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	Question No.
	Possible Points
	Points Earned
	TA Initials

	1
	16
	
	

	2
	20
	
	

	3
	6
	
	

	4
	16
	
	

	5
	15
	
	

	6
	15
	
	

	7
	12
	
	

	Total
	100
	
	


Some Useful Information:
Gaussian Curve:
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Student’s t
Q test:

	Values of Q for rejection of data

	Q (90% confidence)
	0.94
	0.76
	0.64
	0.56
	0.51
	0.47
	0.44
	0.41

	Number of Observations
	3
	4
	5
	6
	7
	8
	9
	10


1. ( 16 points) Please Identify and Explain the mistakes made in the following laboratory protocols:
a. (4 points) A 10.00 mM solution of glucose (FW 180.16 g/mole) was prepared by first adding 180.16 mg of glucose to a 100 mL empty volumetric flask, and then DI H2O was added to the volumetric flask until the meniscus reached the 100 mL volume mark. The flask was capped and the solution vigorously mixed until the glucose completely dissolved.
Adding the glucose to an empty volumetric flask and filling to the meniscus was incorrect. When the glucose completely dissolves, the volume will increase and the concentration will be incorrect.
b. (4 points) A gravimetric analysis of dissolved Pb+2 (FW 207.2 g/mole) in water was carried out by the slow addition of a 0.1 M solution of NaOH to three separate 10 mL samples. The three PbO (FW 223.20 g/mole) precipitates were filtered, dried and then pooled together to give a single weight of 10.3491 mg and an average weight of 3.4497 mg. It was then determined that 3.202 mg of Pb+2 was present in the water sample. 
Pooling the samples was a mistake. Repeat measurements are needed to better approximate the “true” value from a mean and determine an error associated with the measurements.  
c. (4 points) A 100 mg sample of NaOH were weighed by transferring pellets directly onto the balance pans until enough pellets were added until the balance  read as close to 0.1000 g as possible.
A sample should not be directly added to the balance pan and the weight should be accurately measured by the difference method.
d. (4 points) A colloidal suspension was initially observed during a gravimetric analysis, so the beaker containing the sample was transferred to an ice bath for 1 hour.  
Increasing the temperature not decreasing the temperature will lead to crystal formation.

2. (20 points) Two students titrated a 100.00 mL sample of HCl with an unknown concentration with a standardized 0.1339 M NaOH sample.
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The students obtained the following results: 

Student A: 23.17 mL, 22.69 mL, 23.25 mL, 22.97 mL
Student B: 25.25 mL, 25.19 mL, 25.23 mL, 25.23 mL

a. (4 points) Determine the average (mean) and standard deviation for each student’s data set. 

Mean A = 23.02 mL
Standard deviation A: 0.25
Mean B = 25.22 mL
Standard deviation B: 0.03
b. (2 points) Which student was more precise? Explain.
Student B, smaller standard deviation

c. (4 points) If the unknown HCl sample has a concentration of 0.0030 M, which student is more accurate? 
1 mole of HCl reacts with 1 mole of NaOH


Student A: moles of NaOH = moles HCl = (23.02 mL)(0.1339 M) = 3.082 mmoles




    Molarity of HCl = (3.082 mmoles)/(100.00 mL) = 3.082 mM = 0.003082 M
Student B: moles of NaOH = moles HCl = (25.22 mL)(0.1339 M) = 3.377 mmoles




    Molarity of HCl = (3.377 mmoles)/(100.00 mL) = 3.377 mM = 0.003377 M


Student A is more accurate.
d. (5 points) Are the results (titration volumes) obtained by the two students significantly different at the 95% confidence level (Given: Sspooled = 0.18)?
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Degrees of freedom = n1 + n2 -2 = 4 + 4 -2 = 6


From Student’s t table at 95% confidence level : 2.447


17.28 > 2.447 ( results are significantly different
e. (5 points) Using the Q test, decide if the second measurement (22.69 mL) for student A should be discarded.

Arrange in ascending order, 23.17 mL, 22.69 mL, 23.25 mL, 22.97 mL:
22.69, 22.97, 23.17 23.25 

Range = 23.25 – 22 .69 = 0.56
Gap = 22.97 – 22.69 = 0.28
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n = total number of observations = 4
Q from table = 0.76
0.50 < 0.76
Since Q(calculated) < Q(table), data point cannot be excluded.
3. (6 points) While conducting an experiment, a lab technician records notes and data on a loose piece of paper and plans on transferring the information in his lab notebook later. 

a. (4 points) Give two reasons why this is an incorrect procedure.

