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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 meaguemnt. It is still important, however, that you
continue to use your best analytical technique when preparing standards and saptesechnique

will always produce poor results!

LABORATORY MODULES

The laboratory course is divided into five modules eatwhich emphasizes a different aspect of
instrumental analysis. Each module consists-8felxperiments that relate to the theme of the module.
You will work as part of 2person group, but because of limited instrument availability there is a
possibitty that you will have to schedule analysis time outside of class.

LAB PREPARATION

The key to efficiency in the lab is preparation. Youexectedto read the lab and contact the

instructor

beforethe lab period for questions and/or clarificatiorsis highly recommend that you consult with

your group members before the lab period to divide responsibilities so that your laboratory time is used
mostefficiently. 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 lwihe first day oexperiments. All data must be recorded in
the laboratory notebook, not on loose sheets of paper or on the lab mafogbreventabuse (i.e. filling
in the notebook at the endfadhe semester), you must get tregnatureof the lab instructoreach week.

The primary purpose of the laboratory notebook is to record data and experimental details that are not
includedin the lab manual. You do not need to rewrite procedures thatadready in the laboratory
manual, and you doot 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
shoud be kept up to date.

2. Each pagshould 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. r@rasable) ink.

6. Mistakes and errors should lbeossed out with a single line. Whiteut is not allowed.

7. Try to keep the notebook reasonably neatou 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.



8. Keep your otebook 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 alsdidden

REPORTS

Youmust write a report foreachexperiment These reports are due one week after completing the lab.

IMPORTANT

wReports are due at the beginning of the lab perig@U MAY NOT WORK ON YOUR LAB REPORTS
DURING THE LAB PERIOD.

wYou are acouraged 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 failune the course

wlLab reports will not be accepted from anyone thasmissed an experiment. You may not simply copy
yourLJr NI ySNEQ RIEGF FYR Gdz2NYy | NBLRNIT &2dz Ydzad | NNI
another labperiod).

GENERAL REPORT FORIMY¥G

wReports must be printed with a high quality printer

wOne member of your group must attach your copies of the raw data.

wMake a cover sheet for every report. See the example on page viii.

wAnswer all questions completely and in paragraph fabmnotY SNBf & | yA6SNJ aeSaé 2N
alwaysgive 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 imofi 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.

wBe sure to include sample calculations. Haritten calculations are acceptable.
wSample calculations should be easy to follow.

Samnple caleulation of Zr** stock solution concentration:
2t (opm) = | 2.3044 g ZrCl, Y mole ZrCl, I| 1 mole Zr " 91.22g2Zr | 1000 mg ‘ ~ 902.1mg/L = 902.1 ppm
1L 1 233.03g2ZrCl, } 1moleZrCl, \ 1moleZr A 1g )

wWhen 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 r?).

wFa all replicate determinations, the average, standard deviation, and % relative standard deviation
must bereported.

wThe bllowing are examples of acceptable presentation of data. Note thaetainiclude descriptive
captionsandthat columns include uts.



Table I. Data for calibration curve of zirconium by atomic absorption

spectroscopy
Concentration Absorbance
Standard (ppm) (AU) RSD (%)
F1 1.02 0.020 3.2
2 2.04 0.041 1.8
3 5.10 0.110 5.1

Equation of the Zr calibration curve; Absorbance = 0.022[Z1] - 0.0031 (**=0.9987)
Mass of ZrCls for standard preparation: 2.3044 g

Table II. Results of analysis of zirconium in alloys by atomic absorption spectroscopy
(Results are averages of 5 replicates)

Average Standard

Sample Concentration Deviation RSD (%) CL (95%)
(mg/kg) (mg/kg)

A 3.62 0.29 8.0 3.621+0.36

B 7.93 1.15 14.5 7.93+£143

C 8.01 0.89 11. 8.01+1.1

The bllowing is an example of a poottpnstructed 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.

Table II. Data for part 3b.

Conc. Std. dev
Joe 3.6232093 0.29325333
Bob 7.9332301 1.15352342
Katie 8.01328928 0.89834569

GRAPING
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 alss resdale 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 usuatate the graph manually. The

origin need not be includkin 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 teglon the
horizontd axis.Always label both axes and include units in parentheses



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. Lineghrough data sets should not
G02yySOG GUKS R20a¢:«
the data is supposed to be linear) is to us
linear regression to determine the befit
line for your data.

