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	Question No.
	Possible Points
	Points Earned
	TA Initials

	Section I (new)
	
	
	

	1
	24
	
	

	2
	25
	
	

	3
	20
	
	

	4
	11
	
	

	5
	20
	
	

	Subtotal
	100
	
	

	Section II (review)
	
	
	

	6
	5
	
	

	7
	5
	
	

	8
	10
	
	

	9
	5
	
	

	10
	5
	
	

	11
	10
	
	

	12
	5
	
	

	13
	5
	
	

	14
	5
	
	

	15
	10
	
	

	16
	5
	
	

	17
	10
	
	

	18
	10
	
	

	19
	10
	
	

	Subtotal
	100
	
	

	Total
	200
	
	


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
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USEFUL EQUATIONS
Dilution of a solution




Percent Composition
M1V1 = M2V2
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Correction for Buoyancy
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Gaussian Curve:
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Comparison of Data Sets:
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F Test:
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Comparison of Two Methods:


Q Test:
[Unknown] from Calibration Curve:
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Standard Addition:







Internal Standard:
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Thermodynamics:
G = H –TS 
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pX:



Ionic Strength:



Debye-Hϋckel Equation:
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Fraction Dissociated:

Henderson-Hasselbalch Equation:
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Monoprotic Weak Acid:



Diprotic Weak acid:
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Isoionic point:




Triprotic Weak acid:
[image: image66.jpg]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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Isoelectric point:

Gran plot:



EDTA:
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Electrochemistry:
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Redox Indicator:

Spectrophotometry:
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Extractions:





Chromatography:
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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 (Redox, Spectrophotometry, and Chromatography):
1. (24 points) For the following redox titration of Sn2+ with Tl3+ using a Pt indicator electrode and a Calomel reference electrode (E=0.241):

[image: image69.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






What is the observed potential when the titrant volume (V) is:

(a) (4 points) V = ½ Ve
(b) (4 points) V = Ve
(c) (4 points) V = 2Ve
(d) (4 points) What redox indicator would you suggest using for this titration?

(e) (4 points) What happens to the potential if the initial Sn2+ and Tl3+ concentration is doubled?

(f) (4 points) If the analyte was Sn4+ instead of Sn2+, what would be needed before titrating with Tl3+? 
2.  (25 points)A new drug candidate yields an absorbance of 0.5 at 550 nm with a 0.01M standard sample using a path length of 1 cm. A plasma sample from a patient yielded an absorbance of 0.1 after the sample was concentrated by a factor of ten.  
[image: image70.wmf]2

1

4

2

)

K

)(

F

)(

(

K

K

]

H

[

a

a

a

+

±

-

=

+


a. (5 points) What is the molar absorptivity of the new drug candidate?
b. (5 points) What was the original concentration of the drug in the plasma sample?
c. (5 points) What is the energy of a photon of light absorbed by this drug?
d. (5 points) What is absorbing this photon of light in the drug (what is being promoted to an excited state)?

e. (5 points) If the absorption of a photon results in a to* transition, what chemical feature must be present in the drug?
3. (20 points) Fluorescence and Phosphorescence are relatively rare occurrences because most excited electronic states relax very rapidly.
a. (5 points) How does a molecule in an excited electronic state commonly relax back to the ground state?

b. (5 points) Fluorescence occurs when: 
c. (5 points) Phosphorescence occurs when:
d. (5 points) Why are fluorescence and phosphorescence emission spectra of lower energy or higher wavelength compared to their excitation spectra?
4. (11 points) Phenytoin, an antiepileptic drug, has a partition coefficient (K) = 19.5 for an extraction between water (phase 1) and n-octanol (phase 2). 25 mL of a 1 M solution of Phenytoin in water is extracted three times with 25 mL of n-octanol. Given that phenytoin is a weak base (pKa = 8.3 for its conjugate acid), what fraction of phenytoin will be extracted at pH 2.0?
5. (20 points) Given the following HPLC chromatogram using a 25 cm column:

[image: image58]
a. (5 points) What is the resolution between peaks A and B?

b. (5 points) Name one parameter that could be changed to improve the resolution between peaks A and B?

c. (5 points) What is the number of theoretical plates for peak C?

d. (5 points) What is the height equivalent of a theoretical plate for peak C? 
SECTION II (Review):
6. (5 points) Identify one common mistake in weighing a solid precipitate from a gravimetric analysis that would result in a systematic error (there are multiple possible answers).
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7.  (5 points) Given the following buret and meniscus level (right), a student recorded a volume of 15.5 mL in her lab notebook. What common mistake is the student making in reading a volume dispensed by this buret?  
8. (10 points) What is the (a) accuracy and (b) precision?

9. (5 points) Given the following general exothermic reaction:

[image: image59.png]K=1
reactants -«—— products + heat




What happens to the equilibrium constant (K) if the sample is heated?
10. (5 points) Given two acids, where acid A has a pKa value of 4.75 and acid B has a pKa of -7. Which of the two acids is a strong acid?
11. (10 points) What is (a) end-point and (b) equivalence point?
12. (5 points) If you are calculating the pH of a weak acid and you ignore activity, will your calculated pH be lower or higher than the measured pH?

13. (5 points) A weak base has a pKa of 8.3. At what pH would this base, combined with its conjugate acid, make a good buffer?
14. (5 points) A diprotic acid, such as amino acids, exists in three forms: acid form [H2L+], basic form [L-] and intermediate form [HL]. What is the basic assumption that is made when calculating the pH of the acid form of the diprotic acid?

15.  (10 points) An important component of the procedure for the systematic treatment of equilibrium is making assumptions to simplify the calculations. A common assumption is to ignore chemical equations with small equilibrium constants. Why?

16. (5 points) Why is pH an important consideration in an EDTA titration?

17. (10 points) 14C dating of a fossilized bone was measured twice by two different students. Student A measured an average age of 15,000 years based on five measurements. Student B measured an average age of 18,000 years also based on five measurements. The pooled standard deviations for the two sets of data are 800 years. Are the students’ results significantly different at the 95% confidence level?
18. (10 points) What is the general pH (acidic, basic, neutral) at the equivalence point for the titration of a (a) strong acid with a strong base and a (b) weak base with a strong acid.
19. (10 points) Gravimetric analysis is used to measure the concentration of Ag+ in an unknown sample by the addition of NaBr.
[image: image60.png]K, =5.0x10""
Ag" + Br =——= AgBi(sy)




a. What concentration of NaBr is required so the residual Ag+ concentration is 1x10-10?

b. What happens to the solubility of Ag+ if the unknown sample contains 1M NaCl?
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[image: image72.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
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[image: image74.jpg]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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[image: image76.jpg]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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