Introduction to Data Analysis and Statistics

NOTE:  This module is a modification of a Data Analysis Module on the Active Learning site written by David Harvey.  http://community.asdlib.org/activelearningmaterials/data-analysis/
Quantitative analysis is the chemistry of properly collecting and interpreting data. In a laboratory setting if you are lucky your data will lead to a clear answer to the question you are investigating. At times, however, you will find your data ambiguous or, more interestingly, that something unexpected is hidden within the data. This activity will guide you in exploring several important concepts in data analysis.
By the end of this students should be able to:

Objectives for Data Treatment
1. Calculate mean and standard deviation from given sample data.
2. Apply Grubbs test to given sample data for the identification of outliers.
3. Given an experimental framework, identify and explain the types of calibration methods (curves, addition, and internal standard) used.
4. Differentiate between calibration methods needed for the accurate measurement of an analyte in several different matrices.
5. Calculate and analyze FOM for calibration methods
 
Objectives for Result Reporting
1. Carry out propagation of uncertainty in calculations and describe the type of experimental errors given sample data (systematic, random, gross).
2. Calculate confidence interval and interpret the level of accuracy and precision of given sample data and expected value.
3. Apply statistical tools, such as Student T’s and F tests to compare given sample data sets to identify different and/or equivalent results.
4. Explain accuracy and precision between data sets from the application of statistical tools.
5. Calculate and explain the meaning of limit of detection and limit of quantification for a given sample data set.

For the first half of this lesson

Reading: Chapter 2 (sections 1, 3 (first part), 4, 5, 6, 9), Chapter 3 (sections 1, 2, 3, 4), Exploring Chemical Analysis 5th ed., D. Harris 




Uncertainty
Suppose you are analyzing soil samples from a school playground near a busy intersection. After collecting three samples, you return to the lab, extract the soil samples with water and, using an atomic absorption spectrometer (we will talk more about instrumentation later), determine the concentration of lead in the resulting extracts, obtaining an average result of 4.38 parts-per-billion (ppb). 
· The actual value that you report is 4.38 ± 0.02 ppb. What does the 0.02 ppb indicate? 



STOP












· Brainstorm what errors might affect this result? 
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Fry-Petit	56	CHEM 315 SP 18

















· Separate the errors discussed in class into systematic vs. random 
	Systematic (Determinate)
	Random (Indeterminate)

	
	


STOP


Instrument noise
[image: ]
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· Often when discussing precision and accuracy we use a model of darts on a dartboard as shown below. 
· As a group come to a conclusion of what accuracy and precision are based on previous knowledge and write your definition below.
· Accuracy:



· Precision:




· Label the top and side of the table with accurate, not accurate, precise, and not precise.
· Circle the dartboard depictions show random error and put a square around the dartboard depictions that show systematic error.Figure 1. Dart model of precision and accuracy.


STOP

Measurement Exercise
	

	



· Experiment 1: Using a ruler with a millimeter scale, measure the big solid rectangle's width and length in millimeters on your own without any consultation of your group then collect the values of your group mates in the table and calculate the average values.
	Group Members
	Length (mm)
	Width (mm)

	
	
	

	
	
	

	
	
	

	
	
	

	Average
	
	


· Are your measurements of the rectangle's length and width exactly the same as those of your classmates, or are they different? If there are differences in the measurements, is this the result of determinate errors, indeterminate errors or both? What are those errors? Briefly explain your reasoning. 







STOP
When measuring the rectangle's length and width you had to make several decisions:
· How do you define the rectangle? Should you measure its length and width from the outside edges of the border, from the inside edges or from the middle of the border? 

· Experiment 2: Decide as a group how you are going to define the rectangle and record your measurement to the tenth place (which is an estimation of one digit past the smallest gradation). Then measure the length and width of the rectangle and calculate its average. 
	Group Members
	Length (mm)
	Width (mm)

	
	
	

	
	
	

	
	
	

	
	
	

	Average
	
	


[bookmark: PropError]STOP
Significant Figures
You may recall from general chemistry that we refer to the digits in our measurements as significant figures. A significant figure is any number in which we can express confidence, including those digits known exactly and the one digit whose value is an estimate. The lengths 154 mm and 154.3 mm have three and four significant digits, respectively. The number of significant figures in a measurement is important because it affects the number of significant figures in a result based on that measurement.
· How many significant figures do you have in each of your individual measurements of length and width?
	Group Members
	# sig figs in length 
	# sig figs in width 

	
	
	

	
	
	

	
	
	

	
	
	


Before continuing, let's review the rules for including significant figures in calculations. When adding or subtracting, the result of the calculation is rounded to the last decimal place that is significant for all measurements. For example, the sum of 135.621, 0.33 and 21.2163 is 157.17 since the last decimal place that is significant for all three numbers (as shown below by the vertical line)
[image: SigFigsAddSub]
is the hundredth's place. Note that rounding the answer to the correct number of significant figures occurs after completing the exact calculation.
When multiplying or dividing, the result of the calculation contains the same number of significant figures as that measurement having the smallest number of significant figures. Thus, 
[image: SigFigsMultDiv]
because 0.152, with three, has the fewest number of significant figures. 
One way to think about this is that we cannot make a measurement more precise through a calculation than it is when we take the measurement. 
· Check back to be sure that your group has the correct number of significant figures in the average length and width listed for Experiment 2, if not fix them.
STOP


Three additional SF rules
[image: ]
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Uncertainty in the lab
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· If you took a measurement and found a value of 89.231 ± 0.008 what is the absolute uncertainty and the percent relative uncertainty of the measurement?