5. Never let Excel draw a smooth line
through your dataln nearly every cas
these curves are meaningless!

Cal Curve

0 25
Concentration

50

Figure 1. Example of a poorly-made graph. Note poor title, lack of y-
axis label, lack of units on y-axis, missing legend, poor choice of x
scaling, and smoothed lines connecting the data points.

6. When you plot data over several ordersmdignitude, it is advisable to constructagrlog plot so that
data at both low andhigh concentrations are visible. Although you can do this by setting the properties

of the xisinExcelta f 23 NAGKYAO&é X Al

Aa dzadzZ ttée o

graphing (especially when yowant to make a linear fit to the letpg data).
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[INSTRUCTOR COPY]
CHL 311 Laboratory
Instrumentation Contract

The instrumetal 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 sgiag 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 tinfes 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 failing graden the course.

1. 1 will follow safe working procedures in lab. If the proper practice is unclear, or qudsédn my
opinion, |1 wil ask the instructor about it.

2. | agree not to eat or drink in the lab, nor to bring open beverages or containers of food into the lab.

3. | agree to clean up around the computers, lab benches and instruments wheneverih tarkab.
If I bring reagents, equipment or materials into the lab for my work, | will remlosmtwhen | leave for
the day.

4. | will see that the instrument or computer that | use is left in the appropriate idle (or off) condition
when | am doneunless the next user is present to take over).

p ® L gAtf ardldy GKS 2LISNIG2NRa €23 06221 FFAISNI dzaAA
(such as a low gas level) in the logbooklimectly to the instructor.

6. Since equipment and supgs are intended for members of this class and other chemistry courses, |
will not remove any materials or equipment from the lab that | did not bring there without express
permission from a faculty member. (Obviously, such things as my datappts@nd used reagents are
exceptions.)

7. 1 will not misuse any instments or equipment in the lab.
8. 1 will not operate any equipment for which | have not been given instruction in operating.

9. 1 'will be responsible for anyone that | let into the laldl avill see that they abide by our class
guidelines for use of any equipment or facilities.



10. 1 will work through all of the reiing assignments and tutorials.

11. | will reserve use of instruments on the weekly reservation sheet and honor the resesvatade
by others.

12. 1 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, | will talk
to the instructor about he matter.

Signature

Date:




[STUDENT COPY]
CHL 311 Laboratory
Instrumentation Contract

The instrumental techniques that you will be learning are critical tools in so manyg afsaience, 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 contrgbur 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 othersvill 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 dfiéecilFailure to follow
these rules will result in failing graden the course.

1. 1 will follow safe working procedures in lab. If the proper practice is unclear, or questionable in my
opinion, |1 wil ask the instructor about it.

2. | agree not t@at or drink in the lab, nor to bring open beverages or containers of food into the lab.

3. | agree to clean up around the computers, lab benches and instruments whenever | work in the lab.
If | bring reagents, equipment or materials into the labrfor work, | will removeltem when | leave for
the day.

4. | will see that the instrument or computer that | use is left in the appropriate idle (or off) condition
when | am done (unless the next user is present to take over).

5. lwillsigntheoperat@a f 23 062271 FFUSNI dzAAYy3I 'y AyadNHzYSyli
(such as a low gas level) in the logbooklimectly to the instructor.

6. Since equipment and supplies are intended for members of this class and other chemistry courses, |
will not remove any materials or equipment from the lab that | did not bring there without express
permission from a faculty member. (Obviously, such things as my datapptsand used reagents are
exceptions.)

7. 1 will not misuse any instments orequipment in the lab.
8. 1 will not operate any equipment for which | have not been given instruction in operating.

9. 1 'will be responsible for anyone that | let into the lab and will see that they abide by our class
guidelines for use of any equipmeuit facilities.



10. 1 will work through all of the reiing assignments and tutorials.

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

12. 1 will cooperate with my lab partner. If the gpbecomes dysfunctional, it is part of my
responsibility to work things out. If that cannot be done satisfactorily in a short period of time, | will talk
to the instructor about the matter.

Signature

Date:




MODULEI: SPECTRAL SOURCES AND SIGNAL TO NOISE

Experiment 1: BLACKBODY RADIATION o7 E ASQfe difference
between alight bulb and the sun?

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

Av=r¢

and

E = hv/e.

