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Name
ANSWER KEY



1. (26 points) The amount of caffeine in an unknown liquid was measured by five different laboratory classes where the results are summarized below:

	Class
	Average
	Standard Deviation

	A
	44.3
	5.3

	B
	47.9
	6.5

	C
	34.0
	2.5

	D
	44.8
	4.9

	E
	45.6
	3.7


The unknown sample was prepared to contain 46.0 mg of caffeine.

a. (10 points) What is the average and uncertainty for the results reported for all five laboratory classes?
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 216.6 ± 10.7 = 43.3

Rel. uncert. = (10.7/216.6)x100=4.9%
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b. (8 points) Using the Q test, which class data (if any) is an outlier at the 90% confidence level?

34.0, 44.3, 44.8, 45.6, 47.9
Range = 47.9-34.0=13.9

Gap(1) = 44.3-34.0=10.3

Gap(2) = 47.9-45.6=2.3
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Class C is an outlier since Q (calculated) 0.74 > Q(table) 0.64, for n =5
c.  (2 point) Which class was the most accurate?

Class E, 46.0 mg – 45.6 mg = 0.4 mg differential
d.  (2 point) Which class had the best precision?

Class C, smallest standard deviation (2.5)
e. ( 2 point) It was later determined that the unknown for Class C was accidentally spilled. What type of error would this cause?

Systematic error
f. (2 point) What type of error does the standard deviation represent?
Random error
2. (9 points) Given the following lab notebook entry, identify three mistakes (there are more).
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Experiment #3 done on Friday at noon

The measured data points were plotted in Excel and fitted to a best-line.

Protein was ppt. from skim, 1%, 2% and whole (3%) milk using 1M acetic acid.

10ml, 25ml, 50ml and 100ml aliquots of each milk sample was titrated with the 1M acetic acid. The ppt. protein was filtered from the remaining milk and dried for 12 hrs. at 110oC.

An inverse linear relationship was found between the amount of ppt. protein and fat content, suggesting some protein is lost in the process of removing fat from milk
John Q. Smith

a) Improper title and date

b) Missing graph and equation for best-fit line. What data-points are plotted?

c) How much acetic acid is added to each milk sample is not recorded

d) None of the results or calculations are reported (weight of ppt. from each samples)

e) Data supporting the interpretation is not present (plot of protein ppt. vs. fat content)

f) No evidence of multiple data-points or trials.
3. (10 points) What Lab equipment (excluding lab notebook) would you use for each of the following tasks?

a. (2 points) making a 100 mL of a 0.1M solution of NaCl

100 ml volumetric flask and balance
b. (4 points) making a 100 mL of a 0.1 M solution of NaCl using a 1M stock solution of  NaCl

M1V1=M2V2 ( V1 = (100ml x 0.1M)/(1M) = 10mL 


10 mL pipet and 100 mL volumetric flask
c. (4 points) Weighing the precipitate from a gravimetric analysis of the iron content in blood.
Balance, weighing paper,  funnel, beaker, glass stir rod, drying oven and desiccator 
4. (10 points) A suspected drug dealer is arrested with 10 grams of an unknown white substance that is expected to be crack cocaine. If the dealer is found with 5 grams or more of crack cocaine he will receive a mandatory 5-year jail sentence. A set of 6 measurements indicated the unknown substance yielded a mean value of 48.5% crack cocaine with a standard deviation of the measurement being 0.8 %. What is the 95% confidence interval within which it is expected that the true value will lie? Using this as criteria, should the suspect receive a mandatory jail sentence?
From the student’s t table: 
t = 2.571 at 95% confidence level with degrees of freedom = 5 (6-1)

