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SYJCRKEJR 
SEMI=QUANTIT ATiVE SPECTRO·CHEMICAL ANALYSIS* 

By A. J. MITTELDORF 

Introduction 

Direct or primary methods of measurement are generally 
easy to cle,·elop and not subject to error. Indirect or secondary 
methods are, on the other hand, notoriously unpredictable. To 
put it another way, measuring a length simply by measuring a 
length leads to an answer with which few people will argue. But 
measuring wind speed with a wet finger-or even a modern 
anemometer-often leads to disagreement. 

The direct approach is usually involved in wet chemical anal
ysis. 'We weigh x plus y and, at the last step, we weigh x aJone. 
V\' e then calculate that the concentration of x is x/ (x + y). As 
opposed to this, instrumental methods-including optical spec
roscopy-are secondary. vVe can measure the intensity of a 
spectral line alright. But try to convince a wet chemist that 
this intensity means that a certain sample contains 1.2% silicon 
especially when his own result is 1.4063% ! 

To get around this problem of making indirect measurements, 
the usual procedure is to run comparison standards along with 
the unknown. The spectrog-rapher begs or borrows analyzed 
samples and uses these as a frame of reference. For example, 
he brackets an unknown sample of 24S aluminum between two 
knowns and, using a. sheet of graph paper and a straight edge, 
calls off his answers. But suppose the sample is not 24S alumi
nmn; instead a material falling in the catch-all category of 
"gook." Then what? His standards no longer work At 1.2%, 
the intensity of a particular silicon line is far different in a 24·S 
matrix from what it is in the sample of gook. 

The first thing a scientist does when he stumbles on a new 
problem such as this is to g·ive it a name. This one was pomp
ously christened "matrix effect." It is, in my opinion, the most 
significant-certainly the most economically important-problem 
in spectrochemical analysis. Vlhen a spectrographer finds a 24S 
sample on his desk, he polishes up the 24S standards and the 
unknown. In no time, he polishes off the analytical results as 
well. But let's return to that sample of g-ook, or perhaps sludge, 
precipitate, dust, corrosion deposit, ore, rock, shtg or ash. "\Vhat 
kind of standards can be used for these com]Jlete unknowns? 

The Spex semi-quantitative standards are of course, the ones 
we recommend for such 10amples. To overcome the matrix effect, 
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tlw technique used with these standards is one of dilution. For 
example, suppose the G (graphite base) standards are to be 
employed. The sample is first diluted with graphite in the ratio 
of, stty, _ 1 to 9. The matrix is thus essentially converted to 
gTaphite-identical 'for unknown and standards alike. Seeing 
90o/c graphite and only 10% sample, the spectrograph is fooled 
into giving reliable answers. The matrix effect is, in effect, by
passed. 

But, before going into further details on these standards, it 
would be well to trace the history and development of semi
quantitative analysis. Fry (l) neatly classified the ftttempts at 
developing tt universal method of semi-quantitative analysis under 
five headings: 

L Disregard the matrix effects. 

2. Compare the unknown spectra with spectra of synthetic 
samples. 

3. Corre,ct for matrix effects. 
i:~ 

4. Select internal standard for each element group. 

5. Dilute unknowns with a large amount of some material, 
a) an alkali metal salt; b) other miscellaneous metal or 
metal salt. 

As would be expected, the first of these is subject to the most 
error. Ignoring the matrix effect leads to little better than a 
quctlitative analysis. Equally significant, an element reported ab
sent may be present in sizable concentrations if the behavior of 
the matrix is ignored. Methods in category 1) are thus primarily 
of historical interest. 

In 1938, Slavin (2) de1·eloped the. so-called total energy con
cept. He postulated that, if a sample is burned to completion, 
the intensity of a particular line will be proportional to the 
number of atoms emitting- it-in other words, the concentration. 
Burning nine different NBS samples to completion, he was able 
to obtain a straight-line plot of the density of the calcium 317'9A 
line vs. the weight of calcium in the respective sample. On this 
basis, he tentatively conclude that any element in am.y matrix 
could be measured merely by determining the proportionality 
constant relating the line density to the mass of the element wtder 
the condition.~ 1csecl ·in ct pa·rtimda.r lccbo1·atory. Although Slavin 
did not succeed in developing a universal semi-quantitative methoJ 
on this basis, he made an extraordinary contribution h~' showing 
how essential a complete burn is. 



The total energy concept having pointed the way to better 
semi-quantitative methods, others were developed, some along 
the lines of the second category as given above. For instance, 
suppose one has to analyze samples of Mesabi ore for trace ele
ments. One carefully prepares a series of synthetic Mesabi ores 
varying the trace-element concentrations. Using these as stand
ards, accuracy can be almost quantitative. The main drawback 
of this second approach is that such standards are almost useless 
for the analysis of, say, a KNP fertilizer for its trace-element 
content. 

To summarize our appraisal of Methods 1) and 2), the former 
should be used for q~wlitatit•e analysis only. The second, while 
extremely useful in specific applications, obviously begs the 
question. It presupposes that the general composition of the 
sample is known. Very rarely is this true. 

