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Instrumental Analysis Laboratory Policies  
 
 
INTRODUCTION 
In the laboratory portion of Instrumental Analysis you will be exposed to several different types of 
instrumental techniques.  In most experiments, you will be investigating the performance characteristics 
of the instrument in addition to using it to make a measurement. It is still important, however, that you 
continue to use your best analytical technique when preparing standards and samples. Poor technique 
will always produce poor results! 
 
LABORATORY MODULES 
The laboratory course is divided into five modules, each of which emphasizes a different aspect of 
instrumental analysis. Each module consists of 1-3 experiments that relate to the theme of the module. 
You will work as part of a 2-person group, but because of limited instrument availability there is a 
possibility that you will have to schedule analysis time outside of class. 
 
LAB PREPARATION 
The key to efficiency in the lab is preparation. You are expected to read the lab and contact the 
instructor  
before the lab period for questions and/or clarifications. It is highly recommend that you consult with 
your group members before the lab period to divide responsibilities so that your laboratory time is used 
most efficiently. It is also important that you are considerate of your lab partners and arrive at lab on 
time. 
 
LAB NOTEBOOK 
You must keep a lab notebook starting with the first day of experiments.   All data must be recorded in 
the laboratory notebook, not on loose sheets of paper or on the lab manual. To prevent abuse (i.e. filling 
in the notebook at the end of the semester), you must get the signature of the lab instructor each week.  
 
The primary purpose of the laboratory notebook is to record data and experimental details that are not 
included in the lab manual. You do not need to rewrite procedures that are already in the laboratory 
manual, and you do not need to include calculations.  
 
The notebook will be graded based on the following guidelines: 
 
1. The first few pages of the notebook should be reserved for a table of contents. This table of contents 
should be kept up to date. 
2. Each page should have a page number and be dated. 
3. The notebook must be hard bound. 
4. No pages should be removed for any reason. 
5. All data entries must be in indelible (i.e. non-erasable) ink. 
6. Mistakes and errors should be crossed out with a single line. White-out is not allowed. 
7. Try to keep the notebook reasonably neat ς you should be able to understand each entry. It is often 
helpful to construct tables prior to lab and fill them out as you collect data. 
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8. Keep your notebook current. It is unethical (not to mention illegal in many circumstances) to go back 
and fill in your notebook with data you wrote on loose pieces of paper. Backdating (i.e. going back and 
writing the date you think the data was recorded) is also forbidden. 
REPORTS 
You must write a report for each experiment. These reports are due one week after completing the lab. 

 

IMPORTANT 
 
ω Reports are due at the beginning of the lab period. YOU MAY NOT WORK ON YOUR LAB REPORTS 
DURING THE LAB PERIOD. 
 
ω You are encouraged to work with your partners on analyzing your data. However all written work must 
be individual efforts. Your report must be written in your own words and contain your own calculations 
and interpretations. Copied reports will result in a failure in the course. 
 
ω Lab reports will not be accepted from anyone that has missed an experiment. You may not simply copy 
your ǇŀǊǘƴŜǊǎΩ Řŀǘŀ ŀƴŘ ǘǳǊƴ ŀ ǊŜǇƻǊǘΤ ȅƻǳ Ƴǳǎǘ ŀǊǊŀƴƎŜ ǘƻ Řƻ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ όǇǊŜŦŜǊŀōƭȅ ŘǳǊƛƴƎ 
another lab period). 
 
GENERAL REPORT FORMATTING 
 
ω Reports must be printed with a high quality printer. 
ω One member of your group must attach your copies of the raw data. 
ω Make a cover sheet for every report. See the example on page viii. 
ω Answer all questions completely and in paragraph form. Do not ƳŜǊŜƭȅ ŀƴǎǿŜǊ άȅŜǎέ ƻǊ άƴƻέΣ ōǳǘ 
always give a rationale for your answer.  
 
Here is an example of an answer that would receive full credit: 
What is the optimal flame observation height for Zr? 
The data in Figure 3, a plot of Zr absorbance as a function of observation height in the flame, shows that 
the maximum absorbance occurs at a height of 2.25 cm. Therefore, the best sensitivity for atomic 
absorption of Zr occurs at an observation height of 2.25 cm. 
 
ω Be sure to include sample calculations. Handwritten calculations are acceptable. 
ω Sample calculations should be easy to follow. 
 

