.187 A. The less sensitive
thorium lines at 2703.962 and 2565.597 A then must be utilized, thus
reducipg the visual detection limit of thorium from 0.1 percent to

1 percent. The maximum sensitivities of Ai, B, Ca, Cu, Li, Mg, Si,

Ti, and V are limited by the presence of these elements as residual
impurities in the regular grade carbon electrodes. The method is not
designed for extreme sensitivity but rather for a means by which major
and minor concentrations of 68 elements in small samples may be checked
in one exposure.

Table 2 lists the wavelengths (Harrison, 1939) and individual sensi-
tivities of the énalytical lines ﬁsed. Wherever practicable two or more
lines ;;e listed for each of the major, minér, and trace concentration
ranges reported. In spectrographic quantitative analysis tbe utilization
of various lines for different ranges of element concentrations is neces-
sary (Harrison et al., 1948); in a qualitative method the use of such
lines in addition to the persistent lines is advisable, especially where
the concentration of an element lies on or close to the boundary of
demarcation betﬁeen percentage brackets. The choice of the lines ﬁas

guided by the various tables in the literature (Waring and Annell, 1952;
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Waring and Mela, 19523 Harrison,‘ 19393 Brode, 1943; Ha;rvey, 195?); by con-
siderations of freedom from interference by the lines of closely associ-
ated elements, and by checks of the solution standard plates with spectro-~
. grams of l-mg samples of ‘Kﬁtional Bm;ea.u of Standards si\:anﬁ&rd samples and
other standards available., Due to interference by the éyanogen bands, a
number of persistent lines cannot be used, for instance those of K at LOA7
and 4044k A and of In at 4511 A.

Table 3 lists the results of chemical microanalyses of some samples orig-
inally analyzed by the spectrographic microgualitative method. These samples
were avallable in amounts of only a few milligrams, and the qualitative spec-
trographic results éhown were intended to serve as a gulde for the subsequent |
qua.ntitatijre chemical analyses.. ‘Comparison of the 31 determinatiéns of 13
elements in the eight samples indicates seven disagreements: of the spectro~
graphic results with the chemical {n the magnitude of one percentsage bracket.
These disagreements were not ccmsié.ered too sefious because it was still pos-
sible to identify the minerals from the data at hand.

Table 4 1lists & number of the mineral identifications of small single-
grain samples that have been accomplished by agreement of the spectrographiec
microgualitative analyses with the data from the X-ray diffraction patierns.
The spectrographic determinations of more than 40 different- elements have
thus been checked on a qualita.tiﬁre baéisc -

The appendix tabulates the compositions of the standard solutions

(Waring and Annell, 1952).
FUTURE FPROGRAM

Plans for further improvement of the microqualitative method include
an investigation of the possible application of a controlled arc atmos-

Phere designed to eliminate the cyanogen bands obscuring & large number
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of peréistent lines. The sensitivities for elements such as Cs, Rb, Th,
U, and various rare earths might thus be increased. The preparation of
standard spectrograns @ the basis of 0.5 mg of sample rather than 1 mg,
involving the d.ilution' ﬁy &8 factor of two of the present standard solu-
tions, is also being considered. Such spectrograms, by representing a
sample weight closer to that usually used, would aid in meking the

method more nearly semiquantitative.
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Table 1.--Sensitivities on the basis of l-mg samples for the
elements determined by the microqualitative method

Percent Percent
Ag - 0.001 Mo - 0.01
Al - 0.001 Mo - 0.1
As - 0.1 Ne - 0.1
Au - 0.01 Nda - 1.0
B - 0.01 Ni -« 0.1
Ba - 0.1 0s -~ 1.0
Be - 0.001 P - 1.0
Bi - 0.01 Po - 0.1
Ca - 0.1 Pda - 0.1
b - 0.1 Pr - 1.0
cda - 0.1 Pt - 0.01
Ce - 1.0 Rb - 1.0
Co - 1.0 Re -~ 1.0
Cr ~ 0.1 Rh - 0.1
s - 10.0 Ru - 1.0
Cu -~ 0.001 Sb - 0.1
Dy - 1.0 S¢ - 0.1
Er - 0.1 si - 0.01
Eu - 0.1 Sm - 1.0
F - 1.0% Sn - 0.1
Fe - 0.1 Sr - 1.0
Ga - 0.1 Ta - 0.1
Ggd - 0.1 ™ - 1.0
Ge - 0.1 Te - 1.0
Hf - 0.1 ™ - 0.1
Hg - 1.0 ™ - 0.01-
Ho - 0.1 TT - 1.0
In - 0.1 T™m - 0.1
Ir 1.0 U - 1.0
K -~ 0.1 v - 0.1
Ia - 0.1 W - 1.0
i - 0.01 Y - 0.01
Iu - 0.1 Yo - 0.01
. Mg - 0.001 Zn - 1.0
Zr - 0.1

