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	Question No.
	Possible Points
	Points Earned
	TA Initials

	Section I (new)
	
	
	

	1
	25
	
	

	2
	20
	
	

	3
	20
	
	

	4
	15
	
	

	5
	20
	
	

	Subtotal
	100
	
	

	Section II (review)
	
	
	

	6
	10
	
	

	7
	5
	
	

	8
	5
	
	

	9
	5
	
	

	10
	5
	
	

	11
	15
	
	

	12
	5
	
	

	13
	5
	
	

	14
	5
	
	

	15
	5
	
	

	16
	5
	
	

	17
	10
	
	

	18
	10
	
	

	19
	10
	
	

	Subtotal
	100
	
	

	Total
	200
	
	




Some Useful Information:
Gaussian Curve:
















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










USEFUL EQUATIONS

Dilution of a solution					Percent Composition

M1V1 = M2V2										

Correction for Buoyancy	            


	                  


				


Gaussian Curve:






   	  	     		


Comparison of Data Sets:


			


F Test:


		


Comparison of Two Methods:			Q Test:	[Unknown] from Calibration Curve:




			       				





Standard Addition:								Internal Standard:



 		 


	

Thermodynamics:


G = H –TS 	


pX:				Ionic Strength:				Debye-Hϋckel Equation:



					

Fraction Dissociated:		Henderson-Hasselbalch Equation:



										

Monoprotic Weak Acid:				Diprotic Weak acid:






Isoionic point:					Triprotic Weak acid:






Isoelectric point:		Gran plot:				EDTA:





					 
	
											
Electrochemistry:





				


Redox Indicator:		Spectrophotometry:





			



Extractions:						Chromatography:





						




					    





				               




Gas Constant: 	Faraday constant: 	Planck’s constant:	speed of light:	  
8.314472 J/K.mol 	9.649x104 C/mol	6.626x10-34J-s		3.0x108 m/s























SECTION I (Electrochemistry, Spectrophotometry, and Chromatography):

1. (25 points) Given the following Cell:

Cu(s) | Cu(NO3)2 (0.030 M) || Fe(NO3)2 (0.025 M) | Fe(s)

(a) (5 points) What is the ½ reaction at the anode?

Cu+2 + 2e-  Cu (s)	Eo = +0.337



(b) (5 points) What is the ½ reaction at the cathode?

Fe+2 + 2e-  Fe(s)	Eo = -0.440



(c) (5 points) What is the standard potential (Eo) of the cell?

Eocell = E+ - E-

         Eocell = -0.440 – 0.337 = -0.777




(d) (10 points) What is the voltage for the cell as written?



 






	          Eocell = -0.487 – 0.292 = -0.779
		











2.  (20 points) Given the following balanced redox reaction:

5Fe2+ + MnO4- + 8H+  5Fe3+ + Mn2+ + 4H2O

	where 100 mL of 0.40 M Fe+2 solution is titrated with a 0.125 M solution of MnO4-.



a. (5 points) What is the volume of titrant at the equivalence point (Ve)?


Moles of Fe+2 = (0.100 L) (0.40 M) = 4x10-2 moles

	     1 mole of MnO4- reacts with 5 moles of Fe+2, require 4x10-2/5 =  8x10-3moles MnO4-

	     Ve = 8x10-3 moles/0.125 M = 64 mL










b. (5 points) What is the potential at ½ Ve?


At ½ Ve, voltage is standard potential of the half reaction for the analyte relative to reference probe.

E = E+ - Ecalomel = 0.771 – 0.241 = 0.530


















c. (5 points) What is the potential at the equivalence point, if a standard calomel electrode (E=0.241) is used as a reference electrode?

At equivalence point, voltage is independent of analyte/titrant concentration. It is dependent on the average potential of the two half reactions relative to the reference.

E = E+ - Ecalomel	E+ is average of standard potential of the two ½ reactions

Fe3+ + e-  Fe2+				            Eo = +0.771

MnO4- + 8H+ + 5e-  Mn2+ + 4H2O		Eo = +1.51

	      E+ = (0.771 + 1.51)/2 = 1.141

	      E = 1.141 – 0.241 = 0.890





d. (5 points) Based on the potentials from b and c, is this reaction spontaneous? Explain

Yes, E is positive so G is negative.






e. (5 points) What indicator could be used to measure the endpoint for this titration?



