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COMMERCIAL SPECTROGRAPHIC STANDARDS APPLIED TO THE 
ANALYSIS OF HIGH-PURITY CHEMICALS 

E. F. Joy, N. A. Kershner, and A. J. Barnard, Jr. 
Analytical Services, J. T. Baker Chemical Company, Phillipsburg, New Jersey 

V.N.T Hen a high-purity material is required for research study, 
"Y/ the cost of analytical characterization may be of little 

moment. In contrast, commercial offering of a high-purity 
chemical demands that the analytical strategies adopted do not 
price the product out of its intended markets. The authors and 
their collaborators speak of "practical analysis of high-purity 

·chemicals" to delineate the pressing economic factors under-
lying such cost-sensitive analyses. During the past few years at 
J. T. Baker, an attack has been mounted on the economic 
broad-based lot characterization of both inorganic and organic 
chemicals in high-purity forms ( 1-7). By the term "high-purity 
chemicals" we refer to compounds with a total detectable 
impurity content of less than 0.05%, that is, less than 500 
parts per million. Products introduced by this company so far 
include clinical laboratory standards (4), UL TREX® chemicals 
for advanced applications in analysis and materials science 
(1-2), and so-called MOS-Low Sodium grade acids and solvents 
intended for the fabrication of metal oxide semiconductor 
(MOS) devices. Well-characterized high-purity chemicals at 
modest cost are being welcomed across the spectrum of the 
laboratory and advanced technologies. 

It is noteworthy that the higher the purity of a chemical 
produced by a batch process, the more imperative is the 
assessment of each discrete lot and, in our view, the more 
important the disclosure to the customer of the actual 
analytical values and nature of the methods by which they 
were obtained. For acids (6) and other corrosives and for 
atmosphere-sensitive products, analysis only after final pack
aging is appropriate; thereby, any contamination of the 
product or interaction with the container is included in the 
analytical values. 

The assessment of a high-purity chemical should not be 
based on a single analytical technique or on the determination 
of a limited group of impurities. In this sense, so-called 
spectrographic grade chemicals are looked upon as of special 
purity, not high-purity because an emission spectrograph 

*Paper VII I in the Series, "The Practical Analysis of High-Purity 
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detects cations primarily. For an inorganic chemical to be 
certified as "high purity" the determination of both metal and 
non-metal impurities is considered essential. Also, the chemical 
must be subjected to further general tests, such as particulate 
matter, loss on drying, or residue on ignition. 

The selection of practical approaches to the determination 
of impurities in high-purity chemicals involves a number of 
factors, including the total sample that can be allowed for 
analysis and the costs in terms of manpower and instruments. 
In a continuing program procedures are preferred that can be 
applied to a variety of compounds with little or no modi
fication. Survey techniques that allow the simultaneous 
detection or determination of a number of impurities are 
especially valued. For trace metals and a few non-metals, arc 
emission spectrography represents, in our view, the compre
hensive survey method of first choice. With a single sample, 
over 25 elements can thereby often be detected or determined. 
This survey method obviously must be backed up by other 
techniques where special or general problems are encountered. 
Other important but more restricted techniques in our studies 

include atomic absorption photometry, cold-vapor atomic 
absorption photometry, ultraviolet-visible solution photo
metry, and polarography. Such techniques are employed, for 
example, for elements that may not be recovered in some 
preconcentration step, that have strong lines in a spectral 
region not usually recorded (alkali metals), that can be 

determined with superior detection limits by another tech
nique (alkali metals, cadmium, mercury, zinc), or that have the 
favorable strong line coincident with that of a matrix element 
(e.g., cadmium when indium is selected as a collector ion or 
when indium oxide is the matrix). 

In this article some of the approaches that we have taken to 
apply arc spectrography to high-purity chemicals are de
lineated and special reference is made to SPEX semi: 
quantitative standards and spectrographic-grade products in 
this work. 

