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Multiple Choice Questions   
 
1) (5 points) In the Earth’s atmosphere the CO2 mixing ratio is increasing at about 2 ppm/yr and the 

background CO2 level is now near 400 ppm (compared to the preindustrial concentration of ~270ppm). 
Instruments with the precision below for an annual average are available? The cost is inversely proportional 
to the precision. What is the least expensive instrument that will meets the measurement requirements?  

 
 A) 10%  

 B) 1% 

 C) 0.1% 

 D) 0.5% 

 E)  0.01% 

 
2) (10 points) A team of students attempts to quantify the amount of toxic metals in their hair. Their procedure 

is: 
 

i. weigh a lock of hair from each partner 
ii. dissolve the hair in 1 ml strong acid 

iii. neutralize with a strong base, followed by bringing the total volume to 10 mls.  
iv. They used MP-AES to measure the concentration of Zn, Cu and Mn in the final solution. They then 

express their result as moles of metal per gram of hair. 
 

Results were as follows (units are micrograms metal/gram of hair): 
 
    Zn  Cu  Mn 

Partner 1:  175  10  0.40 
Partner 2:  325  22  1.8 
Partner 3:  120  12  0.66 

 
The partners repeat the measurement with two additional locks of partner 1’s hair and find their procedure is 
only reproducible to ~25%. Based on the data, which of the following is true? Label each answer as true or 
false 

 
 A)  There is a systematic error in the measurements for partner 2.  

 B)  None of the differences between partner 1 and 3 are likely significant 

 C)  Partner 2 dyes his hair.  

 D) The methods used are not very accurate 

 E)  Most of the differences between the partners are likely significant.   
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3) (12 points) The partners find the large differences for partner 2 surprising? Which actions should they take 
next? Label each answer as true or false 
 

 A)  repeat the experiment.  

 B)  assume the data is incorrect present only data for partners 1 and 3 

 C)  review their notebooks and carefully check for errors.  

 D)  develop a new procedure using independent methods of analysis  

 
4) (10 points) HPLC separations can be optimized by: Label each answer as true or false 

  
A) Magnetic fields 

B) Choice of solvent 

C) Column Material 

D) Type of Detector 

E) Sensitivity of the detector 

 

5) (10 points) Which of the following are likely to be effectively separated from molecules that do not interact 
with the resin by column chromatography using a negatively charged resin?  Circle all correct answers 

 
A) NH4

+ 

B) NH3 

C) CH3COOH 

D) CH3COO- 

E) Fe3+ 

 

6) (8 points) Which of the following would be the most effective solution to a matrix effect in quantitative 
analysis of a sample? Circle one 

 
A) Dilute the sample 

B) Separate the analyte by HPLC 

C) Use the method of standard addition 

D) Use calibration standards in the range of the concentration 
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7) (12 points) Mass spectrometers use which of the following to effect mass separation Circle all correct 
answers: 

 
A) Magnetic fields 

B) Electric fields 

C) Gravity 

D) RF pulses  

E) Lasers 

F) GCs 
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Short Answer Questions:.  
 
#1 [15 points total] (a) Explain how a galvanic cell uses a spontaneous chemical reaction to generate electricity. 
 

(b) Calculate E0 for the electrochemical cell Ag|Ag+||Li+|Li.   

 

 

 

 

 

 

 

#2 [30 points] 
A molecule is observed using optical spectrometry. To get the maximum information from the spectrum the 
observer needs to obtain a spectrum with the narrowest feasible linewidth. List 3 components or parameters of 
an experiment utilizing an optical spectrometer and describe how they affect the observed linewidth. 
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#3 (18 points) A solute S has a partition coefficient of 4.0 between water (phase 1) and chloroform (phase 
2). The solute is initially dissolved in 80.0 mL of water. It is then extracted six times with 10.0- 
mL portions of chloroform.  
(a)Find the fraction of solute remaining in the aqueous phase. 
(b) Instead of six extractions of 10.0 mL each, a professor tried to save some time by performing 
one extraction of S from 80.0 mL of water using 60.0 mL of chloroform all at once. Find the 
fraction of solute remaining in the aqueous phase. 
(c) Briefly explain how the results from (a) and (b) above form the basis for chromatography. 
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#4	(40	points)	In	class,	we	estimated	the	detection	limit	of	a	mass	spectrometer.	Draw	a	diagram	of	a	
mass	spectrometer.	Estimate	the	detection	limit	with	specific	reference	to	your	figure.	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
#5	(20	points)	You	wish	to	determine	the	Pb2+	concentration	in	a	dilute	vinegar	solution.		To	do	this	you	
spike	your	vinegar	solution	with	3	100	uL	aliquots	of	a	100	ppb	Pb2+	standard	and	measure	the	current	
creating	the	standard	addition	curve	below	(O).			
	