 - Ecalomel 
	
	EO = E + Ecalomel = 0.890 + 0.241 = 1.18 +/- 0.05916/5 = 1.18 +/- 0.0183

	Best choice would be Tris (1,10-phenantholine)iron (ferroin)











3. (20 points) You are designing a protocol to use UV/vis spectroscopy to monitor the elution of proteins from a chromatography column. You measured the following UV/vis spectrum for a standard protein solution of 2.78 x10-5 M and a 1 cm path length.
a. (5 points) What wavelength of light would you use to monitor the protein elution?

Maximum absorbance at 395 nm



b. (5 points) When you measured the absorbance spectrum of your standard protein solution, no phosphorescence or fluorescence occurred, but you did notice a slight increase in temperature of the protein solution, why would this occur?



Relaxation of excited electron through overlap with vibration, rotation energy levels that relax by collision with solvent, which heats the sample.







c. (5 points) If the spectrometer you are using can accurately measure an absorbance as small as 0.04, what is the lowest protein concentration that can be detected eluting from your column? 

First calculate from standard solution
A = bc  = A/bc = 0.55/((1 cm)(2.78x10-5M)) = 1.98x104 L/(moles . cm)


		Calculation concentration using absorbance of 0.04
A = bc c = A/b = 0.04/((1 cm)( 1.98x104 L/(moles . cm))) = 2.02x10-8 M











d. (5 points) The absorbance you are observing is occurring through a singlet transition. What does this mean?



Electron promoted to excited molecular orbital without changing spin state







4. (15 points) Formic acid has a partition coefficient (K) = 0.389 for an extraction between water (phase 1) and n-octanol (phase 2). 25 mL of a 10 mM solution of Formic acid in water is extracted ten times with 100 mL of n-octanol. Given that formic acid is a weak acid (pKa = 3.744), what fraction of Formic acid will be extracted at pH 2.0?










p = 1 – 9.38x10-5 ≈ 1 (0.99991), the Formic acid is primarily undissociated (HA form) because of the low pH. It is extracted into n-octanol.





















5. (20 points) A chromatographic column containing human serum albumin (abundant protein in human blood) resulted in a retention time of 2.02 minutes for triamterene and 1.27 minutes for salicylamide. The baseline peak with (wB) is 1.0 minutes. The void time (tm) for the column is 0.17 minutes.

a. (5 points) What is the resolution between the two peaks?

















b. (5 points) How many theoretical plates are required to double the resolution?




  




















c. (5 points) what is the capacity factor for triamterene?





= 













d. (5 points) If the column length is 55 mm, what is the height equivalent of a theoretical plate for salicylamide? 





























SECTION II (Review):

6. (10 points) A student measured the following weights: 0.3987, 0.3945, 0.3960, and 0.3805 as part of a gravimetric analysis. (a) how many significant figures would the average weight have? (b) is the 0.3805 mass an outlier and should it be excluded?

(a) Four

(b) Use the Q-test
Arrange in ascending order, 0.3815, 0.3945, 0.3960, 0.3987:

Range = 0.3987 – 0.3805 = 0.0182

Gap = 0.3945 – 0.3805 = 0.0140



n = total number of observations = 4

Q from table = 0.76

0.77 > 0.76

Since Q(calculated) > Q(table), data point should be excluded.


7. (5 points) A student determined that an unknown sample weighing 1.2497g contained 3.385 g of lead. What is the percent composition of lead in the unknown sample in ppm. 









8. (5 points) At the beginning of the semester, we discussed the seven steps of the analytical process, which included the process of selecting an analytical procedure. Please list one factor that you need to consider when selecting an analytical procedure.

Any of the following:
(i) Uncertainty in measurement
(ii) Limit of detection
(iii) Destroy sample
(iv) Availability, time, cost 






9. (5 points) How does buoyancy change the apparent mass when a sample is weighed on a balance?


The measured mass is lower than the “true” mass.



10. (5 points) Butylamine, a weak base (pKa = 10.640), is titrated with a strong acid. What is the pH at ½ Ve?

10.640



11. (15 points) Alanine is a diprotic acid, (pKa1 = 2.344, pKa2=9.868).
a. Identify an indicator to monitor the second equivalence point when titrated with a strong base.

Thymolphthalein (8.3 to 10.5)


b. What pH ranges could alanine be used as a buffer?