The emission spectrographic analysis of common inorganic 



products has been routine for many years. Reports on 
applications to high-purity chemicals began to appear with the 
1950s and the monograph of Alimarin (8) provides many 
working procedures. As a general purpose method we prefer 
DC-arc excitation under total burn and controlled-atmosphere 
(argon-oxygen) conditions with SA No. 1 plates. Where 
available, common element standards are employed that have a 
matrix identical or similar to the compound being character
ized. For example, the SPEX 4-part "AI" standard, 3-part 
"Ca" standard, and 3-part "Zn" standard serve as references 
for the direct arcing of high-purity oxides and salts of 
aluminum, calcium, and zinc, respectively. To augment the 
3-part standards, a fourth level (0.0001 %) is secured by 
dilution with spectrographic grade calcium carbonate or zinc 
oxide, respectively. 

Direct arcing does not provide adequate detection limits for 
many elements where a high:purity chemical is being assessed, 
and preconcentration becomes necessary. Solutions can be 
evaporated, organic materials can be ashed, and certain metals 
can be concentrated by precipitation or extraction. 

Inorganic acids are major products in industry and the 
laboratory and high-purity forms are finding increasing appli
cations. For such acids (UL TREX and Low-Sodium MOS 
grades), we have reported (6) a procedure for the evaporation 
of up to 100-gram samples of the concentrated acid under 
contamination-free conditions, followed by spectrographic 
evaluation of the residue. In this evaporation, spectrographic
grade graphite powder is added as a collector, a few drops of 
ULTREX sulfuric acid to convert to less volatile sulfates 
(omitted with hydrofluoric acid), indium as an internal 
standard (as SPEX indium oxide dissolved in U L TREX 
hydrochloric acid), and mannitol to retain boron (for hydro
chloric and hydrofluoric acids). The spectrum is examined for 
33 elements against the recently introduced SPEX-7step "G-7" 
common element standard in graphite containing indium as an 
internal standard. Where an impurity is present only at the 
ppm level, visual comparison suffices for quality control 
purposes. Densitometry is to be recommended for impurities 
present at higher levels and in application studies, such as 
etching or leaching, where greater precision is required. This 
7-part standard is stepped at one-third decade concentration 
levels, resulting in improved precision over the decade-stepped 
3-part or 4-part standards. Especially in the visual comparison 
of line intensities, interpolation is much more reliable with the 
closer steps of the 7 -part standard. Selection of a single 
element, indium, as the internal standard, and a single line of 
that element for the calculation of line-pair ratios affords 
simplicity to the procedure. At the trace level involved, the 
associated compromise is not considered serious. This pre
concentration by evaporation markedly improves the de
tection limits (10,000-fold fora 100-gramsample!), butatthe 
expense of time. The time required depends on the volatility 
of the acid and the number of elements present significantly 
above their detection limit, thereby requiring densitometry. 
The total elapsed time for the concurrent analysis of three acid 
samples is 4 to 10 hours, but the actual working time is 3 to 5 

hours. This approach has been extended in our laboratory to 
the study of trace elements in water, plant effluents, and 
high-purity organic solvents. We have confirmed the complete
ness of recovery achieved with the procedure for a number of 
high-purity acids. (Table 1). ,~ 
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For organic materials, ashing is an effective means of 
concentrating trace metals. Fiftyfold concentration can be 
readily achieved in this way. Some of the conditions suitable 
for ashing have been summarized by Koch and Koch-Dedic (9) 
and by Gorsuch ( 1 0). In most cases we have preferred a 
procedure involving pre-ashing of a sample, 0.5-gram 

moistened with 0.5 ml of high purity sulfuric acid, in a 
pre-ashing chamber, addition of 10 mg of high-purity lithium 
carbonate, and final ashing in a muffle furnance at 450C 
overnight, and arcing of the total residue. The spectrographic 
plates obtained are compared with SPEX 3-part "Li" standard 
(with a fourth, lower part secured by dilution with lithium 
carbonate). We have published this procedure for the spectro
graphic evaluation of trace metals (and boron and silicon) in 
the UL TREX key chelating agent, EDTA (1 ). 

Collection via precipitation is a most powerful tool in the 
application of emission spectrography to high-purity inorganic 
salts. Usually one or more chelating precipitants are coupled 
with a polyvalent metal ion as the collector. The 8-quinolinol
thionalide-tannic acid system introduced by R. L. Mitchell and 
coworkers ( 11), and confirmed by other workers ( 12, 13), is 

Table I. 