STOP



[image: ]
Propagation of Uncertainty
As we have discussed, each instrument we use in a lab has an associated random error, which is often expressed as a tolerance factor by the manufacturer. A more rigorous approach to determining the uncertainty in a result is called a propagation of uncertainty and it combines the uncertainty in each measurement to estimate the uncertainty in the final result. 
[image: ]
The following equations for propagation of uncertainty are from your textbook (as noted in parentheses):
Addition and Subtraction:                                                       (3-5)
Multiplication and Division:                    (3-6)
Where   is the absolute uncertainty (often the tolerance factor) for measurement n and   is the percent relative uncertainty for measurement n. 
	The REAL SIG FIG RULE
[bookmark: _Hlk503450934]The final uncertainty to one significant figure and that defines how many significant figures are in the measurement. For example if you took several measurements and the average value was 234.7182 a.u., but the uncertainty when propagated was 0.0278 a.u. you would write the final result as 234.72 ± 0.03 a.u.











[image: ]

· Assuming that the error associated with the ruler is 0.1 mm, propagate the error associated with the average of the length and the width of the rectangle using the data from Experiment 2.
1. What is the absolute uncertainty of each measurement?



2. Should you use the addition/subtraction or multiplication/division equation above to propagate the error?

3. Calculate the error and write it with the proper number of sig. figs is the table below.
	
	Average length (mm)
	Average width (mm)

	Error
	
	







· Asking yourself the same questions as above, calculate the average area of the rectangle including the propagated error and the correct number of sig figs and write the value in the table.





	Average area w/ error (mm2)
	



STOP
· [image: ]As a group think of times in the lab you may want to use the addition and subtraction rule to propagate uncertainty and one time in lab you would want to use multiplication and division rule to propagate uncertainty.

STOP
Often propagation of error includes mixed operation. Like finding the area of the rectangle, except I walked you through how to do that. Now you are going to propagate error for a scientific system you have never seen before.
· For a concentration technique the relationship between the signal and the an analyte’s concentration is
Stotal = kACA + Smb
What is the analyte’s concentration, CA, and its uncertainty if Stotal is 24.37 ± 0.02, Smb is 0.96 ± 0.02, and kA is 0.186 ± 0.003 ppm–1. 






STOP
[image: ]
· Given the following masses of deionized water measured during the calibration of a Class A pipet at 15 °C, what average volume of water is the 10.00 mL Class A (± 0.02 mL) pipet actually delivering?
	Measurement
	Mass of H2O (g)

	1
	10.1578

	2
	10.1341

	3
	10.1425

	4
	10.1453

	5
	10.1672

	6
	10.1587

	7
	10.1611



















STOP
· Explain, with numerical values, glassware, and instruments how you would prepare 50 mL of a 1.40 M aqueous stock solution of sodium thiosulfate, Na2S2O3 (MW= 158.11 g/mol) (which is a solid that must be dissolved) while introducing the least amount of error. (similar example pg 23 of textbook)









STOP
· Explain, with numerical values, glassware, and instruments how you would prepare a 100 mL of a 0.140 M aqueous solution of sodium thiosulfate from the 1.40 M stock solution in the previous problem while introducing the least amount of error. 








STOP
Homework for data analysis
· How is systematic error identified and accounted for in measurements?





· How is random error identified and accounted for in measurements? 




· In a lab at 27°C you weigh an empty volumetric flask at 468.654 g you then fill the flask up to the calibration mark with DI H2O and weigh the flask at 543.635 g. What is the true volume contained in the volumetric?








· What is the true concentration of dissolved 0.1567 g of Na2S2O3 in molarity if you made it in the volumetric flask in the previous example?











· What portion of the analytical process do the tools we talked about today fall under?

· If you made a 5 M solution via dilution of a 10 M solution using volumetric glassware and you performed several forms of analytical analysis and determined that the true concentration of the solution was 4.5 M what should be done to avoid this problem in the future?




Statistics
For the second half of this lesson

Reading: Chapter 4 (sections 1-3, 5, 6, 7), Chapter 5 (all sections) 

[image: ][image: ]· As a group decide if the probability says that 1 out of each 6 rolls I should get each number once why when I roll the dice 6 times I don’t get each number once?



STOP



[image: ]



[image: ]

· In “Measurement Exercise” you calculated the average of the length and width of your measured rectangle 2 different times, before you agreed on how to measure the rectangle (Experiment 1) and after you agreed on how to measure the rectangle (Experiment 2), calculate the standard deviation of the length for both measurements.