%*. A second exposure is required for the fluorine determination.
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Table 2.--Wavelengths and sensitivities of the analytical
lines used in the microqualitative method

Wevelength Sensitivity Wavelength Sensitivity
Element (in A) in percent Element (in A) in percent
Ag %280.683 0.001 Bi 3067.716 0.01
3382.891 0.01 : 2938.298 0.1
5465.487 10.0 2897.975 0.1
3024 .635 1.0
Al 3092.713 0.001 2989.029 1.0
3082.155 0.01 2780.521 10.0
2660.393 1.0 2627,906 10.0
2652,489 1.0 t
2575.100 1.0 Ca 4226, 728 0.1
2567.987 1.0 3179.332 0.1
. 3158.869 0.1
" As 234984 0.1 8542.089 1.0
2860.452 1.0 8662.140 10.0
2780.197 1.0 8498.018 10.0
2898.71 10.0
2hg2.91 10.0 cd 3261.057 0.1
2980.628 1.0
Au 2675.95 0.01 2288.018 1.0
2427.95 0.1 2265.017 1.0
3122.781 1.0 4799.918 10.0
2748.26 1.0 2981.34 10.0
2700.89 . 10.0 2836.907 10.0
2641.49 10.0 .
Ce kp22,599 1.0
B 2497.733 , 0.01 3272.,253 1.0
2496.778 0.01 3056. 777 10.0
. 3055.24% 10.0
Ba Lg3k 086 0.1. 2651.006 10.0 .
6141.716 1.0
5853.679 1.0 Co - 345%,505 1.0
3071.591 10.0 3412.633 1.0
2634, 783 10.0 3412,339 1.0
304k%.005 1.0
Be 3131.072 0.001 2521.363 1.0
313%0.416 0.001 2663.529 10.0
2348.610 0.001 2649.940 10.0
3321.,343 0.1 2519.822 10.0
2350.685 10.0
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Table 2.--Continued

Wavelength Sensitivity Wavelength Sensitivity
Element (in A) in percent | Element (in A) in percent
Cr 4289, 721 0.1 Fe 3020 .640 0.1
4o7h 803 0.1 2599.396 0.1
hosl 346 0.1 - 27%9.5h46 1.0
2843, 252 0.1 2598369 1.0
2835.63% 0.1 3100. 304 10.0
2860.934 1.0 3099.971 10.0
2855.676 1.0 3099.897 10.0
2769.915 10.0 .
2731.908 10.0 Ga 2943 ,637 0.1
2944.175 1.0
Cs 8521.10 10.0 2874 .24k 1.0
2719.653 10.0
Cu 327%.962 0.001 . 2500.173 10.0
3247.54%0 0.001
2618.366 1.0 Gd 3100.508 0.1
2492146 1.0 3034.059 1,0
2766.371 10.0 303%2.850 1.0
241,637 10.0 3027.612 1.0
2840.236 10.0
Dy 3407.80 1.0 2809.720 10.0
3393.58% 1.0
3385.027 1.0 Ge 3039.06k. 0.1
3280.10 1.0 2651.575 0.1
3251.260 1.0 2651.178 0.1
3269494 1.0
Er 3264, 781 0.1 2691.344 1.0
3230.585 0.1 2740.431 10.0
2964 .518 1.0 2589.188 10.0
2533,229 10.0
Eu 2813.95 0.1
2906.676 1.0 Hf 3134,718 0.1
2727.780 1.0 3072.877 0.1
2685.65 10.0 3012.902 0.1
2678.28 10.0 2861.696 1.0
2861.012 1.0
F 6064 4 1.0 2683%.353 10.0
(CaF band 603%6.9 1.0 25%1.193 10.0
heads) 5291.0 10.0
Hg 2536.519 1.0
. 3131.833% 10.0
3131.546 10.0
3125.663 10.0
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~ Table 2,--Continued,

