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C204 	 INTRODUCTION TO ANALYTICAL CHEMISTRY 

MAY 2013 FINAL EXAMINATION 

Time Allowed: Three (3) Hours 

Instructions: 

1. 	 This examination has six (6) questions and one (1) data sheet. The total number of pages is 
four (4), including this page. 

2. 	 Answer any four (4) questions fuDy; diagrams should be clear, large and properly labeled. 
Marks will be deducted for improper units and lack of procedural steps in calculations. 

3. 	 Each question is worth 25 marks. 

Special Requirements 

1. 	 Data sheet. 

2. 	 Graph paper. 

YOU ARE NOT SUPPOSED TO OPEN THIS PAPER UNTIL PERMISSION TO DO SO HAS 
BEEN GIVEN BY THE CHIEF INVIGILATOR. 
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Question 1[25] 

(a) 	 It is found from a reliable method that the glucose level in a blood sample is 125IJ&1g. You have developed 

a new method for glucose analysis, and your values for this blood sample are: 

117 Jig/g 1191J&1g 111 Jig/g 115 Jig/g 120 IJ&Ig 

(i) 	 Is your method significantly different from the reliable one at 95% confidence level? (2) 

(ii) 	Is the value 111 Jig/g part of the data set? Explain why (2) 

(b) 	 Yet another method has been developed in by another researcher, and the following results are obtained 

for the sample mentioned above: 

1351J&1g 125 Jig/g 	 1221J&1g 1151J&1g 1191J&1g 

(i) 	 Does your method give the same mean as the one above at 95% confidence level? (2) 

(ii) 	Does your method give the same precision as the one above at 95% confidence level? (2) 

(c) For the following calibration, 

Protein concentration (J18Ig) 0.00 9.36 18.72 28.08 37.44 

Titration volume (mL) 4.66 6.76 8.33 10.86 12.80 

(i) Use the least squares method to determine the equation of the best straight line (4) 

. (ii) Draw this line 

(d) 	 For diethyl ether with an autoprotolysis constant of 5 x 10.12 as solvent, write down the autoprotolysis 

equation and calculate the pH of its neutral solutions. (2) 

(e) 	 Calculate the pH of 0.55M NH4 CI given that Kb for ammonia is 1.76 x 10-5 (3) 

(f) 	 Calculate the fraction dissociated in (e) above (2) 

(g) 	 Explain how you would prepare 500mL of a pH 8.64 buffer solution from solid NH4CI and a commercial 

solution that is 67% v/v NH3 and density 1.24 g/mL. (5) 

Question 2[251 

(a) 	 (i) Briefly describe how dichlorofluorescein functions as an indicator in the Fajan's precipitation titration. (3) 

(ii) In the determination of chloride ion in waste water, explain why dextrin is added to the solution prior to the 

Fajans titration. (1) 

(b) 	Describe the mechanism of formation of a precipitate in gravimetric analysis. (3) 

(c) 	 Using diagrams discuss the two impurity, formation process of "occlusion" and "adsorption" in gravimetric 

analysis. (4) 
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(d) 	With regards to the Mohr Method in precipitation titrations: 

(i) 	 Use chemical equations to explain how the end point is detected. (3) 

(ii) 	Use chemical equations to explain how low pH conditions result in titration errors, and how are these 

eliminated. (2) 

(iii) Explain why the concentration of indicator is critical in reducing indicator concentration induced errors. (2) 

(e) With regards to the Volhard Method in precipitation titrations: 

• (i) 	 Use chemical equations to explain how the end point is detected. (3) 

(ii) 	 Use chemical equations to explain why over time the indicator changes colour to the original titrant 

colour. (2) 

(iii) Describe two ways in which the error resulting in (ii) above is eliminated. 	 (2) 

Question 3[25] 

(a) 	 For benzoic acid C6 HsCOOH as solvent, 

(i) 	 Write down a chemical equation depicting autoprotolysis (2) 

(ii) 	 Calculate the pH of its "neutral" solutions given that the autoprotolysis constant is 4.5 x 10-6 at 25°C. (3) 

(b) 	In acid-base titrimetry, 

(i) 	 State two reasons why is NaOH not a sutable primary standard (2) 

(ii) 	 Name a common primary standard for the standardization of NaOH (2) 

(c) 	 Draw the chemical structure of thymol blue, and explain why this indicator is able to be used over a very wide 

pH range covering acidic and basic titrations. (4) 

(d) Using phenolphthalein as indicator (pink in basic solution but colourless in acid), 

(i) 	 Derive the Henderson - Hasselbach equation for phenolphthalein (3) 

(ii) 	 Given that the Ka of phenolphthalein is 1 x 10-9 use the Henderson equation to derive the useful 

pH range for the indicator. (4) 

(iii) 	 Plot the titration curve expected from titration of SOml of 0.02M KOH with 0.100M HBr, using the 

following data points. (5) 