	[bookmark: _Hlk503518247]Experiment
	Average ± Standard deviation

	Experiment 1
	

	Experiment 2
	


STOP


BEFORE CONTINUING: request a sheet from Dr. FP that will be turned in to her before you talk about the next two parts with your group.



· On the axes below draw two Gaussian curves that represent how your data from the previous question compare, label the average and standard deviation, and be prepared to defend why you have drawn them that way. Be sure to label both the length and the standard deviation.
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


· Discuss as a group how does the accuracy and the precision of the two data sets compare for these 2 data sets?







· Now imagine that your averages and standard deviations were very different, on the axes below draw two Gaussian curves that represent those two data sets, label the average and standard deviation, and be prepared to defend why you have drawn them that way.
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


· Discuss as a group how does the accuracy and the precision of the two data sets compare for these 2 data sets?



STOP
[image: ]
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· Calculate the confidence interval of the length for both Experiment 1 and Experiment 2.







	Problem from Measurement Exercise
	Average ± Confidence interval

	Experiment 1
	

	Experiment 2
	


· As a group discuss how your confidence intervals compare between the two experiments and does it make sense that one of them should be lower than the other. Why or why not?





· Discuss what are two ways that you could lower your confidence intervals?
1.      


2.   


· When you look up the t-value on the table you have been told to use the column labeled 95%, as a group discuss what that means.




STOP
· As a group discuss what values would we want to compare if we wanted to determine which experiment was more precise? And which experiment was more accurate?






STOP
[image: ][image: ]


[image: ][image: ]

· Determine if the standard deviations of the two experiments are statistically different.








STOP
[image: ]
· Determine if the length and thus the measurements themselves are statistically different.







· As a group discuss what can you say about the relative precision and accuracy of the two methods (ie. is the precision and accuracy statically the same or statistically different?).





[image: ]STOP

Should any data points be removed from this set before it can be compared to Method 2 (not shown)? (Note: you should check all highs and lows until there is no change so after doing the first calculation explain what you would do next)STOP


· We have talked about tolerance factor, standard deviation, and confidence interval. As a group discuss and be prepared to defend the differences between these three values that can give information about the range of a measurement. 












Homework for the first part of statistics
· Explain what each of these different tests/statistical values are used for:
· Confidence interval




· t test




· F-test




· Grubbs test






· What would the Gaussians of 2 methods look like if they passes the F-test but failed the t-test? vice versa?


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




Concentration Calibration Procedures Activity
Accurately knowing the amount, in terms of concentration, of a particular substance (analyte)  is important in fundamental research and also in many applied fields of study such as medicine, environmental studies, and the food industry.

In medicine, many drug dosages are effective within a narrow concentration range.  If too little is administered, the benefits of the drug will not be obtained.  However, if too much is administered in a particular time frame, overdose or toxicity can occur.  Therefore, many patients must have their blood tested on a regular basis to determine the amount of such drugs in their system.   Also, many common analytes such a metals are required by the human body at low levels, but are toxic to the cells at high levels.

In environmental studies, it is important to ensure that levels of environmental contaminants are monitored.  In 2010 the BP Oil spill devastated the wildlife on the Gulf Coast of Mexico in the United States.  It was one of the worst environmental accidents in the history of the United States.  Years and vast amounts of money was required to clean up the spill.  The Gulf waters have since been deemed safe to use; however, four years later, scientists still monitor the concentration of oil contaminants to ensure safety of Gulf water for patron use.

The previous examples provide important reasons for knowing the concentration of a particular analyte in a sample (biological fluid, water, food etc.).  The substance that we want to know the amount of in a sample is called the analyte.  In order to determine the concentration of a particular analyte in a sample we must perform a procedure called “concentration calibration”. This module discusses the three most common types of concentration calibration procedures.

Analytes themselves cannot be measured directly; however, specific properties of the analyte can.  Many analysis techniques that we will talk about at the end of the semester provide a response to a solution containing some concentration of an analyte.  Two common ways to get a response for an analyte is to measured light absorbance or an electrochemical property. However, the absorption or electrochemical response of an analyte can rarely be used alone to determine the concentration in the sample.  For example, the absorption or electrochemical measurement might be slightly different from one day to the next for the exact same sample due to a variety of uncontrollable variables including background noise from the instrument.
· If an instrument response to the same concentration of an analyte varies from day-to-day, can you devise a general procedure to determine the concentration of an analyte in a solution despite this issue? Report to your professor when done before moving on.







General steps of a concentration calibration:  

Finding suitable standard solutions
A primary standard analyte solution is a solution that contains a known amount of the analyte called the standard.  The standard may be a pure analyte, a solution containing the analyte, or a solution containing the analyte along with other solutes; in either case, the analyte concentration is accurately known.  The solution may be a solid, liquid, or gas phase solution and the standard analyte may exist in either of these three phases as well.  Standards are referred to as Standard Reference Materials (SRM) because they have been tested by The National Institute of Standards and Technology (NIST). This agency ensures the analyte concentration in many types of samples is accurate.  The picture below is a SRM for Gulf of Mexico Crude Oil, which may be used to test for crude oil contaminants, for example to monitor the safety of the gulf waters after the BP oil spill. 
[image: gulf oil SRM]



Figure taken from:  http://www.nist.gov/publication-portal.cfm?defaultSearch=false&researchfield=245

· What are common characteristics of a primary standard such as the one shown above? 