·when the importance of the matrix became apparent, workers 
sought means for circumventing its influence. Correcting for 
matrL'I: behavior, the third approach, was that developed by 
Harvey (3). He made exhaustive studies of the effects on spec
tral intensity of a wide variety of common substances. These 
were then converted into correction factors and published in 
tables. The criticism of this system, like that of the previous one, 
is that it is not applicable to a complele unknown. One must 
have a good idea of the material being analyzed before knowing 
which correction factor to use. Moreover, Harvey's factors vary 
considerably depending on the characteristics of the individual 
spectrg1·aph. 

\Ve must, however, be fair by evaluating Harvey's technique 
historically and crediting him with a .iob well done. The method 
was developed specifically for the ARL spectrographs during 
"World vVar II when these instruments constituted a larg·e ma
jority in the United States. The dispersion, mounting and the 
graing itself were as identical as mass production could make 
them. In these circumstances, the Harvey method served quite 
well. Later, when other spectrographs found their places in 
laboratories, that method lost ground. Attempting to extend 
is a}Jplicability, Harvey published correction figures for a large 
Littrow spectrograrh. Today, because of the wide assortment 
of spectrographs employec1 and also the fact that the method is 
not applicable to cornplete unknowns, Harvey's technique is no 
longer extensively used. 

The fourth approach is probably the most unwieldy as a 
general method. If one wants to determine calcium in an un
known, he first adds a known amount of an element resembling· 
calcium, for example, magnesium. From the way in which the 
magnesium lines behave, he can correct for and therefore esti
mate the concentration of calcium. Again, althoug·h there are 
occasions where the method is useful, it has two shortcomings. 
It requires the use of a large number of internal standards for 
each sample; it precludes the determination of those elements 
which are themselves added as internal standards. But, like the 
Harvey method, it is frequently a handy methoc1, especially when 
no standards are available and a proximate determination of a 
particular element is needed. 

The last in our outline of techniques is the category into 
which the Spex method falls, i.e., dilution. Dating back to 190'7, 
at least twenty papers in the literature make use of this tech
nique. It is by far the most universally applicable, the simplest 
and least subject to error. 

The basis of the Spex adaptation is a powder called Spex 
Mix. This consists of compounds (mostly oxides) of 43 common 
elements weig·hed out so that each element is present at exactly 
the same concentration. That is, enough silver oxide is weighed 
out to yield l.OOg of silver; enough antimony oxide weighed out 

• {4 .... _, 
/ ... 

to yield l.OOg of antimony; enough c~l fum carbonate to yield 
1.00g of calcium, etc. Separately, each compound is first ground 
down to -200 mesh and, after being ' eighed, the compounds are 
ball-milled for many hours to assure/uniformity (4). The total 
weight of the 43 compounds diV'ided qY, 43 gives a figure of 1.3-t% 
concentration for every element present. 

The actual elements present in Spex Mix are lis ted below: 

Ag Be Co Fe Mg Ni Si Th w 
Al Bi Cr Ge Mn p Sn Ti Zn 
As Ca Cs Hg Mo Pb Sr Tl Zr 
B Cd Cu K Na Rb Ta u 
Ba Ce F Li Nb Sb Te v 

The G standards are made by diluting S1Jex Mix with high
purity graphite. The actual gTaphite chosen is United Carbon 
Products Co., UCP-2, -100 mesh. The coarse particles in this 
material have relatively little tendency to fly out of the electrode 
cup during a burning", a factor often overlooked when poor pre-· 
cision is a problem. Standard G-1 contaiHf 

1
0!.120% of each of 

the 4·3 elements/, -l,t-~.,is made by mixing O . .lz..t, weight units of 
Spex Mix with :l.oo ·{veight units of graphite. Containing 0.010% 
of these elements, G-2 is made by diluting G-1 by a factor of 10 
with graphite. The procedure is repeatecl for G-3 and G-4•, the 
last containing 1 PlJm of the elements. 

An unknown powder is brought into the laboratory. Let us 
proceed to analyze it hypothetically. vVe take 10 mg of the 
sample and mix it with 90 mg of grarhite to obtain a 1 :10 dilu
tion. To determine elements above 1%, a second ten-fold dilution 
is required and a third for elements above 10%. The Hour-Glass 
mixer, or more conveniently, the vVig-L-Bug is recommended for 
the dilution operations. \Vith the latter, a plastic ball shakes 
the materials to be mixed in a plastic vial electrically for 10-60 
seconds. The shortest mixing time possible is desirable in 01·der 
to keep the grinding action to a minimum. 

vVe pepare four samples which we shall refer to as follows: 

x the original unknown 
.x the Ol'iginal unknown diluted with graphite 1 :9 

.Ox the original unknown diluted with graphite 1:99 
.OOx the original unknown diluted with graphite 1:999 

The actual technique recommended depends on the accuracy 
requirements. In a typical procedure, all of these materials are 
burned to completion on the same plate and unde1· the same con
ditions as the entire set of G standards. A de arc of 5-10 amperes 
is employed; the sample electroc1e is made electrically positive. 
Typical electrodes used for this work are the undercut UCp' 
105-S, a shallow crater electrode without undercut ( 4196), or a 
narrow (1/8") diameter electrode (5440) to minimize arc wan
dering. "Whatever the electrode used, the sample must be burned 
to completion. 

Table I is a hypothetical example of the kind of results to 
be expected. Here it was not necessary to dilute the sam}Jle to 
.OOx since it was known beforehand that all elements were present 
below 10% concentration. 