0.00 ml added 5.00 ml added 9.99 ml added 10.01 ml added 16.00 ml added 
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Question 4[25] 

(a) 	 In complexometric titrations, 

(i) 	 What does the acronym "DPTA" stand for, and draw its chemical structure (3) 

(ii) 	 Use an example to explain the term" Multidentate" ligand (3) 

(iii) For the titration of Mg2+ in the presence of Ae+, excess fluoride is usually added at pH = 10. Explain why (3) 

(b) 	Use an equation to explain what a condtional formation constant is in complexometric titrations. (3)
• 

(c) 	 Calculate the concentration offree Fe3 
+ in solutions of 0.10M Fe(EDTAr at pH = 8.00. (4) 

(d) 	 Draw the chemical structure of Eriochrome Black T, and explain how this indicator works in EDTA titrations. (4) 

(e) A 0.100 M 	EDTA solution is used to titrate 25ml of 0.050ml of 0.050M Mg2+ buffered at pH =10 using 

Eriochrome Black T as indicator. 

(i) 	 Calculate the pMg after addition of the following volumes of EDTA: (4) 

2mL 12mL 12.5 mL 13mL 

(ii) Plot the titration curve. 	 (1) 

Question 5[25] 

(a) 	What does the acronym "redox" stand for? (1) 

(b) 	 For the electrochemical cell: 


Cd (s) I CdCb (aq, 0.0538M) II AgN~ (aq, 0.0328M) I Ag (s) 


(i) 	 What component is represented by the symbol "I I"? Explain how it works and why the component is used 

in electrochemical titrations. (5) 

(ii) Would the cell be galvanic as written? 	 (5) 

(c) 	 In the iodometric determination of cooper using thiosulfate as titrant, 

(i) 	 Name a suitable primary standard (1) 

(ii) 	 Name a most widely used specific indicator for the titration (1) 

(iii) 	Explain the role of ammonium bifloride added to the samples prior to titration (2) 

(iv) Explain why the indicator named in c (ii) above is added just before the end point is reached and 

not at the beginning of the titration (3) 

(v) 	 Use chemical equations to illustrate how this acts as an indicator for this titration. (3) 

(d) A titration is carried out in a cell, whereby the potential vs SCE (0.241V) is measured for a 25 ml solution of 

0.020 M Cr2+(EO = -0.41) titrated with 0.010M Fe3+ (Eo:: 0.770). 


(il Calculate the potential (vs SCE) after addition of the following volumes during the titration (3) 
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S.OOml SO.OOml 100ml 

(ii) Sketch the titration curve 	 (1) 

Question 6[251 

(a) Given that at 20°C only 0.24 g of an organic acid A dissolves in 100 mL of water; but 2.70 g of the same acid 

dissolves in 100 mL of ether, calculate the value of the partition coefficient. (4) 

(b) Using diagrams, explain how single stage solvent extraction works. 	 (4) 

(c) 	 List and describe any four (4) properties to be considered in the selection of an organic solvent for extraction. 

(4) 

(d) List three elements which form stable chloro complexes which are appreciably soluble in organic solvents and 

used to separate these elements from complex matrices (3) 

(e) 	 Describe two ways of recovering analytes from organic solvent during the stripping stage of solvent extraction. 

(4) 

(f) 	 Metal chloro complex MCh is extremely soluble in ether, the distribution coefficient for a water/ether system 

being SO. Calculate the concentration of MCI3 left in SOml of aqueous 0.01 M FeCI3 solution after extraction 

(i) 	 once with a 10 ml portion of ether (2) 

(ii) 	 once with a 20 ml portion of ether (2) 

(iii) 	 twice with 10 ml portion of ether (2) 
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,'. " 18,,j:.. 	 1. PERIODICCiiAfB.T'OF' THE ELEl\fENTS;· 
4. NET sTABl . 

CONS'i'AN'J 
.Ag(CNh- 5 
Ag(NHah+ 1.6 
Ag(S20sh-s 4.7 
Al(OH),- 1-0 
Ca (EDTA) = 1.0 
Cd(CN)4= 8.3 
Cd(NHS )4.... 5.5 
Co {NHsh+S 2 
Cr(OH)4- 4: 
Cu(CN);I.-S 1 
CU(NHS )4 .... 1.2 
Fe(CN)e-3 4.0 
Fe(CN) 6-4 2.5 
Fe(SCN)++ 1.0 
HgC~= 1.3 
Hg(CN)4= 8.3 

"Hg(SCN)4= 5.0 
HgI.= 6.3 
Mg(EDTA) =1.3 

4.7 : 
7.9 : 
4.2: 
7.S: 
6.3 : 

