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Analytical Consulting and the Arts – Composition and  

Recycling of Silicon Bronze for Sculpture 
Created by: Paul T. Jackson 

 

GREEN CHEMISTRY 
This experiment uses microwave sample digestion to prepare the unknown material.  The digestion 

conditions use less aqua regia compared to open vessel digestion on hot plates or sand baths.  Ad-

ditionally, the digest can be completed in less than 30 minutes compared to overnight or multiday 

digestion on a sand bath.  Hardware and Manager may wish to explore the energy use implications 

of the different heating techniques and report their findings. 

 

ROLES 
Manager  Select the method used to make dilutions (volume vs. weight), elements to analyze, 

and determine composition as function of pours/meltings.  

Chemist  Make dilutions on the fly as Manager and the company innovates 

Software  Develop all spreadsheets, exchange data  

Hardware Operate the Buck GF-AAS, HoribaJY ICP-AES, and Scanning Electron Microscope  

Hill & Finster 5.3.1, 5.3.4 - 5.3.5 
 

OBJECTIVES 
At a neighborhood picnic, you strike up a conversation with one of your neighbors, a practicing art-

ist.  Upon learning that you are able to determine element compositions in metals, she describes her 

bronze metal casting/sculpture work to you.  Toward the end, she mentions the abundance of cups 

and sprues hanging around her shop from prior work, and she states a desire to melt those pieces and 

incorporate them into new work.  The only concern she articulates is a shift of material performance 

based on the changing composition of the silicon bronze after repeated melts.  She inquires if you 

could assist with the bronze alloy composition and track it as a function of melts.  You recall glanc-

ing through a Sculptureworks web page
1
 and watching a short How its Made bronze sculpture epi-

sode on the Discovery Channel
2
. You think the analysis is possible with some good collaborative 

work between your lab and the artist’s foundry/studio Art 223 class. The objective is to determine 

the original and subsequent compositional change to a bronze alloy after multiple melts and visual-

ize possible changes in composition with the scanning electron microscope.  This work picks up on a 

collaboration begun in Fall Semester 2016.   

 

MANAGEMENT INTERVIEW 
The interview consists of formal memo to the artist, indicating the results of the visualization and 

element analysis as well as presenting the experimental design, all lab records, any memos, and the 

team’s work with others in the analytical lab and the bronze sculpture community.  Experiment de-

sign, rationale behind solution preparation method (weight vs. volume) and data quality are crucial.  

Do the experimental results reflect the choice of dilution method as being the better procedure?  Any 

misidentifications need to be dissected for cause. 

                                            
1 http://www.gobronze.org/from.html  
2 https://www.youtube.com/watch?v=W8GmKJXoTO8  

http://www.gobronze.org/from.html
https://www.youtube.com/watch?v=W8GmKJXoTO8
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The Chemical Approach 

Your colleague is a brilliant engineer and has familiarity with different bronze applications.  For ex-

ample, a standard phosphor bronze is almost always used in high speed bearings, while a standard 

manganese bronze is used for low speed, less critical bearings.  Highly oiled bushings usually use a 

coarse, porous standard silicon bronze.  Many of these bronzes are typed in standards libraries that 

are used for quality control purposes. Nationally, there are a limited number of bronzes U.S. certi-

fied to be used in any kind of bearing.  These are all typed according to composition by the National 

Institute of Standards and Technology (NIST).   

 

Examples of these standard bronzes, from which bronze bearings are constructed, are shown in the 

table below. The numbers in the top row represent NIST bronze sample types, and the compositions 

below show the percentages of each of the major alloying elements indicated in the column at the 

left. A dash in the entry box means that the concentration of particular element was not determined. 

Bronze artists typically use a version of a silicon bronze called Everdur; its copper alloy number is 

87300, sometimes written as C873; it has been added to the NIST data table.   

 
The Analytical Problem 
The analytical problem is conceptually simple – just determine a bronze composition; however, it 

becomes tricky in the lab.  You ask Software search for additional information about the Everdur 

bronze and bronze alloys analyses (atomic and SEM) focused on artwork and archeological materi-

als.  Ultimately you would like to be able to plot how the bronze composition changes as a function 

of melts.  Chemist will dissolve the bronze shavings carefully enough not to change the element 

composition that can signal a melt-composition pattern. Hardware can operate the SEM, the atomic 

absorption spectrometer (AAS), and inductively coupled plasma atomic emission spectrometer (ICP-

AES) to gain insight into Chemist’s solutions.  It is advised that the team develop a strategy with 

other companies so that Cu, Fe, Mn, Pb, and Zn analysis may be replicated across a lab section.  

Since copper is at the highest composition, it presents as a good candidate for AAS analysis; howev-

Element 52 52c 62d 63 157a 158a 162a 164 Everdur 

Al  -  - 1.23 0.05  - 0.46 0.50 6.21  - 

As  -  -  - 0.19  -  -  - -  - 

C  -  -  -  -  -  - 0.08 -  - 

Co  -  -  -  - 0.02  - 0.08 -  - 

Cr  -  -  -  -  -  - 0.04 -  - 

Cu 88.33 89.25 59.07 78.05 58.61 90.93 30.61 63.76 ≥94.00 

Fe 0.12 0.00 0.86 0.27 0.17 1.12 2.19 2.52 0.20 

Mn  -  - 0.66  - 0.17 1.11 1.60 4.60 0.8-1.5 

Ni 0.13 0.76 0.28 0.01 11.82 0.00 63.95 0.05  - 

P  -  -  - 0.62 0.01 0.03  - -  - 

Pb as Pb  -  -  - 9.74  - 0.10  - 0.22 0.05 

Pb as PbO2 1.53 0.01 0.23  - 0.03  -  - -  - 

Pb as PbSO4 1.52  -  -  -  -  -  - -  - 

S  - 0.00  - 0.06  -  - 0.01 -  - 

Sb 0.16  -  - 0.55  -  -  - -  - 

Si  -  - 0.07  -  - 3.03 0.93 0.04 3.5-4.5 

Sn 7.90 7.85 0.38 9.91 0.02 0.96  - 0.63  - 

Ti  -  -  -  -  -  - 0.00 -  - 

Zn 1.89 2.12 37.14 0.48 29.09 2.08  - 21.98 0.25 

Total % 101.58 99.99 99.92 99.93 99.94 99.82 99.99 100.01 100.5 
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er, with some modest dilution ICP would also suffice.  All other metals are in much lower composi-

tion to start, so ICP-AES would likely yield solid results.  Manager will need to talk about this with 

the team and with the other managers.  Should you mix the two instruments or just focus on ICP or 