TABLE l 
Hypothetical Example of Analysis Using G Standards 

Intensity of Speciml Lines* 

JJ1aterial Si 2881A Cu 32-t'fA Ag 3281A B 2'1.98A 
X r 2 0 0 
.x 6 1 1 0 
.Ox 4 0 0 0 
G-1 4 4 4 'i. 
G-2 3 3 3 3 
G-3 2 2 2 2 
G-4 1 1 1 1 

*Visual estimates of intensity: 0 is not detected 
r is very strong 
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Interpretation of this table would be as follows: the silicon 
at the 100 times dilution (.Ox) matches the silicon in G-1. In 
other words, it contains approximately .l% at this dilution. Mul
tiplying by the dilution factor of 100, the sample is thus calcu
lated to contain about 10% silicon. 

--~--! The copper in this sample at the .x dilution matches G-4· 
'and therefore represents about .OOOx%. Multiplying by the dilu

tion factor, the original sample contains about .OOx%. 

The silver presents an interesting exRmple in that it is not 
detected in the original SRmple but detected at the first dilution. 
This frequently occurs, the graphite diluent actually tending to 
imJJrove sensitivity. In this example, the silver concentration 
is around .OOI% in the original sample. 

Boron is not detected in the sRmple nor in any of its graphite 
dilutions. ·without stanchrds, it would simply be reported "not 
detected.'' One big advantage of the Spex method is that the 
determination is amplified to read "not detected, less than .OOI %." 
\Ve reason thus: since boron shows in all four of the stRndards, 
its limit of detection is at least .OOOI o/o. This means that .OOOI% 
would be detected in .x, the first dilution of 'the sample. Multi
plying by 10, as pr~viously, we stRte that the boron content of 
the original sample, if~].Jresent, is less than .OOI o/o. 

Dr. E. S. Hodge, of Mellon Institute, hRs devised R scheme 
for reducing the number of exposures required. His laboratory 
serves a wide variety of ever-changing reseRrch projects and 
almost every unknown is unique. Rather than running R com
plete set of standards on each film, Hodge ( 5) uses a precali
brated density scale mounted inside the screen of the microphoto
meter as pictured in Figure I. Employing a matching technique, 
he assigns a figure from 0 to 7' depending on which step is best 
matched by the spectrum line in the SRmple. For example, sup
pose at the I :IOO dilution, the silicon 288IA line in a particular 
sample matches step 3. He refers to a conversion chart previ
ously prepared and finds that 3 represents approximately the 
same concentration as the silicon content in G-2 or O.OI o/o. Mul
tiplying by the dilution factor of IOO, he reports approximately 
I% silicon in the original sample. 

Part of the conversion chart which we supply is shown in 
Table II-A. The most common spectral lines are chosen for each 
element but room is left for compilation of other lines. A typical 
data sheet used with this technique is shown in Table II-B. 
At the micro}Jhotometer, density numbers are assigned by visu
ally matching the unknown line with a step on the Hodge Scale. 
Next, by referring to the conversion chart and remembering to 
multiply by the dilution factor, the approximate % concentra
tion is inserted. 

TABLE II-A 

Conversion Chart (/'0 Concentration from Density Number) 
for use with Hodge Semi-Quantitative Scale 

Element W.L.,A Density Nqtmber vs. % Concent·ration 
1 2 3 4 5 6 7' 

Ag 328I 
AI 3093 
As 2350 
B 2497' 
B 5535 
Be 234.9 
Bi 3068 
Ca 4227' 
Cd 2288 
Ce 4I87' 
Co 3453 
Cr 4254 
Cs 4555 
Cu 3247' 

Figure I - Hodge Scale 

Analysis of "Pure'' Materials 
Thus far, we have considered the analysis of impure mate

rials consisting of a number of elements rather than essentially 
one. Another problem is the analysis of a pure material. Here 
the task is not only to determine the concentration of impurities 
present but also assign "less than" figures for those elements 
not found. 

This solution makes use of Spex Mix itself. It is diluted with 
the sample in several ratios. A comparison of the spectra of 
the original material with the diluted materials is the basis of 
the method. An example will clarify this. 

Let us call the sample to be analyzed "A''. vVe first dilute 
1.24·g of the sample with O.IOg of Spex Mix. This, which we 
shall call "B", now contains 0.10% of all of the 43 elements 
added to the sample. (In other words, if there was 0.5% iron 
in sample A to begin with, B will contain 0.6%. If, on the other 
hand, the sample contained no germanium, then B will contain 
O.I%). Next we dilute B with the original sample in the ratio 

TABLE 11-B 

Data Sheet for use wi-i·h No. II 00 Hodge 
Semi-Quantitative Scale 

SRmple Identification ......................... . 
Date .............. Plate No ................. . 
El't. vV.L.,A Den. No. % Cone. 
Ag 328I 
AI 3093 
As 2350 
B 2497' 
Ba 5535 
Be 2349 
Bi 3068 
Ca 4227 
Cd 2288 
Ce 4187 
Co 3453 
Cr 4·254 
Cs 4555 
Cu 3247 
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ll:l:~A. This 1\'C call C wbieh adds 0.0!0% of the .[.~) eleme11ls 
to the origirwl sample A. Likewise D and finally E are prepared 
by subsequent dilutions. 