, 

[!J: ~ 
: 2 13 14 15 16 17 HelA 2A , IJKI1\I. 3..0. 4.0. SA 6.0. 7A 

~~!~ 
5 6 7 8 9

1;- IS C N O. F 
6, • ULll 11.0n .",O(M..'1 15.9994 11.99I.a.o »"79 

= 13 14 15 16 17 'IIN 3 '4 5 6 1 8 9 10 11 12 AI Si P 5 CI Ari 
22.9S9 38 48 SB 68 78 

__ &8__ 
IS 28 U.Ul~ 2UllSS 3Q.\I7376 lUll lS."53 39,9". 

19 20 21 22 23 24 IMn 26 27: .211 29 30 :n 32 33 34 35 36 

K ea Sc· Ti V Cr Fe Co Ni Cu Zn Gel Ge As Se Br ieI' 
".onl «0.0& "4.9Sst ".18 sa,9.. \! st.!>96 ,~.931O U*UT sum, 5Ui9 63.5 .. , 65.31 n.n 72.59 ·'o(.92t6- "'.M '19.'0.. n... I 
37 l8 39 40 41 

~ 
43 it 45 ,~" L47 48 49 50 51 52 53 54

Rb Sr Y Zr Nb Te' Rtl ;,Pd~ Ag Cd .In Sn Sb Te I Xe 
1IS....'1lI .7.02 H.-' 9I,;n n.-. .s.... IN) '1>1,1»~ 1D2.~ jO,",2 107.1168% :_:~ l4..il~ 1IA.12 ,.,-"" l':U.'1S t"l1,6D '26.9tW:S t:l1,,29 

55 56 57 72 73, .74. .75' 
.
76," )77 71 79 80 a1 82 83 1M 85 86 

($ Ba La HI Ta' 'W Re Os Ir Pt. Au Hg TI Pb Ii Po At Rn 
Il~'IfC3.i ;rr.J:> 13t.90SS- in...' 11094.79 111:.1$ 1I~D1' '''.2 192.22 195.08 "'.9465 :101>.59 'Il>A.3e3 . .2D7.2 2OI!••1iil-A (2Q91 ' Il'''' l%%l1 

87 B8 89 11<104- 1QS 106 107 108 109 
.. . w'_, , . '. 

Fr RaAc Unq Unp Unh Uns Uno Une 
A value in b~eckets genotes t~ema,~ numQerof, 

1223) 22•.,.,.. _.OU!! 1.1) f2IlI) C3II - I2NI 1_ the longest lived or best knOWll isotope. 

-*Lanthanide 
sa 59 60 ., 6\1 63 64 65 66.1. .7 68 69 ?O 71 ~l.(NH8)4++Ce Pr Nd Pm ~!!' l~~ Gd Tb Er Tm Yb luseries '?!l~! Pb(OH)s-

14(1.12 t40'f017 \'".,L ,"5) 1S7~ 15...254- 16'16 u,....,..,2. l7U" \7• .MT • 

Zll(CN)4= 
.... Actinide 90 91 92 93 M 9S 96 1fT 98 99 100 i~~ 102 ~ 

Th PaU Np ,?y~ em Bk Cf Es Fm IIL·O Lr Zn(NHa)4....
series 

~:..~tA~1 Zn(OH) ... = 2ll.Glll 231.o1'9\21~2.I' l.31.GoII2 JaC7! ru71 ""'1 =1 r2S71 12691 

2. IONIZATION CONSTANTS (K..I.) FOR WEAK ACIDS 5. FIRST IONIZATION ENERGIES. e.v 
Acetic 1.9 X 10-5 Hypochlorous 3.7 X 10-8 

GJ2-Amino- . H::S K1 9 X 10-8 ~~ 
pyridinium Ian 2 X 10-1 K2 1 X 10-15 5.4 9.3 U II 15 

Ammonium Ion 5.6 X 10-10 lmidazoIium Ion 1.1 X 10-1 r;Jru-
B "~!~r -"""- ·u 

6.Q 1.1 IJ 

Aniliztium Ian 2.3 X 10-:; Lactic 1.4 X 10-4 4.3 '6.t 6.6 6.8 , 7.4 7.9 7.' 7.6 7.7 9A 6.0 11.1 10 

Arsetlic Kl 5.6 X 10-3 Methylammotlium u 5.l' r..47~ ,:I..57:/U7.4U 5JI 7.3 6,6
Ion 2.7 X 10-11

Benzoic 6.7 X 10-5 
Monoethanol- ::1.9 u I~is.s 6, 7.!1t &.7 'U 9;.0 'U 

Boric Kl 5 X 10-10 
ammonium Ion 3 X 10-10 6. ELECTRONEGATIVrrIES, PaulingCarbotlic Kl 4.3 X 10-1 

Nicotinium . Ion 9.6 XlO- il 
K!l 5.6 X 10-11 

Oxalic: Kl 6 X 10-2 
\A. 2-' §]Chloroac:etic LS X mooS 

Chromic K:: 3.2 X 10-1 K:: S X 10-1i 

~ru 'Ul 2..5 3.D 3~ 

Citric Kl 8.7 X 1()-4 Phenol 1.3 X 10-111 
o..9t-u' as 41 sa .. n .....-:... 1. 2. \.5 1.8 :u ~ 

