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DEPARTMENT OF CHEMISTRY 


UNIVERSITY OF SWAZILAND 


C204 	 INTRODUCTION TO ANALYTICAL CHEMISTRY 

MAY 2012 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 fully; 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 CIDEF INVIGILATOR. 
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Question 1 [25] 

a. 	 (i) Write down the equation that describes the Gaussian curve in chemometrics, and explain all tenns appearing 
in it (3) 

(ii) A new gravimetric method is developed for Iron (III), in which the iron is precipitated in crystalline fonn 
with an organoboron cage compound. The accuracy ofthe method is checked by analysing the iron in an ore 
sample and comparing the results obtained using standard precipitation with ammonia and weighing of Fe203. 
The results, reported as % Fe for each analysis, were as follows; 

Test Method (%) 	 Reference Method (%) 
20.10 	 18.89 
20.50 	 19.20 
18.65 	 19.00 
19.25 	 19.70 
19.40 	 19.40 

19.99 

Is there a significant difference between the two methods at the 95% confidence interval? (5) 

(iii) In the gravimetric and reference methods of question (v) above, comment on the precisions at the 95% 
confidence level. (4) 

b. 	 The following data was obtained from an analysis. 

124 125 126 128 147 

Should the value "147" be considered as part ofthe data at the 90% confidence interval? (3) 

c. 	 (i) A 0.1000M solution of NaOH ,is used to titrate 10.00ml of 0.1 OOM CH3COOH. Calculate the pH at the 
following volumes ofNaOH added during that titration (6) 

l.OOmI, at equivalence point, 	 at 3ml past equivalence point 

(ii) Plot the titration curve. (2) 
(iii) 	 Sketch the plot expected if a diprotic weak acid ( e.g., oxalic acid) replaced CH3COOH in the titration in (i) 

above. (2) 

Question 2 [25J 

a. 	 (i) Use an example to describe the mechanism of adsorption in gravimetric analysis. How can adsorption be 
minimized? (3) 
(ii) Using Ba2 

+ as an example, describe what is meant by "occlusion" in gravimetry. How can occlusion be 
minimized? (3) 
(iii)What is meant by " Ostwald Ripening" in gravimetric analysis, and how is it accomplished? (3) 

b. 	 Consider the titration of 25mL of 0.1 OOM KCI with 0.050M AgN03 using the Mohr method, given the 
following: Ksp =AgI: 8.3 xl 0.11

, AgBr: 5.0 xl 0.13
, AgCI: 1.8 xl 0.10 

(i) Name the indicator used for the Mohr method. (1) 
(ii) Use equations to explain how the end point is detected using this indicator. (3) 
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(iii)Calculate the pAg at the following stages oftitration: (6) 

5mLadded, at equivalence point, 5mL past equivalence point 

(iv) Plot the titration curve. (2) 

c. 	 (i) Explain how pH affects the Mohr titration, and state how such effects are avoided. (2) 
(ii) 	 Explain how the indicator concentration affects the Mohr titration, and state how such effects are 

avoided. (2) 

Question 3 [25) 

a. 	 For CH3NH2, as a non-aqueous solvent, write down the: 

(i) 	Autoprotolysis equation. (1) 
(ii) 	Expression for the equilibrium constant for autoprotolysis. (2) 
(iii) Calculate the pH of a "neutral" solution, given that the autoprotolysis constant is 3x 10-20. (3) 

b. 	 {i} Calculate the pH ofa 400-mL buffer solution containing 0.200M NH3 and 0.300M N14CI. (4) 
(ii) Calculate the weight ofN14CI required to make this buffer. (3) 
(iii) Commercial ammonia solution is 70% NH3 vol/vol, and density 0.85g/mL. What volume of commercial 

NH3 in mL, is required to make this buffer? (4) 
(iv) Calculate the change in pH of the buffer system in 4(i) above upon addition of 10mL ofO.05M HCI. (2) 
(v) Calculate the change in pH of the buffer system in 4(i) above upon addition of 10mL ofO.05M Ba(OH)2 (2) 

c. 	 (i) Give two (2) reasons why solvent extraction is carried out in analytical chemistry. (2) 