 
 

ω When fitting data to a line (e.g. a calibration curve), always use linear regression. Report the equation 
for the line and the correlation coefficient (r or r2). 
ω For all replicate determinations, the average, standard deviation, and % relative standard deviation 
must be reported. 
ω The following are examples of acceptable presentation of data. Note that tables include descriptive 
captions and that columns include units. 
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The following is an example of a poorly-constructed table. This table does not have a descriptive title, 
lacks units, has poor labeling of the samples, has totally ignored significant figures, is poorly aligned, and 
has no column for %RSD. 

 

GRAPHING 
Good graphical presentation of data is critical for analysis of experimental results.  
 
Listed below are general guidelines for properly plotting and annotating a graph. 
 
1. Choose a scale that best shows the full dimensions of the data and also results in scale divisions that 
allow easy interpretation of the data. In other words, do not bunch the data in one corner of the graph. 
Most spreadsheets scale graphs automatically, but you can usually re-scale the graph manually. The 
origin need not be included in the graph unless you are showing data near the origin. 
 
2. Plot the dependent variable (the one that is a function of the other, such as absorbance as a function 
of concentration) on the vertical axis. The independent variable should therefore be plotted on the 
horizontal axis. Always label both axes and include units in parentheses. 
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3. Each point should be located with a 
small distinct data point. Use different 
symbols (e.g. circles, squares, etc.) to 
distinguish one data set from another. 
 
4. Lines through data sets should not 
άŎƻƴƴŜŎǘ ǘƘŜ ŘƻǘǎέΦ ¢ƘŜ ōŜǎǘ ƳŜǘƘƻŘ όƛŦ 
the data is supposed to be linear) is to use 
linear regression to determine the best-fit 
line for your data. 
 
5. Never let Excel draw a smooth line 
through your data. In nearly every case, 
these curves are meaningless! 

 
 

6. When you plot data over several orders of magnitude, it is advisable to construct a log-log plot so that 
data at both low and high concentrations are visible. Although you can do this by setting the properties 
of the axis in Excel to άƭƻƎŀǊƛǘƘƳƛŎέΣ ƛǘ ƛǎ ǳǎǳŀƭƭȅ ōŜǎǘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ƭƻƎŀǊƛǘƘƳ ƻŦ ǘƘŜ Řŀǘŀ ōŜŦƻǊŜ 
graphing (especially when you want to make a linear fit to the log-log data). 
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[INSTRUCTOR COPY] 
CHL 311 Laboratory  

Instrumentation Contract 
 

The instrumental techniques that you will be learning are critical tools in so many areas of science, not 

only in chemistry but also in medicine, geology, food science, forensic science, environmental and 

agricultural science, material science, and pharmaceutical science as well.  You will have a lot of 

independence and opportunity to control your own work schedule.  However, because of the structure 

of the course, much of the responsibility for your education rests with you.   

You will also have responsibility at times for the use and care of nearly $500,000 worth of 

equipment.  Often others will depend on your effort and cooperation.  In order for everyone to get 

the most out of this course and to protect you and the instrumentation we must agree to abide by 

some rules. 

 Please read the following statements about expectations and use of facilities.  Failure to follow 

these rules will result in a failing grade in the course. 

1.  I will follow safe working procedures in lab.  If the proper practice is unclear, or questionable in my 

opinion, I will ask the instructor about it. 

2.  I agree not to eat or drink in the lab, nor to bring open beverages or containers of food into the lab.   
 
3.  I agree to clean up around the computers, lab benches and instruments whenever I work in the lab.  

If I bring reagents, equipment or materials into the lab for my work, I will remove them when I leave for 

the day.   

4.  I will see that the instrument or computer that I use is left in the appropriate idle (or off) condition 

when I am done (unless the next user is present to take over). 

рΦ  L ǿƛƭƭ ǎƛƎƴ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ƭƻƎ ōƻƻƪ ŀŦǘŜǊ ǳǎƛƴƎ ŀƴ ƛƴǎǘǊǳƳŜƴǘ ŀƴŘ ǊŜǇƻǊǘ ŀƴȅ ǇǊƻōƭŜƳǎ ƻǊ ǎǇŜŎƛŀƭ ƴŜŜŘǎ 

(such as a low gas level) in the logbook or directly to the instructor.   

6.  Since equipment and supplies are intended for members of this class and other chemistry courses, I 

will not remove any materials or equipment from the lab that I did not bring there without express 

permission from a faculty member.  (Obviously, such things as my data, print-outs and used reagents are 

exceptions.) 