AAS?  To aid your conversations, the results from the 2016 Tuesday Companies, using only AAS, 

yielded the data in Table 1; Appendix C and Appendix E contain analysis specifications for the ele-

ments on each instrument. 
 

Table 1. AAS Analysis of Bronze Samples from STO Foundry – Fall 2016 

Sample  

Element  

Boiling Pt 

(°C) 
LT/RS1 BT/RS2 DT/RS4 WT/Ingot

a 
Everdur

b 

Cu 2562 94.9 93.0 93.1 94.3 94.00 

Mn 2061 0.870 0.410 0.515 0.83 0.80 

Zn 907 0.170 0.110 0.0610 0.16 0.25 

Fe 2862 0.000 0.230 0.210 0.27 0.20 

Pb 1749 nd 0.020 0.035 nd
c 

0.05 

% Total  95.9 93.7 93.9 95.6 95.30 
a.  Company / Sample ID; Ingot is unfired bronze, RS = Random Samples from various discarded bronzes 

b.  reported by manufacturer 

c.  not detected 

 

What’s missing from the above table?  Uncertainties!  It is very difficult to compare any sort of val-

ues without an estimate of the error.  Absolute concentrations are challenging, and small errors in 

dilutions to get them down into the concentration range of the AAS can lead to large errors. In addi-

tion, the signal strength for the low abundant metals was not very large, so the missing uncertainties 

become even more problematic. 

 

Dilution errors should not have as large an effect on a ratio of elements, since all elements should be 

influenced to largely the same degree by the error. This is, as you know, the principle of internal 

standardization used in so many forms of atomic spectrometry.  Why didn’t the companies also cal-

culate metal ratios? Element ratios will not compensate for differential rates of dissolution of various 

elements in the sample, for different matrix effects in the flame or plasma used in the atomic spec-

trophotometers, or for any dilution chemistry that could alter the chemical form of one element over 

another. 

 

Challenges 
Three broad categories of challenges confront the team: sample handing/preparation, instrument 

choice, and standard preparation.  The biggest problem is associated with the handling, accurate 

weighing and dissolving of the bronze samples available.  In addition Chemist faces the possibility 

of making the necessary dilutions either by weight or by volume for the selected instrument(s).  

Manager must decide which procedure provides an acceptable trade-off between speed and accura-

cy, weight or volume?  Should Chemist prepare the dilutions by volume using the volumetric 

glassware available in lab or should Management decide to use the top-loading balance and some 

snap-top plastic bottles?  How do the specific spectrometers factor into this consideration? 

 

Instrument Considerations 
There are many possible issues to consider with the AAS and the ICP-AES instruments.  While sci-

entists employ both of these instruments to find concentrations of metals in a solution of unknown 

concentration, there are some significant differences between the two. We shall begin our compari-
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son with the AAS. One of the largest advantages of this instrument is its speed. It is faster to run 

samples on this instrument than on the ICP. It is fairly easy to set up and use, and one can usually 

tell immediately if something is wrong with one of the solutions being analyzed (which happens to 

even the best of us). 

 

On the other hand, the AAS has a very strict working curve range. The graph of an instrument’s re-

sponse over a large range of concentrations trends parabolic rather than linear, and there is a much 

smaller range where this curve is approximately linear, the working curve range. Such non-linearity 

usually requires that Chemist make progressive dilutions of the unknown bronze to bring its com-

ponent elements into, or at least near, the linear range of the working curves Hardware generates. 

This could be a serious time management problem!  

 

Finally, only one element can be examined at a time using the AAS; the assortment of hollow cath-

ode lamps available for the problem is both specialized, and somewhat limited. All lamps require 

warming for at least 10 minutes before use and the flame should be allowed to burn for 5 minutes 

before sample aspiration. If one wants to change elements, a different lamp and set of instrument 

parameters must be used.  This costs time. 

 

The ICP-AES does not have the above problems. It can look for multiple elements in one solution 

and has a much larger working range – up to 10 orders of magnitude, depending on the element of 

interest. The ICP-AES can also analyze for almost all the elements on the periodic table.  Unfortu-

nately, the ICP can be more challenging to set up and use, takes more time to run samples, and 

more steps are required to prepare samples for this instrument including making sure each sample 

and standard has 5% nitric acid in it.  

 

Standard Preparation 

Manager is going to have to make sure that Chemist and Hardware work well and closely together 

on this. Fortunately, there is a complete set of commercial elemental standards available from the 

water analysis procedures the lab normally does by atomic spectrometry.  These are 1000 part per 

million (ppm) solutions.  They will require dilution to get into the range needed to make working 

curves for the elements on the selected instrument. One dilution approach is by volume: one dilution 

from 1000 to 100 ppm could be made by pipetting 10 mL of the 1000 ppm master standard into a 

100-mL volumetric flask and diluting to the mark.  Another approach is by weight: pipetting 4 

grams of the 1000 ppm master standard into plastic bottle and adding enough de-ionized water to 

equal 40 grams. Chemist has experience using both volumetric glassware and a top loading elec-

tronic balance for either volume or weight based sequential dilutions. For the ICP analysis, the 5% 

nitric acid requirement can be thought of as part of the water dilution. 