Recovery from Hydrochloric Acid (6) 

Sample* Spiked Samplet, J.4J % 
Element Found, J.4J Calculated Found Recovered 

Antimony <0.5 <0.5 <0.5 3. 3-3.8 3.0 79-91 
Aluminum 0.7 1 0.7 4.1 4.7 115 
Boron 0.3 0.2 0.1 3.5 3.7 106 
Calcium 1.0 2.0 2.0 5.0 5.6 112 
Chromium 0.1 0.5 0.2 3.6 3.3 92 
Cobalt <0.1 <0.1 <0.1 3. 3-3.4 3.3 97-100 
Copper 0.2 0.3 0.2 3.5 3.3 94 
Iron 0.3 1.0 0.7 4.0 4.7 118 
Lead <0.1 <0.1 <0.1 3. 3-3.4 3.4 100-103 
Magnesium 0.3 0.5 0.5 3.7 4.0 108 
Manganese 0.07 0.1 0.1 3.39 3.3 97 
Mercury <1.0 <1.0 <1.0 3. 3-4.3 3.3 77-100 
Nickel <0.1 <0.1 <0.1 3. 3-3.4 3.3 97-100 
Potassium <1.0 <1.0 <1.0 3. 3-4.3 3.3 77-100 
Silicon 2.0 3.0 2.0 5.6 5.6 100 
Sodium 10.0 10.0 9.0 13.0 13.0 100 
Tin <0.1 <0.1 <0.1 3. 3-3.4 3.1 91-94 
Zinc <0.1 <0.1 <0.1 3. 3-3.4 3.3 97-100 

*Hydrochloric Acid, Lot UA 156; values for three 100-gram 
samples from lot. 
t10 mg. of the 0.33% level (G-1A) of the standard, that is, 
3.3/lg of each element, added to 100 gram of the acid and the 
single spiked sample analyzed. 

I 
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probably the most common. Both aluminum and indium can 
serve as the collector ion. We prefer the latter since indium is 
seldom encountered in practical samples and aluminum is 
often of interest. This system, as modified by us, involves 
suitable dissolution of a 5-gram sample, addition of an indium 
salt solution as the collector and of 8-quinolinol solution. The 
pH is adjusted to 1.8, then ammonium acetate, tannic acid, 
and th ionalide solutions are added, and the pH is brought to 
5.9 with aqueous ammonia. The mixture is allowed to stand 
overnight and is then filtered. The precipitate is washed, 
pre-ashed, ashed, and the residue arced. The plates are read 
against the SPEX 3-part "In" standard (with a fourth, lower 

part secured by dilution with indium oxide). By this procedure 

the detection limits are improved about 500 times. When this 
technique is applied to high-purity chemicals, it is imperative 
that the precipitants be adequately free of metal impurities as 

confirmed by ashing and emission spectrography. 8-quinolinol 
is the principal component of the precipitant system, therefore 
a major contributor to the blank. Early in our studies on the 
practical characterization of high-purity compounds, we found 

it appropriate to purify 8-quinolinol specially for both 
precipitation and extraction. In view of the success achieved, 
an UL TREX grade of this compound was introduced for 
which the sum of about 30 divalent and trivalent metals is 
typically less than 0.5 ppm. 

Extraction is also of interest as a preconcentration tech
nique with emission spectrography; a variety of extractants, 
alone or in combination or sequence, have received attention 

(8). A single example will suffice: Kuz'min and co-workers 
have reported ( 14) a scheme for the determination of various 
trace elements in phosphorus pentoxide, involving hydration 
to phosphoric acid, alkalization with ammonia, extraction 
with 8-quinolinol into a mixed solvent, evaporation of the 
extract with graphite powder added, mineralization with nitric 
acid, and finally spectrographic assessment. Kuz'min con
ducted extensive recovery studies and established that even at 
high phosphate concentrations 11 elements are extracted with 
recoveries of at least 80% and zinc with a 60% recovery.With a 

5-gram sample, the detection limits are improved about 500 
times. We have confirmed the completeness of the recovery for 
five of the elements, and have applied the scheme to 
phosphorus pentoxide of extreme purity, which has found 
application in studies of the Apollo lunar rocks (2) and which 
is receiving increasing attention as a superior dopant for 
semiconductors. We have also relied on this approach in the 
characterization of Low-Sodium MOS-grade phosphoric acid, 
and also of UL TREX phosphorus trichloride and oxy
chloride, recommended as semiconductor dopants, following 
oxidation or hydrolysis of the sample, or both. The 7-part 
"G-7" standard (graphite base) is appropriate in these·analyses. 
Low blanks are assured by specifying ULTREX 8-quinolinol, 
UL TREX acids, high-purity ammonia and ultrapure water. 