· Do you think that standards are available for all analytes? Why or why not?  Elaborate. 


[image: ]STOP

Calibration Curve

To help you understand the ideas of calibration curve and standard addition curves we are going to use a cartoon example, but it translates directly into any chemistry scenario where the dependent variable (y) varies linearly with the independent variable (x).

· [image: ]Imagine that you have 5 containers as shown below and assume that each ball gives an instrument response of 3. Determine the instrument response for each of the containers, plot the instrument response (dependent variable) vs. number of balls (independent variable), and determine using the graph how many balls are present if the instrument response is 26. Be sure to label the graph.
	
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	Instrument Response (a.u.)
	
	
	
	
	





STOP
[image: ][image: ]
As a group work through this real lab problem on using calibration This is very similar to what you will do in Quantitative Analysis Laboratory and EXAMS for this class. 
· Using a Calibration Curve
Below is a calibration curve for the determination of vitamin C (ascorbic acid [AA]) via voltammetry. This allows us to plot the current as a function of concentration. Four standards have been made (4.00, 8.00, 12.00, and 16.00 μM) and run to create the calibration curve. Then three fruit juice samples with an unknown amount of vitamin C are run and the current is recorded (Fruit Juice). [AA] (µM)
Current (µA/cm2)
4.00
1.35
8.00
2.76
12.00
4.12
16.00
5.32
Fruit Juice
4.51
Fruit Juice
4.63
Fruit Juice
4.49

LINEST Output
m
0.33175
0.070000
b
sm
0.008526
0.093394
sb
R2
0.998681
0.076256
sy




Other Variables
y-bar
3.388


Σ(xi-x-bar)2
80




















· The table above is readily available from Excel whenever you create a calibration curve and use the LINEST function. You will learn how to create this table in CHEM 316, but you need to know how to use the data in it for this class. Therefore, label all variables in the tables above so you will be able to readily use them. *Note: standard deviation is always given as “s” with a subscript denoting what it is the standard deviation of.

· What is the average concentration of vitamin C in the 3 samples?







· Draw a horizontal line on the plot from the average measured current for the diluted sample to the calibration curve.  Then draw a vertical line from the curve to the appropriate concentration on the x-axis.  This provides a graphical check of your math.  Does your graphical check confirm your math?

· Determine the uncertainty, sx, of the sample concentration.











· Calculate the confidence interval and write the complete confidence interval (e.g. XX±YY μM) with the correct number of significant figures.










· If the detection limit is 0.20 µM, what is the quantitation limit? (come back to after we learn LOD, LOQ, and sensitivity)	






· The y-intercept is non-zero.  What could this be indicative of?	

STOP


[image: ]
Assuming that we have to take the measurement in the presence of the purple solution which is very hard to make or may not have a standard solution. We start with some unknown amount of balls that I am covering up with a black box so you can’t see them. We put 2 additional balls in and collect an instrument response. We repeat this spiking procedure 4 more times. This is referred to as a constant volume standard addition, for which the initial concentration is given by the absolute value of the x-intercept. (The derivation of this fact is in section 5-3 if you are interested)

[image: ]

· [image: ]Given the standard addition graph below determine the initial concentration of the solution that has been spiked.
STOP
[image: ]


· Using a Standard Addition Curve
Brilliant Blue G (BBG) dye was recently discovered as promising dye to analyze the extent of spinal cord injury.  In this experiment, standard addition was used to minimize the matrix effect in determining concentration of BBG in a sample of spinal fluid.  [BBG]s (nM)
Abs (a.u.)
0.00
0.038
5.00
0.074
10.00
0.111
15.00
0.149

LINEST Output
m
0.007400
0.037500
b
sm
6.325x10-5
5.916x10-4
sb
R2
0.999854
7.071x10-4
sy




Other Variables
y-bar
0.0930


Σ(xi-x-bar)2
125





















· Determine the concentration of BBG in the unspiked sample using the standard addition curve.





· Second, determine the uncertainty in the concentration of BBG.



 



· Calculate and write the complete confidence interval with the correct number of significant figures.







· The y-intercept is non-zero.  What could this be indicative of?	

STOP
Internal Standard Activity
Suppose you wanted to measure the quercetin concentration in a plant food such as Prunus serotina.  Before performing the measurement, you would first need to remove quercetin from the plant sample because the plant itself will not be compatible with the measurement technique.  For example, most measurement techniques require the sample in liquid form.  A likely procedure for removing the quercetin from the plant is to use an extraction process.  A sample of the plant might be mixed with a suitable solvent in a blender, homogenized, and filtered.  One concern in this process is whether all of the quercetin has been extracted from the plant.  If a lesser amount is extracted, the concentration of quercetin in Prunus serotina will be underestimated using an external standard curve.