 

The Experiment 
The experiment begins with Software and Manager in consultation with other companies and the 

collaborating artists to determine the analytical elements to be evaluated and to assign teach team a 

sample (ingot, RS1-RS4). There are resource materials available to help with this decision for AAS 

and ICP-AES analysis. Some are appended to this write-up, and some are near the instrument in the 

lab. These resources provide the following: 

 

a. A series of sheets from the Buck Scientific manual on Atomic Absorption, showing some 

sample preparation methods, and, most importantly, what you can expect (best case) for the 
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detection limits, working curve ranges, and working curve linearity for all of the hollow 

cathode lamps that the company has in stock for your use in this lab. In addition, each data 

sheet reports the condition and age of the hollow cathode lamp on hand, and gives some of 

Upper Management's comments on what to look out for when or if you choose that element 

for analysis. 

 

b. Spreadsheets and working curves from other users of the Buck AA instrument, giving some 

idea of how well the factory specifications hold up in the local laboratory situation. 

 

c. Abbreviated ICP-AES instructions for setting up a sequence and analysis line information.  

The complete instructions for the method and sequence construction are on Moodle and next 

to the instrument. 

 

Manager and the team should study these resources before lab and determine how to use the infor-

mation they contain. Software might use the data sheets to make a series of graphs using Excel to 

highlight the ingot composition and then consider the volatility of the metals in the bronze to antici-

pate (or even model!) what elements will shift composition in significant ways.  While this is not 

especially difficult, it does require some organizational skills.  

 

Hardware should be ready at the start of lab to meet with Upper Management for instruction in 

how to use the Buck model 210 AAS and Horiba JY Ultima2 ICP-AES available for our use at St. 

Olaf. This AAS tutorial takes 20 minutes and the ICP about 30 minutes; they should be coordinated 

with Manager. Manager may also want to attend the tutorial(s). 

 

Chemist should isolate, weigh and dissolve the desired sample, and prepare the dilutions that Man-

ager suggests. Manager will decide which elements to analyze and indicate to Chemist what stand-

ard solutions are needed to make working curves from the pre-mixed, 1000 ppm stock solution 

available in the lab. Appendix C provides the element ranges for the AAS instrument and Appendix 

E for the ICP-AES.  The two most important columns in Table C1 include detection limit and linear 

range.  The effective working range of the instrument is about four times the detection limit and up 

to the linear range value! 

 

Sample Handling 

This is a tricky decision point. How much of the original bronze sample should be dissolved? Re-

member the huge dilution factors that have to occur and remember that the analytical balance is 

only accurate into the 0.000x decimal place.  

 

It is absolutely crucial that Manager understand, and inform Chemist, that the original 

"specs" of material must be weighed to 4 significant places past the decimal point, i.e., on the 

analytical balance.  

 

If the top loading balance is used to weigh the sample, with its uncertainty of 0.0x gram, there may 

be huge uncertainties when determining principal constituents in the sample of shavings resulting 

from the large dilution factors needed to bring the sample into the linear working curve range for 

that element.  
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Manager can teach this to the group by calculating what the effect would be of assuming a weight 

of the shavings of 0.20 gram if the material actually weighed 0.19 or 0.21 gram (± 0.01 gram toler-

ance for the top loading balance). 

 

Manager, in consultation with Software and his or her spreadsheet, will have to tell Chemist the 

concentration ranges the standards should cover in order to encompass all the selected elements, 

while at the same time maintaining proximity to the linear ranges of the working curves. A couple of 

extreme examples follow to show a very narrow AAS range (zinc) and a very wide range (nickel).  
 

 

Note that the zinc working curve range is from 

0.02 to 2.5 ppm. This is a narrow range. It is 

possible that it could have been extended fur-

ther, but the Buck AAS manual states that cur-

vature starts around 2.5 ppm. Contrast this to 

the curve for lead.  It is evident that the range 

for lead (20 ppm) is significantly greater than 

that for zinc, meaning fewer dilutions would be 

needed to bring an unknown onto the working 

curve. Most other elements will fall between 

zinc and lead in their linear working curve 

ranges. The AAS manuals and Table C1 should 

be consulted. 

 

Atomic absorption working curves are seldom 

linear over an appreciable concentration range. 

They almost always are concave downward 

towards the concentration axis. This occurs be-

cause the absorption line widths are so narrow.  

Even the hollow cathode lamp, with its narrow 

emission line profiles, cannot assure a band-

pass that is narrower than what the absorption line profile requires to produce good working curve 

linearity. Thus, in almost all cases, it is necessary to fit a function to the working curve and use the 

equation of that function to calculate concentrations of unknowns. 

 

A good example is observed for iron. A set of iron standards was prepared to show how to fit a 

curve using the trendline function of Excel. The concentration range was made deliberately large. 

Readings were taken every four seconds for each iron standard to average out flame and hollow 

cathode noise.  
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The data were as follows: 

 

Averaged absorbance readings were 

then plotted against the concentra-

tion of the iron standards, and the 

working curve shown below ob-

tained. The data were first plotted 

as a scatter plot, and then a series of 

exploratory data fits were done us-

ing the different trendline types 

available in Excel. 