As a concentration technique for trace metals, removal of 
the matrix, as distinguished from separation of the trace 

\ .. .> impurities, is often not feasible. Where the former approach is 

s~itable, it is important to undertake studies to assure that 

losses of the elements to be determined do not occur. The 
approach is of special merit where the matrix can be 
volatilized because attention is required only for those few 
elements that might be evolved under the given conditions. 
Boron compounds are amenable to matrix removal (15) and 
we have applied it to high-purity boron oxide and boron 

tribromide with which advanced electronic devices are doped. 
For boron oxide, boron is first volatilized from the sample 
solution as methyl borate; graphite powder and also indium 
(internal standard) are then added; the mixture is finally taken 
to dryness, and arced. The plates are read against the 7-part 
"G-7" standard. 

It is sometimes feasible to remove a matrix by crystal
lization or precipitation (8). Caldararu (16) applied this 
approach in the spectrographic assessment of aluminum metal 
and we have extended the method to anhydrous aluminum 
chloride. Metal-free hydrogen chloride gas is passed through 

the solution of the salt in water. Aluminum chloride is thereby 
crystallized and the supernatant liquid is decanted. The salt is 
redissolved in water and the process is repeated twice. The 
combined supernatant liquids are evaporated with the addition 
of U L TR EX nitric acid. The nitrate residue is converted to 
oxides by ignition and arced. The plate is assessed against the 
4-part SPEX "AI" standard. Caldararu reported (16) data for 
10 elements of interest and we have made recovery studies for 
certain key elements. With a 5-gram sample, the detection 
limits secured are improved about 500 times. 

One of the important measures to be taken in the adoption 
of a preconcentration step with spectrography is to assure that 
the recoveries of the elements of interest are sufficiently 
complete at the concentration levels to be encountered with 
the actual samples. In recovery studies the addition of 
elements as stock solutions of one or several elements can be 
tedious. With a dry mix, it is imperative that a high degree of 
homogeneity be achieved. Either way, only high-purity forms 
must be employed and the addition mixture or combined 
solutions must be analyzed accurately to correct for contri
butions of impurity contents of the additives. Although 
commercial common-element mixtures and derived spectro
graphic standards have undoubtedly previously been used in 
recovery studies to facilitate the addition of a large number of 
elements at the trace level, we failed in a cursory literature 
study to turn up relevant papers. Obviously this technique, 

where feasible, obviates the major expenditure of time and 
effort that is otherwise required in making additions. It is 
necessary to assure a high degree of mixing and equilibration 
of the added common-element mix with the sample via 
digestions, ashing, fusion, evaporation, etc. This approach (6) 
has proved effective in a recovery study for the evaporation 
and spectrographic analysis of inorganic acids (see above). Few 
earlier workers have reported detailed recovery studies; most 
have relied on the accumulated knowledge concerning the loss 
of trace elements upon heating of acidic solutions. Facing the 
problem squarely, we studied over 15 elements. In so doing we 
measured the errors that could result with spikes obtained by 
adding measured volumes of one or more solutions. What was 
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done was to add to a known weight of the sample of the acid, 
a weighed amount of one part of the 7-part "G-7" common 
element standard. In this way the elements of interest were 
added in a precisely known amount. Since this standard is 
referenced in the reading of the plates of both spiked and 
unspiked samples, the results reflect closely actual losses of the 
elements. The situation was further improved by arcing on a 
single plate both the residue from evaporation of the spiked 
sample and the identical amount of the same part of the "G-7" 
standard with which the sample had been spiked, thereby 
reducing minor variations in photometric development and 
arcing at different times. Table I records the results of such a 
spiking experienced for hydrochloric acid. The procedure with 
a number of high-purity acids was verified in this way to give 
recoveries exceeding 75% for some 18 elements (6). 