· Can your group think of a way to determine the extraction efficiency of an analyte such as quercetin? 




STOP
[image: ]  


· A standard solution containing 75 ppm of quercetin and 60 ppm of internal standard kaempferol gave peak areas of 300 and 200, respectively.  A plant sample is spiked such that the extract to be analyzed should have 60 ppm of kaempferol.  Analysis of the sample gives a peak area for the kaempferol of 163.  The quercetin peak in the same extract has an area of 407.  What is the concentration of quercetin in the extract?


  
 






STOP
[image: ]


[image: ]
· What are the LOD, LOQ, and sensitivity for the calibration curve made for [Cu2+] via AA? 
[image: ]
STOP



[image: ]From a previous exam:
· Trace elements, such as Sr, in teeth of archeological specimens provide anthropologists with clues about diet and diseases of ancient people.  Atomic absorption spectroscopy measurements were collected to determine the amount of Sr in a tooth specimen. Use the data to answer the following questions a-f. Table 2
Table 1
sx=0.427 ppm



a. What is the 95% confidence interval for unknown Sr concentration?  Write the confidence interval in this form: XX ± YY.


















b. What is the limit of detection for the calibration curve?





c. What is the limit of quantification for the calibration curve?





d. What is the sensitivity for the calibration curve?






e. Could the concentration 0.2 ppb be measured via this method? 



f. Could the concentration 0.2 ppb be quantified via this method? 






From a previous exam:
· Standard solutions of a blue protein were made and their absorbance was measured at 508 nm using UV-vis spectroscopy.  The standard calibration curve and LINEST output are shown below in Table 1. A unknown sample was also measured and the 3 replicate measurements are listed in Table 1. The measurements of the lowest concentration sample, 1.6670 µg/mL, was measured 10 times and the resulting absorbance values are list in Table 2.Table 2
Table 1





	
















[image: ]

















a. What is the 95% confidence interval for unknown protein concentration?  Write the confidence interval in this form: XX ± YY.
















b. What is the limit of detection for the calibration curve?





c. What is the limit of quantification for the calibration curve?





d. What is the sensitivity for the calibration curve?






g. Could the concentration 0.06 µg/mL be measured via this method? 
 
h. Could the concentration 0.06 µg/mL be quantified via this method? 
 
[bookmark: _GoBack]
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To err is human... but human error is no excuse

Examples of gross error:

* Aspill

* Overshooting a volumetric flask
* Calculation error

Gross error must be corrected. It
is not experimental error

Human error stems from ignorance/negligence
* Error in detection and diagnosis of a problem
* Ignoring the overshoot of a vol flask
* Error in execution of an experiment
* Inability to perform calculations

Not transferring all solid during filtration:
When inexperienced it is systematic
When experienced it is random
(technique) error.

The uncertainty in a
buret reading is
random (technique)
error, not human error.
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22.91 x 0.152
16.302

=0.21361~0.214
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Significant zeros

Significant zeros are red:
106 0.0106 0.106 0.1060

So what is/are the rule(s)?
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Significant figures w/ log and antilog

Log: original # SFs = # of decimal places (mantissa)
log (5.403 x 10°8) = -7.2674

Antilog: original # dec places = # SFs
106142 =1.39 x 108

Examples
pH = -log [H*] = -log [0.0153] = 1.815
[H] =10P"H =10474=1.8x 10"
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Significant figures and rounding 5s

* If the only number you are droppingisa5
round even.

Examples (underlined number is the digit we are
rounding to)

4.2554.2
4.35>4.4
4.251 >4.3
4.351-54.4
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Analytical Balance

Denomination Tolerance (mg)
Grams Class 1 Class 2
500 1.2 2.5
200 0.50 1.0
100 0.25 0.50
50 0.12 0.25
20 0.074 0.10
10 0.050 0.074
=} 0.034 0.054
2 0.034 0.054
1 0.034 0.054

a

.

7

Typically the uncertainty is the readability
for this analytical balance: readability is 0.0001 g = uncertainty in
measurement is £ 0.0001 g
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Analytical Balance vs Top Load

Analytical balance has
the draft shield

Note increase in readability
as balance is shielded

Which type of balance is more precise? More accurate?
Why?
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Weighing Errors
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Burets

Buret Smallest
volume  graduation Tolerance
(mL) (mL) (mL)

5 0.01 *0.01
10 0.05 or 0.02 *0.02
25 0.1 *0.03
50 0.1 *0.05

100 0.2 *0.10

—9
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Enlargement shows meniscus at 9.68 mL. Estimate the reading of any scale to the
nearest tenth of a division. This buret has 0.1-mL divisions, so we estimate the

reading to the nearest 0.01 mL. Tolerance indicates meniscus is between 9.63 and
9.73 mL (or 9.68+0.05 mL).
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Volumetric Flasks vs. Erlenmeyer

Volumetric flasks have a narrow
neck and one mark.

* Class A glassware tolerances
from manufacturer; calibration
permits tighter tolerance of
individual flasks

* TC: “to contain”

Erlenmeyer flasks often have
several marks and state
“approximate volume”

Can you think of examples when it
is appropriate to use a Erlenmeyer
vs a volumetric?