Table III gives the results to be expected in a typical 
sample: 

TABLE Ill 

Analysis of Hypothetical Sample of "Pure Material'' 
Using Spex Mix 

Desig. Co rnJi. Si. 2881A On :~247A H 2497A Z n !~3-1·5 .A 

A Orig·inal sample (i 0 1 0 
B 0.10% added 4 7 (j ·f 

c 0.010% added 2 ·f 6 ~ 

D 0.001% added 2 2 (i 

E ().000 1 o/c added 2 (j ll 

*Yisual estimates of intensity: 0 is not detected 
7 is very strong. 

In the above example, Silicon would be reported .Ox%. We 
notice that the intensity grades from A to B to C but that C, 
D and E have about the same intensity. The addition of 0.01% 
at C permitted an intensity change but the addition of 0.001% 
at D did not. In other words, there must have been at least 
0.01% silicon in the original sample. 

Copper in the original sample was not detected. But whal 
is the limit of detection in this matrix? vVe note that copper 
is detected in the lowest dilution, at 1 ppm and we therefore 
report: copper not detected, less than 0.0001%. 

The boron content is interesting in that it shows tha,t the 
"pure'' material is really not pure, containing at least 0.1% of 
boron. The 0.1% addition and the 0.01 o/o addition of boron 
appear identical on the microphotometer. Therefore, the orig
inal sample must have had at least 0.1 o/o. 

Like copper, zinc is not detected in the original sample. 
Unlike copper, however, it is not detected at the final dilution. 
It is reported: Zinc, not detected, less than 0.001 o/o. 

Organic Materials 
Thus far we have described the analysis of miscellaneous and 

pure materials. Organic compounds fall in a third category 
mainly because of the necessity of ashing· them before analysis. 
Either wet ashing or dry ashing may be employed; there are 
advantages and disadvantages to both. In general, there is a
tendency to add impurities in the former and lose impurities 
in the latter. 

A typical dry ashing procedure for the analysis of organic 
materials would be to sta~t with a one gram sample of the 
material and then char it in a platinum crucible. The time and 
temperature will depend on the particular material but both 
should be kept to a minimum. After charring, 0.10g of spectro
graphic grade zinc oxide or lithium carbonate is added and 
mixed in the crucible for about a minute with a small spatula. 
The mixture is then ashecl at about 450°C and shaken in the 
W,ig-L-Bug or otherwise ground to a homogeneous powder. 
Since this material is to be analyzed against the Spex Z (zinc 
oxide) or L (lithium carbonate) standards, a small amount of 
each of the standards can be ashed as "blanks", In other words, 
an element such as arsenic will volatilize in much .the same man
ner in the standards as in the unknown so that a correction 
factor will be automatically applied in this manner. A word of 
caution should be given here. Do not add zinc oxide directly to 
the organic material before it is charred. Partial reduction of 
the zinc oxide to the base metal will occur with consequent Joss 
of accuracy. 

The procedure g·iven above concentrates the elements in the 
organic material by a factor of ten. Of course, if one starts 

ll'ilh lOg 01' lOOg of the ol'ig;innl nwterinl, 1.1 L'ollt"clllralioll ol' IOI.l 
or even 1000 is vossible. In the tina! ca.lculations, values are 
simply multiplied b.v the appropriHte faetor. 

Although 1-inc oxide bup1s smoothly and repro<iueibh· in a 
de arc without the formati~n of a refractory bead, many .veople n· . 
prefer to mix it with an equal quantity of graphite before burn- \~ ·. 
ing;. .Such a procedure is that developed b,\· G. W. Standen of 
the New Jersey Zinc Compan~·. His C'ledroclt· is rough]~· equiva-
lent to UCP 5HO (a 1/s" dimnder rod with n hole drilled to n 
dt·pth of about 1/4") and burnings nn· again mndt• to completion. 
Sen~itivit~· as reported hy Standen is given in Table I\'. 

TABLE IV 
SEKSifiVIT't' OF £LEio4ENTS IN :Z:INC OXIDi• 

Wavt!eh13\h ~-~. w ..... !.nq!h Approt, ~·" Wll"o"(llcr.qth Atrp--. ~. 
llemettt A O.t.doblo ~ent A Dehel•t.t .. El~tm•lt! A ~ 

,Af 'JO'I2.7 .Oil A" 2675.9 .006 2705.9 -~ 
3012.1 .02 2H8.2 .2 2650.9 .IS 
2575.1 .2 
2&60.~ .3 ,, 3039.~ .045 Rh 3396.9 

2710.3 .65 2703.7 
5b 2598.1 .()o! 2802.9 •5 

2877.9 .25 2664.8 .055 
2924.8 .065 Sl 250b.9 .0<>4 

A, 278().2 .45 2849.7 .065 2631.3 l 
2Sb0.4 .6 2897.1 .65 2987.6 .. 3130.4 .0006 Fe 3020.0 .01 Ag 3280.7 .0002 

2650.5 .OQo! 
2723.6 .2 3382.9 001 
2727.5 .6 

.015 
r. 2714.7 •I .. 3067.7 L, 3245.1 .35 2661.3 )I 

21197.9 .IS 3265.7 .5 
2808.4 .95 To 2385.8 .045 • 

H97.7 . 002 2530.7 41 
2496.8 .0025 Pb 2833.1 .05 

2614.2 .06 Tl 2767.9 OJ 
(A 3261.1 .55 2663.2 .5 2</ld.) 