2.344 ± 1 and	9.868 ± 1



c. What is the pH of the intermediate form?

pH = ½(pKa1 + pKa2) = ½(2.344+9.868)=6.106



12. (5 points) Give an example of systematic error.

Any example that gives a constant, reproducible deviation from the “true” value, such as the zero-weight on the balance calibrated to 0.1g or the pH meter calibrated to pH 3 for a buffer at pH 4.0




13. (5 points) The Ksp of CuCl is 1.9x10-7 and the Ksp of LiF is 1.7x10-3, which is more soluble?

LiF, larger Ksp






14. (5 points) The log Kf of an EDTA-Ag+2 complex is 7.20. For a constant concentration of EDTA, would there be more free Ag+ at pH 2.0 or pH 10?

pH 2.0, Y-4 decreases with pH, which decreases the effective Kf



15. (5 points) A student reported an experimental result as: 25.65 ± 0.35. Is this correct?

No, should be 25.6 ± 0.4. Last digit is the digit with uncertainty.



16. (5 points) In liquid chromatography, if you want to increase column efficiency, should you try to increase or decrease H?

decrease


17. (10 points) List one: 
a. experimental parameter that increases resolution in gas chromatography

either narrower tubes, longer columns, or increase stationary phase thickness


b. process that leads to peak broadening in liquid chromatography 

any of:
· Sample injection
· Longitudinal diffusion
· Finite equilibration between phases
· Multiple flow paths


18. (10 pints) Given the following equilibria:



a. If O2 is allowed to escape into the atmosphere, how will the equilibria adjust?

Reaction will shift to the right and produce more products until all the reactants are exhausted.


b. What is the potential of this redox reaction at equilibria?

E = 0 under equilibrium conditions





19. (10 points) You are measuring the pH of a very dilute solution (1x10-10M) of MgCO3 (pKsp = 7.46) in pure water, where the pH reads 7.0. You slowly add a salt, MgCl2, to the solution. Two things occur, the pH increases and a precipitate forms.
a. What is the most likely reason the pH increased?

Increased salt, increase ionic strength decrease activity of H+, higher pH






b. What is the most likely reason a precipitate formed? 


Common ion effect, increase concentration of Mg+2 decreased solubility of MgCO3
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Table 16-2 Redox indicators

Color

Indicator Oxidized Reduced E°
Phenosafranine Red Colorless 0.28
Indigo tetrasulfonate Blue Colorless 0.36
Methylene blue Blue Colorless 0.53
Diphenylamine Violet Colorless 0.75
4’-Ethoxy-2,4-diaminoazobenzene Yellow Red 0.76
Diphenylamine sulfonic acid Red-violet Colorless 0.85
Diphenylbenzidine sulfonic acid Violet Colorless 0.87
Tris(2,2’-bipyridine)iron Pale blue Red 1.120
Tris(1,10-phenanthroline)iron (ferroin) Pale blue Red 1.147
Tris(5-nitro-1,10-phenanthroline)iron Pale blue Red-violet 1.25
Tris(2,2’-bipyridine)ruthenium Pale blue Yellow 1.29
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Table 8-1 Activity coefficients for aqueous solutions at 25°C

Ion .
Size Ionic strength (., M)

Ion (o, pm) 0.001 0.005 0.01 0.05 0.1

Charge = =1
H* ' 900 0.967 0.933 0.914 0.86 0.83
(C¢Hs5),CHCO5, (C3H,),N* 800 0.966 0.931 0.912 0.85 0.82
(O,N);C¢H,0™, (C;H,);NH*, CH;O0CcH,CO5 : 700 0.965 0.930 0.909 0.845 0.81
Lit, C¢H;CO;, HOC(H,CO;, CIC(H,CO;, C¢H;CH,CO5,
CH,—CHCH,CO3;, (CH;),CHCH,CO;, (CH;CH,),N*, (C3H;),NH; 600 0.965 0.929 0.907 0.835 0.80
C1,CHCO;, C1,CCO;, (CH;CH,);NH*, (C;H,)NH7 500 0.964 0.928 0.904 0.83 0.79
Na*, CdCl*, ClO;, 105, HCO3, H,PO;, HSO;3, H,AsOy,
Co(NH;),(NO,);, CH;CO;5;, CICH,CO;, (CH;),N™,
(CH,;CH,),NH5, H,NCH,CO5; 450 0.964 0.928 0.902 0.82 0.775
+*H,NCH,CO,H, (CH;);NH*, CH;CH,NH7 400 0.964 0.927 0.901 0.815 0.77
OH-,F~,SCN—, OCN-, HS, ClO3, CIO;, BrO3, 10;, MnO,
HCO;, Hcitrate~, CH;NH7, (CH;),NH; 350 0.964 0.926 0.900 0.81 0.76
K+, Cl-,Br—, 17, CN—, NO;, NO3y 300 0.964 0.925 0.899 0.805 0.755
Rb*, Cs*, NH;, T1*, Ag* 250 0.964 0.924 0.898 0.80 0.75