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

2hc?

hc , | is the Intensity or spectral density

INCLES

wherehA & t f | yOlcQthe speeydilighky a> . 2t G 1T YI yy Qa2 D) Visthel yi oM
Kelin temperature and 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 vd.) the Blackody Radiation functionPlot the spectral density for 4000, 5000,

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

4. Open the data files (of the sun and the tungsten lamp) using Excel. Now plBtabkbody
Radiation funtion 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. Usingthe aurve 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 curwitting function, label cells along the top of tlsbeet with Athen placea

& 3 dzS &ua for thd TEMPERATUIREhe 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, &d C values at the top of tleheet

10



(c) Label the fourth row (sum differ squares), erttee following function: ($B4$C4)"2

(d) Label the fifth column (R”2) and enter the following equation : ($B4)/$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 suma 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:

Solver Parameters @

Set Target Cell: Solve

EqualTo:  OmMax @Mn  Ovalueof: |0
By Changing Cells:

-~ Close

(48419081, 4F$1

Subjedt ko the Constraints: Options

|
\ = Help

Reference the cells that you want to
change to fit the data

Reset All

ho Of A0] G(KS 3a2ft@S odzid2yX FyR 61 G0K GKS YI3IAO

. 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?

2 KAOK 27F (KS orééshle ight.AVEh&tés the rarfge 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?

11



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 hethe 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 tre 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 ranflagtuations 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
discusdater). 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:

0% -
Year™ Temp, Power line
Change 60~
v Of classes 180~
10° - I Day Fair

P

i Elevator I. 1 Goad
Temp. t ® quiet .
108 = Hour ! region  AM v

Min, ! 120~ radio

ry units

[Arbita

Power per cvcle

10°
| Environmental 240~
naise l l
1

1 I L 1 2 Lt :
103 104 10~ 10°? 1 104 10 106 108

Frequency, Hze —

It is ofteneasy 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-bé @t you are
probably out of luck (unless your analyte has a hDe

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 fpsi(+) noise will cancel out some of the negative

noise {) and visaversa. As you can see in the spectra below, it helps quite a bit!

=

|
0 14K) 2(K} 300 400

Frequency, Hz

Figure 5-2 Effect of signal-to-noise ratio on the NMR
spectrum of progesterone: A, §/N = 4.3; B, §/N = 43.
(Adapted from R. R, Ernst and W. A. Anderson, Rev. Sci. Inst,, 1966,
37, 101, With permission.)

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 increasgroportionally. L i Q& &2 dzNJ 226 (2
between the number of scans and the S/N ratio. Rementbee is money and money is time. So, you
have to choose an acceptable S/N ratio. If you regdint a S/N ratio of 100, but it takes 100,000 scans

YR o

RIFea (G2 O2YLX SGSZ Al LINRoOolofe

RSGSNXYAYS GKS

62y Qi

62N P

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.

=

Hw

5.

Preparesmear of your fjuid sample between salt plates.

Collect a Background IR spectra from 4000 wavenumbers, in units of % Transmittance

(%T), using thalicolet FTIR spectrometer. Save it.
Change the scasettings to record only one scan.

Collect a sample IR spectra from 40000 wavenumbers, in units of %T, using the same

spectrometer. Print this IR spectra and save it.
Repeat steps 3 and 4 ;54more times, with increasing numbers gtans

Calculatios / Report:

13



1. Using the example in this figure from Harris, Chapter 20, calculate the S/N ratio for each diGhe 4
spectra. Use a ruler to measure the magnitude of the signals and noise by drawing lines parallel to
the xaxis (chemical shift) to the inteity axis (abundance) oraxis.

256

6

1

Absorbance

Signal = 14 units

1
f Noise =
v 9 units

Wavelength
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 $a Using the curve fitting function in Excel, determine the
mathematical relationship between S/N and the number of scans. Explain your result.

14



MODULEIl: ELECTRONICS AND SPECTROPHOTOMETERS

A fundamental understanding of electriciynd 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 fundamentajpten

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 makessimple absorption and

fluorescence measurements.

Procedure

Prepare these solutions tHest week of the module andsave themfor allthree experiments of
Module I.

Prepare a series of 5 solutions (at least 25 mL of each) containing eitfieE&li or Cd*in
concentrations ranging from 20 to 500 mM. The solidsMiBIO, CoGt6H,0, and C8Qt5H,0 willbe
available in the lalBe asaccurateas possible when preparing these solutions.

Safety ConsiderationdaNhen working with electricity and erped circuit elements, you must adhere to
the following guidelines:

wOnly wire the circuit or change components when the power is OFF.

w Even after unplugging the power supply, it can take several seconds for the voltage to reach zero.
Wait atleast 20 defore touching any exposed wires or components.