2823.2 I. I 
c. 3179.3 .02 Th 2837.3 I) 

3006.9 .5 Mg 2852.1 .0004 2732.8 • 2779.8 .055 c. 3021.6 .035 2782.9 .25 s, 2839.9 021 
2835.6 .04 2863.3 041 
2849.8 .075 M, 2794.8 .004 2661.2 
2780.7 .. 2798.2 .012 

2949.2 .04 r; 323<5 o•l 
Co 24()7.2 .035 2933.1 .075 3088.0 04 

2521.4 .035 lqSb.l 31 
26-48.6 .J Hg 2536.5 .OJ 26-41.1 61 

Nb 3094.1 .065 Mo J 132.6 .03 w 272<.3 04 
2698.9 .2 2612.8 .35 ~ .... 045 
274().2 .55 

N; 3050.8 .OJ y 3093.1 02 c, Jl-47.5 .001 2981.6 .085 2706.2 I 
3273.9 .0012 2984.1 .55 2702.2 lS 
282H .35 z, 2671.6 Pd 3242.7 .035 

.04 
G, 2943.6 .03 2763.1 .3 

2639.1 .. 
2719.6 .5 ''t.m.l Sf~, 

2553.3 .3 z, 271U Ge 2651.2 .005 2614.1 
274().-4 .75 Pt 306-4.7 .015 Ul'0.5 

Accuracy 

When the original \\·ork on the Spex standards was done, 
we ]lnhlished a precision figure of ± 30%. Since that time, rnany 
spectrographers have told us that they have attained ± 10% 
by taking densitometric readings and observing precautions ordi
narily reserved for quantitatiYe work, such as correcting for 
background, running samples and standards in replicate on the 
same plate, etc. 

·while it is good to know that, by spending more time on 
the problem, excellent accuracy may be attained, a balance be
tween the ca-Yt and the ·value of the analysis should always be 
maintained. v\'ith this in mind, the following will show what 
returns can be expected from the least effort, the most effort and 
several in-between degrees of effort. 

rr: 
i ,., 

Undoubtedly, the simplest method of semi-quantitative anal
ysis when any volume is involved is that devised by Hodge. A 
few hours spent in precalibration of the standards against a 
stepped intensity scale is rewarded by a large saving in time 
when samples are run. Hodge reports that, for 200 determina
tions on NBS samples, 90% of all concentrations found fell within 
the range 1/3 to 3 times the s tanclardized values. Typical results F 
are reported in Table V (5), ~."" 

The scale itself (Cat. No. 1100) is shown in Fig. 1. 
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TABLE Y 

Analytical Results Using Hodge Scale 

COMPARISON OF CHEMICAL AND 
SPECTROGRAPHIC ANALYSES 

(Concentrations expressed as per cent of element) 
U. S. Geological Survey Standard Samples 

G-1 W-1 

(Granite) (Diabase) 

Chcm. Spec. Chcm. Spec. 

Na 2.4 I 1.5 

K 4.) 1 ,,. 0.) 3 ... .,-

Si 3 3.7 >ro 24.4 > 10 

Ti 0.1) 0.1 0.67 

Al 7.9 10 8.3 10 

Fe 1.42 7.9 3 

Mn 0.021 0.003 ,,. 0.13 0.01 ,,. 

Mg 0.24. 0.1 4.0 >3 

Ca 1 7.9 3 

B 0.0005 0.003 ,,. 

Ba 0.13 0.1 0.027 0.03 

Be 0.0002 0.0003 

Co 0.00 3 6 0.01 

Mo 0.0008 0.001 

Ni 0.0005 0.0001 ,,. 0.009 0.01 

Pb 0.027 <O.Ol 

v 0.0018 0.003 0.024 0.01 

Zr 0.02 0.03 0.009 0.01 

''·Spectrogrlphic value falls outside the Yi to 3X range of chemical €0 '· value. 
•:·eN band interference. 

A variation of Hodge's method is to prepare a master plate 
(instead of an intensity scale) containing an entire set of semi
quantitative standards and run under conditions identical with 
those to be employed for uknowns. Lines on this plate are 
marked off to facilitate identification. ·while requiring a good 
deal of preparatory work, this method has an advantage in 
accuracy over Hodge's systems. The zinc line at 33•MA, for 
example, will be just as diffuse on both the comparison and the 
unknown plates and the respective backgrounds will be equiva
lent, too. Matching is more exact than with the Hodge scale 
since one does not have to make .mental corrections for differ
ences in backgrund and/or line shape. Precision possible with 
this matching technique is perhaps such that the results will 
fall between lJz and twice the correct value. 

The main sources of error in the second method are the 
every day variations in photographic processing, the emulsion 
itself, the temperature and especially humidity in the laboratory. 
All of these may, of course, be minimized by running the stand
ards and unknows on the same plate. Transmittances may then 
be compared visually and results will be accurate within ± 50% 
of the amount present. 

The techniques involved in squeezing out the optimum pre
cision involve taking densitomdric readings and plotting working 
curves. In this categ·ory, the simplest method is to 11lot o/o trans-

. mittance vs. o/o concentration on log-log paper. Alternatively, 
( 1')!ine-to-background ratios may be plotted with a significant gain 
'<',JY in accuracy. In the Z and L standards, appropriate "'inc or 

lithium lines may be used for internal standardi;;atiou. 