(ii)State the "Distribution Law" of solvent extraction, and express it mathematically. (2) 


Question 4 (25) 

a. 	 (i) Use an example to describe the ~'chelate effect". (2) 
(ii) State two (2) elements that are best extracted into ether after forming metal-chloro complexes. (2) 
(iii) 	Name and draw the chemical structure of a commonly used chelation agent for AI3+. (1) 
(iv) Name and draw the chemical structure of a commonly used chelation agent for Ni2+. (l) 

b. 	 (i) Draw the chemical structure ofEDTA, and write down the expression relating the fraction dissociated to the 

formation constant and pH. (4) 
(ii) 	 What is meant by conditional formation constant in EDTA titrations? (2) 

c. 	 Consider the titration of 50mL 0.05M Mg2+ in a pH = 10.00 buffer with 0.05M EDT A as titrant. Calculate the 

pMg at the following volumes of EDT A added: (8) 

OmL 5mL 50mL 51mL 

d. 	 (i) Draw the chemical structure of the indicator Eriochrome Black T. (2) 
(ii) Use equations to explain how the indicator Eriochrome Black T works in EDT A titrations. (3) 
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Question 5 [251 

a. 	 (i) What is the difference between "Galvanic" and "non-Galvanic" electrochemical cells? (2) 

(ii) 	 Consider the cell reaction Cu(s) + PbF2(s) <:==:> Cu2+ + 2F' + Pb(s) and indicate whether it would be 
Galvanic as written. (4) 

b. 	 (i) Draw and label the silver-silver chloride reference electrode. (4) 
(ii) 	 Write down the half cell reaction taking place inside the clectrode in b(i) above, and state its potential. (2) 

c. 	 A titration is carried out in a cell, whereby the potential vs SCE (0.241 V) is measured for a 2Sml solution of 
0.020M Cr+ (Eo = -0.41 V) titrated with 0.01 OM Fe3+(Eo =0.770V). 

(i) Calculate the potential (vs SCE) after addition of the following volumes during the titration: (6) 

S.OOml SO.OOml 100ml 

(ii) 	 Sketch the titration curve. (2) 

(iii) 	 Use chemical equations to explain how redox indicators are chosen in electrochemical titrations. (3) 

d. 	 Use chemical equations to explain the technique of iodimetry in redox chemistry. (2) 

Question 6 [25) 

a. 	 (i) Describe the principle of "indirect titration" in analytical chemistry. (3) 
(ii) 	 Suppose an unknown is cr ion in 2SmL of a water sample, and that 30mL of 0.01 M AgN03 was added 

to it, and that a titration of the resulting solution with 0.0 I M HC! took SmL, calculate the concentration 
ofCr in the sample. (S) 

(iv) 	 In the Volhard method of indirect titration, explain how the indicator works. (3) 
(v) 	 What is the main disadvantage of the Volhard method, and describe the two ways on which this can be 

overcome. (3) 

b. 	 Use chemical equations to explain how the Karl Fischer Method for the determination ofwater works. (4) 

c. 	 (i) Explain why 12 is an excellent primary standard, but stilJ needs standardization. Name the commonly used 
reagent for this purpose. (3) 

(ii) 	 Na2S203 is widely used as a titrant for the iodimetric determination of Cu. Use equations to describe how 
Na2S203 is standardized in these titrations. (4) 
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SOME STANDARD AND FORMAL ELECTRODE 
. POTENTIALS 

Half-reaction· EI, V Formal potential, V 

Ag+ + e ;;:: Ag(s) 

AgBr(s) + e ;;:: Ag(s) + Br­
AgCI(s) + e ;;:: Ag(s) + CI­
Ag(CN); + e ;;:: Ag(s) + 2CN­

.. 
AIbCrO.(~)·+2(' ;;:: 2Ag(s) + Cr01­
Ag1(s) + t' ;;:: Ag(s) + 1­
Ag(S,O"lll- + c: ;;:: Ag(~) + 2S2Oi­
Ala+ + 3e ;;:: AI(II) 
II,AsO. + 211" + 2(' ;;:: H1As01 + HIO 
BIl' + + 21.' ;;:: Bu(:;) 
BiO' + 21P + 3£,;;:: Bils} + II~O 
BiCI; + 3t';:: Bils) + 4CI 
Brl(J) + 2(' ;;:: 2Br' 
Br,(uIJ) + 2t' ;;:: 2Br­
BI'O;- + 611' ... 5(';;:: I B1'2(1) + 311:0 
BI'(}~ + 6U' + 6e ;;::.Br- + 311:0 
C1l2, + 2t.- ;;:: C.l!s) 
C.U.O. (IjUiIlUIIC) + 2U I .; 21';;:: ('...11.(011). 