K2 L8 X 10-5 Phthalic K! 4: X 1(t-8 
:0.8 1.1) L3 U l.6 L6 U 'La '1.8 U. '1.'1 l.6 1.1 UI 2.0Phosphoric: Kl 7.S X 10-a 2.A 

Xli 4 X 10-6 
K:! 6.2 X 10-8 CUI 1.0 1.2 1.4 1.6 1.J t,9 2.2 2.2 2.2 1.9 l.7 '1.7 1.8 l.t 2.1 

Dich1oroacetic 5 X 10-2 
Xl! 4.7 X 10-13 0..7 0.9 1.1 1.3 U \.7 \.' 2.2 2.2 2.2 2.4 i.9 lJI 'l.l 1.9 2.0EDTA 1\.1 7 X 10-3 

Phosphorous Kl LO X 10-:K:! 2 X 10-3 
X:: 2.6 X 1(}-1 7. ATOMIC RADll pieometersK3 7 X 10-1 

~S X 10-a Pyridinium Ion 1 X 10-5 
14. 2A @JSuccinic Kl 7 X 10-5

Fonnia 2 XlI}-!< K:: 2.5 X 10-6 mm 911 91 112 
a-D(+)-Glucose 5.2 X 10-13 

Sulfuric K:! '1.2 X 10-% -:;0160 38 018 sa 6e 71 ......8B~ lEI 2B 143 132 128 
GIyci:oium lOll Kl 4.6 X 10-3 

Sulfurous Kl 2 X 10-2 235 1111 1112 147 134 130 135 U6 125 124 1211 138 141 137 139 140 

: K:! 2.5 X 10-111 
K~ 6 XlO-il 248 215 178 160 ;46 '38 la6 134 134 137 '" ," 166 162 1511 leo 

Hydrazinium lOll 5.9 X 10-9 
TrimethyI- 2117 22%187 1117 '\G ''''' 137 135 136 139 146 157 171 171> 170 176

Hydrocyanic 7 X 10-111 
ammonium Ion 1.6 X 10-10 

8. IONIC' RADll pmHydrofluoric 7 X 10-4 
Uric 1.3 X 10-" 9. LA.TTICE ENER 

Hydroxyl- 8-2Li+ 60 8rH 113 184 
ammottium Ion 9.1 X 10-7 Water, K.... 24Q C 1.0 X 10-1-1 Na+ Ba+~ 13595 Se-2 19B 

3. SOLUBILITY PRODUCT CONSTANTS 
K+ 133 BH 20 Te-2 221 Li 1030 
Rb+ 148 Al+3 50 F- 136 Na 

AgBr 4 X 10-13 BaC20 4 2 X lQ-s KCl04 2 X 10-2 BeH 31 N+3 171 Cl- 1ST K 
Ag2COa 6 X 10-1.2 BaS04 1 X lQ-10 MgCOs 1 X 10-5 Mg+2 65 pH 212 Br- 195 Rh 
AgCl 1 X 10-10 CaCOg 5 X 10-9 MgC2 0 4 9 X 1(}-5 Ca+2 99 140 r- 2160-2 Cs 
Ag2Cr04 2 X 10-12 CaF2 4 X 1Q-ll :Mg@4PO.,. 2 X 10-13 

10. HALF LIVESAg[Ag(CNh]4 X 10-12 CaC2O... 2 X 10-9 Mg(OH)2 1 X 10-11 

AgI 1 X 10-16 CdS 1 X 10-28 MnS 1 X 10-15 HS 12.3 years K40 1.28 X 10 9y 
AgaP04 1 X 1(}-19 Cu(OHh 2 X 1(}-20 PhCrO.,. 2 X 1Q-14 F20 1l.4 sees Ca45 165 days,\" Cs10 7 
Ag2 S 1 X 10-50 10-86CuS 1 X PbS . 1 X 10-28 CH 5730 years Fe59 

AgCNS 1 X 10-12 Fe(OH)a 1 X 10-s6 PbS04 2 X 10-s Na2 '!' 15.0 ho.urs coeD ~,e()"y 
Al(OHh 2 X 10-32 Hg.,Br:z 3 X 10-211 SrCr04 4 X 10-5 PS2 14.3 days Brs 2 p5,5 hours 
BaCOa 5 X 10-9 Hg;Cl.• 6 X 10-19 Zn(OHh 3.6 X 10-16 88 days ,28 yearsS35 Sr90 . 

Bacr04 1 X 10-10 HgS - 1 X 10-52 znS 1 X 1(J-2-! CI36 3.1 X 105y I12!1.1.7 X lO7y 
..... -.

@ Copynght 1986, W. E. H&r;lS & S. G. DaVls Uruvernty of Alberts, Edmontoll , 

u u SA ." 
\4 

to 

9.8 

9.0 

10 6.1 Z4 • 

U.,,$I,6A 

3A 4A SA SA 

n 
121 

(All negative) ~ 
F . C1 Br 

840 78 
914 770 72 
812 701 67 
780 682 65 
744 630 61 

", 

pal 8.1 
30. 