;) Standard Taper 13
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Pipets
Transfer (Volumetric) Pipet ...,

Usage: |

(@

* Draw solution above mark

Hold with ungloved thumb

Dispense by gravity (tip to side of a beaker)

Allow to drain but do not blow out
http://www.titrations.info/pipette-burette
TD: “to deliver”

Measuring Pipet Usage:

[

xxxxxx T 70 e T 7 7 -8 T T e

®)

* Same as transfer pipet except on expulsion
* Dispense to mark (tip to side of a
beaker)
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Micropipets and Syringes

HOW TO USE

Micropipettes
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Note: syringe accuracy is ~1%

Plunger

Needle Barrel

At 10% of pipet volume

At100% of pipet volume

Pipet volume Accuracy Precision Accuracy Precision
(L) (%) (%) (%) (%)
Adjustable Volume
0. =06
2525 *0.8 =
[10-100 +0.6 *
30-300 *04 =
100-1 000 *03 e
Fixed Volume

10 *0.8 *

25 *0.8 *
100 *05 E
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souRcE: Dasa from Hamilton Co., Reno, NV,
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Absolute vs Relative Uncertainty

Absolute uncertainty (e,): expresses the margin of
uncertainty associated with a specific measurement

* Eg. tolerance factor

Percent relative uncertainty (%e,): compares the absolute
uncertainty with the measurement its self

absolute uncertainty
%e, = _ x 100
magnitude of measurment

*Note the book uses relative and percent relative uncertainty
interchangeably
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EVERY measurement has random error

* The presence of tolerance factor indicate that there is a
limit (unknown portion) to which each measurement
can be known as determined by the manufacturer

Class A 50 mL
buret has a
tolerance of
+0.05 mL.

§

16

I

17

Analytical
balance has a
tolerance of

+0.0001 g.

* Since we cannot remove random errors
completely we need to propagate the random

errors through any calculations that are done.
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Error S as measurements are combined

increases or decrease.
mathematically
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fig rule in the lab

* The 1st digit of the absolute uncertainty is the
last significant digit in the answer.

— Uncertainty (in all the forms we will see in this
class and in CHEM 316) have only 1 sig. fig.

eg. 0.420034 (+0.00034) M -> 0.4200(+0.0003) M

— Therefore this can change the number of sig figs
you determine from the math

53
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Addition and Subtraction Multiplication and Division
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Volumetric Glassware Calibration

Table 2-5 Correction factors
for volumetric calibration

* Volumetric flasks and plpets do not Temperature Correction

. . . °C factor (mL/g)"
necessarily contain or deliver the © factor “j e
15 1.002 0
volume marked. The manufacturer 6 oo |
follows a tolerance during mass 17 1.002 3
. 18 1.002 5
production, and the user should 19 10027
calibrate the mark using water. 20 10029
21 1.003 1
22 1.003 3
* Calibration removes systematic :j :83:;
error and leaves only random error 25 1.004 0
in the volume contained or 26 1.004 3
. 27 1.004 6
delivered. 28 1004 8
29 1.005 1

30 1.005 4

a. Factors are based on the density of
water and are corrected for buoyancy
with Equation 2-1
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@ Why Statistics?

* Statistics address random errors and answer
important questions about results such as:

— Can we accept the results and the conclusions we
draw from them b/c they have a high probability
of being correct?

— Should we reject the conclusion b/c there is a high
probability it is wrong or the changes are
insignificant?
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Probability

U

the measure or the likelihood that an event will occur

Probability # of times

rolled if I roll
dice 6 times

1 1/6 1

2 1/6 0

3 1/6 1

4 1/6 2

5 1/6 0

6 1/6 2
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©o, mean, and Gaussians
Gaussian (i.e., normal) distribution of light bulbs tested for lifetime

| ¥=8452h

N

400~ AN

300~
s=942h

Number of bulbs

100~

| 1 | L
500 600 700 800 900 1000 1100
Lifetime (h)

* A Gaussian distribution ==

* The arithmetic mean, x: average of all data points
RS

n

%= (4—1) =«
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Standard deviation and Gaussians

99.7% of the data are within

3 standard deviations of the mean
95% within
2 standard deviations
68% within
[<— 1standard —|
deviation
n—30 u—20 n—o " u+o u+20 u+30

» standard deviation, s: a measure of clustering about the mean

(4-2)
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Gaussian Representation of [Cu?*]

experi ments
e - = =Gravimetric
3 Analysis How does the accuracy
| ——Atomic
% Atasorption Of the tWO Compa re?
£
£
L. How does the precision
19.00 19.50 20.00 20.50 21.00 of the 2 compa re?

%Cu

Which values tell us about the accuracy and the
precision of these two measurements and identify
them on the graph? 69
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Confidence Intervals

We can never find the true population mean or population
standard deviation b/c we can only collect a finite number of
measurements. Cl gives a range in which there is a specific
probability of finding the population mean.