Wavelength Sensitivity ‘ Wevelength Sensgitivity
Element (in A) in percent Element (in A) in percent
Ho 3456.00 0.1l Mn 2576.104 0.01
3453.13 1.0 2605 .688 0.1
3416.46 1.0 2593.729 0.1
3%98.98 1.0 2939, 304 1.0
29%3.063% 1.0
In 3256.090 0.1 3044.567 10.0
3039.356 0.1 2584 ,.308 10.0
3258. 564 1.0
2753.878 10.0 Mo 3193.973 0.1
2710.265 10.0 3170.347 0.1
2816.154 0.1
Ir 3220.780 1.0 3208.834 1.0
2639.712 1.0 3158.165 1.0
2543971 1.0 2784992 10.0
2534 457 10.0 2763.620 10.0
253%,131 10.0
Na 5895.923 0.1
X 7698.979 0.1 5889.953 0.1
T664.907 0.1 3302,988 10.0
3302,323 10.0
La 33%37.488 0.1
3344, 560 1.0 Nb 3225 479 0.1
3303.11 1.0 3094.183 0.1
3265.67 1.0 2931469 1.0
2808.39 10.0 2876.947 1.0
2610.335 10.0 2875.392 1.0
2746, 104 10.0
Li 6707.8kk 0.01 2745, 729 10.0
6103%.642 1.0 L
3232.61 1.0 " Nd 4303.573 1.0
2741,31 10.0 holi7,2%67 1.0
3%28.270 10.0
Lu 3077.60 0.1 3275.218 10.0
2615.42 0.1
2619.26 1.0 Ni 3050.819 0.1
2613.40 1.0 3002.491 0.1
2685.08 10.0 2992.595 1.0
2392,19 10.0 2943 914 1.0
2907.459 10.0
Mg 2852,129 0.001 2798.653 10.0
2802.695. 0,001
2795.5% 0.001 0s 3058.66 " 1.0
2782.974 1.0 £2909.061 1.0
2779.834 1.0 3301.559 10.0
2776.690 1.0 2838.626 10.0
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Table 2.~-Continued.

Wavelength Sensitivity Wavelength Sensitivity
Element (in A?g ’ in percent Element (in A) in percent
255%.28 1.0 Rh 3434 ,893 0.1
2535,65 1.0 3396.85 1.0
2554 ,93 10.0 3283.573 1.0
2534.01 10.0 3280.55 1.0
3271.612 10.0
Pb 2833.069 0.1 3263, 1hl 10.0
2802.003% 0.1 '
2614.178 0.1 Ru 2874 .984 1.0
2873.316 1.0 27%5.718 1.0
282%.189 1.0 2678.758 1.0
2663.166 1.0 2886.536 10.0
2393, 794 10.0 2734 .349 10.0
Pd 3421 .24 0.1 Sb 2598.062 0.1
3242, 703 0.1 2877.915 1.0
3251.640 1.0 2769.939 1.0
276%.092 1.0 2718.893 10.0
3002.652 10.0 2670.643% 10.0
2922.492 10.0 .
Sc 2560.227 0.1
Pr ok . 019 1.0 2552.359 0.1
hoo5 ., 327 1.0 2555.799 1.0
5322, 778 10.0 2545, 204 1.0
5259.T43 10.0 2822.131 10.0
Pt 3064, 712 0.01 si 2881.578 0.01
2997.967 0.1 2516.123 0.01
2659. 454 0.1 2087.648 - 1.0
2650.857 1.0 2435.,159 1.0
2646.886 1.0 2532,378 10.0
2803%.239 10.0 2438, 782 10.0
2639.350 10.0
Sm 3273 . 477 1.0
Rb T947.60 1.0 3272.803% 1.0
7800.227 1.0 325k , 378 1.0
3254 ,290 1.0
Re 346k, 722 1.0 3253.931 1.0
3460.47 1.0
2715.4%70 10.0 Sn 3034.121 0.1
2674.337 10.0 2839.989 0.1
3009.147 1.0
2863%.327 1.0
2850.618 1.0
2661.248 10.0
2571.592 10.0
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Table 2.--Continued.

