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CHEMISTRY 406
Instrumental Analysis
Fall, 2002
Tu, Th 8:00-9:30 am lecture; M, W 1-4 pm lab
Dr. Bradford D. Pendley
411 Kennedy Hall: 843-3959

DESCRIPTION: A scientist has at her or his disposal a varietgaghisticated instrumentation
that better enable him or her to answer questiodssalve problems. Solutions to problems requiee t
scientist to understand the question and the natutke answer sought, be able to determine the typ
and amount of samples needed to answer the questiwh to select an appropriate instrumental
technique to help solve the problem. This coursgesigned to help you learn to solve problems using
modern instrumentation by solving challenging, I'tgaoblems. You will explore the principles on
which major instrumental techniques are basedaythu have a full arsenal of ways to solve prolslem

GOALS: The goals that you should work towards in thisrselare;

. To be able to assess and address the germallenges associated with a particular analysis;
To be able to select an appropriate methodathoals to solve a chemical problem;

To understand, on a detailed level, the thaad/operation of modern instrumentation;

To gain practical laboratory experience usimgglenn instrumentation to answer questions;
To be able to interpret data and to use theogpiate statistical methods in their evaluation;
To be able to communicate effectively the rssod an investigation into a chemical problem;
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TEXTS: Principles of Instrumental Analysis, 5th ed., by Skoog, Holler and Nieman (req.)
Handbook of Instrumental Techniques for Analytical Chemists, F. Settle, ed. (rec.)

EVALUATION: Your grade in this course is determined by ycenfggmance on several exams
and laboratory assignments that assess what yoel leavned in the lab and lecture as well as your
ability to evaluate and solve chemical problemschEgraded assignment is listed below along with it
weight.

Lecture: 800 points

1 Two exams worth 200 points each;
2. A standardized ACS exam worth 200 points;
3 A comprehensive final exam worth 200 points;

800 points

Two project reports worth 175 points each;

Two technical reports. The first is worth 150n® and the second is worth 75 points;
One project involving thanalysis of polymer coatinggorth 75 points;

One formal laboratory report worth 75 points;

One lab exam worth 75 points;
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The total number of points you attained on all gchdvork determines your final grade

Grade Total points
A 1440-1600

B 1280-1439
C 1120-1279
D 960-1119

F below 960

The comprehensive final exam will encompass idbas you should have learned in both the
lecture and laboratory segments of the course.ctx@80% (i.e., 40 points) of your exam will come
from questions thayou missed on previous exams (including the lab exardf)you correctly and
completely answer any or all of the questions §yw@i had previously missed on exams during the
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semester, you will not only receive full credit tie problem on the final exam, but you will aleceive
back all credit you lost for that problem on thegoral exam. Thus, it is possible for you to reepup
to 40 points (i.e., 20% of 200 points) on the fiaghm.

The one formal (electrochemistry) and two techinfogethod validation 1 & 2) reports will be
evaluated on the basis of the quality of your datd the analysis and presentation of your resuitse
two project reports (elemental and molecular ansjywill be evaluated on the selection, design and
execution of the project as well as the interpretatind presentation of the results. The lab wingl
theanalysis of polymer coatingsll be judged on the quality of the data and theierpretation. The
remaining lab (electronics) will be assessed byremation.

POLICIES: My expectation is that you will attend all classnd labs unless directed otherwise. For
both the lecture and lab, there will be reguladgigned readings and occasional problem sets. Bbione
these assignments are graded; they are for yowgfibemly. The assigned readings from the text are
listed on the syllabus. In addition, | will frequéy assign articles for you to read. We will diss these
readings and problem sets during class and lab] asltlexpect you to participate. These assigntaen
are the minimum | believe is necessary for an ayesudent to understand the subject materiafouf
are unable to attend a class or lab, it is youpaesibility to determine all material discussed and
assignments given.

You will be allowed to make up a missed exam véth excused absence. Normally, these
reasons would include medical emergencies, a deatbur family or required travel for a Rhodes’ ave
(e.g., athletic team travel). If at all possilpease let me know ahead of time if you are not adbltake
an exam at its scheduled time so that anotherfomgou to take it can be arranged. If the abséno®t
excused, you will receive zero points for the exafl. graded work must be pledged to be your own or
your groups' (if applicable).

Unless otherwise specified, your laboratory rejasgignment is due no later than the beginning
of the lab period one week after the scheduled afnthe experiment. Unless there are extenuating
circumstances, reports submitted after this time dmfore two weeks after the scheduled end of the
experiment will have 10% of the possible pointswtddd. Reports will not be accepted after thistim
and zero points will be recorded for the assignment

LABORATORY REPORTS: For all laboratory experiments, you are to keelplmoratory notebook
that contains, at a minimum, the following informat the title of the experiment and the date yegan
the experiment; all procedures followed; data amldidations. The format for the laboratory repast
described below:

Project reports: The report should contain the following sectionsmture of the project;
experimental section; results and conclusions;reefies. We will discuss the salient features of
presenting results in this fashion during lab.