45 day~~ 	AU19S 2.69 
Ra226 162( 
U285 7.1 X 

U2SS 4.51>< 
PU ll80 24,, 

Printed in Canada 
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Table 26-5 VALUES OF F AT THE 

~ 1'1 

:1 
3 
4 
5 
6 
00 

95 % CONFIDENCE LEVEL 

VI 

1 3 4 S 

19.00 19.16 19.25 19.30 
9.55 9.28 9.12 9.01' 
6.94 6.59 6.39 6.26 
5.79 5.41 5.19 5.0~ 
5.14 4.76 4.53 4,39 
3.00 2.60 2.37 2.21 

._,-­
6 

19.33 
8.94 
6.16 
4.95 
4.28 
2.10, 

.~ 

00 

19.50 
8.53 
5.63 
4.36 
3.67 
1.00 

*' 

Table 4·2 
Values or Student's r 

Conlkknc:c Icv!!1 (....I 

Th:grccs ur rrcl!dum so !In 90 95 9':1 

1.000 3.078 6.314 12.706 63.657 
2 0.1)16 ~1.886 2.92() 4.303 9.925 
3 (),765 '1.63:.< 2.353 3.11<2 5.84[ 
4 0.741 1.533 2.[32 2.776 4.604 
5 0.717 1.476 2.01 :; 2.571 4.032 
6 n.7I x 1.440 1.943 2.4-17 3.707 
7 0.71 [ 1.415 , !Jil); 2.365 3.500 
II O.7()(! \.Jl)7 1.11(,0 :UO(1 3J55 
9 0.703 IJX3 1.103 2.262 3.250 

III O.7ilO 1.372 1.1112 2.22H 3.169 
15 0.691 1.341 1.753 2.131 2.947 
20 O.ClX7 1.325 1.715 2.0t\6 2.114;i 
'J. 0.674 1.2X2 I.M5 l.lJ60 2576 

54 	 Table 4-4 
Values of Q for rejection or data 

• I STATISTles 
---------------_._. ------ ­

Q (lJn"" cPlltid':lh.\:J 	 n.76 O.6~ '0.51 (l,~ 7 
NUl1lh.:r llf 01,,':1'\ alillll~ 4 5 
-----~..--...._'-_..._--_ .. _---_._-_..- .. _- ­



:~~:I' 
" ,;. , ,L'1'-".t.&J ...A..I,l.1t.J....... ...... ,,"""... ""'£....................- .-- -- ­

'-l~¢I~~tyl. pH range pKin Acid Base 
Thymol blue 1.2 - 2.8 1.6 red yellow 
Meth,~l yellow· 2.9 - 4.0 3.3 red yellow 
MetlJ'yi orange 3.1 - 4.4 4.2 red yellow 
Bromocresol green 3.8 - 5.4 4.7 yellow blue I-------------~ 5 0.73 2.02 ~yellow 15. Bond. Enthalpies Methyl red 4.2::- 6.2 5.0 red 6 0.72 1.94 ::red kJ moi-l at 25°C (l.e. Bond Energies)Chlorophenol red· 4.8 - 6.4 6.0 yellow Single 0 N C SF Cl 7 0.71 1~90 ~ 
Bromo~hymol blue 6.0 - 7.6 7.1 yellow 'blue H 463 391 413 368 563 432 
 8 0.71 '1.86 ~ 
Phenol red 6.4 - 8.0 7.4 yellow red C 358 305 346 272 489 328 
 9 0.70 1.83 : 
Cresol purple 7.4 .:... 9.0 . 8.3 yellow purple . N 222 163 I MISC. 1 275 192 
 10 0.70 1~81 ~ 
Thymol blue 8.0 - 9.6 8.9 yellow blue S-S 251 H-H 436 C=C 615 
 20 0.69 1.72 ; 
Phenolphthalein 8.0 - 9.8 9.7 colorless red S-F 327 N==N 946 CssC 812 
 30 0.68 1.70 : 
Thymolphthalein 9.3 -10.5 9.9 colorless CIO 0.67 1.64blue S-C1271 N=9 607 0=0 749 


........ ---_ .. - _.. _------_. ---- .. -.
",. 