Wavelength Sensitivity Wavelength Sensitivity
Element (in &) in percent | Element (1n A) in percent
Sr 4607.331 1.0 T . 2767.87 1.0
- 346k 45T 1.0 5350, 46 10.0
4305, bh7 10.0 2918.32 10.0
3380, 711 10.0 \
' Tm 313%.89 0.1
Ta 2685.11 0.1 - 3131.26 0.1
2635.,929 0.1 hohz 15 1.0
2714674 1.0 3462.20 1.0
2675.901 1.0 3362,61 1.0
2902.046 © 10.0
2891.843 10.0 U hohly 372 1.0
Lokl .669 1.0
Tb ko78.51 1.0 2882, 7h1 1.0
3324 40 1.0
3219.95 1.0 v 3185.396 0.1
3218.93 1.0 318%.982 0.1
3183.406 0.1
Te 2385.76 1.0 3202.381 1.0
2383 .25 1.0 3198.012 1.0
3214%.750 10.0
Th 2837.299 0.1 3212434 10.0
2832,319 0.1
2870.413 1.0 W 2946.,981 1.0
2842.815 1.0 29hk 395 1.0
270%.962 1.0 294 7,384 10.0
2565.597 1.0 2589.167 10.0
4391 .11k 10.0
Y 3042, 280 0.01
Ti 3241.,986 0.01 © 3216.682 0.01
3239.03%8 0.01 3200.270 0.1
3236.573 0.01 | 3195.615 0.1
3234 ,516 0.01 : 2984 256 1.0
3088.025 0.01 2420.185 1.0
3078.645 0.1 3086.858 10.0
3072.971 0.1 3055.22 10.0
3072.107 0.1
2956.131 1.0 Yb 3289.37 0.01
2941.995 1.0 2970 .564 0.1
2619.939 10.0 3031.11 1.0
2605.151 10.0 2653.75 1.0
. 3107.897 10.0
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Table 2.--Continued.

Sensitivity

Wavelength Sensitivity Wavelength

Element (in A) in percent Element (in A) in percent

Zn 3345.020 1.0 zr 3438,230 0.1
33%02.588 1.0 3391.975 0.1
3282.333 1.0 2758.813 1.0
2800.869 1.0 2752.206 1.0
4810.534 10.0 2889.430 10.0
2770.984 10.0 2888.036 10.0
2770.865 10.0




29

qusoaed T ~ T°0 LAr1ejemrxoxadde €aoBa]
pus fqusoaad QT - T h.mmaaaﬁxohmmm ‘IouT feoJouw Jo jusdaad QT ATsremrxoadde ‘aolBy \I

§JUSWET® 0% PSONpat SIPTXO = sqTNsax TeoTWAU) /T

J0L8W ¢ 64 Tofep 0°g9 ol 2°¢s Bielig: g°0g JoLBN G Chq n
ol el 1°9 JOfeN Ty TolEN 9% Siellg: 2°9 JolBl 6% T8
Tof e 0°62 ad

JOUTH ¢°G ny

JIOUTH 2°G JIOUTH ¢ L 20BA], L 0 D
/2 02dg  /T% weud /2 oadg /T4 weup | /2 oadg /T¢ weup | /2 osdg /T% weuo | /2 osdg /T¢ weud qusmeTH
eTmsyog ‘acwlyosp o8uo) urIBTeg | wTHWeyog ‘AcmAyowp °0 °N ‘ALsdoumy o8uo) uwiSTed UOT3BOOT
TI30UBIN~BLSG a1 TAppog 931 TYsaopoTysoxdn) ausydousafy 91 TTOSE] TBISUTH
LgoGL 9g0%.L QoG HQOGL €gQ0GL *ou Qe

(gT2¢ 30T ‘6T¢ XML ‘STL. SMI “0C02 OMI) sTeisutm umfusin Jo soTdmss
Jo segfTBuBOIOTW 2AT1EL}TTEND oTydeaBoaiosds PuUs sATA®ITIUBND TROTWAYD JO UOsTIedmOd--°¢ 2TABL

-

()