7.  I will not misuse any instruments or equipment in the lab. 

8.  I will not operate any equipment for which I have not been given instruction in operating. 

9.  I will be responsible for anyone that I let into the lab and will see that they abide by our class 

guidelines for use of any equipment or facilities. 
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10.  I will work through all of the reading assignments and tutorials. 

11.  I will reserve use of instruments on the weekly reservation sheet and honor the reservations made 

by others.  

12.  I will cooperate with my lab partner.  If the group becomes dysfunctional, it is part of my 

responsibility to work things out.  If that cannot be done satisfactorily in a short period of time, I will talk 

to the instructor about the matter. 

 

Signature _____________________________________ 

 

 

 Date: ______________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
8 

[STUDENT COPY] 
CHL 311 Laboratory  

Instrumentation Contract 
 

The instrumental techniques that you will be learning are critical tools in so many areas of science, not 

only in chemistry but also in medicine, geology, food science, forensic science, environmental and 

agricultural science, material science, and pharmaceutical science as well.  You will have a lot of 

independence and opportunity to control your own work schedule.  However, because of the structure 

of the course, much of the responsibility for your education rests with you.   

You will also have responsibility at times for the use and care of nearly $500,000 worth of 

equipment.  Often others will depend on your effort and cooperation.  In order for everyone to get 

the most out of this course and to protect you and the instrumentation we must agree to abide by 

some rules. 

 Please read the following statements about expectations and use of facilities.  Failure to follow 

these rules will result in a failing grade in the course. 

1.  I will follow safe working procedures in lab.  If the proper practice is unclear, or questionable in my 

opinion, I will ask the instructor about it. 

2.  I agree not to eat or drink in the lab, nor to bring open beverages or containers of food into the lab.   
 
3.  I agree to clean up around the computers, lab benches and instruments whenever I work in the lab.  

If I bring reagents, equipment or materials into the lab for my work, I will remove them when I leave for 

the day.   

4.  I will see that the instrument or computer that I use is left in the appropriate idle (or off) condition 

when I am done (unless the next user is present to take over). 

5.  I will sign the operatorΩǎ ƭƻƎ ōƻƻƪ ŀŦǘŜǊ ǳǎƛƴƎ ŀƴ ƛƴǎǘǊǳƳŜƴǘ ŀƴŘ ǊŜǇƻǊǘ ŀƴȅ ǇǊƻōƭŜƳǎ ƻǊ ǎǇŜŎƛŀƭ ƴŜŜŘǎ 

(such as a low gas level) in the logbook or directly to the instructor.   

6.  Since equipment and supplies are intended for members of this class and other chemistry courses, I 

will not remove any materials or equipment from the lab that I did not bring there without express 

permission from a faculty member.  (Obviously, such things as my data, print-outs and used reagents are 

exceptions.) 

7.  I will not misuse any instruments or equipment in the lab. 

8.  I will not operate any equipment for which I have not been given instruction in operating. 

9.  I will be responsible for anyone that I let into the lab and will see that they abide by our class 

guidelines for use of any equipment or facilities. 
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10.  I will work through all of the reading assignments and tutorials. 

11.  I will reserve use of instruments on the weekly reservation sheet and honor the reservations made 

by others.  

12.  I will cooperate with my lab partner.  If the group becomes dysfunctional, it is part of my 

responsibility to work things out.  If that cannot be done satisfactorily in a short period of time, I will talk 

to the instructor about the matter. 

 

Signature _____________________________________ 

 

 Date: ______________________ 
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MODULE I: SPECTRAL SOURCES AND SIGNAL TO NOISE 
 

Experiment 1: BLACKBODY RADIATION or 7ÈÁÔȭs the difference 
between a light bulb and the sun?  

 

The color of light produced by a hot object depends on its temperature. This has to do with the fact that 
more energetic light produced a different wavelength of light. The wavelength, frequency, and energy of 
light are related by  

 

and  

 

The amount of radiation given off by a hot object depends on two things, how hot it is, and what 
wavelength you are observing.  The following equation describes this behavior. 

)1(

2

5

2

-

=

kT

hc

e

hc
I

ll
 , I is the Intensity or spectral density 

where h ƛǎ tƭŀƴŎƪΩǎ ŎƻƴǎǘŀƴǘΣ c is the speed of light, k ƛǎ .ƻƭǘȊƳŀƴƴΩǎ Ŏƻƴǎǘŀƴǘ όмΦоу Ȅ мл-23 J K-1) T is the 

Kelvin temperature and l is in nm. 