TABLE VI 
Comparison of Wet Chemical and Spectrochemical 

Analyses Using Spex Standards 

liJle·nwnt 
Silicon 
Aluminum 

N.B.S. No. 88 (Dolomite) 
Sn~:u lV et Chemical 

0.12% 
0.06 

0.15 
o.o~~ 

Iron 0.1 0.06 

Magnesium 10 13 
Calcium 15 21 
Manganese 0.01 0.005 
Titanium 0.006 0.003 

Comparison O'f Wet Chemical and Spectrochemical 
Analyses Using Spex Standards 

JiJlernent 
Silicon 
Iron 
Aluminum 
Manganese 
Calcium 
Zinc 
Sodium 

Welding Flux No. 12405 
Bpe.1: TVet Chemicctl 

5.9o/o 6.5o/o 
.60 .32 

10.5 7.5 
15.0 13.6 
10.5 12.0 
3.5 3.6 

H.5 13.0 

Comparison of Wet Chemical and Spectrochemical 
Analyses Using Spex Standards 

Blenwnt 
Silicon 
Aluminum 
Calcium 
Chromium 

Welding Flux No. 12407 
Spex Wet Chem·ical 

10.0% 8.9% 
5.6 3.6 

11.5 
6.0 

17.0 
6.3 

Table VI gives tYl'>iC<tl results of analyses using techniques 
in the "middle'' accuracy range. Here, transmittances are plot
ted as a function of concentration but no internal standardization 
is employed. 

Table VII shows the kind of results to be expected when the 
best techniques are used to obtain the most accurate values. In 
this work, the following conditions were employed: 

Si0
2 

Fe 

Spectrograph 

Source 
Plates 
Electrodes 

Sample preparation 
Standards 
Calculations 

3.4 meter Ebert, 15,000 lpi grating, 
10-micron slit; step sector. 
de arc, 6 amps; complete burn 3 min. 
Eastman SA No. 1 
105-S, 105-U (United Carbon 
Products) 
Wig-L-Bug, plastic vials 
Spex L Standards (LiC03 ) 

\Vorking curves using intensity ratios 
to Li 2474A; no backg-round correc
tions required; four values averaged. 

TABLE VII 
Comparison of Wet Chemical with Spex Results 

on Bu;eau of Analysed Samples 
Iron Ore No. 175 
Co·naentmtion, o/o 

Spex Standanl E1To1·, % 
6.2 8.13 13 

55.8 58.2 4 
MgO 1.73 1.22 41 
CaO 2.32 2.05 31 
Ti02 .H .12 16 
Al 20:J 1.86 1.83 2 
Cu .10 .037 162 
Na

2
0 .10 .10 0 

K 20 .20 .2G 23 
p (less than) . 1 n.d . .05G 
As (less th11n) . 05 n.d . .Oll 
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Jn addition, the Spex analysis estimaleil .0005-.005% of Mn, Ph, 
C'1·, Ni, V, Zn, i\g;, Co. These dements were not reported on the 
ePrtin<'ate accompanying the standard. 
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Conclusions Literature Cited 
Procedures and standards have been developed for the semi

quantitative analysis of almost any material. Depending on the 
requirements, aceuracy varying· from semi-quantitative to almost 
quantitative may be achieved. Flexible and adaptable to a wide 
variety of spectrochemical problems, the methods are, neverthe
less, straightforward and may be carried out on a routine basis 
b.1· personnel with limited tmining. 

1) Fry, D. L., Btolletin, A.S.T.M., 216:29, Sept. 1956. 
2) Slavin, lVI., Ind. Eng. Ghem. Ana!. Eel., 10:4·07' (1938). 
3) Harvey, C. E., "A Method of Semi-Quantitative Spectro

graphic Analysis," App. Res. Labs., Glendale, Calif. (194·7'). 
4·) Mitteldorf, A. J., Landon D. 0., Appliecl SpectTOHcopy, 

10:12 (1956). 
5) Hodge, E. S., Baer, W. K., Applied Spect1·oscopy, 10:150 

(1956). 

1000 Spex Mix. Base from which standards are prepared. This material is used for the analysis of "pure" chem
icals. For this purpose it is mixed with the unknown to be analzed. It may also be used to prepare sets of 
standards of matrices other than those supplied. Each element in Spex Mix is present at 1.34% concentration. 
per ±wo grams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $36.00 

1001 Z Standards. 0.1 %, 0.01 o/o and 0.001 o/o of above elements in zinc oxide base. Particularly useful for the analysis 
of organic materials. 
per set of three, 2 g.rams each . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $33.00 

1002 G Standards. 0.1 %, 0.01 %, 0.001 o/o and 0.0001% of above elements in graphite base. General applicability, espe
cially for inorganic materials. 
per set of four, 2 grams each . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $44.00 

4061 Graphite Powder, ultra purity, -100 mesh. For use with G Standards. 

1003 

1004 

1005 

llOO 

llOl 

per oz •................................................................... · .. · .. · ..... · · · · · · · · · ... · .. · · $ 8.00 

Zinc Oxide, specirographic grade. For use with the Z Standards as a diluent for unknowns. 
per 15 grams ......................................................................................... . $ 8.00 

L Standards. 0.1%, 0.01% and 0.001% in lithium carbonate base. Used for the analysis of lubricating oils, 
crankcase sludges and other organic materials. 
pe·r set of ihree, 2 gram.s each ......................................................................... . $36.00 

Lithium Carbonate, spectrographic grade. For use with the L Standards as a diluent for unknowns. 
per 10 grams ......................................................................................... . 