30

quadJdsd T - T°0 Aresemixoadde ‘sosa]

pur fqusoasd OT - T L1erswixoxdde ‘IoutW faxom x0 jusdgad QT Aresrswixosddew ‘Iol=l \M

S]USWATS 07 PSINPaI SIPTXO = §Tnsal TeoTWeR) /T

¢°9 gyUIIBS SIBYH
20BI], - X
JIOUTH - I
Jolei ¢ 3t A
Jo( e ¢ 64 o8 Q°¢¢ Tof el ¢ 0% n
o8l L 6T L
JOUTH w4 . 9L
208, ¢e'0 Jol el G'9 I8
JOUTH 61 qd
JIOUTH T 3N
JIOUTH 81 EX
JOUTH g o'y, 0°2 JIOUTH ¢z =)
208}, g0 v
/2 +oadg /T % -waup /2 *0adg /T % “waud /2 +osdg /T % cway JuemoTH
opeIoTo) ‘A3uMO) *JTTe) ‘L3unop
|so) fsumw jodg TTemg OUOW “outri ©,ured o3uo) weldTed UOTABOOT
91 EpRUBATATRIN UNTITR) 2] TIoUuuRIg 21 TYSMOPOTYY TBISUTH
(9gL SMI “2G0Z2 OML) (69¢ SMIL “6G6T OMIL)
ge-0 *ou 307 C6G -ou 3071
g¢/1/der cou erdweg 6LL99 *ou *qel Qgogl -ou °qBl

PSNUTIUOD~~ "¢ STQEL



31

pue {jusoxad QT

*quaoad T ~ 1°0 Arotsmrxoxdds fsovi]

~ T L1eywurxoadds ‘IoupW foxom Jo0 jusdaad QT Arejeumrxoxdds ‘aofey \..H. _

v od -- TS M oTel cqee 9L-0F
8D - sy Te5T183Y q1¢e G9-0d
ny uz 1s | as sv 83 TS TRIAT wTC3 Q=01
TV w ad uz 93 TUTTHUBLL c1e2 6¢-0d
8) - ad S1TESNIS) H622 oG~ 0"
BTV I X | I8 ® . s3TTTAudody ¢6ee &= 08
B v | I8 m BTTO2084IYD Lg2e ¢G-0d
W IS - n . 83 TInzZy 992 25¢-0d
20B.I], JOUTH Bioliy-'
UOT}BOTITIUSPT TBISUFH  °OU WITF £=i~X °H ‘T "ou oTdmeg

/T 3xcdex ofydeafoxsosdg

(0L-0 30T “‘Q¢l~SML)

suxaqyed Lea-Y prepuwels J0J STBISUTH

suxaqqed UOTIOBIIITP Avi-X WOIT BIBD UYITA sosATsvus
sAT3elTTENbCIoTH oTydeIdoaioads Jo juswessBe A PIYSTTAWOOO® SUCTIBITITIUSPT TBISUIW-- 4 STABL

-

-



32

squadasd T - T°0 L1ojmurxoxdde ‘avmal

pue {qusoxsd QT - T Lrermurxoadde ¢JoulW fogom JO quedxad QT Aronwurxoxdde ‘Ixofei \..m

/T oTusxBoxyosdg

‘q

29 TUIQIOY
2 TY WD BN TS BW |B®D) 4 N HLL pug ‘s3TesTms ‘IyTuniny 60%2 geTT ¢oT-r
v ®) .
S g BN [®F TS d n Llg 33 TOJITO0URIN~ D3 TUNINY e 6291 (T)T-%-€~-80
Y =4 BN ,
sl BU M) (TS B d n L1 syTUNIMY HeHe 9a1T 2201~
sy 4 ¥ srrTfueanydsoyd
SW | BN TV ®0 T8 N L6¢S pYe sueydousin L902 goLT Vig-Na
ad BN TV B)[A IS N 6gL z3aenb pue 237ANBY 9Lte 1T BQC~ L,
TS
ed TL TV =) AN 144 33 TANBY 6161 02-0 OLT~Mav
TV SW | BN TS B0 AN OLL 23 EpBURATAUBIN UNTITED 6g¢2 ge1T 66-p
n) BW|od TVEI|TS A N 2S¢ (1) Lvro pue syTunmeAndf GL6T Geot 16-T-0%
=X -
TV X 8N |3H A N IS8 641G 33 T10UIBO PUB Z1IBNY 9861 ¢6TT d92- 311
20 IO JI0 : ‘ou J Avi-
e i Pt j10dey QML  UOT3BOTITIUSPT TBISUTH uEe X om 1071 cou oTdmsg