2CO.(g) + ~II' + ~, ;;:: II.C2O. 

\ ..<I=' + 21.' ;;:: Cdts) 

CI:''' + e ;:: CI::'" 


Cls(g) + 2(' ;;:: 2CI­
HCID + II' + 1.';;:: iClt(g) + BIO 

CIO; + 6W + 5(' ;;:: .Clt(g) + 311%0 

Cu'" + 2c ;;:: Cots) 

C0 3+ + e ;;:: Qlh 

C~ + e ;;:: Crt 

Cr"+ + 3(,;;:: Cr(s) 

Cr.C)f- + 14H+ + Be ;;:: 2Cr3 + + 7H.O 

Cul + + 2c ;;:: Cu(~) 


CU2i + c ;;:: Cll+ 
Cu"" + (' ;;:: Cu(s) 
Cul + + )- + t' ;;:: Cul(s)• 
ClII(S) + I! ;;:: Cll(S) + r 
F.(g) + 2H t + 2c ;;:: 2I1F(uCj) 
Fcti + 2(' ;;:: Fc(s) 
Ft'~+ 1-' e ~ 1<\,2' 

Fc(CN);- + e;;:: Fc(CNM 

2H' + 2(' # II:(~) 
IIg~'" +21' ;:: 211~(l) 

21Ig~'" + 2(' ;;:: Hgj' 

IIg2' + 2(' ;:: IIg(]) 

H~CII(s) + 2(' ;:: 211g(l) ; 2CI 


Jl~SO.(s) + 2e ;:: 211!{(I) + SOi 

HOi + H20 + 2(' ;;:: :30U­

+0.799 

+0.073 
+0.222­
-0.31 

+0.446 
-0.151 
... (1.1)) i 
-1.662 
+11.559 ._ 
-2.9US 
... 11.3i() 
+IU6 
+1.1)65 
+ 1.1»:171 
+1.52 
+ 1.44 
-2.H66 
+O.6UU 

-0.49 
-(),403 

+1.35l1 
+ 1.6.'3 
+1.47 
-0.277 
+ 1.1:I()8 
-0.408 
-0.744 
+1.33 
+0.337 
+0.153 
+0.521 
+O.H6 
-0.185 
+3.116 
-OA·1Il 
+O.ii 1 

+0.36 

(WOO 
+().i~~ 

+IU.l20 
+O.H54 
;·O.26S 

+0.615 
+O.1iS 

0.228, 1 AI HC!; 0.792, 1 M 
HCIO •• 0.77, ) M BISO. 

0.228. 1 At .....r.l 

11.577, ) Al HCI, HCIO. 

LOS, .. AI IICI 

11.696, 1 AI HCI, HCIO., 
I-I#SO. 

I.711, 1 AI HCIO •• 1.61, 1 M 
HNOa• 1.44, 1 AI HtSO.: '. 
1.21:1,1 AI HCI 

-
.' 

• 
\ 

(J.700, 1 1.1 HCI; 0.732, 1 M 
I1CIO.; 0.68, I AI Il I S0. 

0.71, 1 AI HCI; 0.72, 1 1.1 
lICIO., H2SO4 

-tWOS. 1 AI He!. IICIO. 
11.274, 1 AI IiCI; O.7i6, 1 At 

IICIO.; 0.674, 1 AI 1i2SO. 
IJ.907, 1 AI JlCIO. 