Procedure.  

1.  Using an Ocean Optics Spectrometer, record the visible spectrum of the sun and a incandescent 

bulb (tungsten light bulb).   

2. Save the data points of the spectrum and open the data files using Excel.   

3. Make a plot (I vs. l) the Blackbody Radiation function.  Plot the spectral density for 4000, 5000, 

6000 K on the same graph.  What changes can be seen as the temperature increases? 

4. Open the data files (of the sun and the tungsten lamp) using Excel.  Now plot the Blackbody 

Radiation function on the same graph.  [NOTE, you might have to place a multiplier in the 

equation, such that moth the function and the dataset are on the same scale.] 

5. Using the curve fitting functions of Excel, fit your data of the sun and the tungsten lamb with the 

Blackbody Radiation function.  [THE FOLLOWING IS A GUIDE, the data does not necessarily have 

to be in these cells, but you do need to be consistent] 

(a) To use the curve-fitting function, label cells along the top of the sheet with A then place a 

άƎǳŜǎǎέ Ǿŀƭue for the TEMPERATURE in the cell. 

(b) Place the data to be fit in the first two columns.  In the third column, enter the Blackbody  

equation, referencing to the A, B and C values at the top of the sheet 
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(c) Label the fourth row (sum differ squares), enter the following function: ($B4-$C4)^2 

(d) Label the fifth column (R^2) and enter the following equation : (($B4-$C4)/$B4)^2 

(e) Enter the label : sum R^2 in G4 and enter and equation which sums your R^2 values (SUM()) 

in H4. 

(f) Enter the label : sum sums  in G5 and enter and equation which sums your sum  

diff squares values (SUM()) in H5. 

(g) open the solver window (Tools, solver), make sure the window looks something  like what is 

shown below: 

 

 

 

(hύ ŎƭƛŎƪ ǘƘŜ ǎƻƭǾŜ ōǳǘǘƻƴΧ ŀƴŘ ǿŀǘŎƘ ǘƘŜ ƳŀƎƛŎ ƘŀǇǇŜƴΗ 

6 . What temperature gives the best fit in each case?  State not only the temperature but the 

error in the values.  Look up values for the temperature of the sun and the tungsten lamp, how 

do your experimental values compare?   

7  ²ƘƛŎƘ ƻŦ ǘƘŜ ǘǿƻ άƎƛǾŜέ ƻŦŦ Ƴore visible light.  What is the range of light that our eyes can see?  

How does this overlap with the tungsten lamp and the sun spectra?  Does this provide evidence 

for why our eyes evolved to see particular wavelengths?  

 
 
 
 
 
 
 
 
 

Reference the cells that you want to 

change to fit the data 
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Experiment 2.  
 
THE SIGNAL TO NOISE RATIO IN INSTRUMENTAL ANALYSIS 

 
As we have (or soon will) discuss in the lecture, the signal to noise ratio is an important benchmark for a 

suitable analytical method to be accepted for the quantitative determination of an analyte (and to some 

extent for qualitative analysis). Defined here, the signal to noise ratio is: 

S/N ratio = mean sample signal intensity/standard deviation 

The general objective is to get a S/N ratio of 3 or better. Three is the minimum because then we are 99% 

sure that the signal exceeds the possible noise at the 99% confidence interval (recall the shape of the 

Gaussian curve and the distribution of random data about the mean). Signal, being due to the presence 

of the analyte is not random. Noise, however, is due to random fluctuations in the instrument or 

sample.  

There are many ways to increase the S/N ratio. One can digitally filter the data in a modern instrument 

to reduce the noise. Data can be averaged in a number of ways (e.g. boxcar averaging, which we will 

discuss later). Also, noise can be reduced by altering conditions which cause fluctuations in the 

instrument (e.g. line voltage changes, temperature values and ranges, building vibrations, etc.). Here we 

see some causes of instrumental noise: 

 

 

 

 

 

 

 

 

It is often easy to cool a sample to reduce the noise level, but if your sample is in, and must remain in, 

aqueous solution and to cut down the noise to an acceptable level you need to be at -50̄ C, you are 

probably out of luck (unless your analyte has a huge DTf). 

However, since noise is random, it is just like random (indeterminate) error. Thus, you can control noise, 

but NEVER ELIMINATE it. The easiest way to control it is to increase the number of data sets collected 
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and average them. By doing this, some of the positive (+) noise will cancel out some of the negative 

noise (-) and visa-versa. As you can see in the spectra below, it helps quite a bit! 