μ = (  ( tsm  =  48.5  ( 2.571 (0.8/61/2)  =  48.5  (  2.571(0.327) = 48.5  ( 0.84 
95% confidence interval is 47.7% - 49.3% indicating the unknown contains between 4.77 and 4.93 grams of crack cocaine, just under the 5 gram limit.
5. (8 points) Lead in drinking water is a common problem and has adverse health effects including developmental problems in babies and kidney problems in adults. Lead can be measured in water using gravimetric analysis based on the following reaction:
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A 10L water sample was treated with K2CO3 to determine the concentration of lead in the water. The empty funnel had a mass of 35.3312 grams. After precipitation, filtration, and proper drying, the funnel had a mass of 35.4729 grams. What was the lead molarity in the original solution? PbCO3 has a formula mass of 267.21 g/mole. Atomic weight of Pb = 207.2.
[Pb2+] = (mass of PbCO3)/(267.21 g/mol)   =  ((35.4729 – 35.3312) / 267.21g/mol) 
     

          (10L)




      (10L)
[Pb2+] = (.1417/267.21 g/mol)  = 5.303x10-5M = 53.03 M


  (10L)
6. (8 points) Because only a small amount of PbCO3 is collected from a relatively large volume of water in problem #5, you are concerned about possible errors. 
a. (5 points) You are concerned about the amount of soluble Pb+2 that may still be present and the formation of a colloidal suspension. Describe an experimental condition that you could change to decrease the solubility of PbCO3 and increase the formation of crystals.
PbCO3 solubility could be decreased by decreasing the temperature, adjusting the pH or adding a soluble common ion. 

Increasing crystal formation may result from increasing the temperature, diluting the sample, adjusting the pH, etc
b. (3 points) You are also concerned by the possible precipitation of other trace ions in the solution. What could you do to minimize this problem?
Add a masking agent (like CN-) that prevents other ions from precipitating
Digestion allowing precipitate to stand in mother liquor (precipitating solution), usually while being heated
Wash precipitate, redissolve the precipitate in fresh solvent and reprecipitate
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(29 points) The following calibration curve was obtained for measuring the concentration of sugars in urine to monitor diabetes. Linear-least squares method was used to obtain a best-fit line of the linear region of the calibration curve.

a. (5 points) Please indicate on the graph the linear range and dynamic range.

The dynamic range (dotted ellipse) contains the linear range and includes the part of the calibration curve where a change in concentration results in a measurable change in signal. The linear range (solid ellipse) is the part of the calibration curve where the response is proportional to concentration.
b.  (5 points) What does the R2 value indicate about the best-fit line?

R2 measures the goodness of the fit of the line to the data points and indicates the percent variation in the y-axis due to the variation in the x-axis. In this case, 99.9% of the y-axis variation is explained by the variation in the x-axis. This indicates a near perfect fit, where R2=1 is a perfect fit.
c. (5 points) An unknown urine sample yielded a signal of 53.97. Use the calibration curve to determine the sugar concentration.

[image: image9.bmp]
d. (14 points) The above experiment was repeated four times (0.4963, 0.5012, 0.4937, 0.4955 M) with a corresponding mean of 0.4968 M. A completely different method yielded the following results (0.4977, 0.5001, 0.4969, 0.4940 M) with a corresponding mean of 0.4972 M. Are these methods equivalent at the 99% confidence level?


	Data Set #1
	Data Set #2
	d
	(d - davg)2

	0.4963
	0.4977
	0.014
	1.6x10-5

	0.5012
	0.5001
	0.011
	4.9x10-5

	0.4937
	0.4969
	0.032
	1.96x10-4

	0.4955
	0.4940
	0.015
	9.0x10-6

	Avg=0.4968
	Avg. = 0.4972
	davg. = 0.018
	Sum = 2.7x10-4
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From the student’s t table: 
t = 5.841 at 99% confidence level with degrees of freedom = 3 (4-1)
Since tcalculated (3.795) < t (5.841), no significant difference between the results and methods.
Linear range
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Dynamic range
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 Value	Abs. Uncert. 


  34.0	(± 2.5)


  44.3	(± 5.3)


  44.8	(± 4.9)


  45.6	(± 3.7)


+ 47.9	(± 6.5)


  216.6    ±  10.7
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