171!r1He applications delineated in this article for SPEX common 
llelement standards in the J. T. Baker programs for high
purity chemicals speaks well for the reliability of these 
standards. However, any spectrographic laboratory seeking 
quantitative data should independently attempt to confirm the 
accuracy of the commercial standards employed. We have 
approached this problem informally in various ways, including 
comparison of one batch of a standard with the next, 
comparison of one standard with another in a different matrix, 
comparison of standards· from different firms, and also 
comparison of the commercial standards with laboratory
prepared standards for a few key elements. 
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HIGH PURITY MATERIALS 

Material 

ALUMINUM OXIDE 

Cat. No. Purity Form Price 

· ·· .·. sh~et. ix 1 oo111m .··•· ••• ~:W~g · 
•. Hod~4~7S~~· . . . }~~&it&t 
.· . {approx: 7 rods) . 27.~0l!iOg . 

Powcte;, so-J5op·: .• 4:a§71qg .·· 
16:3Df50g 

1212·6 6-9s Powder, AI, 0 3 5.00/2g 
17 .DD/1 Dg 

1212·4 4-9s Powder, AI, O,xH, 0 
0.01·1 micron 

1.113·6 6·9S P~wder 

. 7 .00/50g 
23.80/250g 

. 6.00/g 

zo.4nJsg 
s.so/.log 

· 2i.ts/sog 

,' 'i ~- '" '\' ·: ·-~:· \':': ."·-< 
5-9s+ · ·Pieces,! rreg~ Ia~ 

Material Cat. No. Purity 

1114 5·9s+ 

ARSENIC OXIDE 1214 5-9s+ 

BARIUM CARBONATE 1215 
(8~) ', ,, , '-,'-~~ 

BARIUM CH~ORiDE. . \315'. · ·· 5·9s. 

5-9s 
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Form Price 

i.l'o~aer;.Sb> o, 3 ••. ·s:90f:Jpg 
.. '45 diitroris t · .· · · · 21 .io;5o!l 

Powder, Sbio.;· · . ,4.1loJ29 

Lumps, Beta·form, 
air stable 

Pieces, Irregular 

Powder, As, 0.~ 

. 15. fono.g 

8.00/2g 
27.20/10g 
7.90/5g 

26.75/25g 
5.00/5g 

17.50/25g 
. 8.00/5g 
'b.zs!is9 
>.5.5s!s9 
~~.90/25g 

n 
\ ' 

_) 



0 
Material Cat. No. Purity Form Price Material Cat. No. Purity Form Price 

BERYLLIUM 1116·4 4-9s Flake 8.90/g 
(Be) 30.25/5g 

1116 3-9s Chip 4.50/1 Og 
15.30/50g 

BERYLLIUM OXIDE 1216 5-9s Powder, BeOxH, 0 7 .80/20g 

BORON 1118-5 5-9s+ Granule, 150 microns 146.20/g DYSPROSIUM 1166 3-9s Ingot 4.90/2g 
(B) 1118 3-9s Powder 8. 75/5g (Dy) 16.70/1 Og 

29.80/25g DYSPROSIUM OXIDE 1266 3-9s+ Powder, Dy, 0, 6.80/5g 
BORIC ACID 1218 4-9s Powder, H,BO, 6.00/50g 22.75/25g 

20.50/250g 
BORON OXIDE 1218-0 5-9s Powder, B, 0-' 9.85/g 

33.50/5g 

'"''-,,,<,_ -~''' ~' 
3-9s Ingot 20.70/g 

(Eu) 70.40/5g 
EUROPIUM OXIDE 1268-5 5·9s Powder, Eu 2 0 1 1 06.00/g 

CALCIUM CARBONATE 1220 5·9s Powder, CaCO.~xH, 0 6.40/5g 1268 3-9s Powder, Eu,O, 7 .75/g 
(Cal 21.75/25g 26.50/5g 
CALCIUM FLUORIDE 1320 3-9s+ 9.70/10g 

24.10/5g 
GALLIUM OXIDE 1226 6-9s Powder, Ga, 03 , 6.13/g 

1-2 microns 20.80/5g 
CESIUM CHORIDE 1221 3·9s Powder 5.50/1 Og 
(Cs) 18.70/50g 
CESIUM CARBONATE 1331 3-Ss Powder 5.50/10g 