sTeIsUTH JUuTJIrSq~UMTURIN

a

*PSNUTIUOD-- "4 STqBL



33

‘quaogad T ~ T1°0 A1eysurxoxdds ¢soBi]

pue fquesasd QT - T L1oymwrxoxdde ‘JourW foxom J0 juadxad QT LTa3ewrxoxdds ‘IoleW \.m

') IN X 9 TYsIEmes puB . «
BN Td o [AN TS N TL YL Lal ‘a31a0Yy3 ‘93 TIsuUUBIL 9912 TGG (¢)BE-6THh
uN TV W .

d dad|=N af e | N TG UL 9. 991 TUO3INH Gote TGS (T)D-x062

SN TV | =g al IN 99TY3UROTO :

X BN n)|0D sV IS n 069 -93T3TeWS DUB 33 TUTUBIN 1Gee 166 (€)o-Sbuh
wed X =N ®)
Sy SR ad | TS D d n HLL 93 TUISqIO], e getT 9201~
BN | TS ®€ WD sV N oLL 33 ISUNSZ ohee gett 18-r
a0mIy JOUTH JolsH ‘ou W[TJ LeI-X
/T oTudesBoxioeds 110day SMT UOTFEOTITIUSPT TBISUIW "ou 307  -ou s1dmeg

i G

sTeXouTH SUTIvaq-UNTUBIN

a

PSNUT4UOD-~ "4 STABEL



3k

‘quedxad T ~ T°0 LAT°3wurxoxdds ‘oovI]L

pue fquaoasd OT - T hamvmsﬁxowmmm frouTi feacm Jo ayusoged QT Areremrxoxdde ‘aolsW \m

g pd
qx TV BN 9Ge-4 ¢gTog °ou
UL W Nn|®) ad X (JH TS IZ otl 91 TT0%ILD puB CC2-4 0L=0 "W'N°S°n
ad PN ®D el 9 9G9 93TSTI8g 2612 “H °L 9¢0¢ gehh
B)
Xeg ¥ v X7 :
od ad UL | TV =D I8 W d Lg9 STTIFNI PUB 3} FOUSICTL glee '3 L ¢191 qQzglL-d1s
MBI X|JIZ 8D ad
ad PO TI | ®I UL TS |90 TV d 189 93 TOUDJIOTL 99ee "H "L €191 8z)-d1G
d
UL | 18 ad TV
qd W W | B X ®1 ) 226 91TsoBULSRY 269T °H "L 16-0 Bg-6G-d,
Id PN UL
SW BN BD
M UN| el 80 TV ad T8 QLL 93 TUBTTY gbte "H "L -0 - oNP
20BI], JOUTW JoleR
qaodsy SMT UOTABOTITIUSPT TEISUTH *ou WTII £BI-X ‘ou 107 *ou oTdusg

/T otudsidorzosdg

STBRISUTH YJ.T80=-0IBY

PONUTIUOD-- "4 STABTL

()



*quaoaad T -~ T°0 LATeyemixoxdde ‘oowr]

pUe nvﬁmogmm OT - T hﬁmp.mﬁxo.am.m faout| feaom J0 jusvaad OT Arojwwixoxdde ‘aolfwW \l