 

 

 

 

 

 

 

 

 

 

 

 

Mathematically, if you have two data sets which differ in the number of scans in each set by a factor of 

n, the S/N ratio will increase proportionally.  LǘΩǎ ȅƻǳǊ Ƨƻō ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇ 

between the number of scans and the S/N ratio.  Remember, time is money and money is time. So, you 

have to choose an acceptable S/N ratio. If you really want a S/N ratio of 100, but it takes 100,000 scans 

ŀƴŘ о Řŀȅǎ ǘƻ ŎƻƳǇƭŜǘŜΣ ƛǘ ǇǊƻōŀōƭȅ ǿƻƴΩǘ ǿƻǊƪΦ IƻǿŜǾŜǊΣ ƛŦ ȅƻǳ Ŏŀƴ ōŜ ƘŀǇǇȅ ǿƛǘƘ {κbҐрΣ ŀƴŘ ȅƻǳ Ŏŀƴ 

do it in a few hours, and the data is of adequate quality, you have found an acceptable compromise and 

can get something accomplished! 

Procedure. 
 

1. Prepare smear of your liquid sample between salt plates. 
2. Collect a Background IR spectra from 400-4000 wavenumbers, in units of % Transmittance 

(%T), using the Nicolet  FTIR spectrometer. Save it. 
3. Change the scan settings to record only one scan. 
4. Collect a sample IR spectra from 400-4000 wavenumbers, in units of %T, using the same 

spectrometer. Print this IR spectra and save it. 
5. Repeat steps 3 and 4 , 4-5 more times , with increasing numbers of scans 

 
Calculations / Report: 
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1. Using the example in this figure from Harris, Chapter 20, calculate the S/N ratio for each of the 4 13C 
spectra. Use a ruler to measure the magnitude of the signals and noise by drawing lines parallel to 
the x-axis (chemical shift) to the intensity axis (abundance) or y-axis. 

 

 

 

 

 

 

 

 

 

 

 

 

2. Calculate the S/N ratio for each scan and prepare a plot as shown in this procedure. 
3. Your report should also have data tables, for S/N, peak assignments in each spectra. 
4. Plot the S/N ratio vs. the number of scans.  Using the curve fitting function in Excel, determine the 

mathematical relationship between S/N and the number of scans.  Explain your result. 
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MODULE II : ELECTRONICS AND SPECTROPHOTOMETERS 
 

A fundamental understanding of electricity and simple electronics is essential to understanding how 

instruments make chemical measurements. Although electronics in chemical instrumentation could be a 

course in itself, time restraints in this course allow us to only investigate some fundamental concepts. 

In this module you will build a simple spectrophotometer from electronic components, characterize the 

spectrophotometer and its components, compare the operating characteristics of your 

spectrophotometer to commercial spectrophotometers, and make some simple absorption and 

fluorescence measurements.  

 

Procedure 

 

Prepare these solutions the first week of the module and save them for all three experiments of 

Module I. 

 

Prepare a series of 5 solutions (at least 25 mL of each) containing either Ni2+, Co2+, or Cu2+ in 

concentrations ranging from 20 to 500 mM. The solids NiCl2ẗ6H2O, CoCl2ẗ6H2O, and CuSO4ẗ5H2O will be 

available in the lab. Be as accurate as possible when preparing these solutions. 

 

Safety Considerations. When working with electricity and exposed circuit elements, you must adhere to 

the following guidelines: 

ω Only wire the circuit or change components when the power is OFF. 

ω  Even after unplugging the power supply, it can take several seconds for the voltage to reach zero. 

Wait at least 20 s before touching any exposed wires or components. 

ω  DO NOT SPILL SOLUTION ON THE BREADBOARD! 

ω  Even though power should be off when wiring, use only one hand at a time. 

ω  Color-code wires (+12 V, ς12 V, ground, signal) to avoid confusion and/or short circuits. 

 

 

 

 

 

 

 

 

 



 
16 

 

 

 

 

EXPERIMENT 3. CONSTRUCTION OF A SIMPLE SPECTROPHOTOMETER 
 

Objective: Build a spectrophotometer, characterize the source and detector, and make simple 

absorption measurements. 

 

Introduction. Any spectrophotometer includes a source, a transducer, an amplifier, and a readout 

device. Most also have a wavelength selector in order to record wavelength-specific absorbances. A 

block diagram of a spectrophotometer is shown in Figure IA-1. 

 

 
Figure IA-1. Block diagram of a spectrophotometer. 