Paper (data) can be easily lost. Mistakes can easily be made when transferring data from paper to notebook.
b.  (2 points) Is there a similar problem with transferring the data to a computer program to create a graph?
No, while a mistake may be made in transferring the data, it is easily caught because the point would be an outlier in the graph.

4. (16 points) Crystal formation is an important component of gravimetric analysis.
a. (4 points) What process (not experimental condition) causes the formation of colloidal solutions instead of crystals?
Nucleation is faster than particle growth. 
b. (4 points) Describe an experimental technique that would increase the likelihood of forming crystals.

Any of the following: increase temperature, increase volume, add precipitant slowly, adjust pH
c. (4 points) Describe a process where an impurity can be incorporated into a crystal.
Any of the following:  adsorbed on surface, occlusion, inclusion
[image: image7.emf](


)


(


)


%


.


.


.


.


Uncert


.


l


Re


Answer


40


2


89


1


48


1


2


2


=


+


=




   

% . . . . Uncert .l Re

Answer

40 2 89 1 48 1

2 2

  

[image: image8.emf](


)


(


)


87


50


87


50


10


2


2


2


7


.


.


x


.


Uncert


.


Abs


Answer


=


+


=


-




   

87 50 87 50 10 2

2

2

7

. . x . Uncert . Abs

Answer

  




[image: image9.wmf]2

1

2

1

2

1

n

n

n

n

s

x

x

t

pooled

calculated

+

-

=


d. (4 points) What is the relationship between Relative Supersaturation (R) and crystal formation?
Smaller R ( increase crystals and decrease impurities
5. (15 points) The aluminum (FW 26.98 g/mole) in a 1.200g sample of impure ammonium aluminum sulfate was precipitated with aqueous ammonia as the hydrous Al2O3 ⋅ xH2O. The precipitate was filtered and ignited at 1000oC to give anhydrous Al2O3 (FW 101.96 g/mole) which weighed 0.1798g. Calculate the percentage of aluminum in the sample. 
Al ( Al2O3    One mole of Al2O3 yields two moles of Al

Moles of Al2O3 = (0.1798 g) (1 mole/ 101.96 g) = 1.763x10-3 moles


Moles of Al = (1.763x10-3 moles Al2O3)(2 moles Al/1 mole Al2O3) = 3.526x10-3

Weight of Al = (3.526x10-3 moles Al)(26.98 g/mole) = 9.513x10-2 g


Percentage of Al in sample = (9.513x10-2 g/1.200 g)x100 = 7.928%
6. (15 points) A heterogeneous mixture of the 20 common amino acids was analyzed by gravimetric analysis. Adding 15% v/v of ethanol to the solution followed by slow titration of the samples pH down to 5.5 results in the selective precipitation of L-alanine (FW 89.09 g/mole) and L-glycine (FW 75.07 g/mole). The properly filtered and dried precipitate weighed 1.6259 g.  Chromatographic analysis of standard 0.1000 g samples of L-alanine and L-glycine gave peak areas of 126.8 and 373.1, respectively.  A similar chromatographic analysis using 0.5884 g of the 1.6259 g precipitate gave peak areas of 499.9 for L-alanine and 724.5 for L-glycine. What was the weight of L-alanine in the original heterogeneous mixture? 
Set weight of L-alanine = x and weight of L-glycine = y in sub-sample, 
then 0.5884 = x + y ( y = 0.5884-x
Calculate response factor for L-alanine relative to L-glycine:
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Then:
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Substitute y = 0.5884-x:
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Find total amount of L-alanine in precipitate, which is equal to amount in original mixture:

(1.6259 g / 0.5884 g) (0.3942 g) = 1.0893 g

7. [image: image13.wmf][
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(12 points) The following calibration curve was obtained to measure the concentration of arsenic in blood serum by measuring the absorbance of an EDTA:As5+ complex. Linear-least squares method was used to obtain a best-fit line of the linear region of the calibration curve. The equation is:
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            y = -2.79x10-5 ± 2x10-7 + 1.59x10-4 ± 3x10-6x
a. (6 points) Calculate the concentration of an unknown that yielded an absorbance of 0.337 ± 0.005. 
Substitute 0.337 ± 0.005 for y in equation and solve for x first then propagate error:

