CHEM 450

The Laboratory Report

Described below are the format and content guidelines expected for lab reports.  All reports must be typewritten using font 12 and single or 1 ½ spacing.  

Style


Use your own words in the third person, passive voice (see sample report), and be concise. The experimental and results sections are to be a past-tense description of what you did and/or obtained.


When reporting numbers pay careful attention to significant figures as they indicate the precision of the measurement.  When a sentence has to begin with a number, the number must be spelled out. However this can be avoided by rewording the sentence.  Use standard abbreviations and symbols (ppm, M, g, mL, (, etc.), but do not use non-standard abbreviations (rxn, soln, prepn, etc.).


Finally, pay careful attention to grammar and spelling.  You report will be graded for these as well as for scientific content.

Content

Following are four basic questions that have to be answered in your report, and the section of your report where the answers should be incorporated.

1. What was the problem? (Introduction)

2. How did you study the problem? (Experimental)

3. What did you find? (Data and Results)

4. What do your findings mean? (Discussion)

Your paper will also include a title page, an abstract, and a bibliography or references cited.  These sections are detailed below.

Title Page.  Give the experiment number and title, your name (underlined) and your partner's name, and the date the experiment was started and completed.  The title should be short but specific. You may use the same title given in the handout for a particular experiment.

Abstract.   (10 points) The abstract is a one-paragraph summary, usually 150 words or less, of the report that allows a reader to quickly obtain the most important information.  (In published articles information in the abstract is also used for computer database searches.)  The following are information that must be included in your abstract.

· The purpose of the experiment

· The method employed (e.g. Titrimetric analysis, or UV/Vis spectroscopy), including a mention of the standard series (i.e. calibration standards or internal standards)

· Results, including uncertainties (report as standard deviation or %RSD)

· A comparison of the results to accepted or the expected values

Introduction.  
(20 points) Give a brief description of the theory behind the method employed. Your textbook or the handout provided for the experiment is a good source of information on this subject.  Describe the problem and discuss the importance of the answer you were seeking. For instance, why is it important to determine the concentration of sodium in various food products? You should then summarize the methodology in your own words. 

Experiment Section.  
  (25 points) This section consists of the following subsections:

A. Materials - to be described in text, not a list or outline.  Mention whether the standard solutions, for instance, have been provided by the instructor or whether you prepared them and from what concentration of stock solution. 

B. Solution preparation paragraph should describe the actual quantities of materials used as well as the resulting concentrations.  Mention volumetric glassware where appropriate.  For the preparation of a series of standard solutions, it is not necessary to describe each solution individually; instead, provide a description of the preparation of a representative solution and direct your reader to a table summarizing the quantities of reagents used for each one.  Such a table should be given a label (e.g., Table 1) and a title.

C. Instrumentation - describe the instrumentation, including the software used if applicable, and the procedure used to perform the analysis.  If you used the instrument's manual (or a version of it) to operate it, it is sufficient to simply mention that.  Do not go into details of operation, however, important instrument parameters should be included.

D. Data and error analysis - describe how the data and error (uncertainties) were analyzed.  This should include methods of calculation (e.g. least-squares) and the programs used to execute them.

Data and Results.   (20 points) This section of your report is more than a collection of tables and figures.  A clearly organized text should direct the reader to the table or figure, explain what is compiled there, and comment on whether the data follows expected behavior.  Do not interpret the data yet.  Such interpretation is reserved for the discussion section.  Here you might simply observe a linear (or nonlinear) trend. Tables should include data for both standard series and unknown samples.  Figures are usually plots of standard series data.  Computer printouts (e.g. from our UV/Vis Diode Array Spectrometer) can be presented as is as long as they are properly labeled, as described below.


Tables and Figures should be labeled (Table 1, or Table 1.1) and must have a title describing its contents. Table number and title should be written above the table whereas figure number and title is written below the figure. Pertinent experimental conditions may be listed below the table Pertinent experimental conditions may be listed below the table. Plots should be computer-generated and should have clearly labeled axes, with units, and clearly visible plotting symbols indicating data points.  

Following the presentation of the data, give the numerical results of calculation and the corresponding uncertainty parameters.  This includes the equations of lines from least-squares fits.  Analytical results and their uncertainties should be reported for the solution actually measured as well as for the original sample, after accounting for dilutions.  

Discussion.  
(20 points) It is in this section where you will interpret your results.  In particular, you should:

· Explain the relationship and principles shown by the results

· Point out exceptions or lack of correlation, and attempt to explain any anomalies you find

· Compare your results to accepted (or expected) values

· State your conclusions (This answers the problem)

· Comment on the significance of the work

References.   (5 points) Cite the references used.  Present the citations as endnotes, numbered according to their appearance in the text and designated therein by a superscripted numeral.  The form of the citation is that prescribed the American Chemical Society.  Please note the punctuation in the following examples.

1. For journal articles: authors' surnames and initials, abbreviated journal title (italicized or single-underlined), year (bold-faced or double-underlined), volume (italicized or single-underline), inclusive page numbers.

Light, T. S.; Cappuccino, C.C,. J. Chem. Ed. 1975, 52, 247-250.

2. For books: author's surnames and initials, book title (italicized or single-underlined), edition, publisher, city, year, chapter or inclusive page numbers. Note that the year is not bold-faced in a book citation.

Christian, C.F.; O'Reilly, J. E., Eds., Instrumental Analysis, 2nd ed.; Allyn and Bacon: Boston, 1986; p.52.