D.P'. t liO too t.11 Qoo n ~o n Qoo 1 1.0 6.3 13
3 0.94 6 0.56 9 0.44 
2 0.82 2.9 4
4 0.76 7 0.51 10 0,41 
3 0.76 2.35 ,5 0.64 8 0.47 4 0.74 2.1'; 2 


16. HEATS OF FORMATION12. ELECTRODE POTENTIALS, 8° 	 20. CO N.C. ACIDS ANl 
A KO in kJ moi-l at 25°C 

Na' + e;::t Na .,- ( .: - 2.713 All ions In H.O soluUon except 11.'1 noted 
Mg'" + 2e .q Mg 7 _:. - 2.37 All Elements = 0 M.W. Density WI• Al'" + 3e.t::; At - 1.66 Hg 218 H+ 0.0 H 2 0 g -242 Acetic 60.05 1.05 9 

Zn" +2e ~ Zn - 0.763 Og 249 Na' -240 H 2 0 1 -286 H2S0~ 98.07 1.83 9 


HF 20.01 1.14 4
Fe" + 2e ~ F e - O.44 Cg 717 Ag+ lOG COg -111 HCI 36.46 1.19 3 

Cd" + 2e ~ Cd - 0.403 N g 473 NRt,+ -133 C02/1 -394 HBr 80.91 1.52 <I 

Cr'" + e 4-Cr" - 0.38· Fg. . 79 OH- -230 NHSg -46
-	 HNOs . 63.01 1.41 £ 
Tl' + e (::tTl - 0.336 C1g 122 F- -333 NOg 90 HCIO~ 100,46 1.67 7 

V... + e ~ V" - 0.255 Brg 112 Cl- -167 N0211 33 HaPO" 98.00 1.69 a 

Sn·· + 2e ~8n - 0.14 III 107 Br -122 N2 0 U 9 NaOH 40.00 1.53 ~ 

Pb++ + 2e ~ Pb - 0.126 Sg 279 l- -55 802 .11 -297 NHs 17.03 0.90 2 

2H!-:f-..2e_;!:;:;iJi:l.___- __._~___J)JlOO PNII 315 S8==0 33 HSOSSII -396
 
S~Ofl- + 2e t:; 2S 0 = 0.09 ag 107 4= -909 2 g - 21 21. DENSITIES (g «


2 3

TiO" + 2H' + e t:;Ti+++ + H"O 0.10 K" 88 COs=-677 NaF. -574 Water at Air (70 err: 

S + 2H+ -:I- 2e .t::; H .. 8 - 0.14 Na+g 609 HFg .,-271 NaCl. -411 O.oC 0.9168 Glass 

Sn'.j + 2e t:; Sn·' - 0.14 K+g 514 HC111 -92 KF. -567, 100 0.9997 Na2COa 

Cu·, + e ~ Cu' 0.17 F-JI -255 HBrg -36 KCL. -437 20° 0.9982 NaCl 

SO.J,=+4H++2e.t::;H:!O+H280a 0.17 C1-g -233 mg 26 AgC1.-127 22° 0.9978 BaSO" 

l\gel + e ~ Cl- + Ag 0.222 CH411 -75 HCNg 135 AgBr.-100 240 0.9973 AgCI 

Saturated calomel /' (0.244) C2H~Q 227 PHsQ 5 PCI811 -287 26° 0.9968 Aluminum 

Hg CI:! +- 2e·.t::; 2Cl- + 2Hg v 0.268 C2 H.U 52 CoHo I 49 PC1r;Q -375 28° 0.9963 Iron


2 	
C2HollHi'" +'3e.t::; Bi 0.293 -85 CHsOHI -23& 30° 0.9956 Brass 

UO.,·+ +- 4Ho + 2e ~ U+~ + 2H.,0 0.33 CaHs, -105 C2Hr;OlIg -235 90° 0.9653 Mercury 
VO:'+ 2H+ + e ~ V'" + H .. O- 0.34 nC4H101l -127 C2H Il OHt -278 10011° 0.0006 Platinum 
Cu" + 2e t=; Cu - 0.34 nCgH18g -209 COC12 !1 -219 
Fe(CN)a-3+e.t::;Fe(CN)/:l-.f, 0.355 CC1", -135 CHBC1, --81 22.MOmLITIES(m2V-I~ 
eu' -I- e :1::+. Cu 0.52 1-'1- Li+ 39 HsO· 350 !1----- .. A-B-S-.E-NTR---O-P-y-S-o----1 

I:\-+2e~31- 0.545 J moi-l K-l, at 250C Na+ 50 NH4+ 73 ! 

H3AsO~+2H++2e;::tH~AsOa+H20 0.56 Hu 131 P"tD~ 164 SFog 292 K+ 74 Ag+ 62! 