18.70/50g 
CESIUM CHROMATE 1441 3·9s Powder 5.50/1 Og 

(Au) 29.20/5g 
1128 5-9s+ Splatter 6.20/g 

21.1 0/5g 

COBALT 1123 5-9s Powder 7.60/5g 
(Co) 25.80/25g 

1123R Rod, 3mmx 15cm 57 .~0/rod 
(27gm) 190.00/5 rods (Ho) 25.50/5g 

COBALT OXIDE 1223 5-9s Powder 5.90/5g 1170P 3-9s Powder 8.05/g 
20.00/25g 27.40/Sg 

COLUMBIUM (SEE NIOBIUM) HOLMIUM OXIDE 1270 3·9s+ Powder, Ho 2 03 9.40/Sg 
32.00/25g 

,) 
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Material Cat. No. Purity Form Price 

'.· 7.2~i~g . .. . 

24.50f25g' 
.. ·. ·. 6.30/!ig 

'',·;.:,·:' •:_ .. . 2{soii5o 
• • • \> ~ ",'! . \ '-

· '·5~9s+ .. ·. 6.20/10g 

21.00/~0g 
IODINE 1181 6-9s Crystals 5.40/20g 
(I) 18.40/1 DOg 

. 1131:5 5-9s 44.~0/g • 
(lrl .. , m.3d/5g 

113i • .39s+ ' 2.0.25/g 

84.40/5~ 
IRON 1132-5 5-9s Sponge 5.50/10g 
(Fe) 18.70/50g 

1132P 5-9s Powder, 150 micron 6.50/1 Og 
22.00/50g 

1132 5-9s Rod, 5x150mm 15.00/rod 
(approx. 24g/rod) 62.50/5 rods 

IRON OXIDE 1232 5-9s Powder 7.50/10g 
25.50/50g 

LANTHANUM 1171 .3-9s Powder, · -MO/g 
(La) !_ 150 rnicro~s :i2.o6J!i9 

·. '• ·.·. 
LANTHANUM OXIDE :1271 '5-9s+ Po~der ;La~ o, 4.20/2.0g 

·14.2!i(100g 
LEAD 1133 6-9s Shot, Irregular 8.00/50g 
(Pb) 2.7.20/2.50g 

1133P 5-9s Powder 8.00/20g 
27.20/100g 

LEAD OXIDE 1233 5-9s+ Powder, PbO 5.60/10g 
19.00/50g 

LEAD SULFIDE 1333 4-9s+ Powder 7. 75/1 Og 
26.40/50g 
7..30/10g 

24.8tit5o!l' 

.i 44.0Qf100g . 
•.... 8~,00/200g 
... 1!io~tio/tb. 

. • • 7,7~15~ 
::~<. , .. · \ ~6.~q/~5g 

LUTETIUM 1172 3-9s Ingot 140.00/g 
(Lu) 

1172P 3-9s Powder 74.00/g 
LUTETIUM OXIDE 1272 3-9s+ Powder, Lu, 0_, 25.25/g 

86.00/5g 
MAGNESIUM !'lods.}~ 75mrn· . ·. . . ~:40/20!1. . >,,,\ 

(appiox.l.Jg/rod) .•.• ' -18;~0/l'otig (Mg): 

MAGNE$1UM OXID~ . Po~d'er, MgO · · ··· tio/5~··· · · 
19:3iltzsg. 

MANGANESE 1136-4 4-9s+ Flake 8.00/50g 
(Mn) 27.20/250g 

1136 3-9s+ Powder 4.00/100g 
13.60/500g 

MANGANESE OXIDE 1236 5-9s+ Powder 10.00/5g 
. 34.00/25g 

MANGANESE SULFIDE 1336 4-9s+ Powder 7 .90/2g 
26.80/10g 

ME8CURY 1i37-9 9-9s Liquid 8.20/20g 
(Hg) 27.40/1009 

1137 7-9s Liquid 6.50/50g 
Z2.ollh50g, 

Material Cat. No. Purity Form Price (), 
·.· t" 

• '5,Q0/2.g MERCURY OXIDE Powder; HgO 
~ " ' 