If you refer multiple times to the same citation in one report, do not repeat it in your reference list; instead, reuse the superscript number with which it first appears in your paper.
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DETERMINATION OF COPPER IN DRINKING WATER 

BY ATOMIC ABSORPTION SPECTROSCOPY

Cielito M. De Ramos-King

CH 450: Instrumental Analysis
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October 31, 1997

Abstract

The amount of copper in Anytown drinking water was determined by the calibration method using atomic absorption spectroscopy.  Calibration standards were prepared from a 1000 ppm Cu stock.  The absorption of each solution was measured on a graphite furnace atomic absorption spectroscopy.  From the calibration curve the amount of copper was determined to be 190.0 ( 0.6 ppb, which is within the limits established by the EPA.

Introduction

The presence of copper in drinking water is usually due to corrosion of copper plumbing,  which is by far the greatest cause for concern. Although copper is required by the body in very small amounts EPA has found copper to potentially cause various health effects when people are exposed to it at levels above the Action Level, currently set to 1.3 ppm, for relatively short periods of time.  These effects range from stomach distress to liver damage and anemia.1  Analyses that enable the determination of copper in drinking water can assist in determining whether or not drinking water sources meet EPA standards.

In this experiment the amount of copper in locally obtained tap water was determined by graphite furnace atomic absorption (GFAA) spectroscopy using calibration standards.  The quantitation is based on the fact that the amount of light absorbed by a carefully measured volume of solution is directly proportional to the amount of copper in that solution.  In GFAA spectroscopy light (UV or visible) coming from an external lamp source is directed inside a miniaturized graphite tube (or furnace) into which a small volume of solution was previously introduced either manually or mechanically.2  The calibration curve, obtained from the absorbance data of standard solutions with varying concentrations of copper, was used to calculate the ppb concentration of copper in drinking water.

Experimental
A. Materials. 

A 1000. ppm Cu stock solution, 50 (v/v) % aqueous HNO3, and 0.50 (v/v) % aqueous HNO3 were provided by the instructor.  Tap water was collected from the Science Building tap, Anytown, Anystate the day before the analysis was performed.  All glasswares and pipet tips used were cleaned with soap and water, rinsed with deionized (DI) water, soaked overnight in 2 (v/v) % HNO3, and rinsed again with DI water. 

B. Solution Preparation. 
Four 100.0 mL standard solutions with 200., 100., 50.0, and 10.0 ppb Cu were prepared by serial dilution of the 1000. ppm stock using 0.50 % aqueous HNO3 as diluent.  Soon after collection the water sample was preserved by the addition of 50 (v/v) % aqueous HNO3 until the pH was below 2.  About 2 mL of the 0.50 % aqueous HNO3 was used as blank solution during the analysis.

C. Instrumentation.

Absorbance measurements were performed on a PE AAnalyst 600 Graphite Furnace Atomic Absorption Spectrometer 9based on Zeeman background correction) equipped with an 80-cup autosampler and water recirculator.  Sample, standard, and blank solutions were pipeted onto 2 mL plastic cups and loaded on the autosampler according to the following sequence: blank, lowest to highest standard, then sample.  All absorbance readings were done in triplicates.  The software XXX was used to run the spectrometer and gather data.  The procedure for running the software and spectrometer, provided by the instructor, was followed without modification. The following instrumental parameters were used for Cu analysis:



Drying time and temp: 30 s @ 125 0C



Ashing time and temp: 30 s @ 900 0C



Atomizing time and temp: 10 s @ 2700 0C



Purge gas: 99.999 % Argon



Wavelength: 324.7 nm
D. Data and Error Analysis. 

The calibration curve and data generated by the software during the analysis was used directly.  The precision of the analysis was determined from the standard deviation of the ppb Cu reported for the sample, also provided on the printout. 

Data and Results

The absorbance data for the standard solutions are shown in Table 1.  As expected, the absorbance of light increased with increasing concentration of copper.  The calibration curve (Figure 1) clearly shows the linear relationship between absorbance and concentration.  From this curve the concentration of copper in the water sample was determined to be 190.0 ( 0.8 ppb, as shown in Table 2. 

Table 1. Absorbance data for the calibration standards.

	ppb Cu
	Absorbance
	Mean Absorbance
	Standard deviation

	10.0
	0.058

0.060

0.058
	0.059
	0.001

	50.0
	0.332

0.340

0.328
	0.333
	0.006

	100.
	0.656

0.659

0.648
	0.654
	0.006

	200.
	1.349

1.346

1.346
	1.348
	0.002


Table 2. Absorbance data and calculated ppb Cu for Anytown water.

	Sample
	Absorbance
	Calc.

ppb Cu*
	Standard deviation

	Anytown water
	1.274

1.268

1.276
	190.0

189.3

190.1

mean ppb Cu = 190.0
	0.6






* Calculated from the slope of the calibration curve.
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Figure 1. Calibration curve for the determination of copper in Anytown water.

Discussion

The linearity of the calibration curve in Figure 1 indicates that absorbance of light is indeed proportional to analyte concentration and as such is a useful analytical technique.  The mean copper concentration of 190.0 ( 0.6 ppb is way below the Action Level for copper established by the EPA.  The result was not surprising due to the copper piping in the building from which the sample was taken.  We were not expecting the level to be way over the limit either because there is no known sources of contamination from copper.  Finally, in this experiment, graphite furnace atomic absorption spectroscopy proved to be a fast and effective method of measuring levels of copper in drinking water.
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