13.0

* 5 measurements of carbohydrate

129

- content at 12.6, 11.9, 13.0, 12.7, and
grarlp| 5% 12.5 g / 100 g protein
§ 12eP) }I"‘u" * Mean=125,g
}:: interva * Standard deviation =0.40 g
§1s * |s this mean a good estimate of
122 where the population mean would

-
N
o

be if | could take infinite
® measurements or should | take more
measurements to find out?

12.0
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Carbohydrate content

13.0

129

-
N
©

-
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-
Ing
o

-
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-
[
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-
Ind
w

-
N
N

121

12.0

50%
chance
that true
value
liesin
this
interval

¢ As we increase the confidence

90% interval level the number of
Vot possible values included
this increases.

interval

‘ The confidence interval, which deals with random error,
' can be used to estimate the uncertainty of a series of

measurements. As such, the decimal place used in the Cl
- should be the last decimal place in the mean.
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Confidence Intervals and Student’s t test

Confidence interval: u = ¥ + L 4-4)

Vn
DOF=n-1

Table 4-2 Values of Student’s t

Confidence level (%)
Degrees of freedom 50 920 95 98 99 99.5 99.9

1 1.000 6.314 12.706 31.821 63.656 127.321 636.578

0.816 2920 4.303 6.965 9.925 14.089 31.598
3 0.765 2353 3.182 4.541 5.841 7.453 12924
4 0.741 2132 2776 3.747 4.604 5.598 8.610
5 0.727 2.015 2571 3.365 4.032 4.773 6.869
6 0.718 1.943 2.447 3.143 3.707 4317 5.959
7
8

0711 1.895 2365 2.998 3.500 4.029 5.408
0.706 1.860 2.306 2.896 3.355 3.832 5.041

9 0.703 1.833 2.262 2.821 3.250 3.690 4.781
10 0700 1.812 2228 2764 3.169  3.581 4.587
15 0.691 1.753 2.131 2.602 2.947 3.252 4.073
20 0.687 1725 2.086 2.528 2.845 3.153 3.850
25 0.684 1.708 2.060 2.485 2.787 3.078 3.725
30 0.683 1.697 2.042 2457 2750 3.030  3.646
40 0.681 1.684 2021 2423 2704 2971 3.551
60 0.679 1.671 2.000 2390 2.660 2915 3.460

120 0.677 1.658 1.980 2358 2.617 2.860 3.373
@ 0.674 1.645 1.960 2326 2576 2.807 3.291
NOTE: In calculating confidence intervals, o may be substituted for s in Equation 4-6 if you have a great deal of
experience with a particular method and have its “true” i Ifois

used instead of s, the value of t to use in Equation 4-6 comes from the bottom row of Table 4-2.

See example pg 83-84
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Table 4-2 Values of Student’s t

Confidence level (%)

Degrees of freedom 50 920 95 98 99 99.5 99.9
1 1.000 6.314 12.706 31.821 63.656 127.321 636.578
2 0.816 2920 4.303 6.965 9.925 14.089 31.598
3 0.765 2353 3.182 4.541 5.841 7.453 12,924
4 0.741 2132 2776 3.747 4.604 5.598 8.610
5 0.727 2,015 2571 3.365 4.032 4.773 6.869
6 0.718 1.943 2.447 3.143 3.707 4.317 5.959
7 0.711 1.895 2365 2998 3.500 4.029 5.408
8 0.706 1.860 2.306 2.896 3.355 3.832 5.041
9 0.703 1.833 2.262 2.821 3.250 3.690 4.781
10 0.700 1.812 2228 2764 3.169 3.581 4.587
15 0.691 1753 2131 2.602 2.947 3.252 4.073
20 0.687 1.725 2.086 2528 2.845 3.153 3.850
25 0.684 1708 2.060 2485 2.787 3.078 3.725
30 0.683 1.697 2.042 2457 2750 3.030 3.646
40 0.681 1.684 2.021 2423 2704 2971 3.551
60 0.679 1.671 2.000 2390 2.660 2915 3.460
120 0.677 1.658 1.980 2358 2.617 2.860 3.373
o 0.674 1.645 1.960 2326 2.576 2.807 3.291

NOTE: In calculating confidence intervals, o may be substituted for s in Equation 4-6 if you have a great deal of
experience with a particular method and have therefore determined its “true” population standard deviation. If o is
used instead of s, the value of t to use in Equation 4-6 comes from the bottom row of Table 4-2.
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Comparing Methods

* Are the 2 methods used equally precise (using
std dev)?

— Answered with the F-test

* Based on results of F test use the correct t-test
to compare the mean of the measurements
(accuracy)

— Use tpassed or tfailed
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Compa

* The F test an

ring two methods F test

swers if 2 the standard deviations of

two methods are statistically different? Note that
F..ic20, so be sure you put the right s on top.