 

In this first attempt, a linear trend-

line was used as the fit.  It is tempt-

ing to assume that the points are off 

the line due to noise, or some other 

kind of error. But, more fits have to 

be tried before making this conclu-

sion, especially since it is known 

that linear working curves are the 

exception, rather than the rule, in 

atomic absorption work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ppM Fe -> 0.5 1.0 10.0 15.0 20.0 

Seconds       

0.0 0.081 0.110 0.503 0.656 0.831 

4.1 0.082 0.110 0.505 0.649 0.824 

8.2 0.082 0.106 0.496 0.668 0.828 

12.4 0.081 0.109 0.493 0.673 0.821 

16.5 0.079 0.110 0.495 0.663 0.818 

20.6 0.080 0.112 0.500 0.673 0.818 

24.7 0.082 0.107 0.497 0.673 0.805 

28.9 0.080 0.109 0.494 0.668 0.787 

33.0 0.081 0.110 0.498 0.661 0.798 

37.1 0.080 0.107 0.498 0.657 0.799 

41.2 0.083 0.107 0.498 0.662 0.805 

45.4 0.083 0.108 0.493 0.660 0.810 

49.5 0.081 0.107 0.500 0.661 0.805 

53.6 0.081 0.108 0.507 0.667 0.806 

57.7 0.082 0.111 0.491 0.665 0.801 

61.9 0.082 0.106 0.492 0.669 0.807 

66.0 0.079 0.110 0.498 0.664 0.825 

70.1 0.081 0.108 0.474 0.662 0.792 

74.2 0.083 0.107 0.486 0.669 0.812 

78.4 0.080 0.107 0.478 0.662 0.808 

Average 0.081 0.108 0.495 0.664 0.810 
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The next fitted line is from the power series. It will be a good fit if there is a simple, non-additive, 

function relating the concentration to the absorbance. This shows that the low concentrations can be 

fit with a non-linear function.  

 

 

 

 

 

 

The last choice (shown 

below for lead data) was 

the second order poly-

nomial. Here a good fit 

is clear, and the formula 

is printed on the graph. 

Fits like the polynomial 

shown are not uncom-

mon. The point here is 

that a variety of differ-

ent trendlines should be 

explored before just us-

ing a linear function and 

assuming point devia-

tions are due to noise.  
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Spreadsheet and Data Logging Programming 

Software will have to handle the tasks of preparing spreadsheets. There first are those that are need-

ed to help Manager visualize element ratios in bar graph form. The output of the Buck AAS is rec-

orded using the built-in integration capability of the instrument. Hardware controls the samples and 

standards.  As soon as the data have been acquired, the instrument is relinquished to the next com-

pany wanting to use it, and the data are taken by Software to the analyzing computer. Note that the 

working curves for a particular element and the unknowns have to be plotted and analyzed as soon 

as the data are available.  Real time savings can be had if Software has all the cells and equations set 

up ahead of time, so that data entry is simple.  If the flame parameters change in any way, then the 

working curves drift and the data are meaningless. In addition it is important that the data from the 

instrument be entered into an Excel spreadsheet and graphed as soon as Hardware gets them off the 

instrument so that Manager can tell, immediately, if Chemist has prepared the right dilutions. This 

also allows Hardware to tell if the instrument was used properly. 

 

All of the above processes are automated for the ICP-AES system.  The experimental method and 

sequence will dictate what solutions are analyzed, in what order, and the curve fitting plots generat-

ed for all the data.  It can then be exported to a spreadsheet format file. 

 

Some Help for Chemist 

There have been some situations in the past that have been particularly troublesome. One is difficul-

ty in getting the bronze samples to dissolve in a reasonable amount of time.  

 

Dissolving the Sample 

Some bronzes are difficult to dissolve, especially those that have considerable levels of tin.  The 

Everdur samples should not pose any problems here; however, older bronzes might have tin.  The 

problem arises from the action of nitric acid on tin and the formation of metastannic acid; however, 

the problem it is actually the hydrous oxide of tin, SnO2H2O. This compound is insoluble in hot 

concentrated nitric acid!  The key to preventing formation of SnO2H2O at all is to use mixed hydro-

chloric and nitric acids in the dissolution, forming the soluble chloro-complexes of most of the met-

als after dissolution of the metals by the nitric acid.   

 

The mixed acids to use are called aqua-regia. This is prepared by adding 3 parts of concentrated hy-

drochloric acid to one part concentrated nitric acid. This initial mix may be a little bit too concen-

trated to work with comfortably, and in fact can be diluted 1:1 with water (add Acid to Water, not 

the converse). Thus, the acid finally used is somewhere between 20% and 40% aqua-regia. We will 

use 25%, since this dissolves things in reasonable fashion and is still not too bad to handle. 

 

The green chemistry development team conducted tests with the 25% aqua-regia and the microwave 

digestion system.  Those tests revealed that the microwave approach will dissolve all of the NIST 

bronzes if only 10 mL of the acid stock is used to dissolve up to 200 milligrams of sample.  The 

samples and aqua regia are placed in the 75-mL TFM vessels.  The solution is heated by a micro-

wave program, broken_pill_digest.mpr; it will apply energy over 10 minutes for the sample to reach 

180 ºC, holds that temperature for 10 minutes and then cools for 10 minutes.  When everything had 

been dissolved, the solution was an emerald green color. This then could be quantitatively trans-

ferred and diluted with de-ionized water. 

 

After sample digestion, dilutions bringing the sample and elemental standards into detection ranges 
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of the AAS and ICP must be completed.  Manager and Chemist should take note of Appendix D, 

which contains guidelines on dilution factors in solution preparation.  The exact dilution level is 

something the team will have to work out.  Special consideration needs to be given to what the final 

concentrations of the impurities in the suspected bronzes will have to be and their detectability on 

the two instruments. 

 

ICP solutions.  All solutions that will be analyzed using the ICP must contain 5% nitric acid. This is 

to ensure that the pH stays low enough for all metals being analyzed to remain in solution and to 

maintain the character of the plasma.  The first solution used for the peak search must have a metal 

concentration of at least 10 ppm.  Remember to factor the acid into your dilutions.  It can be treated 

as extra water in the calculation.  Keep this work in the fume hood; do not add concentrated nitric 

acid on the open bench or near any instrumentation!  DO NOT DRIP 5% acid solutions on the lab 

floors. 

 

If the dilutions are to be made by volume, Chemist should use volumetric flasks and pipettes to di-

lute the elemental standards and the digested aqua regia solution according to Management’s pref-

erences.  All additions will be made by volume, beginning with the initial addition of de-ionized wa-

ter to the digested shaving sample. 