12 + 2e ;::t·21- f 0.621 N2g 192 HFg 174 NOli' 211 CBlr 76 IOH- 198 }'1 

2HgCl:,! +2e t===: Hg2 Cl2 t 2CI-· -.,/ 0.63 02g 205 HC1g 187 N02g 240 r '18-, 77 


O~ + 2H- + 2e;::t H.,O~ 0.69 C12 n 223 H2 0n 189 N2 0.n 304 23 WArrER V P (t

Q~inone + 2H· + 2e-(::t-Hydroquinone 0.70 F2g' 203 COg' 198 NH ;' 192 . .. 0a
.Fe"· + e ~ Fe'· 	 0.'171 Cgra 5.7 C02g 214 PC1u 312 10 14 8 I 23'
5:C 2.6

Hg~ ++ + 2e ~A. 2Hg 0.792 Sar 254 S02g 248 PC15g 365 200 17:5 I 5 

Ag+ + e.t::;. g 0.799 CH. 186 80811 256 254
u BF3g 
BU" + 2e .t::; Hg 0.851 C2H oII 229 CHaOHI 127 LI NE24. l~USCE ~A .2H + 2e~_g~+· 	 0 907 CaHsg C2HljOHlI 283
,g" H . 270 

N03- + 3lI' + 2e ~ HNO., + H.,O 0.94 C2H'2g 201 C2 HljOHI 161 Std. dey. '" V l. (X:=J{"j "/( 

HNOQ + H' + e ~ NO + H.,O - 0.98 C2 H4g 219 (CHshO" 266 Coni. limits = X :i:: 13! Vn
Vo'}. ,-+ 2H' + e !!;;:; va'· + H-~_O 0.999 	 E=E~-(O.05921n)log([RedJI-' CoH:og269 CHsCOOHj7 282 log ro ' I, = abc A = Jog 1/ 
Br., + 2e ~ 2Br 1.08 J~g.NL..=:lQ.g.Nu~O;~lllIL.I1 

.2103 - + 12H' + 10e.t::; 6H2 0 + 12 1.19 18. 6Go FORMATION x (-b:!: Vb~ - 4ac)j2a 
A,:,,(,)1,0 2 + 4H' + 4e :!::;; 2H2 0 1.229 kJ mol- l at 25°C "2 303 12d sin 0 I 


MnO.. + 4H' + 2e <- Mn" + 2H-0 1.23 H 203 HF 273 H ° . Olho a = oge a

"-to -. 	 11 11· - 2" -229 h 6 6~6 X 10-H J 1I 

Cr:!O;= + 14H+ + 6e t;: 7H2 0 +-2Cr+++ 1.33 FI1 62 HC1" -95 H 2 0 , -237 e ~ 1:602 X 10-10 C 

Cl.• + 2e:l:::; 2CI- 1.358 C1, 106 HBrp -54 S02P -300 NA, =6.022 X 1023 mol' 1 


2BrOs- + 12H' + 10e t:::; 6H2 0 + Br2 1.50 o.g 232 mg· 1.7 SOaJ1 -371 F =.964'37 C 

MnO{-+8U'+5e.t::;4H 0+Mn+' 1.51 NOj7 87 NHsp -16 PC13J1 -268 g·=9.a(l7ms- 2 


C ,·1 + e 0..-,. C .3 
2 161 NO"ft 51 COn -137 PC1"'n -305 c = 2.998 X 10

8 
m s-1 


C ...... e ....... u. lamu = 1.661 X 10-27 kg

N 20 U 98 C0211 -394 CH"II -SIR = 1.987 cals mol- 1 K-l
13. MEAN ACTIVITY COEFFICIENTS C2H"Q 68· C2H'2' 209 C2H OII -J3 = 0.08206 litre atm mol'

M KCl Na:!SO.j ZnSO.j C6H6l 125 CHgOHI -162 = 8.31.4...LmoP 1)::1
0.001 0.965 	 0.89 ,0.70 CCl.!1 ~5 C2 H5 0HI -175 = 8.314 kPa dm 3 mol-I 
0,01 0.901 	 0.72 0.39 CT.:IC1 70 0 °C = 273.15 K 
0.1 	 0.769 0.45 0.15 BF3g -1120 4 Sll - 1 eV =1.602 X lO-IU J 


n "" 8Fog -1105 CH~C09H9 ~~~ 1 cal = 4.1840 J
f\ t\A:: 

\1", f" 

http:A..I,l.1t


--

G I Acid Dissociation Constants 

----------------------------______ _=_·_._____________________________~._M_._=__ 

Name Structure' 
........ _.... _--_._---------- ­

K. 

Acetic acid . 
(ethanoic acid) 

Alanine 

Aminobenzene 
(aniline) 

4-Aminobenzenesulfonic acid 
(sulfanilic acid) 

2-Aminobenzoic acid 
(anthranilic acid) 

2-Aminoethanethiol 
(2-mercaptoethylamine) 

2-Aminoethanol 
(ethanolamine) 

2-Aminophenol 

Ammonia 

Arginine 

Arsenic acid 
(hydrogen arsenate) 

NH' 
! J 

CHCH, 

Q-NB; 

. 0 lSV1::niJ 

o:::~" 


~OH 

~NHt 

NH.,' 

HO-As-OH 

1i OH 

4.757 

1.348 (C02 HJ 
9.867 (l:',1H 3 1 


4.601 

3.232 

2.08 (C02Hj 
4.96 (NH3) 

8.21 (SH)(,u = 0.1) 
10.71 (NH)) (II = OJ) 

9.498 

4.78 (NH 3 ) (20') 
9.97 (OH) (20') 