(a)Using	this	curve,	what	is	the	concentration	of	Pb2+	in	the	vinegar	sample?		Include	the	error	
calculation.	 	
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).			
	

	

                 
	

(b)Give	an	explanation	for	the	difference	in	slopes	observed	from	the	two	curves.	
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Equations and Tables 
 
Statistics: 

          
 

 
 

 
 
Activities: 

 
 

 
 

 
 
Acid Base Equilibria: 

pH = - log[H+] 

pX = - log X 
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With activities: 

 
 
Diprotic/Dibasics: 
 

 

 
 
Intermediate form of a diprotic acid: 
 

, or approximately,  
 
Diprotic Buffers: 
 

 
 
 
 
Thermodynamics and Electrochemistry: 

DG° = DH° - TDS° 

for aA + bB  cC + dD 

ba

dc

BA
DCQ
][][
][][

=      

 
DG° = - RTln K 

DG° = - nFEº 

DG =DG° + RT ln Q 

DG = - nFE 

   Eo = Eo
cathode - Eo

anode 

E =  Eº - (RT/nF) lnQ    =   Eº  -  (0.05916/n) logQ at 25oC 

pH = pK1 + log 
[HA-]

[H2A]
and/or pH = pK2 + log 

[HA-]
[A2

-]
pH = pK1 + log 

[HA-]

[H2A]
pH = pK1 + log 

[HA-]

[H2A]
and/or pH = pK2 + log 

[HA-]
[A2

-]
pH = pK2 + log 

[HA-]
[A2

-]
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Constants: 
N0 = 6.02214 x 1023 mol-1 

k = 1.38066 x 10-23 J K-1 
F = 96,485 C / mol 
1 V = 1 J / C 
R = 8.31451 J K-1 mol-1 
R = 8.20578 x 10-2 L atm K-1 mol-1  

 
 
 

 
 
 
 
 
 

y	=	Bx	(see	note	below)	 ey	=	|B|	
ex	

Note	that	B	is	a	constant	with	no	uncertainty.	
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Reduction Potentials 
 

                                    Eo     Reduction Half-Reaction 
 

    +2.890 V      F2 (g)  +  2e-   →  2 F- (aq)  

       +1.396 V      Cl2 (g)  +  2e-   →  2 Cl- (aq) 

       +1.229 V      O2 (g)  +  4H+(aq) +  4e-   →  2 H2O (l) 

                                        +1.078 V      Br2 (l)  +  2e-   →  2 Br - (aq) 

          +0.799 V      Ag+(aq)  +  e-   →  Ag (s) 

    +0.771 V      Fe3+(aq)  +  e-   →  Fe2+(aq)  

       +0.339 V      Cu2+(aq)  +  2e-   →  Cu(s) 

       +0.222 V      AgCl(s)  +  e-   →  Ag(s) + Cl- (aq) 

                                        +0.197 V      AgCl(s)  +  e-   →  Ag(s) + Cl- (aq) [saturated KCl] 

       0 V [defined]    2H+ (aq) +  2e-   →  H2 (g) 

   -0.236 V      Ni2+ (aq)  +  2e-   →  Ni (s) 

   -0.762 V      Zn2+(aq)  +  2e-   →  Zn (s) 

   -1.677 V      Al 3+(aq)  +  3e-   →  Al (s) 

   -3.040 V      Li+(aq)  +  e-   →  Li (s) 
 

 