Hodge Semi-Quantitative Scale. Included with the scale are 100 data sheets, instructions and a set of con-
version charts mounted in celluloid folders to protect them in use ...................................... . $21.00 

Additional data sheets for above 
per 100 ............................................................................................... . $ 2.80 

Plastic Electrode Stand 

PLASTIC ELECTRODE STANDS 
In response to your many requests, we are now manufactur

ing plastic electrode stands designed for loading up to 22 elec
trodes. Three stands are available for 1/4" d., 3/16" and 1/8" d. 
electrodes. 

As pictured, the base of the stand is of Plexiglas and has 
22 stations, each numbered to avoid mix-ups. The holes are so 
spaced that one of our funnels may be placed over an electrode 
without interference from an adjoining one. The base and clear 
plastic dust cover will resist mineral acids which might be acci
dentally S})illed in filling an electrode. 

In order to distinguish among two or three stands with which 
your technician is working, they are available in three colors: 
white, black and red. 

vVhere the stand is to be used to dry electrodes, our Lazy 
Susan Electrode Stand is recommended. This instrument is 
machined of aluminum and anodized to protect it chemically. 
Each of its 24 stations may be rotated into position for ease in 
loading and individually covered with a transparent dust cover. 
By loosening a captive screw, the main table may be removed::!; 
and placed in an oven to evaporate solutions from electrodes. · 
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WIG-L-BUG TRICKS 
Mr. E. B. Childs describes the use of the Wig-L-Bug by the 

U. S. Department of Public Roads, for breaking up soil aggre
gates prior to analysis. ·what is unique about his technique is 
his use of the steel ball (recommended for the steel vials) with 
the plastic vials. According to Childs, while the ball may break 
a plastic vial occasionally, the advantages are the very rapid 
preparation of soil samples directly in the container in which 
they are stored. Moreover, between-sample cleaning is entirely 
eliminated. 

* * * Sample preparation of zirconium and hafnium has been 
greatly iml)roved using the vVig-L-Bug, reports F. Parks Landis 
of General Electric's Knolls Atomic Power Laboratory. Millings 
.003-.005" thick are machined us:ng a stream of inert gas, rather 
than a lubricant to cool the chips. These chips are placed in a 
silica crucible and ignited for several hours in a muffle fllrnace 
at 950° C. The resulting oxide flakes are so brittle Lhat they 
are readily pulverized when shaken for 30 seconds in the standard 
plastic vials on the vVig-L-Bug. Mr. Landis claims that ''spectro
graphic results for impurities in samples l)repared this way are 
superior to those obtained from oxides derived from solutions. 
There is no possibility of loss of volatile compounds from solu
tion and no contamination from mortar normally used to grind 
such samples." 

* * * Another unexpected use for the vVig-L-Bug has turned up. 
Kenneth T. Carolan of the Celanese Research Laboratories in 
Summit, New Jersey, has found that it offers much promise as 
a standard test for the high-frequency impact resistance of 
fibres. In this application, the fibres to be tested are placed in a 
stainless steel vial (3117) together with a %" steel ball. Time 
necessary to break the fibres is used as an index of its impact 
resistance. Mr. Carolan reports that the figure-S motion of the 
vial prevents the fibres from balling. 

3051 

3052 

3053 

3000 

3001 
3002 
3003 

3020 

Plas:tic Elecfrode Stand, for 1/4" elecfrodes, 
white, black or red base (specify color) 
Each ..................................... . 
Plastic Elecfrode Sfand, for 3/16" electrodes, 
white, black, or red base (specify color) 
Each ..................................... . 
Plastic Electrode Sfand, for 1/8" electrodes, 
white, black or red base (specify color) 
Each ..................................... . 
Lazy-Susan Elecirode Stand, for 1/4", 3/16" 
or 1/8" diameter electrodes (specify diameter) 
Each ..................................... . 
Funnel for filling 1/4" electrodes 
Funnel for filling 3/16" electrodes 
Funnel for filling l/8" electrodes 
Each 
Per dozen (state how many of each diameter) 
Hotplate, for drying electrodes on No. 3000. 
Stainless steel case with cast aluminum sur
face plate; completely variable control with 
indicating pilot light; 600 watts, 115-volts, 
25-60 cycles (Temco). 

$20.00 

$20.00 

$20.00 

$62.00 

$2.50 
$24.00 

NEW PHOTOGRAPHIC EMULSION ANNOUNCED 

April 1, 1957 

A new photographic emulsion has been reported1. Since it 
shows great promise for spectrographic purposes, we are detail
ing its characteristics here. The emulsion, Panutopian-X, has a 
range of 2000-10,000A at rr speed equivalent to Eastman's 103-0 
in the UV. Although its sensitivity is so phenomenally high, its 
graininess is superior to that of SA No. 1. Further, it is claimed 
that the emulsion is hard, not subject to scratching, may he 
dried rapidly without distortion and has low chemical fog. 

Because of its unusually long spectral mnge, a series of filters 
is available for use with it. Suppose on a grating spectrograph 
it is desired to photograph the region '1000-5000A, cutting out 
interfering second order lines at 2000-2500A. To do this, a filter 
is used at the slit. It has about 90o/o transmittance from 2500-
to 10,000A and a sharp cut-off below 2.500A. Similarly, other 
band-reject filters are available for almost any 500A region. 

