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Determination of Zn using Atomic Absorption with Multiple Standard Additions 
 
1. Purpose 
 
This procedure will determine the concentration of zinc at the parts-per-million level using flame 
atomic absorption and the multiple standard addition method. 
 
2. Background 
 
Flame atomic absorption (FAA) spectroscopy is a relatively common technique used primarily 
for the determination of metals dissolved in solution.  Like other forms of absorption 
spectroscopy, a lamp is used with a monochromator to provide a specific wavelength of light.  
This light is passed through a sample chamber containing the analyte.  The greater the 
concentration of analyte, the more light it absorbs as predicted by Beer’s Law (A=abc).  Thus, 
absorbance is directly related to the concentration of the analyte.   
 
In FAA, the source of light is a hollow cathode lamp (HCL) made of the same element as the 
analyte of interest, thus providing spectral energy that is exactly tuned to the specific 
wavelength(s) absorbed by the analyte in its atomic state.  The sample chamber is not a cuvette, 
but instead is the slot burner head of the instrument.  The HCL light passes directly above the slit 
of the burner head and is absorbed by the atoms made in the flame.  The flame’s energy is what 
desolvates, vaporizes, and then atomizes the analyte, necessary if one is to do atomic 
spectroscopy. 
 
In this laboratory, you will be given a sample container containing a zinc solution.  You will 
dilute the solution to 250-mL to prepare your zinc unknown solution.  You will also prepare a Zn 
standard with a concentration of about 1-ppm and then prepare a series of standard addition 
solutions in which increasing aliquots of your 1-ppm standard are added to aliquots of your 
unknown to create a series of spiked unknown solutions.  You will measure the absorbance of 
the resulting five solutions to construct a multiple standard addition calibration curve.  Using the 
“least-squares analysis” program in Excel, you will determine the concentration of the diluted 
unknown and then use that value to determine the Zn concentration in the original 250-mL 
unknown solution.  
 
3. Materials and Equipment 
 
Zn standard metal 
Con HCl 
Assorted glassware 
Varian Atomic Absorption Spectrophotometer  
 
4. Safety 
 
Protective eyewear must be worn at all times.  Concentrated hydrochloric acid (con HCl) is very 
caustic and must be handled with care.  Notify your instructor of any spills and wash 
immediately should you come in contact with the HCl. 
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The internal parts of the FAA are extremely hot and will cause severe burns on contact.  Do not 
touch the burner head assembly for any reason.  Notify your instructor if there is any problem 
with the instrument.  
For more general safety in the laboratory, please refer the appendix.   
 
5. Experimental Method 
 
5.1 Preparation of the standard 
 
Using a small weighing boat, accurately weigh sufficient pure granular zinc to produce a liter of 
solution with a concentration of about 1000-ppm zinc.  While the solution does not have to be 
exactly 1000.0-ppm, the actual concentration should be calculated and recorded to four 
significant figures. Using a wash bottle, carefully transfer the granular zinc to a 250 mL beaker 
with ~5-10 mL of nanopure water. In the fume hood, add about 10 mL con HCl using a small 
graduated cylinder and place a watch glass on top of the beaker containing the zinc and HCl. 
There should be sufficient water from the transfer to dilute the acid enough so it does not react 
too fast. Place the beaker on a hot plate and heat until the metal completely dissolves; there will 
be no more bubbling from the oxidation of the Zn.   Remove the beaker and allow it to cool for a 
few minutes and then quantitatively transfer the solution to a 1-L volumetric flask.  Dilute to the 
mark, mix, and label this solution the "Zn stock standard” solution.  
 
The stock standard must be diluted (accurately) to about 1-ppm concentration. It is too 
concentrated to do this in a single step and so a serial dilution must be performed resulting in one 
or more intermediate solutions.  When the final dilution has been made to prepare the 1-ppm 
standard solution, label it  “Zn working standard”.   
 
5.2 Preparation of the unknown 
 
Obtain a zinc unknown from the instructor and quantitatively transfer the sample to a 250-mL 
volumetric flask, dilute to volume and label it "Zn unknown” solution. 
 
5.3 Preparation of the five solutions of unknown spiked with the 1-ppm standard solution 
 
Prepare the following five solutions each in a 100-mL volumetric flask (transferred to small 
plastic bottles as necessary).  Each of the solutions will contain 10-mL of the unknown Zn 
solution along with increasing aliquots (0→40 mL) of the 1-ppm standard.  Dilute each 
volumetric flask to the mark with nanopure water and mix thoroughly.  Record your data in 
tabular form as below, including two additional columns labeled “ppm Standard” and “Abs.” 
 