0.242, sat'll KCI; 11.21:12, 1 AI 
KCI; 11.334,0.1 AI KCI 



(CONTINUED) 

SOME STANDARD AND FORMAL ELECTRODE POTENTIALS 


E", V Formal potential, V 

1,(Il) + 2" ;;:: :!i­ +0.5355 
l,huI) + 2" :;:!: 21- +0.6151 
I; + 2t.- :;:!: 31- +0.536 
ICli + c ;: U,(s) + 2CI- + 1.056 
10; + 6M< + 5(' ;: 1I,(s) + 311,0 +1.196 
10; + 611' + 51! :;:!: U,htll) + 311¥O +1.17!H 
10; + 2CI- + 611' + 4L' ;;:: ICI; + 311,0 +1.24 
H,IO, + H+ + 2" :;:!: 10; + 311,0 + l.601 
K+ + c:;:!: lI:(s) -2.925 
Li+ + " :;:!: Li(s). -3.045 
Mgt.. + 21.' :;:!: Mg(s) -2.363 
Mnl< + 2" :;:!: Mn(s} -1.180 
MnI".+,,:;:!: Mo" LSI, 7.5 AI H, S04 
MoO,(IIi) + 4H" + 2£' :;:!: Moa.. + 2H,o +1.2:1_ 1.24. 1 AI HCI04 
MilO; + 8H+ + 5" ;: Mol< + 41-1,0 .,. 1.51 
MnO; + 4H" + 3£' :;:!: MnO,(s) + 2H,0 + 1.695 
MnO; + " ;: MnO:- +0.564 
N,(g) + 5W + 4e :;:!: N,H; . -0.23 
RNOI + H+ + " :;:!: NO(g) + H20 + 1.0<1 
NO; + 3H+ + 2c:;:!: IINOI + H20 +0.94 CI.92. 1 AI HNO, 
Na+ + e ;: Na(ll) -2.714 
NP" + 2e :;:!: Ni(s) -0.250 
H,o, + 2H+ + 2t.- :;:!: 2H,O • +1.776 
O,(S) + 4H+ + 4c :;:!: 21-1,0 +1.229 
O,(g) -42H+ + 2L' :;:!: HIO, +0.682 
O,(g) + 2W + 2" :;:!: O,(g) + HID +2.()7 

,Plt+ + 2t.- :;:!: PhIs) -0.126 -0.14, 1 AI HCIOt ; -0.29, 
1 AI HI S04 

PhO,(s) + 4H+ + 2" ;: PhI. + 211,0 +1.455 
PbS04(s) + 2t.- :;:!: PhIs) + sew -0.350 
PtCQ- + 2t.- ;= Pt(s) + 4CI- +0.73 
PtC]:- + 2t.- :;:!: PICII- + 2CI- +0.58 
Pd' + + 2e :;:!: Pd(s) +0.987 -­
Sell) + 2H+ + 2c ;: H,S(g) +O.HI 
HISO, + 4H+ + 41.' :;:!: SCsI + 3H,0 +0.450 
s~o:- + 2e :;:!: 2S101- +(UI8 
SOl- + 4H+ + 2(' :;:!: HzSOJ + 11,0 +0.172 
Slt)j- + 2c :;:!: 2S(W +2.01 • 
ShIO,(s) + 6H" + 4c :;:!: 25hO· + 3H2() +0.581 
H,SeO, + 4H+ + 41.' :;:!: Se(s) + 3H20 +0.7-10
Seot- + 4H+ + 2e :;:!: U,SeO, + H,O +1.15 
Snt + + 2e :;:!: Sn(s) -0.136 -0.16, 1 M HCI()~ 
Sn4+ + 2e ;: Sul + +0.15-1 0.1:, _ ... HLi 
Ti3+ + c :;:!: Ti" -().369 
TiOt + + 2tl+ + " :;:!: Ti~' + II~() +11.099 (1.04, 1 AI H1S04 
TI+ + c :;:!: TIM -0.336 -0.551, 1 AlIIC]; -0.33, 

1 AI I ICI04 • HtSO~ 
• Tlh + 2e :;:!: TI~ +1.25 0.77, 1 AI Hel 

1I0i' + 41fj. + 21.' :;:!: U" + 2H.O +0.334
\'at.+ {' ;:: V:H -0.256 -0.21. 1 AI HCIO. 
\'()~+ .., 2B' + I.' ;: ,r.I' + H 02 +11.359 
V(OB): + 2I1' + " .;::: VO" + 311 t O +1.UO 1.02, ] At HCl, HCIO.. 
ZII" + 2" :;:!: Zu(s) -0.763 