* IfF >Fiapiet

calc

Sf
Feaic =
calc 522

hen the difference between the

precision of the 2 methods is significantly

different and
 IfF <Ftab|e

calc

therefore you should use t;.q
hen the difference between the

precision of the 2 methods is not significantly

different and

therefore you should use tassed
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Table 4-3 Critical values of F = s%/s% at 95% confidence level

Degrees of Degrees of freedom for s,
freedom

for s, 2 3 4 5 6 7 8 9 10 12 15 20 30 ®
2 19.0 192 192 193 |193 194 194 194 194 194 194 194 195 195

3 955 928 9.12 9.01| 894 889 884 881 879 874 870 8.66 8.62| 853

4 694 659 639 626 6.16 609 604 600 596 591 586 580 575 5.63

5 579 541 519 505 495 488 482 477 474 468 462 456 450 4.36

6 5.14 476 453 439 428 421 415 410 406 4.00 394 387 3.81 | 3.67

7 474 435 412 397 387 379 373 368 3.64 358 351 344 338 323

8 446 4.07 384 3.69 358 350 344 339 335 328 322 3.5 3.08 293

9 426 386 3.63 348 337 329 323 318 3.4 3.07 301 294 286 271

10 4.10 371 348 333 322 314 3.07 3.02 298 291 284 277 270 254

11 398 359 336 320 3.10 3.01 295 290 285 279 272 265 257 240

12 388 349 326 3.1 3.00 291 285 280 275 269 262 254 247 230

15 3.68 329 306 290 279 271 264 259 254 248 240 233 225 207

20 349 310 287 271 260 251 245 239 235 228 220 212 204 184

30 332 292 269 253 242 233 227 221 216 209 201 193 1.84 | 1.62

® 3.00 260 237 221 210 201 194 188 183 175 167 157 146 1.00
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F test table

Degrees of Freedom=n-1
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Comparing two methods: Eqn. for Student’s t

You do not need to memorize t test eqgn. they
are listed here for easy reference.

tass (Case A) ty, (Case B)
— X1 — Xy
t_|x1_x2| nin, t= %1 — %|
[0y n)
L [pu-n+sim, -
pooled ny +n, — 2

deg freedom =

deg freedom =nq +n, — 2

79
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Grubbs test

Does a data point fit the data set oris it an
outlier?

|questionable value — x|

Grubbs G = . 4-9)
If G.y1>Giapie Meject the point. Dot p
observations (95% confidence)

Questionable value Mean ‘5‘ iég;
\ t 6 1.822
O o O OO0 O O 7 1.938
(@] 8 2,032
R ; e
7 8 9 10 11 12 11 2.234
12 2.285
Measured values 15 2.409
20 2.557

= |questionable value — mean/s. If G gicutarea
he value in question can be rejected with 95%

Note: data from gross error should - o el st con e e i
always be rejected; Grubbs test assumes @

SOURCE: ASTM E 178-02 Standard Practice for Dealing
with Outlying Observations, http://webstore.ansi.org;

normal distribution FE G and G Bk, Techmomerics 1975, 14847,
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STANDARD REFERENCE MATERIAL®
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Serial Dilution for Standard Solution

NG

Stock Dilution #1  Dillution#2 Dilution#3 Dilution#4 waste
Solid primary standard
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Uncertainty and confidence interval from a
calibration curves and standard addition curves

Uncertainty in determined x

sy 1.1 (=97

Sy = I 1 —
* Im| |k n m2Y(x;—X)?
DOF for t for
calibration curve are
Confidence Interval n-2 where n is # of
Xtts, points on curve

Practice in your homework
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Calibration Curves

Linear Range: Concentration

range over which response

(signal) is proportional to

concentration

* The only portion that can be
used in the calibration curve

Dynamic Range: Concentration
range over which there is a
measurable response to change in
concentration

Response —»

Dynamic range 4
-
/
Linear // |
range Z :
~— .
I
| I
I I
| I
| I
| |
| I
I I
| I
| I
| |
| |
| ]
c c

Analyte concentration —-

Refer to Calibration Curve Guide on Titanium

88
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Constant Volume Standard Additions

Place 5 mL of unknown in each flask
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Refer to Calibration Curve Guide for even more information

92




image52.png




image53.png
2x+ 10
1

R2

y=

3c

20
O

('n"e) asuodsai Juawnuisu|

10

Final Spike Concentration




image54.png
Uncertainty and confidence interval
from a standard addition curve

Uncertainty in determined x

sy |1 25

T ImlJn " m?Y(x — )2

Sx

Confidence Interval

Xtts,

DOF for t for standard addition are n-2
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Detector signal

LN —

Internal Standard

area of analyte signal F area of standard signal
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Judging the usability of curves

* We need to judge if we can use the calibration
and standard addition curves we have made
for the amount of analyte we think may be

present in our sample .. we calculate the
figures of merit.
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Figures of Merit

Must be determined from several measurements of a very low concentration

3

Limit of

Limit of Quantification
Detection
LOD = 3s/m LOQ = 10s/m

Sensitivity=m/s

Refer to Calibration Curve Guide on Titanium for even more info! 98
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Important Quality Assurance Terms: Method
decision

e ability to distinguish analyte
from other species in
S sample without interference

e ability to respond reliably
and measurably to changes
in analyte concentration

100
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