[IaY
N
IV TL () ®3Tamq pPURB
BN BW o4 |ed TS ®D A gel zZ3aenb ‘33 TPEUBACUBTIH gHte 166 V-Lliy
TS B T | 8D A 144 93 T339M8H 2261 02-0 ¢LT-Mav
eg BN TV 4
TL AUN| X BW ad IS =0 0LL BOTWOIPAY pue 33138dy Llge geTT 9G-pr
eN &)
TL 11| X 3 TV ad IS gLL 93 T30Td 6Lt -0 ' T-SNP
6LG
pue :
ad ®) ad I T8 TV 9LG . satgTandut pus zedol ¢HoZ ceog 6601
TN ad nd
d ') SKW BN 1V I8 L&l 21TSqqTH Loge 9211 02-IV¥
TL o4 ®) (BN SH X V I8 69 3 TuTTO®y Llye gett g9g8-M
BN I
TL 8D | TV & X TS #L.L BOTWOJIPAY pue Z3JIEND 922 geTT YeoT-r
208, JOUTH Jolen ‘ou WTTI Lel-¥
\M orydeafoiosdg qxodsy SMI UOT1BOTITIUSPT TBISUTKH g °L cou 307 ou oTdmeg
STBISUTW STNOSUBTTIOSTH
PINUTFUOD-~*f STABL



36

.pdwo.amm T = 1°0 £reyeurxoadde ‘sowil

puB fqusoged QT -~ T hﬁ&pﬁnﬁxo.nmmw ‘zouT fadowm g0 juwedaad QT LAregwmixocxdde ‘aofw \..

TL ISR 3l | BN aN 'L 8D 59 33 TTOXO TW-3I0TY20LL 9612 Geog VOgT-HM

X BN BN TS vz Lgl 3311eTeudy 9ghe Le9T . ¢-Ge-X

A TL TS WK TV - sy €Go yusutdIo ¢612 9¢0¢ cach

_ TS sY
°d W BW TV A B) MY 196 zjaenb pus 93 TOTHUITUOD ¢16T 0e-0 9gT~May
.

3 TV 83 D BN IS ad oLL 33 TU320D ¢6e3 QeTT a2o1-r
B) .

ul TV 3 1L BN 18 ad 189 TSI Hee €191 w.9-d~ 16

. Y TuUsWTT

80 TV BW =N Ul IS TL ad 189 puB ‘aTTing ‘e371emsH  ohee ¢19T L9-d-16

TN TL BN ® TS WA | € BW ad LS 3] TUSS0A ¢£202 Geog LOT~9My~TG

SIRIL IOUHH ofe 310dsd GMI  UOTIBOTITIUSPT [RISUTKH "o% WTTS felI-X ‘ou 307 ‘ou oTdweg

/T sTudexdorosdg

"y

em nE

mﬂdhma\ SNOSUBTTI0STH

PONUTIUOY~- "4 STABL



37

APPENDIX

(Waring and Annell, 1952)

COMPOSITION OF STANDARD SOLUTIONS

The following standard solutions were made from comppund.s and

elements available in the laboratory. Many of the compounds and

elements used were Johnson, Matthey and Co. "Specpure" grade (J and M).

The compounds were digsolved in distilled water unless otherwise noted.

Element Compound
standardized used Solution
“' Ag AgNOz, reagent
: AL AlClg-6H20, C. P. Compound dried in oven at 140 C.

and dissolved in cold acidified
Hz0.

As Asz05, Nat. Bur. 1:1 HNOs, heated. Diluted to

S8t. No. 8%a volume with Hz0.

Au Au, metal, J and M. Aqus regia. Boiled down several
times with HC1 (cone.) to drive
off HNOg. Diluted to yolume with
Hgo. ’

B HzBOz, C. P.

Ba BaClp°2Hz0, C. P.

Be Be, metal, J and M Dilute HC1l. -

Bi Bi, nmetal, J and M 1:1 HNOs, diluted to volume with
H20.:

Ca Cally-2Hz0, anal.,

reag. ‘
' ca CdCl.24H20, C. P.
Ce CeOg, J and M Hz804, conc., heated to form

amber, Ce(S04)z. © percent
HaS05 added to form colorless
Cen(S04)a. Diluted to volume
with Hg0. :



Element Compound
standardized used Solution

Co CoClp-6Hz0, C. P.

CI‘ Cl‘, met&l, J 8-11(1 M l:l HZSO4¢

Cs CsCl, C. P.

Cu Cu0, reagent bilute HCI.

Dy Dyz03, J and M 1:1 HC1l. Diluted to volume with
Hz20.

Er Erp0z, J and M 1:1 HC1l, Diluted to volume with
H20¢

-Eu EugOz, J and M 1l:1 HC1l, heated. Diluted to
volume with Hp0.

F CaCly, C. P. and Ho0 (2 solutions).

NaF, C. P.