Charge = *2
Mg2t, Be?* 800 0.872 0.755 0.69 0.52 0.45
CH,(CH,CH,CO5),, (CH,CH,CH,CO; ), 700 0.872 0.755 0.685 0.50 0.425
Ca?*, Cu?*, Zn?*, Sn2*, Mn2t, Fe2*, Ni2*, Co?*, C¢H,(CO5),,
H,C(CH,CO5),, (CH,CH,CO3), 600 0.870 0.749 0.675 0.485 0.405
Sr2*, Ba?*, Cd?*, Hg?t, S2-, S,03~, WO3~, H,C(CO5),, (CH,CO5),,
(CHOHCO5), 500 0.868 0.744 0.67 0.465 0.38
Pb2+, CO3~, SO}, Mo0Oj3~, Co(NH;)sCI2*, Fe(CN)sNO?~, C,03, '

Hcitrate?~ ~- 450 0.867 0.742 0.665 0.455 0.37
Hg3*, SO3-, S,0%~, S,0%7, S,0%~, SeO3~, CrO3~, HPO;~ 400 0.867 0.740 0.660 0.445 0.355
Charge = =3
A, Fe3t, Cr3t, Sc3+, Y3+, In?*, lanthanides® 900 0.738 0.54 0.445 0.245 0.18
citrate3~ 500 0.728 0.51 0.405 0.18 0.115
PO3~, Fe(CN)?—, Cr(NH;)¢*, Co(NH;)3*, Co(NH;)sH,03* 400 0.725 0.505 0.395 0.16 0.095
Charge = =4
W, Zo', Cett, St 1 100 0.588 0.35 0.255 0.10 0.065
Fe(CN)¢~ 500 0.57 0.31 0.20 0.048 0.021

a. Lanthanides are elements 57-71 in the periodic table.
SOURCE: J. Kielland, J. Am. Chem. Soc. 1937, 59, 1675.
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Table 11-4 Common Indicators

Transition Acid Base
Indicator range (pH) color color Preparation
Methyl violet 0.0-1.6 Yellow Violet 0.05 wt% in H,O
Cresol red 0.2-1.8 Red Yellow 0.1 g in 26.2 mL 0.01 M NaOH.
Then add ~225 mL H,O0.
Thymol blue 1.2-2.8 Red Yellow 0.1 gin 21.5 mL 0.01 M NaOH.
Then add ~225 mL H,0.
Cresol purple 1.2-2.8 Red Yellow 0.1 g in 26.2 mL 0.01 M NaOH.
Then add ~225 mL H,0.
Erythrosine, 2.2-3.6 Orange Red 0.1 wt% in H,O
disodium
Methyl orange 3.14.4 Red Yellow 0.01 wt% in H,O
Congo red 3.0-5.0 Violet Red 0.1 wt% in H,O
Ethyl orange 34438 Red Yellow 0.1 wt% in H,O
Bromocresol green 3.8-54 Yellow Blue 0.1 gin 14.3 mL 0.01 M NaOH.
Then add ~225 mL H,0.
Methyl red 4.8-6.0 Red Yellow 0.02 g in 60 mL ethanol.
Then add 40 mL H,0.
Chlorophenol red 4.8-6.4 Yellow Red 0.1 g in 23.6 mL 0.01 M NaOH.
Then add ~225 mL H,0.
Bromocresol purple 5.2-6.8 Yellow Purple 0.1 gin 18.5 mL 0.01 M NaOH.
Then add ~225 mL H,0.
p-Nitrophenol 5.6-7.6 Colorless Yellow 0.1 wt% in H,O
Litmus 5.0-8.0 Red Blue 0.1 wt% in H,O
Bromothymol blue 6.0-7.6 Yellow Blue 0.1 gin 16.0 mL 0.01 M NaOH.
Then add ~225 mL H,O0.
Phenol red 6.4-8.0 Yellow Red 0.1 g in 28.2 mL 0.01 M NaOH.
Then add ~225 mL H,0.
Neutral red 6.8-8.0 Red Yellow 0.01 g in 50 mL ethanol.
Then add 50 mL H,O.
Cresol red 7.2-8.8 Yellow Red See above.
a-Naphtholphthalein 7.3-8.7 Pink Green 0.1 g in 50 mL ethanol.
Then add 50 mL H,O.
Cresol purple 7.6-9.2 Yellow Purple See above.
Thymol blue 8.0-9.6 Yellow Blue See above.
Phenolphthalein 8.0-9.6 Colorless Red 0.05 g in 50 mL ethanol.
Then add 50 mL H,O.
Thymolphthalein 8.3-10.5 Colorless Blue 0.04 g in 50 mL ethanol.
Then add 50 mL H,O.
Alizarin yellow 10.1-12.0 Yellow Orange-red 0.01 wt% in H,O
Nitramine 10.8-13.0 Colorless Orange-brown 0.1 g in 70 mL ethanol.
Then add 30 mL H,0.
Tropaeolin O 11.1-12.7 Yellow Orange 0.1 wt% in H,O
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Table 12-1 Values of «y. for EDTA
at 20°C and . =0.10 M
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Standard Reduction Potentials at 25°C