• StlUre,', li)1' 1," ""h",.: A, J, d"Bdhlllll' ami 11:. A, S, t ,,,,,,,. SI./lIIlllnl A',lIc(lI/,' LI.~ ... •:, PII. _ ..,.,/1. Iwd 
'f"lIIlwratl/"" COl~ffjci(·",,, III ;:l.S"c. SLnLi." ilL: Clilli"..l A.thulll,.:I, Hl6.J ...lid G. Mila:.::.:... S. C"wli.l1l1d 
\', Ii:. Sharum. 1',,1,/..., of S/II"dtll'll Elt·c/r",I.. /'''/'·II/i"I.,. 1I:"w rork: WiI,·y. 197!!, Snurce of forlllal 
pulell!i"I,: K II. Swill "ml K A. Hull"., \l1I/1II1i/1I/il" .11"".'''1'1'''''''''.' 111111 C/"'/I,i!'tlll::,/uilil"'i,L S"I! 
Fmll('bl'u: W. II. F""clIlal. ",ul CUl"P""~. CUl'piJ.:h, 11:) Hl72. 

I These llulelililiis are linin!I..,lie,,1 hcc:n"e Ihl'Y l~lrrl·spulI,J.ttl snillti,,"~ II;,,! arc 1,(10.\1 ill fir. or I,. The; 

suilibililie, ul' II",s,' IWII "OIuplllUltls ,,( 25"C ;(1',' (Ull M "",lll.1I0211 111. rl·sp.:l'liwly. III ,,,llIn.lc.1 ,"Iu. 

lillus ,·unliliuiuJ.: all ,.~."." nf Hr.(I) .... 1,(,). Ih., sliuui;ml PII"'lIli"I, tin II..· hilll~reacliulis lir.iIJ + 2... = 

2Br nr I,(s) t 2." ::= 21 ,Iumldl.., u,,·,1. 011 II .. • "tlll'r 1"",.1. ill 1hz ",,,II. '~IIIL'elllmliuIIS Ic~s thllu ~alum. 

liulI, tl,,-,,· 1ty!,ulhl'lit',,1 det'lmde Ilt.lt·"lillls ,111",1.1 li.· "lUllluy,"!. 


( 


http:2CI-+0.58
http:4CI-+0.73


, ~!;'l '}"~( 
,t·;-,~ ... ,,( ,~.~ ~~. .cI. ..............,-...u,a.....,..... £&.,....,...."'......... ""..............- -- - ...... _.-_ ... - ..._------_..... ,. ----. .... 


·""'h.J.~tyr- pH raap pKlll. Add Base Il Qoo--~'::""il""!'Qf;~ .. "-rCloo- 0 .... ~o' luo ~:i 
Thymol blue ". ""'~-·1.2:";;' 2.8'" 1.6 ' red yellow 3 O.94·~~(f.56••(n 9.0:44~' ~ 1-- 1.0' 6.3, 13 S. 
Ueth,rl yellow·' 2.9 - 4.0~.3.3 red yellow 

I·· ~ ~:~,--~ ~ ci ~::i'" ",-< 10" 0.41'ilil: ~< :4" °0°,..8;, ~:~5 ~:~
Metl{yl orange 3.1 - 4.4 4.2 red' yellow 
Bromocresol green 3.8 - 5.4 4.7 yellow blue 
Methyl re4 4.2:-. 6.2 5.0 red yellow 
Chlorophenol red· 4.8 - 6.4 6.0 yellow red 
Bromothymol blue 6.0 -7.6 7.1 yellow blue 
Phenol red ... 6.4 - 8.0.__ 7.4 yellow red 
Cresol purple 7.4 .:.. 9.0 8.3 yellow purple· 
Thymol blue 8.0 - 9.6 8.9 yellow blue 
Phenolphthalein 8.0 - 9.8 9.7 c:olorless red. 
Thymolphthalein 9.3 -10.5 9.9 colorless blue 