9.244 

1.823 (COlH) 
S.991 (NH,J 

(12.48) (NH 21 


2.24 
6.96 

11.50 

1.75 x 10-' 


10- 3 


10- 11"1 


4.49 x 

1.36 x 


2.51 x 10- 5 


5.86·'x 10- 4 


8.3 x 10- 3 


1.10 x IO- s 

6.2 X 10- 9 


1O-1i1.95 X 


10- 10
3.18 X 


1.66 X 10- 5 


10- 10
1.05 X 


10- 10
5.70 X 


1.50 X 10- 2 


1.02 X 10- 9 


10- 13
3.3 X 


10'-35$ X 


1.10 X 10- 1 


10- 1.13.2 X 


E~ch 1.Icld is wrju~n in its rrvlonated It'lrm. Tht: acidic prct(IOS 'HI!: indi.:arcd in bold Iype, 

1 pK;, \"ah!es ""rtr to :25'C ar.c zeiO iO;l!c !i!!'cnc;~h un~~ss 0thci\\ j~~ inJj~al:.:J. Va;~~s ill p..lr.:nin;:sc:s d[~ '~vnsiJ.t!rcli 10 be kS::i reliabie:. Datu are (rom A. E. ~lartell 
and R. ~l. Sm;t:,. Crirlml Srahllil.l" COII.\lilli1-' iNc,", York: Plenum Pre::;s. 197.11. 

N-.::. 'L\O\ 
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'l"ble 14·2 

h'rrlHilioll l'Ollslanls for 111<'1<11 EDTA l'ompll'~':~ 


Ipll h1(! k t Ion It,)!."", lOll }I\~ 1\1 

Vulll~s of tty' for 	 l.j' :'.79 1\111' ' 25. .' (:'5 n ('c" ' 15.'1l! 
EDTA al :W C and 

Nil I.h(, IT" ';,~.I Pr'\ • 1(,All
I' = (),IO M 

Il.X (. 'I .j 1.4125 C) Nd.l ' 11,.(, 1" '" Ill" , q.~ If' , 	 1'111.1 1 17,1)pll CX y ... 2'1.5 
l\'!j!' ' H.7'1 III'" ' ~1j5111 0.2) Sm' • 17.14 

() 1.3 x 10 23 (';1" i vn,'lOl"1 IXX I'll" , 17.J5 

I 1.9 x 10"'· Sr' ' vo: I ~ ~~ (id' ' 17,.'1
In" 


3,) x 10 '" Ila~' 7.X6 AI! Th"
7.J~ 17.'1.' 

3 2,6 x 10'" nil.' ' (,54 I>y" ,
7.1 II' Ilun 

4 H x 10-· 
 •Sl'" 2.', I I'd' . 1:;5125 ('. 110 1 IR,61 
5 3.7 x 10- 7 I' = 11.2) 

6 ::>.3 x 10 5 Y' , 1~.Il1/ 1'.1'" • IK!l5­
7 5.0 x 10- 4 I a.l· 15511 Tm" III,J2 

::; 5,D x 10 3 V2 t 12.7 Zn: ' 1('.',/1 Yh' . 111 ..'1 

9 5.4 x 10- 2 	 ( '1" • IY, ( ',I' . 11>.4(' I.ll.'· I'I,~.' 

10 0,36 Mil' ' t.lJn II).!' . ':>1.7 '\111" • IH 12~ {'I 
IJ 1 l" ' 14,.12 Sn' ' 1"..1 iiI = 01 ('m' , flU {25 ("){l.S5 

('0 ~ I Ph' ,12 (J.n 1(,,11 1K,(!4 Ilk" . IK5125 (') 
13 l.OO N'" 1)(,(,2 ,\I' ' 11...1 (T' ' IR,7 (25 n'" 
14 	 1.00 ('11" I Hum (;a t 211..1 Th" ' 1~.1 

Ti" 21..'125 ('1 hr' ' 25,0 II" ' 25.1< 
V'I 26,n Tt-" ,'7.~ III 1.01 Np" • 24'(, 125 C. II 1.0t 
('1'" , 2J.4 IIi' ' 27.}\ 

.._--_._- - ---. 
:Vtl(r' Th~' <t:lhitih' \'HUI;I:1I11 1" tin" toquih"'riurn ("11",,1;101 JUt Ihl" n.'m'lIlln M'" • Y'" ;;-'" MYN '" \'idlll'~ 

in tnhk :trpl~ :11 :!,,'C alII' it'flk "fft·u~lh 'l, ~I. tlnll'''''' f1IhefWi~l' ",'I('tI, 
~nt'Rrt U:U;I rWI11" r ~blJdl ,tIld R l\1 SlIli(h. t '"illutl .\hIM/lll· ("'f.\'IIlI".~. YoL I 'Nc\\ Ynrk 

PI'"f1IH11 PH.·.."•• tt7~1, pp ,:'f).l .~ It 