Another advantage claimed for the new emulsion is that the 
I-I&D curve is a straight line without the usually bothersome 
curved knee and shoulder. Taking advantage of this feature, the 
spectrographer merely plots transmittance values directly against 
percent concentration. A perfectly straight line working curve 
is thus obtained over as many as four logarithmic cycles. Plate 
calibration is eliminated and the calculating board may be dis
posed of as well. 

But perhaps the most striking characteristic of the· emulsion 
is that its gamma is set solely during development. That is, any 
gamma value between 1.0 and 3.0 may be obtained over the 
ent'i1'e spect1·al 1·ange simply by using the pr01)er indicator in 
the developer. If one desires a contrast of, say, 2.0, he adds a 
drop of the proper indicator to the devel01)er. At the moment 
the indicator changes from green to bright gold, the proper con
trast is reached and the plate is promptly "stopped.'' 

1Westman, K., P1·oc. Soc. of Imag., Vol. 1, p. 432 (1957). 

* * * 
No, we don't stock the above emulsion and probably won't. 

vVe clo stock the common Eastman Kodak emulsions, however, 
such as SA No. 1, SA No. 2, 103~0, 103-F, I-L, I-N, 103-0UV, 
1Q3a-O. All plates and films are kept in deep freezers to maintain 
their shelf life and assure you of batch-to-batch uniformity. 

Each ..................................... . $19.75 
Lazy Susan 

Electrode Stand 
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The ULTRA-MATIC 
PRECISION BALANCE 

sillllllplle, rapid «llJ1.1©Jrat1tlion~ 
with a little practice an untrained person can make 
a single weighing in 5 seconds, or can weigh a powder 

directly into a plastic vial in 15 seconds. 

SPECIALLY ADAPTED FOR USE WITH 

The~ 

siJI11.glle kn«llh oc~nltr«Jlllg 
,· 

covers the entire weighing range. 

n«ll weights req1uuiredg 
from zero to capacity of reading scale. 

the patented suspension system eliminates pivots and 

bearing friction. 

The Sauter Ultra-Matic Precision Balances are ideal for the spec
trographer-emission, x-ray and infra-red. They are capable of weigh
ing the small quantities of materials used in a matter of seconds, with 
all the accuracy he requires. In addition, the balances are fitted with 
a weighing pan designed specifically to hold the :Y2 " d. x 1" long 
plastic vials used in the Wig-L-Bug electric mortar. 

Just place the empty vial in position, tare it and then preset the 
balance for the desired weight of charge. Then add the material to 
the vial until the balance is in equilibrium. The entire weighing can 
be accomplished in fifteen seconds. 

Although the Ultra-Matic Balance is available in various capacities 
mnging from 1 mg up to 12.5 grams, the optimum instrument for tl1e 
spectrographer is either the 250 mg or the 500 mg model fitted with 
a range extension to permit weighing up to five times the reading 
capacity. This is necessary to permit taring of the vial, which weighs 
about 1100 mg. Thus the 500 mg model, with range extension, will 
weigh up to 2500 mg total capacity with the final 500 mg of weight 
directly readable without weights to 0.5 mg equal to· one-half of o;/ 

scale division. Again, with the spectrographer in mind, a 10 m~ 
oample can be weighed to a precision of five percent of the amount 
being weighed. 

To assess your own needs, first determine the mi11im11m sample 
weight you encounter. If you weigh out as little as 5 mg, then you 
will require the 250 mg model to attain weighing precision of five 
percent. This model, with range extension, will permit you to weigh 
up to 1250 mg capacity. If your weighings are to be made in the 
plastic vial, the maximum sample weight would be about 150 mg. 

If, on the other hand, your minimum loads are 10 mg, the 500 mg 
model will be more suitable. With this instrument, you can weigh a 
maximum of 2500 mg, or about 1400 mg directly into the plastic vial. 

7000 Sau:ter Ultra-Malic Precision Balance: 250 mg model, with range extension permitting weighing up to 
1250 mg capacity. Includes special weighing pan designed to hold 1fz" dia. x 1" long plastic vial (3111); 
a round pan; weight for checking linearity of reading scale; 2 x 250 mg and 1 x 500 mg weights for weight 
range extension and a pair of horn tipped tweezers; vinyl dust cover ..................................... $260.00 

7001 Sauter Ul±ra-Matic Precision Balance: 500 mg model, with range extension permitting weighing up to 
2500 mg capacity. Includes special weighing pan designed to hold lfz" dia. x 1" long plastic vial (3111); /J 

a round pan; weight for checking linearity of reading scale; 2 x 500 mg and 1 x 1 g. weights for weight~~.:-~~,;::y;-•Y 
range extension and a pair of horn tipped tweezers; vinyl dust cover ................................. . .:$2-61110"0' 

WE INVITE INQUIRIES ON THESE BALANCES IN CAPACITIES RANGING FROM 1 MG UP TO 12.5 
GRAMS. ALSO AVAILABLE ARE SPECIAL ADAPTATIONS OF THIS MODEL WITH SEPARATE WEIGHING COM
PARTMENTS WHICH MAY BE EASILY WASHED DOWN FOR USE WITH RADIOACTIVE MATERIALS. 
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