Technical reports: For two experiments, you will validate an analgtimethod that will be used to
determine certain components in commercial produdtsu will need to produce a written procedure
that may be used by technicians to carry out tladyars and calculations. You will also need tovie
the appropriate supporting documentation for véidpthe method in a separate report. We will assc
the salient features of presenting results infdsgion during lab.

Formal report: This report is to be written in accordance whle requirements for submitting
an article to the journahnalytical Chemistry. These requirements may be found in the Janu&@suk
of Analytical Chemistry. In addition to the submission of ONE (and onhebcopy of the report to me,
you must include an appropriate cover letter addr@go me as the editor of this journal. We will
discuss the salient features of presenting resuttss fashion during lab.



CHEMISTRY 406

Fall, 2002

Day/Date Topic Chapter
Th 8/29 Sampling 1, other
Tu 9/3 Sampling, experimental design 1, other
Th 9/5 Measurement, calibration, noise 1,5
Tu 9/10 Properties of light, optics 6
Th 9/12 Lasers, wavelength selectors 7, other
Tu 9/17 Molecular absorption spectrophotometry , 143
Th 9/19 Molecular fluorescence 15
Tu 9/24 Atomic absorption spectrophotometry 8,9
Th 9/26 Atomic emission spectrophotometry 10
Tu 10/1 EXAM | (200 points)
Th 10/3 Nuclear magnetic resonance spectroscopy, other
Tu 10/8 Nuclear magnetic resonance spectroscop, other
Th 10/10 NMR/FTIR other
Tu 10/15 No class
Th 10/17 No class
Th 10/24 Radiochemistry 12, 32
Tu 10/29 Radiochemistry 12, 32
Th 10/31 Mass Spectrometry 11, 20
Tu 11/5 Mass Spectrometry 20
Th 11/7 EXAM Il (200 points)
Tu 11/12 Electrochemical principles other
Th 11/14 Coulometry, electrogravimetry, 22,23,

cyclic voltammetry
Tu 11/19 Polarography, chromatographic principlezb, 26
Th 11/21 Mechanisms of differential migration 26
Tu 11/26 Chemical parameters, band broadening 26
Tu 12/3 GC & LC Instrumentation 27, 28
Th 12/5 Electrophoresis 30
Tu 12/10 ACSEXAM (200 points)
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Date
8/28
9/4

9/9
9/11

9/16
9/18

9/23
9/25

9/30
10/2

10/7
10/9

10/14
10/16

10/23

10/28
10/30

11/4
11/6

11/11
11/13

11/18
11/20

11/25

12/2
12/4

12/9
12/11

CHEMISTRY 406 LAB
Fall, 2002

Experiment
Check in; safety; introduction; Electroniccuit analysis

Operational amplifier circuits

Digital circuits (ndividual exam: 75 points)

Method Validation 1: Drug determinationDristan Nasal Spray

Method Validation 1
Method Validation 1

Method Validation ltéam technical report: 150 points)
Project 1: Elemental Analysis

Project 1
Project 1

Project 1
Project liQdividual project report: 175 points)

No class
No class

Interpretation of mass spectra

Analysis of polymer coatings
Analysis of polymer coatings

Analysis of polymer coatingsi{er pretation: 75 points)
Project 2: Molecular Analysis

Project 2
Project 2

Project 2
Project 2téam project report: 175 points)

Electrochemistry of adrenaline

Electrochemistryrfdividual formal report: 75 points)
Method Validation 2: Caffeine in beverage

Method Validation 2éam technical report: 75 points)
Check out



Electronic Circuit Analysis

All modern instrumentation contains electronic paments that serve to detect and
process the analytical signal. In this lab you {eé&rn about some of the basic analog and digital
circuit components that are used in modern instnignand will also learn how to analyze circuit
diagrams.

This lab will be conducted primarily in a lectudscussion format with numerous circuits
for you to analyze. The following topics will besdussed:

8/28 Basic analog circuit components; circudlgsis
9/4 Filters; operational amplifiers
9/9 Digital circuits

Please read chapters 2, 3 and 4 in your textbook.
At the completion of this lab you will be given aram covering all of the areas listed
above.



Method Validation 1: Drug determination in Dristan Nasal Spray

In this experiment, your team will validate a nethused to determine simultaneously
the concentration of two pharmacologically activempounds in Dristan Nasal Spray:
phenylephrine hydrochloride (PEH) and pheniramirseste (PAM). The method involves the
measurement of the absorbance of the Dristan awswelengths and the determination of the
concentration of each component by using Beer's law

PEH and PAM absorb light between 240 and 300nmi,th@ spectrum of each overlaps
significantly. Assuming only these two compoundisab light at a given wavelength, the
measured absorbance at any two wavelengths isildeddry Beer's law:

A T 8H1P G + &1 P Gopyy (1)
Az =8P Gopy + &, D Gy ()
If the molar absorptivities of each compound areaeined at both wavelengths, measuring the

absorbance of the Dristan Nasal Spray at thesevavelengths allows you to solve the resulting
simultaneous equations and calculate the concemtrat PAM and PEH.