20_.10/1~g 
MOLYBDENUM 1138 4-9s+ Powder 8.00/100g 
(Mo) 27.25/500g 
MOLYBDENUM OXIDE 1238 5-9s Powder 9.25/5g 

31.50/25g 

·' ~owd~trf : . .·•, • ; .:':1,9,:~o(9 . •. 
250-450 microns ' ' .57.70/59 ' 

Pcivvder. Nd~· ci~ · •-·· .. :io:soi!J.•··· 
},:·:::·> •36.ori/5 ·· .. '• . ,· g • 

., ••:.A.!I0/10g 

1G.JO/~Og 
NICKEL 1139-5 5-9s Sponge 7.30/10g 
{Ni) 24.80/50g 

1139 4-9s Powder 4.00/100g 
13.60/500g 

1139P5 5-9s Powder 6.00/1 Og 
20.40/50g 

NICKEL OXIDE 1239 5-9s Powder, NiO 7.40/20g 
25.20/100g 

NlOBI4M 1124•• · • J'9s.f: Powder 
.. 

6.40/ZOg 
{Nb) 

''>·/ ;> .. 0 --~ ,:,· ' ' ., 

21.75/lOOg 
' .i~-9~ 

.. 
.. NIOBIOM OXIQE 1 .. 224 Pow'd~\• Nbi o; 8.50/50g 

2~.iJ0~2~0g 
PALLADIUM 1141 5-9s Powder 15.60/g 
(Pd) 53.20/5g 

1141-3 3-9s Powder 10.00/2g 
34.00/10g 

PALLADIUM OXIDE 1241 Catalyst Grade 10.60/g 
Powder 36.00/5g 

AMMONIUM PHOSPHATE';1242 ·.• Po~per; _NH.H~_P04 ;_., ,, 9:Qil/l DOg · '' .i< ' ,·, ,, .. ·'•' , .• 

:.·.v ·.·· 3!l:s~i5oog. . {P) 

PLATINUM 1143 5-9s Powder 29.00/g 
{Pt) 98.50/5g 
POJASS.IUM CARBONAJE1244.· · ..• !I,00/20g 
(K) • 30.50/100g 
POTASSIUM GHLORIQE. 

' ·• \•' •7'' 

1344 . ~,30/5g 
·-~. 21.4Q/2.5g 

PRASEODYMIUM 1174 3-9s Wire, 1mm dia. 128. 70/g 
(Pr) 

1174P 3-9s Powder 5.48/2g 
18.65/1 Og 

PRASEODYMIUM OXIDE 1274-5 5-9s Powder, Pr 6 0 1 1 10.60/g 
36.00/5g 

1274 3-9s+ Powder, Pr,, 0 1 1 7.80/20g 
26.50/1 OOg 

RHENIUM 4)9/g'. 
(R~l 16.30i5g 
AMMONIUM ; ,.·-~.,50/!i ..•.. 
PERRiiENATE 

• 22.1~/5g ':'<': 
RHODIUM 80.00/g 
(Rh) 240.00/5g 

1146 4-9s Powder 21.12/g 
72.00/5g 

RHODIUM OXIDE 1246 4-9s Powder 47.50/g 
RUBIDIUM CHLORIDE 1247 3-9s Powder •. 5,50/10g ,· .. ·' ... . 
(Rb). 18.70/50g 
RUTHENIUM 1148 3-9s+ Powder 7.58/g 
(Ru) 25.80/5g 

.. ;-;'/ 

--6-



-7-



NOTE: We have rolled back electrode prices in response to the Presidential Ruling. When the freeze is lifted, should the 
manufacturers' increases be reinstated, the price list in our June, 1971 SPEX SPEAKER will become current. 