Solution No. aliquot zinc working standard aliquot unknown zinc 
1 0 mL 10 mL 
2 10 mL 10 mL 
3 20 mL 10 mL 
4 30 mL 10 mL 
5 40 mL 10 mL 

 
Note: To obtain 30 and 40 mL you will need to use a combination of at least two pipettes. Record 
the pipettes used for these aliquots in your notebook.  
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Take the following to the instrument room and find the instrument:   
 
              1. All 5 standard addition solutions 
              2. Large beaker of nanopure water to use as a blank 
              3. Kim wipes (may be already located near the instrument) 
              4. Notebook  
 
5.4 Analysis using the Varian SpectrAA 200 spectrometer 
 
Turn on the instrument by pressing the red button on the lower left corner (Figure 1).  Place the 
capillary tube into a large beaker with nanopure water (Figure 2).   
 

 
Figure 1: Varian SpectrAA 200 Atomic Absorption Spectrophotometer 

 

 
Figure 2 capillary tube with a beaker with water 

 
Turn on the acetylene gas and compressed air.  The acetylene gas cylinder is located to the right 
of the instrument.  Turn the gas on by turning the main valve (only!) at the top of the cylinder 
counter-clockwise (Figure 3).  Do not touch any of the knobs on the regulator (see the instructor 
if you do).  
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Figure 3 Acetylene gas cylinder and regulator 

 
Figure 4 Compressed air valve 

 
The compressed air valve is located on the left side of the (old) fume hood next to the GC on the 
south side of the room.  You can open the valve by turning the handle 90° away from you so that 
the orange handle points directly towards the wall (Figure 4). 
 
Turn on the computer, if it has not already been running. The computer should automatically 
start Varian SpectrAA 100/200 application upon startup.   See Figure 5 for a screenshot of the 
application. 
 

 
Figure 5: Varian SpectrAA application 

 
If you haven’t done so already, turn on the instrument by flipping the switch on the lower left 
corner of the instrument (Figure 6).  Once you have turned on the instrument, you will get a 
warning on the computer.  Ignore the message and click "OK". 
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Figure 6: Varian SpectrAA Power switch and the Ignite button  

 
Ignite the flame by the following procedure.   
First, place the capillary tube into the beaker containing nanopure water.  Switch the gas control 
knob (located front right of the instrument – see Figure 7) from "OFF" to "AIR" setting.  As the 
compressed air exits the burner head, it will make a hissing sound as soon as you switch the knob 
to air setting. 
 

 
Figure 7: Gas control 

 
Next, slowly turn the acetylene flow knob (Figure 6) counter-clockwise. Simultaneously, press 
and hold the ignite button (Figure 5) located next to the main power switch to ignite the flame on 
the burner.  Once the flame has been ignited, adjust the acetylene flow so that it is sufficient to 
maintain the flame (approximately 2 mL/min).  The flame is visible through the window above 
the sample introduction port (Figure 7).  It should appear green in color through the protective 
shield. 
 
Next, on the computer, click "Worksheet" button on SpectrAA 100/200 application (Figure 8). 
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Figure 8 
 
Click "New From Template" button.  You should see window with available template.  Choose 
"Zinc by AA Chm466" and click "OK" (Figures 9 and 10). 

 
Figure 9: Load Worksheet – select "New From 

Template" 

  
Figure 10: Select " Zinc by AA Chm466" 

Next, you will be prompted to name your worksheet.  Enter the name of the file in the Name box. 
Record this name in your lab notebook. Enter your name in Analyst box and click "OK" (Figures 
11 and 12). 

 
Figure 11 

 
Figure 12: Name your worksheet, and enter your 

name 
 
At this point, the computer should show the screen in Figure 13. 
 

 
Figure 13 
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Now, you are ready to begin the analysis.  Click the "Read" button on the left side to start.  You 
should see a dialog box named "Analysis Checklist".  Verify that these settings are correct and 
document them in your notebook.  Ask your instructor for help checking the slit width. Click 
"OK" to continue.  Wait for a few seconds while the instrument will make necessary adjustments 
to itself. 
 
Once the instrument is ready, you can blank the instrument with nanopure water. Remember to 
wipe off the capillary with a Kim wipe between all readings.   
 
Next, the instrument will ask for sample #1.  Remove the blank, place the capillary in sample #1 
and click "OK".  The instrument will acquire absorbance data from the sample solution for 
approximately 15 seconds.  You can watch the progress at the top right of the program screen.  
Do not remove the capillary tubing until the data acquisition is complete.  Once it is done reading 
for 15 seconds, remove the capillary tube from the solution, wipe the tube, then, place the 
capillary tube in the nanopure water.   
 