 

Commercial spectrophotometers are complex instruments that employ specialized components and can 

cost tens of thousands of dollars. For this experiment, you will build a working spectrophotometer using 

a simple electronic circuit and inexpensive components. (The cost of the materials in your 

spectrophotometer ς excluding the power supply and readout ς is less than $10!) The individual parts of 

your spectrophotometer are detailed below: 

Source. You will construct a visible source using an LED (light emitting diode), a resistor, a potentiometer 

(variable resistor) and a power source. The function of the variable resistor is to control the amount of 

current flowing through the LED, controlling the intensity of the light. 

 

˂ Selector. Wavelength selection will be accomplished using a colored LED (red, blue, yellow, or green) 

or a white LED with a colored glass filter. 

 

Sample. Disposable plastic cuvettes will be used to hold the sample. 

 

Transducer. The transducer will be a photocell, a device with a resistance that varies with light intensity. 

 

Amplifier. You will wire a simple operational amplifier circuit that will convert the current flowing 

through the transducer into a voltage. 

 

Display. A multimeter will be used to display the voltage produced by the operational amplifier. This 

voltage is proportional to the current flowing through the transducer, which in turn is proportional to 
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the light intensity measured by the transducer. The circuit you will build is shown in Figure IA-2. 

!ŎŎƻǊŘƛƴƎ ǘƻ hƘƳΩǎ ƭŀǿ όV = IR), changing the value of the variable resistor changes the amount of 

current (I) that flows through the LED since the voltage (V) remains constant. The wavelength range of 

the spectrophotometer can be changed by using a different colored LED or by using a white LED with a 

filter. As part of this experiment, you will characterize the wavelength dependence of 

the light produced by the source in order to select the best source for the analysis of an unknown. A 

simple current-to-voltage converter is used in the detector circuit. The current flowing through the 

transducer (Iin) is converted to an output voltage, Vout, that depends on the magnitude of the feedback 

resistor (Rf): 

 

Figure IA -2. Spectrophotometer circuit. The feedback resistor (the resistor between 

pin 2 and pin 6 of the operational amplifier) may need to be increased or decreased 

to obtain a reasonable voltage reading (between ī1 and ī10 V). 

 

Alignment of the LED and the transducer is not critical as long as their relative positions do not change 

during the course of an experiment. The cuvette, however, should be reproducibly positioned to avoid 

errors. 

Recall that the color of a solution is the complement of the color of light it absorbs. This is of great 

importance in spectrophotometry, as the analysis wavelength must be absorbed by the molecule of 

interest. The following table will help you to select the appropriate wavelength for analysis in this 

experiment. 

 

Cuvette 
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Procedure. 
 
ω This experimental procedure has several different parts, but they do not need to be done in 
sequentially. However you should do Part 4 after you build the complete spectrometer. 
 
ω Note that there are only two fiber optic diode array detectors for the source characterization (Part 1). 
 
1. Source Characterization 
Build the source portion of the circuit, selecting any one of the LEDs. Adjust the variable resistor so that 
the light from the LED is visible but not too bright (you can destroy the LED). Use the fiber optic diode 
array spectrometer to record the emission spectrum of the LED and to find its wavelength of maximum 
emission. Be sure to save the spectrum. Repeat this for each LED. [SEE Appendix I for info on 
operational amplifiers] 
 
Q1. Do the wavelengths of maximum emission that you found fall in the expected range of the visible 
spectrum? 
 
Record the spectrum of the white LED. Next, record spectra with at least 3 different absorption filters. 
Be sure to save these spectra. Notice that the filters remove certain wavelength ranges from the white 
LED spectrum. 
 
Q2. Do your findings for the filters agree with Table IA-1? To answer this question, compare the observed 
color of the filter to the absorbed wavelength range. 
 
2. Transducer Characterization 
Build the detector portion of the circuit. Test the circuit before continuing; blocking the photocell should 
cause the output voltage to drop towards zero. Tape the photocell in the path of the light beam.  Record 
the output voltage of the circuit (Vout) as a function of wavelength. Record the data in increments of 25 
nm between 350 and 900 nm. 
 
3. Spectrophotometer Characterization 
Consulting Table IA-1, select an LED with an output wavelength that coincides with the absorption 
range of your Ni2+, Co2+, or Cu2+ solution. Assemble the complete spectrophotometer using this LED. 
Aim the LED directly at the photocell but leave an approx. 1-cm gap. (In the next section you will place 