77':t 2.1J 2.8 
15. Bond. Enthalpies 5 0.73 2.02 2.57 

kJ mol-I at !SOC (1.e. Bond Energl ..) 6 0.72 1.94 2.~5 
s .... 1e 0 N C S F C1 7 0.71 1.90 2.36 
H 463 391 413 368 563 432 8 0.71 '1.86 2.31 
C 358 305 346 272 489 328 9 0.70 1.83 2.26 
N 222 163 I 'MISC. I 275 192 10 0.70 1.81 2.23 
S-S 251 H-H 436 c-c 615 20 0.69 1.72 2.09 
S-F 327 N-N 946 C..c 812 30 0.68 1.70 2.04 
S-C1271 N=9 607 C=O 749 00 0.67 1.64 1.96 

12 ELEI"mnODE POTENTIALS 0 16. BEATS OF FORMATION ZOo CONe. ACIDS AND.BA 
• ""A"" , (;>0 4. HO ill kJ mol-1 at !SoC 

Nat + e ~ Na .::; " !:, - 2.713 A111_ In BaO lOluUon except .. noled Mj
Mgt. + 2e q Me ./ f_. _ 2.37 All Elements = 0 MoW. Density wt. % 
AI". + 3e qAl -1.66 H,· 218 H+ 0.0 H 20, -242 Acetic 60.05 1.05 99.5 
Zn" + 2e q Zn - 0.'163 0, 249 Na+ -240 H20, -286 H:!SO" 98.07 1.83 94 

~ HF 20.01 1.14 45
Fe" + 2e q Fe . - .0.4':t C, 717 Ag+ 106 CO, -111 HCI 36.46 1.19 38 
Cd'· + 2e q Cd - 0.403 N. . 473 . NII.,+ -133 COu -394 HBr 80.91 1.52 48 
Cr'" + e -Cr" - 0.38' F". 79 OR- -230 NHu -46- C HNOa . 63.01 1.41 69 
Tl+ + e ;:tTl - 0.336 1, 122 I'- -333 NO, 90 BeIO" 100.46 1.67 70 
V," + e;:: V,· - 0.255 Br, 112 C1- -167 NOu 33 HaPO" 98.00 1.69 85 
Sn·· + 2e q Sn - 0.14 I, 107 Br -122 N20 U 9 NaOH 40.00 1.53 50 
Pb" + 2e q Pb - 0.126 S, 279 1- -55 S021 -297 NHs 17.03 0.90 28 

962H!-.+...2e_aJi~ J.DOO P, 315 SS=O 33 HSOS8I -3-21 1---------­
S"Oo-+ 2et:; 2S:lO - 0.09 Na. 107 ,= -909 2., 21. DENSITIES (g cm-3 

)a
TiO" +2H' + e!:;Ti·++ +H.. O 0.10 K, 88 COa=-677 NaF, -574 Water at Air (70 cm) OJ 
5 + 2H+ +- 2e q H..S - 0.1{ Na+, 609 HF, .,..--271 NaC1.-411 O,OC 0.9168 Glass 2,' 
Sn'-1 +'2e ~ 5n.... - 0.14 it+, 514 HCl,' -92!{F, -567, 10° 0.9997 Na2COa 2. 
Cu,. + e ~ Cu· 0.17 1'-, -255 HBr, -36 KCL, -437 20° 0.9982 NaCl 2.: 
SO,,= +4H+ + 2e fi::::; H 20 +H2SOa 0.17 Cl-, --233 m, 26 AgC1.-127 22° 0.9978 BaSO" 4. 
Agel + e ~Cl-+ Ag 0.222 CSt, -75 HCN, 135 AgBr,-100 24° 0.9973 AgCI 5.' 
Saturated calomel /' (0.244) CIH~, 227 PHa, 5 PClu -287 26° 0.9968 Aluminum 2. 
Hg2Cl:! -+; 2eq 2CI- + 2Hg v 0.268 CitHu 52 CoBOl 49 PC11i/1 -375 28° 0.9963 .Iron 7. 
Bi'" +'3e t::; Bi 0.293 C2Ho, -85 CHsOHI -238 30° 0.9956 Brass 8. 
UO:!" -t- (H* + 2e fi::::; U .." + 2H2 0 0.33 CaBa, -l05 C2H1J 0H, -235 90° 0.9653 Mercury 13. 
VO'" + 2H" + e ~ V"· + H"O 0.34 nC,H!o, -127 C2H IJ ORl -278 100..° 0.0006 Platinum 21. 
Cu" +' 2e ::; Cu - 0.34 nCaHu, -209 COC11 , -219 1----,...;..-.......----- ­
Fe(CN)o-3 + e!:;; Fe (CN) 0"" 0.355 CC41 -135 CHaCl, -81 22. Mutlnrr.IES (m"V-