Validation Procedure

Initial assessment

Prepare stock solutions of PAM and PEH at conagéintrs of about 200pug/mL in 0.01M
HCI. Prepare a diluted solution of each (agaift.01lM HCI) and obtain a spectrum in the range
240-300nm. Choose your dilution factor so thatrtteximum absorbance is not greater than 1.0.
Once you have obtained these two spectra, selecappropriate wavelengths to be used in the
analysis. Since the absorbance of the DristanINg®ay is too large to conduct this analysis, it
will need to be diluted.

Assess Specificity

Dristan Nasal Spray has one other compound thabrbb light in this region:
benzalkonium chloride. Prepare a solution of biwwraum chloride at the concentration in
which it is present in Dristan, and then dilutéurther by the same factor as the Dristan. Obtain
a spectrum of the solution and then assess thatextevhich benzalkonium chloride interferes
with the analysis at the wavelengths chosen.

Assess Linearity

Prepare five standards for PAM and PEH evenlyidigted in concentration between 50
and 150% of the expected concentration presentendiluted Dristan sample. Measure the
absorbance of each solution and construct a cabbralot to determine the molar absorptivities
for each compound at the two wavelengths. Reesiprocedure five times. Assess linearity
by calculating # as well as plotting the response factor versusematnation.

Assess Precision

Instrument Precision: Measure the absorbancesnfigle aliquot of a solution of PEH,
PAM or Dristan a minimum of 10 times. The measwetrshould be conducted on a solution
with an appropriate concentration and at both wengths.

Intra-assay Precision: Prepare five solution®aM, PEH or Dristan at an appropriate
concentration and measure the absorbance of eatlosat both wavelengths.

Assess Accuracy
Determine the concentration of PAM and PEH in Ehstan and compare these values
with those on the package. This will serve as ard@hation of the accuracy.




Project 1. Elemental Analysis

The nature of your project will be to quantify tamount of some element in a sample using a
flame atomic absorption spectrophotometer. You da@sign and execute a project using a
standard method of analysis.

I nstrument setup/checkout

Since you will be determining trace quantities af element in your sample(s),
contamination of the sample(s) is a real concefrherefore, carefully clean all volumetric
glassware that you use in this experiment. Muwukl clean all glassware with detergent, rinse
it with water, soak it in 3M nitric acid for an hguand then rinse it completely with Millipore
Milli-Q deionized water.

| will demonstrate the appropriate manner to sétagpgnstrument and conduct an analysis
for Zn (an arbitrarily chosen metal). Prepare andard Zn stock solution (500 mg/L) in the
following manner. Analytically weigh about 0.25¢ @.1mg) of primary grade Zn into a beaker
and add 10mL of trace metal grade nitric acid &salve the Zn. The solution should then be
guantitatively transferred to a 500mL volumetriask and diluted to the mark with Millipore
Milli-Q deionized water. This stable stock solutivill be used to prepare your standard Zn
solutions that will be used in the constructioryofir working curve. A concentration of Zn less
than 10 mg/L is not stable and needs to be pregaredto use. Prepare three standard solutions
having a concentration of Zn between 1.0 and 2.Q.rfrigm the standard Zn stock solution by
serial dilution. This is the optimum working contetion for Zn. Aspirate each solution,
measure its absorbance, and check for linearity.

Project Guidelines

1. There are several resources that describe ardeferences to standard methods used in
atomic absorption. These include Perkin-Elmeradical methods and the Official Methods of
Analysis (located in Burrow Library). Methods inde analysis of biochemical, agricultural,
environmental samples, foods, plastics and fibedls, metals, paints, cements, ceramics,
pharmaceuticals, cosmetics, petrochemicals asasaither types of samples.

2. You will have a few restrictions in selectinguygroject.

- only certain elements may be determined basesliosupply of hollow cathode lamps and the
type of flame available;

- we must have the necessary chemicals and equigmeonduct the analysis;

- you must be able to obtain suitable samples;

- you must use the method of standard additioreterchine the concentration of the element in
your sample(s).

3. No later than the beginning of the second sdeedaboratory period you must propose a
project. At a minimum, you must have,

- a well defined reason for undertaking the profeet, a well proposed question);

- verified that we have the necessary lamp, flaype,tand chemicals to conduct the analysis as
well as located a source for your sample(s);

- at least one literature reference for this anglys

| must approve the project no later than the b@gm of the third scheduled laboratory
period.