 

If the dilutions are to be made by weight, Chemist should use the containers supplied by Upper 

Management and the top-loading balance to dilute the elemental standards and the digested aqua 

regia solution according to Management’s preferences.  All additions will be made by weight, be-

ginning with the initial addition of de-ionized water to the digested shaving sample. 
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APPENDIX A. Manager’s Guide to Available Hollow Cathode Lamps 

X = We have the lamp. 

AL = Allied   •   B = Buck   •   HM = Hamamatsu   •   S = Starna 

 

Old ≥ 8 years old   •   OK  = May be old but works OK   •   New (purchase date, if known) ≤ 3 years old 

 

Air/Ace = Air Acetylene flame              Nox/Air = Nitrous Oxide Acetylene flame 

Current = Current in milliamps for optimum lamp operation, check lamp 

Wavelength = Wavelength of the analytical line in nanometers 

Element Here? Mfg. By Status Flame Current Wavelength Slit 

Ag • • • Air/Ace 3 328.1 0.5 

Al X B New 7/07 NOx/Ace 10 309.3 0.5 

As X B New 9/05 Air/Ace 7 193.7 0.7 

Au • • • Air/Ace 3 242.8 1 

B • • • NOx/Ace 20 249.8 0.2 

Ba • • • NOx/Ace 20 553.6 0.5 

Be • • • NOx/Ace 5 234.9 1 

Bi • • • Air/Ace 10 223.1 0.2 

Ca X B OK/New Air/Ace 4 422.7 0.7 

Cd X B New 6/10 Air/Ace 4 228.8 0.5 

Co X HM OK Air/Ace 7 240.7 0.2 

Cr X HM,S OK Air/Ace 7 357.9 0.7 

Cs • • • Air/Ace 20 852.1 1 

Cu X AL OK Air/Ace 4 324.8 0.7 

Dy • • • NOx/Ace 20 421.2 0.2 

Er • • • NOx/Ace 10 400.8 0.5 

Eu • • • NOx/Ace 10 459.4 1 

Fe X AL OK Air/Ace 5 248.3 0.2 

Ga • • • Air/Ace 4 294.4 0.5 

Gd • • • NOx/Ace 20 368.4 0.2 

Ge • • • NOx/Ace 5 265.2 1 

Hf • • • NOx/Ace 10 307.3 0.2 

Hg X B New Air/Ace 4 253.7 0.7 

Ho • • • NOx/Ace 20 410.4 0.2 

In • • • Air/Ace 5 303.9 0.5 

Ir • • • Air/Ace 20 208.9 0.2 

K X B New 9/07 Air/Ace 5 766.5 1 

La • • • NOx/Ace 20 550.1 0.2 

Li • • • Air/Ace 5 670.8 1 

Lu • • • NOx/Ace 10 336 1 

Mg X S OK Air/Ace 4 285.2 0.7 

Mn X S OK Air/Ace 5 279.5 0.2 

Mo • • • Air/Ace 7 313.3 0.5 
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X = We have the lamp. 

AL = Allied   •   B = Buck   •   HM = Hamamatsu   •   S = Starna 

 

Old ≥ 8 years old   •   OK  = May be old but works OK   •   New (purchase date, if known) ≤ 3 years old 

 

Air/Ace = Air Acetylene flame              Nox/Air = Nitrous Oxide Acetylene flame 

Current = Current in milliamps for optimum lamp operation, check lamp 

Wavelength = Wavelength of the analytical line in nanometers 

Element Here? Mfg. By Status Flame Current Wavelength Slit 

Na X B New 7/07 Air/Ace 5 589 0.5 

Nb • • • NOx/Ace 20 334.9 0.2 

Nd • • • NOx/Ace 20 492.5 0.2 

Ni X AL OK Air/Ace 4 232 0.2 

Os • • • Air/Ace 20 290.9 0.2 

P • • • NOx/Ace edl 213.6 0.2 

Pb X AL,B OK/New Air/Ace 5 217 0.7 

Pd • • • Air/Ace 5 244.8 0.2 

Pr • • • NOx/Ace 10 495.1 0.5 

Pt • • • Air/Ace 10 265.9 0.2 

Rb • • • Air/Ace 20 780 0.2 

Re • • • NOx/Ace 20 346 0.2 

Rh • • • Air/Ace 5 343.5 0.5 

Ru • • • Air/Ace 10 349.9 0.2 

Sb X HM OK Air/Ace 10 217.6 0.2 

Sc • • • NOx/Ace 10 391.2 0.2 

Se • • • NOx/Ace 10 196 1 

Si • • • NOx/Ace 20 251.6 0.2 

Sm • • • NOx/Ace 10 429.7 0.2 

Sn X AL,B OK NOx/Ace 5 235.5 / 286.3 0.7 

Sr • • • Air/Ace 10 460.7 0.5 

Ta • • • NOx/Ace 20 271.5 0.2 

Tb • • • NOx/Ace 20 432.7 0.2 

Te • • • Air/Ace 7 214.3 0.5 

Ti X HM OK NOx/Ace 20 364.3 0.2 

Tl • • • Air/Ace 10 276.8 0.5 

Tm • • • NOx/Ace 20 371.8 0.5 

U • • • NOx/Ace 20 358.5 0.2 

V • • • NOx/Ace 20 318.5 0.2 

W • • • NOx/Ace 20 255.1 0.2 

Y • • • NOx/Ace 10 410.2 0.5 

Yb • • • NOx/Ace 5 398.8 0.5 

Zn X B,HM OK Air/Ace 5 213.9 0.7 

Zr • • • NOx/Ace 20 360.1 0.2 
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APPENDIX B. 
 

These instructions, and the accompanying photographs, were prepared for students in Chemistry 378 

and 256 Role-Playing labs to be used as resource material for Hardware in those experiments in-

volving the AA instrument. 