@ DO NOT SPILL SOLUTION ON THE BREADBOARD!

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

w Colorcode wires (+12 \(12 V, ground, signal) to avoid confusion and/or shadusts.

15



EXPERIMENT3. CONSTRUCTION OF A SIMPISPECTROPHOTOMETER

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

Introduction. Any spectrophotometer includes a source, ansducer, an amplifier, and a readout
device. Mostlso have a wavelength selector in order to record wavelesgtcific absorbances. A
block diagram of apectrophotometer is shown in Figure-1A

Source M, 3 Selectorﬂ) Sample | y|Transducer| —» Amplifier | € 5| Display

Commercial: D,/W Lamp Monchromator Cuvet Phototube Complex Circuit Computer
Yours: LED None/Filter Cuvet Photoqell, Op Amp Voltmeter
Photodiode

Figure IAL. Block diagram of a spectrophotometer.

Canmercial spectrophotometers are complex instruments that employ specialized components and can
cost tensof thousands of dollars. For this experiment, you will build a working spectrophotometer using
a simpleelectronic circuit and inexpensive componer{fBhe cost of the materials in your
spectrophotometerg excludingthe power supply and readouwtis less than $10!) The individual parts of
your spectrophotometer are detaileldelow:

Source You will construct a visible source using an LED (light emiitidg) a resistor, a potentiometer
(variable resistor) and a power source. The function of the variable resistor is to control the amount of
currentflowing through the LED, controlling the intensity of the light.

<Selector Wavelength selection will beccomplished using a colored LED (red, blue, yellow, or green)
or awhite LED with a colored glass filter.

Sample Disposable plastic cuttes will be used to hold the sample.
Transducer The transducer will be a photocell, a device with a resistandevtirges with light intensity.

Amplifier. You will wire a simple operational amplifier circuit that will convert the current flowing
through thetransducer into a voltage.

Display A multimeter will be used to display the voltage produced by the oparatiamplifier. This
voltage isproportional to the current flowing through the transducer, which in turn is proportional to

16



the light intensitymeasured by the transducefhe circuit you will build is shown in Figure2lA

1 002 NRA Y3 ¥2IR kHangRgithefvadlug of theariable resistor changes the amount of
current () that flows through the LED since the voltaggremainsconstant. The wavelength range of
the spectrophotometer can be changed by using a different colored LEDusirigya wite 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 unkaown.
simple currentto-voltage converter is used in theetéctor circuit. The current flowing through the
transducer(l;,) is converted to an output voltag¥,,, that depends on the magnitude of the feedback
resistor R):

Multimeter
(Current Measurement)

£

+ -

+5\V

10k
¥ Potentiometer

k2
§ 2200 g
10k

Multimeter
Photocell AAA

s (Voltage Measurement)
R4
o ¥ - X +12v A
7 8 9
Cuvette > Vout
trart -2

= 5 P(
4
-12V

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 (betwearl andi 10 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 asialwavelength must be absorbed by the molecule of
interest. The following table will help you to select the appropriate wavelength for analysis in this
experiment.

17



Procedure.

wThis experimental procedure has several different parts, but they do @ed no be done in
sequentially. However you should do Padfter you build the complete spectrometer

wNote that there are only two fiber optic diode array detectors for the source characterization (Part 1).

1. Source Characterization

Build the sourceortion 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 €D and to find its wavelength of maximum
emissionBe sure to save the spectruiepeat this for eachED[SEE Appendix | for info on

operational amplifierg

Q1. Do the wavelengths of maximum emission that you found fall in the expected range seitilee vi
spectrum?

Record the spectrum of the white LED. Next, record spectra with at least 3 different absorption filters.
Besure to save these spectrisotice that the filters remove certain wavelength ranges from the white
LEDspectrum.

Q2. Do your finidgs for the filters agree with Table-I1® To answer this question, compare the observed
color ofthe filter to the absorbed wavelength range.

2. Transducer Characterization

Build the detector portion of the circuit. Test the circuit before continuirigcking the photocell should
cause the output voltage to drop towards zero. Tape the photocellerptth of the light beamRecord
the output voltage of the circuiteu) as a function of wavelength. Record the disancrements of 25
nm between 350 ad 900 nm.

3. Spectrophotometer Characterization

Consulting Table A, select an LED with an output wavelength that coincides with the absorption
range of your Ni, Ca-, or Cu-solution. Assemble the complete spectrophotometer using this LED.
Aim theLED directly at the photocell but leave an apprexnigap. (In the next section you will place

18