Analysis of polymer coatings

Pyrolysis Gas Chromatography/M ass Spectrometry

Pyrolysis gas chromatography/mass spectrometry QR§&) is a powerful tool used to identify
components in polymers, and their relative amou/tsninute sample of a polymer is thermally
degraded in a helium atmosphere (i.e., pyrolyZedyling to bond fragmentation and the creation
of small molecules that are related to the strectfrthe original macromolecule. These small
molecules are then separated chromatographicallysant into a mass spectrometer, one of the
most powerful techniques for elucidating the suoetof organic compounds. We will discuss
the details of this in lab, but you will use theshnique to obtain information about the nature of
polymer coatings. Dr. Redfearn, our resident pelymmhemist and expert on PyGCMS, will
assist us in this lab.



Project 2. Molecular Analysis

The nature of your project will be to determinee thresence or absence of some
environmentally interesting molecular species inemvironmental sample (e.g., water, sail,
sediment or unwashed fruits, vegetables or plaritgur team will design and execute a project
using a standard method of analysis.

Project Guidelines

1. The Official Methods of Analysis (located in Bonv Library) will provide you with the
appropriate procedure for the analysis of PCB®ih water and foods.

2. You will have a few restrictions in selectinguygroject.
- we must have the necessary chemicals and equigmeonduct the analysis;
- you must be able to obtain suitable samples;

2. No later than the beginning of the second schedialkedratory period your team must

propose a project. At a minimum, you must have,

- a well defined reason for undertaking the profeet, a well proposed question);

- selected a sample and verified that we have thessacy equipment and chemicals to
conduct the analysis as well as located a sourcgfo sample;

- atleast one literature reference for this analysis

| must approve the project no later than the bag of the third scheduled laboratory
period.



Electrochemistry of adrenaline

Adrenaline is a catecholamine vital to regulatibmwmerous functions in the body. The
catechol portion of the molecule is easily oxidizad physiological pH. However, many
molecules have chemical reactions that precedellomf oxidation or reduction, and the purpose
of this project is to investigate any chemical teas) coupled to the oxidation of adrenaline.

Cyclic voltammetry is a widely used electrochemigeghnique that provides information
that can lead to an understanding of reactionspifeatede or follow the electron transfer step. It
also permits the measurement of the formal poteottia redox couple.

This reaction is pH dependent, so you will pregare solutions. The first solution is a
1mM adrenaline solution in 1.0M sulfuric acid ahé second is a 1mM adrenaline solution in a
pH 3.00 buffer. You should investigate and intetpphe oxidative electrochemistry of adrenaline
in each solution by obtaining cyclic voltammograad00mV/s.
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Method Validation 2: Caffeinein beverages

High performance liquid chromatography (HPLC) i thrimary technique for the
separation and quantification of complex mixturkattare unsuitable for analysis using gas
chromatography. In this lab, your team will assessethod of separating and determining the
amount of caffeine in the beverage using HPLC.

Validation Procedure

Initial assessment

The separation of your selected soft drink willdzeomplished by using a C18 column
and a mobile phase of 80% 1M acetic acid and 20%amel. You should prepare about 600mL
of this solution and adjust the pH of the acetid agith 50% NaOH to a pH of 3.4. This
solution should be prepared fresh each day. Te 8me, you may wish to prepare a 1M acetic
acid solution, mix it with the methanol, and thetjust its pH as needed. All solutions used in
the HPLC (including samples and standards) shoaifiltered through a membrane filter.

Prepare a standard caffeine solution in the mopi@se whose concentration is
approximately 1.00mg/mL.

Equilibrate the column for 15 minutes by passimg mobile phase through the column at
a reasonable flow rate. The beverage componenysbmaletected using uv absorption with a
wavelength of 254nm. Inject 20uL of the beverage the HPLC and record the chromatogram.
Next, inject the same quantity of your caffeinendt@&d into the HPLC and then identify the
caffeine peak in your chromatogram. Verify thae tbaffeine is separated from the other
components. If not, the pH of the mobile phasé mékd to be adjusted.

Assess Linearity

Prepare three caffeine standards in the mobilsgleaenly distributed in concentration
between 50 and 150% of the estimated concentrptiesent in the beverage. Inject 20uL of the
standards into the HPLC and measure the area dinelgreak. Duplicate each run. Using an
average area for each standard, assess linearngidylating #.

Assess Accuracy
Determine the concentration of caffeine in the bage and compare this value with that
from the manufacturer. This will serve as a deteation of the accuracy.

To properly maintain the HPLC, it will be necesstr you to completely rinse all traces
of acetic acid from the pumps and column. To ds, tyou will need to prepare an 80% water
and 20% methanol solution that you will use to liluke HPLC. | will give you specific
instructions on the operation and shut down oHR&C.

11