 

The Buck Scientific model 210 

VGP atomic absorption spec-

trometer will be located either 

on the mobile lab bench (as 

shown in Figure B1) or mobile 

cart. Check the exhaust hood 

over the burner to make sure 

that it is operating before doing 

any other work. If it is not 

functioning, turn the timer 

switch on (located next to SW 

exit door) and open the damper 

on the exhaust pipe above the 

unit.  It will take the exhaust 

system a minute to two to re-

spond.  If there is still no ex-

haust, talk to Upper Management or Staff immediately.  When exhaust is established proceed with 

the following instructions. 

 

 

 
User Interface Side of VGP 210 AAS 

 

 

Figure B1  The Buck Model 210 VGP AA Spectrophotometer 
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INITIAL SET-UP AND ANALYTICAL PROCEDURES  
 

BEFORE PROCEEDING, THE POINTS BELOW SHOULD BE CHECKED. IT IS STRONGLY 

RECOMMENDED THAT THIS CHECK LIST BE FOLLOWED EVERY TIME THE 

INSTRUMENT IS USED.  

 

1) Make sure all valves on the gas control module are closed or in the "off" position.  

 

2) Verify that all gas lines from the instrument are connected to the proper supply cylinders and that 

the correct pressure regulators are installed. Adjust for proper pressure readings according to settings 

shown in the figures on the next page. 

 

210 VGP AAS Quick Start Guide 
 

1. Open air valve on wall behind instrument.   

2. Open the acetylene gas cylinder valve. Verify that the 

tank pressure is greater than 50 psi and the delivery 

pressure is 13 psi.   

3. Turn on Instrument (rocker switch on instrument right) 

4. Ensure waste tube connected below burner head with a 

filled water loop, and the waste reservoir is empty. 

5. Place desired hollow cathode lamp (HCL) in the top tur-

ret position on instrument left. 

6. Press [LIB] button on front panel 

7. Press [SEL] until the lamp # displayed at the top of the 

screen matches the lamp position of the HCL 

8. Use the ↑↓ arrows to scroll through Libraries until the el-

ement of interest and method is found.  Note:  the method 

will have wavelength and possible “D2” for flame analy-

sis in the library name,  “Furn” for furnace analyses and 

“Hyd” for hydride generation analyses (ex. Cu-D2-324.7-

lib3) 

9. Press [2] to load the library, then press [ENTER] 

10. Press [ESC] button 

11. Press [ALIGN] button 

12. Set slit-width dial on instrument right side to rec-

ommended value from the top of the screen. 

13. Set monochromator dial on instrument right side to 

desired wavelength (recommended wavelength is 

listed on top of screen).  

14. Slightly rotate monochromator dial until the sample 

energy bar on the screen is as far right as possible.  

If the bar goes off the screen, press [ALIGN] to 

renormalize the bar graph and continue optimizing. 

15. Open top of lamp turret compartment on the upper 

left side of the instrument.  Adjust the vertical and 
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horizontal knobs on the lamp turret to get maximum energy on 

the alignment screen.  Usually sample energy is about 3.5 for 

0.7-nm slit width and about 2.5 for 0.2-nm slit width. 

16. Press [A/Z] button to autozero. 

17. Turn AIR/N2O valve on front left to AIR position and adjust 

flow to ___ on the flowmeter 

18. Flip fuel switch ON and adjust flow to 4 on the flowmeter.   

19. Light burner head with long-arm lighter.  If gaps appear in the 

flame just above the burner head, the slot may need cleaning. 

20. Aspirate blank and when the absorbance is stable press [A/Z] 

button to autozero. 

21. The instrument is ready for analysis. 

 

210 VGP AAS Shutdown 
 

If using air/acetylene, turn off the fuel flow making sure the flame shuts down.  Aspirate distilled 

water for a few minutes with the AIR still on to cool the burner and flush it out.  Turn AIR/N2O 

knob to OFF. 

 

End of day shutdown: 

If using air/acetylene, turn off the fuel flow making sure the flame shuts down.  Aspirate distilled 

water for a few minutes with the AIR still on to cool the burner and flush it out.  Turn off the acety-

lene at the tank. Turn on the fuel at the instrument, when the flow meter has dropped to 0 the fuel 

line has been bled. Then turn AIR/N2O knob to OFF.  Turn off any other gases at the tanks then turn 

off the power to the instrument.  

 

(The remainder of these instructions will be found in a bound volume at each instrument.) 
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APPENDIX C: AAS Working Curve Expected Ranges 

 

Table C1 serves as a quick reference guide to the detection limit, sensitivity, and performance using 

flame techniques. The detection limits are determined as the lowest concentration given an absorb-

ance detectable above the noise range. These values were determined empirically under Buck Sci-

entific standard test conditions and roughly 4 times those values will provide a limit of quantitation. 

 

Sensitivity is a measure of the instrument response to the analyte, and by convention, shows the 

concentration of each element required to absorb 1% of the incident light energy. This corresponds 

to an absorbance value of 0.0044. Elements with greater sensitivity will have the lowest concentra-

tion values in that category. The values for the sensitivity check are the amounts in mg/L required 

to give an absorbance reading of 0.200.  

 

The linear range is the amount of analyte in mg/L which will produce an absorbance that will keep 

the analysis in the linear part of the calibration curve. Above this area a multi-point calibration must 

be used as the curve become nonlinear. 