(0.337 ± 0.005) = -2.79x10-5 ± 2x10-7 + (1.59x10-4 ± 3x10-6)x
x = [(0.337 ± 0.005)/(1.59x10-4 ± 3x10-6)] + 2.79x10-5 ± 2x10-7 ( x = 2.12x103 nM = 2120 nM
Propagate error, first division, calculate relative uncertainty:
(0.005/0.337)(100) = 1.48%


(3x10-6/1.59x10-4)(100)=1.89%
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Convert back to absolute uncertainty:


(2.40%)(0.337/1.59x10-4) = 2.1195x103 ± 50.87
Do addition:
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Final answer with uncertainty:

2120 nM ± 50.87 -> 2120 ± 50
b. (3 points) From the calibration curve figure, estimate the upper-limit of detection. (i.e. what is the largest concentration that can be reliable determined?)
The end of the linear region of the calibration curve occurs at ~ 6100 nM

c. (3 points) Would you expect the R2 for the best-fit line to be close to zero or one?

One

� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���








[image: image17.jpg]y Area? lz| y Area z| y Area

00 03989 00000 )| 14 0.1497 04192 | 28 00079 04974
0.1 03970 00398 | 1.5 0.1295 04332 | 29 0.0060 0.4981
02 03910 00793 | 1.6 0.1109 04452 | 3.0 0.0044 0.498 650
03 03814 01179 | 1.7 0.0941 04554 | 3.1 0.0033 0.499 032
04 03683 0.1554 | 1.8 0.0790 04641 | 3.2 0.0024 0.499 313
05 03521 01915 | 19 00656 04713 | 33 0.0017 0.499 517
06 03332 02258 | 20 0.0540 04773 | 34 0.0012 0.499 663
0.7 03123 02580 | 2.1 00440 04821 | 3.5 0.0009 0.499 767
08 02897 02881 | 22 00355 04861 | 3.6 0.0006 0.499 841
09 02661 03159 | 23 00283 04893 | 3.7 0.0004 0.499 904
1.0 02420 03413 | 24 0.0224 04918 | 3.8 0.0003 0.499 928
1.1 02179 03643 | 25 00175 04938 | 39 0.0002 0.499 952
1.2 01942 03849 | 26 00136 04953 | 40 0.0001  0.499 968
1.3 01714 04032 | 2.7 0.0104 0.4965




[image: image18.jpg]Confidence level (%)

Degrees of freedom 350 90 95 98 99 99.5 99.9
1 1.000 6.314 12.706 31.821 63.657 127.32 636.619
2 0.816 2920 4303 6965 9.925 14.089 31.598
3 0.765 2.353  3.182 4541  5.841] 7.453 12924
4 0.741 2.132 2776 3.747 4.604 5.598 8.610
5 0.727 2.015 2571 3365 4.032 4.773 6.869
6 0.718 1943 2447 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 2306 2.896  3.355 3.832 5.041
9 0.703 1.833 2262 2.821 3.250 3.690 4.781
10 0.700 1.812 2228 2.764 3.169 3.581 4.587
15 0.691 1.753 2131 2602 2947 3.252 4.073
20 0.687 1725 2.086 2528  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 2042 2457 2.750 3.030 3.646
40 0.681 1684 2021 2423 2.704 2971 3.551
60 0.679 1.671 2000 2390 2.660 2915 3.460
120 0.677 1.658 1980 2358  2.617 2.860 3.373
% 0.674 1.645 1960 2326 2.576 2.807 3.291




[image: image19.png]HCl + NaOH == NaC(Cl + H,0



[image: image20.jpg]Counter 10n

Absorbed
\ Impurity
b
- = ~ +
+ [ ’ \
) -
Sl = +  Occlusion



[image: image21.jpg]Counter 1on
Adsorbed
Impurity



[image: image22.jpg]


[image: image23.png]Absorbance

10

030

050

040

00
o

2000

4000 G000 000 110° 1210° 1410°

‘oncentration (M)

27674405 + 0.00015881x




_1251791348.unknown

_1251791350.unknown

_1251791352.unknown

_1251791353.unknown

_1251791349.unknown

_1251791346.unknown

_1251791347.unknown

_1251791345.unknown