Fe Fe, metal, J and M Dilute Hz804.

Ga Ga, metal, C. P. Aqua regia. Diluted to volume
with Hz0.

Ge GeOz, C. P. HF, 48 percent. HS04 conc., added
and heated to drive off HF. Diluted
to volume with Hz0.

Gd Gda0s, J and M Dilute HC1.

Hf HfOp, J and M Dilute HpSO4, heated and HpOz, 3
percent, added until dissolved.
Diluted to volume with HpO.

Hg HgCls, reagent

Ho Hog0a, J and M 1:1 HC1l, heated. Diluted to volume
with HpO.

In In, metal, J and M HNOz, conc. Diluted to volume with

' H20.
Ir Ir metal powder, Fu.éed with 3 parts KOH and 1 part

c. P. -

KNO3. Fusion dissolved in agqua
regia. 8Si0p filtered off. Fil-
trate boiled down to smell volume.
Crystals of KeIrCle separate upon
cooling and dissolve in HsO.
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Element Compound

atendardized used Solution
K HKCgH404, Nat. Bur.
~ Stand.

La Las0s, J and M Dilute HC1.

11 LioC0s, reagent - Dilute HC1.

Lu LugOz, J and M 1:1 HC1, heated. Diluted to
volume with HzO.

Mg Mg, metal, J and M Dilute HCL.

Mn MnClg-4Hz0, C. P.

Mo Mo, metal, J and M Aqus regia, heated, Diluted
to volume with Hz0.

Na RaCl, reagent

Nb Nb, metal, J and M 48 percent HF. Diluted to volume
with HNOg, conc.

Nd KdaOz, J and M . 1:1 HC1l. Diluted to volume with
Ho0.

Ni Ni, metal, Jand M 1:1 HNOs, heated. Diluted to
volume with HgO.

Os Os metal powder, C. P. Os metal powder heated with aqua
regia in flask fitted with reflux
condenser. '

P NaHzPO4 -Ha0, C. P.

- Pb Pb(NOs3)2, C. P,

Pa Pd, wire, Jand M Agua regia. Diluted to volume with
H0.

Pr Pre0ii, J and M 1:1 HCl. Diluted to volume with HzO.

Pt : Pt, sheet Aqua regia. Boiled down several
times with HC1l, conec., to drive off
HNOa. Diluted to volume with HzO.

Rb RbCl, J and M

Re Re, metal, J and M HRO3, conc. DPiluted to volume with

He0.
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Element Compound .
standardized used Solution
Rh RhCls, dry, C. P. Dilute HCI1.
Ru (NHe)zRuCls, J and M Hot Hg0.
- Bb Sbls, C. P. Acetone + HC1, dil.
Sc Sc2(804)s +5Hz0,
J and M

S1 8102, pure NagCOs fusion. Diluted to volume
‘with- Hao.

Sm Smp0s, J and M Dilute HCI.

Sn SnCly-2Ha0, reagent

Sr 8rC0s, reagent Dilute HCI1,

Ta Ta, metal, J and M 48 percent HF + HNOa, conc. Diluted
to volume with HgO.

T ThaO7, J and M 1:1 HC1l, heated. Diluted to volume
with HpO.

Te H2T904°2320’ Co Po 1:6 ENOS, hﬁ&ted.-

Th Th(NOg )4-4H50, C. P.

Ti Ti0z, C. P. 48 percent HF + Hz0z. HoS04, conc.,
added and heated to drive off HF.
Piluted to volume with HgO.

Tm TmpOsz, J and M 1:1 HC1l, heated. Diluted to volume
with Hz0.

1 T1NOs, C. P.

Y (U02) (C2H302) 2+ 2Hz0

c. P.
v NE4VOs, C. P. 1:1 HCl. Diluted to volume with Hgz0.
W 48 percent HF + HNOs, conc., heat.

W, metal

Diluted to volume with HzO.
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Element

Compound

stendardized used Solution
Y Y205, J and M 1:1 HC1 and heat. Diluted to
volume with HgzO. .
Yb Ybs0a, J and M 1:1 HC1, heated. Diluted to
volume with HzO.
Zn Zn0, reagent Dilute HC1.
ZI' Zl’OClg‘SHaO, 0. P-