 

TABLE C1: Flame Atomic Absorption Concentration Ranges 

  
Wavelength Slit 

Detection 

Limit 

Sensitivity 

Check 

Linear 

Range 

Flame 

Type 

Flame 

Color 

Metal 

 

nm nm mg/L mg/L mg/L 

  Aluminum Al 309.3 0.7 2 25 50 N-A rich/red 

Antimony Sb 217.6 0.2 0.3 12.5 20 A-A lean/blue 

Arsenic As 193.7 0.7 0.25 22.5 25 A-A lean/blue 

Barium Ba 553.6 0.7 0.5 10 25 N-A rich/red 

Beryllium Be 234.9 0.7 0.04 0.75 4 N-A rich/red 

Bismuth Bi 222.8 0.7 0.1 10 25 A-A lean/blue 

Boron B 249.7 0.7 — 300 450 N-A rich/red-wh 

Cadmium Cd 228.9 0.7 0.01 0.75 2 A-A lean/blue 

Calcium Ca 422.7 0.7 0.05 2 5 N-A rich/red 

Cesium Cs 852.1 0.2 — 5 7.5 A-A lean/blue 

Chromium Cr 357.9 0.7 0.04 2 5 A-A rich/yellow 

Cobalt Co 240.7 0.2 0.05 3.5 5 A-A lean/blue 

Copper Cu 324.8 0.7 0.005 2 5 A-A lean/blue 

Dysprosium Dy 421.2 0.2 — 22.5 33.75 N-A rich/red 

Erbium Er 400.8 0.2 — 15 22.5 N-A rich/red 

Europium Eu 459.4 0.2 — 15 22.5 N-A rich/red 

Gadolinium Gd 368.4 0.2 — 425 637.5 N-A rich/red 

Gallium Ga 287.4 0.7 — 30 45 A-A lean/blue 

Germanium Ge 265.1 0.2 — 50 75 N-A rich/red 

Gold Au 242.8 0.7 0.2 7.5 10 A-A lean/blue 

Hafnium Hf 286.6 0.2 — 225 337.5 N-A rich/red 

Holmium Ho 410.4 0.2 — 20 30 N-A rich/red 

Indium In 303.9 0.7 — 17.5 26.25 A-A lean/blue 

Iridium Ir 264.0 0.2 — 250 375 A-A rich/yellow 

Iron Fe 248.3 0.2 0.05 2.5 5 A-A lean/blue 

Lanthanum La 550.1 0.2 — 1250 1875 N-A rich/red 

Lead Pb 283.3 0.7 0.08 10 20 A-A lean/blue 
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  Wavelength Slit 

Detection 

Limit 

Sensitivity 

Check 

Linear 

Range 

Flame 

Type 

Flame 

Color 

Metal  nm nm mg/L mg/L mg/L   

Lithium Li 670.8 0.7 — 1 1.5 A-A lean/blue 

Lutetium Lu 336.0 0.2 — 125 187.5 N-A rich/red 

Magnesium Mg 285.2 0.7 0.005 0.015 1.5 A-A lean/blue 

Manganese Mn 279.5 0.7 0.03 1.25 2.5 A-A lean/blue 

Mercury Hg 253.7 0.7 ~5 

  

A-A lean/blue 

Molybdenum Mo 313.3 0.7 0.8 15 20 N-A rich/red 

Neodymium Nd 492.4 0.2 — 175 262.5 N-A rich/red 

Nickel Ni 232.0 0.2 0.05 3.5 4 A-A lean/blue 

Niobium Nb 334.4 0.2 — 350 525 N-A rich/red 

Osmium Os 290.9 0.2 — 22.5 33.75 N-A rich/red 

Palladium Pd 244.8 0.2 0.15 5 10 A-A lean/blue 

Phosphorus P 213.6 0.2 — 7000 10500 N-A rich/red 

Platinum Pt 265.9 0.2 0.8 50 20 A-A lean/blue 

Potassium K 766.5 0.7 0.01 1 3 A-A lean/blue 

Praseodymium Pr 495.1 0.2 — 1000 1500 N-A rich/red 

Rhenium Re 346.0 0.2 — 325 487.5 N-A rich/red 

Rhodium Rh 343.5 0.2 — 4.5 6.75 A-A lean/blue 

Rubidium Rb 780.0 0.7 — 25 37.5 A-A lean/blue 

Ruthenium Ru 349.9 0.2 — 15 22.5 A-A lean/blue 

Samarium Sm 429.7 0.2 — 150 225 N-A rich/red 

Scandium Sc 391.2 0.2 — 7.5 11.25 N-A rich/red 

Selenium Se 196.0 0.2 0.5 15 25 Ar-H 

 Silicon Si 251.6 0.2 1 50 50 N-A rich/red 

Silver Ag 328.1 0.7 0.02 1.25 3 A-A lean/blue 

Sodium Na 589.0 0.2 0.005 0.25 2 A-A lean/blue 

Strontium Sr 460.7 0.2 — 2.5 3.75 N-A rich/red 

Tantalum Ta 271.5 0.2 — 275 412.5 N-A rich/red 

Technetium Tc 261.4 0.2 — 50 75 A-A rich/yellow 

Tellurium Te 214.3 0.7 — 10 15 A-A lean/blue 

Terbium Tb 432.6 0.2 — 150 225 N-A rich/red 

Thallium Tl 276.8 0.7 0.4 15 25 A-A lean/blue 

Thulium Tm 371.8 0.2 — 10 15 N-A rich/red 

Tin Sn 286.3 0.7 1 75 25 N-A rich/red 

Titanium Ti 364.3 0.2 1 40 25 N-A rich/red 

Tungsten W 400.9 0.2 0.5 225 337.5 N-A rich/red 

Uranium U 351.5 0.2 — 2750 4125 N-A rich/red 

Vanadium V 318.4 0.2 0.4 45 75 N-A rich/red 

Ytterbium Yb 398.8 0.2 — 2.5 3.75 N-A rich/red 

Yttrium Y 410.2 0.2 — 40 60 N-A rich/red 

Zinc Zn 213.9 0.7 0.005 0.5 2.5 A-A lean/blue 

Zirconium Zr 360.1 0.2 — 150 225 N-A rich/red 
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APPENDIX D 
DILUTION GUIDELINES FOR SOLUTION PREPARATION BY WEIGHT/ WEIGHT 

1. Place vessel onto top-loading balance 

2.  Tare the balance 

3.  Add concentrated solution first, using a plastic disposable or a glass Pasteur pipette, until desired weight is reached. 