Pt rexion Fom
Ag*(ag) +e-— Agls) +0.799
AgBr(s) + e~ — Ag(s) + Briag) +0.095
ACIs) + &= — Ag(s) + Cl-(ag) +0.222
A(CN),(ag) + e — Ag(s) +2CN~(ag) -031
A2,C10,(5) + 26~ — 2Ag(s) + CrO2(ag) +0.446
Aglls) + & — Ag(s) +1-(ag) -0.151
ABE.0)F + & — Agls) +25,07-(ag) +001
AP+ (ag) + 3e" — Alls) ~168
H,AsO,(ag) + 2H*(ag) + 26~ — H,AsO,(ag) + HO() +0.559
Ba+(ag) + 2e™ — Bals) -290
BIO*(ag) + 2H(ag) -+ 3e~ — Bifs) + H,O() +0.32
Brf) +2e~ — 2Br-(ag) +1.065
BrO,(ag) + 6H*(ag) + 5= — tB(f) + SH,O() +152
2C0,(g) + 2H*(ag) + 26— H,C0(ag) -0.49
Cait{ag) + 26" — Cals) -287
Ce+(ag) + 267 —> Cd(s) -0.403
Cet+(ag) + e~ — Ce**(ag) +1.61
CLg) +2e~ — 2C1-(ag) +1.359
HCIO(@g) + He(ag) + e~ — CLg) + H,0() +1.63
C10~(ag) + H,O() +2e~ — Cl-(ag) +20H~(ag) +0.89
CIO,(ag) + 6H*(ag) + 5= — 1CL{g) + BH,O() 147
Cot*(ag) + 26~ — Cofs) -0277
Co®*(ag) + e~ — Co**(ag) +1.842
CP+(ag) +3e~ — Cais) -074
Cr+(ag) + e — Cr*ag) -041
Cr,02(ag) + 14H*(ag) + be~ — 2Cr*(ag) + THO() +1.33
C10,(ag) +4H,0()) + 3e- —> Cr(OH)(s) +50H-{ag) -013
Cu+(ag) + 26~ — Culs) +0.337
Cuf+(ag) + e~ — Cut(ag) +0.153
Curt(ag) + &= — Cufs) +0.521
Culls) + e~ — Culs) + I-(ag) -0.185
F,(g) + 2e- —> 2F(ag) 287
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H50,(af) + 3H*(ag) + 2e- — H30,(ag) + H,O() +0.17
Sri+(ag) + 26" — Sns) -0.136
Snt+(ag) + 26~ — Sn**(ag) +0.154
VO, *(ag) + 2Hr(ag) + e~ — VO?*(ag) + H,O() +1.00
Zr'*{ag) +2e” —> Zn(s) -0763
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