SPECTROSCOPIC PREFORMED ELECTRODES 
----HIGH PURITY GRAPHITE Price 

Dia" Description Spex AGKSP Ultra ASTM per 100 

1/4 necked crater.5/32"" dp. 4000 L-3912 100-L S-12 22.00 

3/16 necked crater. 3/16", dp. 4001 L-3903 101-L S-13 22.00 

1/4 crater. 3/16"" dp. 4002 L-3900 103 S-8 20.00 

1/4 angular platform, center post 4003 L-3948 104-L P-2 28.00 

3/16 necke•j crater, 3/32" dp. 4004 L-3906 105-S 19.00 

3/16 necked crater, 3/16"" dp. 4005 L-3909 105-D S-14 19.00 
1/4 flat necked upper 4007 L-3960 101-U C-8 20.00 

1/4 undercut, center post upper 4008 L-3963 104-U C-7 22.00 
3/16 double-ended, 1/16" r., 2" I. 4009 L-3955 5712 24.00 
1/4 pointed upper, 120° 4010 L-3966 108 C-2 20.00 
1/2 solution disc, 1 /8" thick 4011 L-4075 106 D-1 14.00 
1/2 platrode, extruded 4012 L-4078 1907 D-3 18.00 
1/4 porous cup, .025" floor, 1-1/2" 1. 4014 L-3927 203 24.00 
1/4 porous cup, chamfered floor, 7/8" 1. 4015 L-3933 204 PC-1 23.00 
1/4 crater, 1/16" dp. 4016 L-3982 4196 S-5 21.00 
1/8 pedestal, 1-1/2" I. 4017 L-3919 1964 S-1 16.00 
1/4 anode cap, 9/32" dp., thin wall 4018 L-3918 1998 S-3 16.00 
1/8 pointed upper 4019 L-4036 1992 C-1 16.00 
1/8 crater, 1/4" dp. 4020 L-3979 5440 16.00 
1/4 necked crater, 1/16" dp. 4021 L-4012 1988 S-4 22.00 
1/4 boiler cap 4022 L-3915 300 26.00 
3/16 boiler cap 4023 L-3916 301 26.00 
1/4 flat rod 4024 L-3921 107 C-3 18.00 
1/4 mandrel for rotating electrode, 2" 1. 4026 L-3970 2022 22.00 
1/2 solution disc., .200" thick 4027 L-4072 861 D-2 16.00 
1/2 platrode, molded 4028 L 4081 1909 18.00 
3/16 necked crater, 3/16" dp. 4029 L-4000 5915 19.00 
3/16 necked crater, 3/32" dp. 4030 L-4006 7250 19.00 
1/4 mandrel for Combination Analyzer 4032 SP-1003 2025 22.00 
1/8 necked crater, 1 /8" dp. 4033 L-3905 781 19,00 
1/8 crater, .059" dp. 4034 L-3975 2509 16.00 
1/8 crater, 3/16" dp. 4035 L-3977 5000 16.00 
1/4 porous cup, .025" floor 4037 L-4928 5680 24.00 
1/4 anode cap. 9/32" dp. 4038 L-4024 1990 S-2 16.00 
3/16 rounded upper, 1/16" r. 4039 L-3951 105-U 17.00 
3/16 rounded upper, 1/16" r., 2" I. 4040 L-3954 5710 18.00 
1/4 rounded upper, 1/16", r. 4041 L-3957 100-U C-5 20.00 
1/4 necked crater, 3/16" dp. 4042 L-4018 1989 22.00 
1/8 pedestal, 1" I. 4043 L-4042 1993 12.00 
1/4 anode cap. 1 /32" dp. 4044 L-4030 1991 16.00 
1/4 center post crater, 1/4" dp. 4046 L-4054 1995 21.00 
1/4 curved platform, center post 4049 L-3945 1335 24.00 
1/4 anode cap, 1/16" dp. 4070 L-4031 5630 16.00 
1/8 flat rod 4071 L-3922 1509 C-6 14.00 
3/16 flat rod 4072 L-3923 2615 C-9 14.50 
1/8 rounded upper, 1/32" r. 4073 L-4037 5001 17.00 
1/4 vacuum cup, 3/8" post, 2" I. 4074 6010 35.00 
3/4 0.0. Teflon Cup for 4074 or 4075 4074A 6010A 12.00/10 
1/4 vacuum cup, 5/8" post, 2" 1. 4075 6011 35.00 
1/4 tapered mandrel, 1-1 /8" I. 4078 L-3969 2021 D-4 18.00 
1/4 .054" micro-cup, .062" dp. 4079 L-4257 115 22.00 
1/4 .096" micro-cup, .075" dp. 4080 L-4259 117 22.00 

' 
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