4.  DO NOT RE-TARE BALANCE, but continue to add enough de-ionized water or other diluent until desired final 

solution weight is obtained. 

5.  Once the final weight is reached, THEN remove container from the balance, seal and mix by inversion. 

• Final solution weight should be greater than 100 grams. 

• Addition of concentrated solutions should be made with quantities having a total mass greater than 10 grams. 

• The dilution factor between weight of the diluent and weight of the concentrated solution should not exceed 15 or 

20. 
 

Examples: Adding 10 grams of a concentrated solution into a container with enough diluent to yield a 150 gram solution has 

a dilution factor of 15, (150/10=15).  This is borderline in terms of the amount of concentrated material added and the dilu-

tion factor, yet acceptable.  Adding 20 grams of a concentrated solution and enough diluent to yield a 500 gram solution, 

however, has a dilution factor of 25 which is outside the acceptable dilution factor range.  It is also outside the specifications 

of the balances which are not designed to weigh masses as large as 500 g. 
 

** DO NOT remove the container from the balance until finished, as this will upset the reading and result in spill-

age or unwanted additions due to handling errors. 

** DO NOT spill onto the balance as this will result in falsely elevated readings.  Attempts to remove spills may 

upset the balance reading. 
 

DILUTION GUIDELINES FOR SOLUTION PREPARATION BY VOLUME/ VOLUME  

1.  Obtain desired volumetric flask 

2.  Fill volumetric pipette with concentrated solution 

3.  Add to volumetric flask  

4.  Fill with de-ionized water or other diluent until 1/3 full 

5.  STOP.  Seal and mix by inversion 

6.  Fill until 1/2 full 

7.  STOP. Seal and mix by inversion 

8.  Fill until 3/4 full 

9.  STOP. Seal and mix by inversion 

10.  Fill until base of neck is reached 

11.  STOP. Seal and mix by inversion 

12.  Fill with de-ionized water or other diluent TO THE MARK 

13.  Seal and mix by inversion  
 

• Final solution volume should be greater than 100 mL. 

• Additions of concentrated solutions should be made with quantities having a total volume greater than 10 mL using 

a minimum of volumetric pipettes. 

• The dilution factor between volume of diluent  and volume of concentrated solution should not exceed 15-20. 
 

Examples: Adding 10 mL of a concentrated solution and enough diluent to yield a 100 mL solution has a dilution factor 

of 15 (100/10=15).  This is borderline in terms of minimum total volume, volume of concentrated solution added and 

dilution factor, yet acceptable.  Adding 20 mL of a concentrated solution and enough diluent to yield 500 mL, however, 

has a dilution factor of 25, outside the acceptable dilution factor range. 
 

**DO NOT add or remove any liquid from the volumetric flask if you happen to exceed the mark.   

**DO NOT add solutions to the container if the liquid level of the volumetric pipette exceeds or falls short of the mark 

found on the stem.   

**These actions cause large errors in the estimated solution concentration due to the flask’s design TO CONTAIN a 

certain volume and pipette’s intent TO DELIVER a certain volume. 
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APPENDIX E: ICP-AES Detection Lines, Detection limits and Abbreviated Sequence Instructions 
 

Atomic Spectroscopic Information
3
 

Element Line 

nm 

Detection Limit
 

µg/mL
a
 

Order Type Interferences 

Cu 324.754 0.06 1 atom Nb, U, Th, Mo, Hf 

Fe 238.204 0.005 1 ion Ru, Co 

Mn 257.610 0.0014 1 ion Ce, W, Re 

Pb 220.353 0.04 1 ion Bi, Nb 

Zn 213.856 0.002 1 atom Ni, Cu, V 

a. Estimated by 3 sigma from radial view; limit of quantitation is 10 sigma. 

 
To set up the instrument and method prior to starting the sequence set-up, see the full instruction guide at the 

instrument in RNS 449.  This instruction refers only to the sequence of solutions to be run and it includes the 

following:  

 A standard containing all metals to be analyzed; each [metal]  10 ppm (Peak Search). 

 The highest concentration standard containing all metals to be analyzed (Attenuate). 

 At least five calibration standards containing all metals to be analyzed (lowest to highest concentra-

tion). 

 Your unknown solution(s) 

   

1. Click on the New sequence from the Home menu to create a new sequence. 

 

2. Under the Task menu, select (pulldown) the method you want to use for the sequence (you 

will either create this previously or one is already created for you).   

 

 
 

                                            
3
 https://www.inorganicventures.com/periodic-table 

https://www.inorganicventures.com/periodic-table
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Now select the specific functions for the sequence: Peak Search, Attenuate, Calibration, and 

Add analysis in this order (adding as many analysis steps as you have samples).  Confirm 

the samples are in the correct autosampler positions.  The autosampler display in the lower 

left corner of the screen will show your solutions as you add them as will the sequence table 

in the lower middle of the screen. 

a. Peak Search requires at least a 10 ppm standard solution of all metals to be analyzed 

so that the instrument can find reproducibly the emission lines.   

b. The Attenuate command employs your most concentrated standard to set the upper 

operational limit for the detector.   

c. If you have more concentrated standard solutions than 10 ppm, you may use the 

most concentrated standards for both the Peak Search and Attenuate processes.  

 

3. Select a post operation if you want to use this. 
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4. Under the Sequence Common Tools menu, save the sequence and then run it. 

 

 
 

5. Once the sequence and analysis is completed, select List of samples icon under the Home 

menu to open up the analysis files. 
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6. Select the data file of interest, and click Report icon; print or export the report in a spread-

sheet format as desired. 

 

  

 

 

  

 

7. When you are done using the instrument, allow the 5% nitric acid rinse to flow for a few 

minutes and then you can Stop the plasma on the Plasma pane. 

 

 

 