After the instrument has taken the measurement for sample #1, on the computer move the cursor 
to the cell for sample #2 and put the capillary in sample #2.  Click "Read" button and repeat the 
process for sample #2. It is important that the cursor be on the cell of the sample to be read.  
Otherwise, the data will not be recorded with the correct sample.    
 
Continue the process above for all of the standard solutions.  Record the absorption values in 
your notebook.  Once you are done, make sure to put the capillary tube in nanopure water.   
 
When all of the solutions have been read, click "Stop" button to stop the analysis.  Ensure that all 
of the absorbance values are documented in your notebook.  It is important that both your 
solutions are all analyzed on the same day. The instrument response can change day to day, 
therefore, running all solutions at the same time will produce the most accurate result.     
 
Print out the data by the following procedure.  Exit the worksheet:  Go to the "Exit" menu and 
select "Return to Main Index".  In the Main Index, click "Report" button.  Refer to Figure 8 for a 
screen shot of the Main Index.   
 

 
Figure 14: Select your worksheet 

 
Figure 15: Print your report 
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Select your report file (Figure 14).  Click the "4. Report" tab.  Click "Print Preview…" button to 
preview the report (Figure 15).  If the preview looks satisfactory, print your result by clicking the 
"Print…" button on the right-hand side.  When your data has printed, click the “close” button.  
Double-check that the data print-out and the values in your notebook exactly agree.   
 
Exit the SpectrAA application. 
 
Shut off the acetylene gas:  Turn the acetylene knob on the instrument clockwise.  Close the 
main valve on the acetylene tank. 
 
Turn off the compressed air:  Switch the gas control knob to the “off” position. Turn off the in-
house compressed air. 
 
Turn off the instrument power.   
 
6. Data Analysis/Calculations  
 
Each of the five solutions contains the same amount of unknown but different amounts of the 1-
ppm standard.  Thus, the absorbance of Solution 1 is due entirely to the Zn in the diluted 
unknown while the signals from Solutions 2-5 are due to the combination of the unknown and 
the standard spikes.   
 
To determine the concentration of the diluted unknown, use the Excel least-squares software 
program (available on the balance room computers as well as the computers in the Chemistry  
Computer lab).  Open the program and enter your data for the five solutions, using the ppm of Zn 
from the standard in each of the five solutions (e.g., Solution 1 will have a value of 0 ppm).  At 
that point, run the least-squares function and enter your name as prompted.  Enter “0” for the 
unknown value.  This graph will allow you to determine the concentration of the diluted 
unknown (though it will be a negative value since this is multiple standard addition).  Use this 
value to determine the concentration of the unknown in the original 250-mL volumetric flask to 
two decimal places.    



Instrumental Analysis Laboratory Safety Rules 
 
A.  Instructions: Carry out all manipulations in accordance with instructions and the 

safety rules and procedures given herein. 
 
B.  Eye Protection: All students and staff working in the laboratory must wear safety 

glasses at all times.  
 If a student needs to be reminded more than three times to wear goggles, she/he will 

be dismissed from lab for the remainder of the day, and will not be given an 
opportunity to make up the work. 

 
C.  Apparel: The clothes you wear in lab are an important part of your “safety 

equipment,” and should offer protection from splashes/spills. Closed toed shoes 
(sneakers are fine), Full-length pants or a full-length skirt, and A shirt that completely 
covers your torso (i.e. at minimum, a t-shirt). 

 In other words, you must NOT wear shorts to lab. You must NOT wear flip-flops, 
sandals, or crocs. You must NOT wear tank tops, halter tops, spaghetti-strap tops, or 
low cut jeans to lab. Exposed abdomens, hips, and backs are not safe in the lab.  

 
D.  Gloves: Gloves are an important part of personal protection. Gloves will be available 

at all times in the laboratory. Your instructor will require their use when appropriate.  
 
E.  Food: Food, drinks, and gum are not allowed in lab. None at all, not even water 

bottles.  
 
F.  Sanitation Issues: Be sure to wash your hands before leaving lab, before you eat 

anything outside of lab, and before you answer your cell phone.  
 
G.  Music: Individual headphones are not allowed. Your may choose to play music for 

the entire class.  
 
H.  Cell Phones and Other Electronic Devices: Cellular phones and other electronic 

devices that you do not need to perform your laboratory work should be put away.  
 
I.  Other: All students are explicitly prohibited from: 

1. conducting any unauthorized experiments.  
2. removing chemicals or apparatus from the laboratory for any reason.  
3. working in the lab alone, or at other than regularly scheduled lab periods.  
4. smoking in the laboratory or within 20 feet of any doorway.  
5. impeding movement in aisles or through doorways with bags, skateboards, etc. 