1 
s-

l 
X 

Cu' + e~.Cu 0.52 1----1-7.=-AB---S.~E~N-.-rI-tO-p-y~S...:o--~ IJ+ 39 Hs.O' 350 iBa++ 
1:1- + 2e ~31- 0.545 J mol-l K-l, at !SoC ~a+ 50 NH. + 73 iLa,B 
H3AsO-l+2H·+2e;:::tH~As03+H20 0.56 H2, 131 P".". 164 292 K+ 74 Ag+ 62 3804 :SFolII.. + 2e ;:t·2I-· 0.621 Ns, 192 HF, 174 NO 

g 
211 Clr 76 OH- 198 iPO. 

2ilgCl2 +2e ~Hg2CI2. + 2CI-· J 0.63 O2, 205 HC1, 187 N02, 240 Br 78 1-· 77 NOa­
0 .. +2H·+2e~H,,0 .. ' 0.69 C12, 223 H20, 189 N20~, 304 'If) WATER VP (t ).
Quinone + 2H..... 2e~Hydroquinone 0.70 ... •• orrIN. 

Fe"- + e ~ Fe". 0.771 F2, 203 CO, 198 NHaf 192 O°C 4.6 I' 25° 
H +. + 2 2H Cgra 5.7 CO2, 214 PClsr 312 15° 12.8 30° 

g2 e ~ g 0.792 8a~ 254 S02' 248 PC1u 365 200 17.5 500 
Ag· + e:t::; .Ag 0.799 CHu 186 S081 256 BFa, 254 
Htr* + 2e :t::; Hg 0.851 C2HOI 229 CHIIOH, 127 24. IlnSCl'~LI..ANEOUS 
2l-!g·· + 2e ~~g" +.. 0.907 CaHa" 270 C2HIS OH" 283 
NOa- + 3Ht + 2e:.:; HNO~ + H 20 0.94 C2H'2" 20~ C2HIjOH, 161 Std. dey. ;:: v.l (X, - 'xi ~/(n -1) 
ILl\I02 + H' + e t:; NO + H2 0 0.98 C2H4I 219 (CHshO" 266 Con!. limitll = X :!: 1.:11 'In 
VO'l' + 2H' + e "- Vo" + H20 0.999 C U._ 269 CH COOH 28" E=E"-(o.oS921n)log([Red'J/lOxJ)_..... o...~,· a ,,, log 1.;1, - abc = A =- log ll'r 

Br" + 2e t:; 2Br 1.08 JCI&..N:t..=:j~.-=-O;l2!.taJ

.2103- + 12H>+ 10e ~ 6H20 + 12 1.19 18. 6Go FORMATION :Ie::: (-b::!:: :: - 4I1c)/2a 

p'i',O:! + 4H' + 4e !:; 2H2 0 1.229 kJ nlol-1 at 250 C n1>. = 2d sin 0 
. Mn02 + 4H- + 2e t::; Mn'· + 2H20 1.23 H, 203 HF/I' -273. H2 0" -229 ~.~3G:~~6\~ lo-;~gj ~ 

Cr:,!O,- + 14H- + 6e ~ 7H2 0 + 2Cr ...• 1.33 F, 62 HC1" -95 H20, -237 e = 1.602 X 10-10 C 

Cl:! + 2e .!:; 2Cl- 1.358 Cl, l06HBz:" -54 S02, -300 N. = 6,022 X 1023 mol-1 


2BrOa- + 12H' + 10e :!::J GHIO + Br2 1.50 0, 232 HI, 1.7 SOa, -371 ~ =_96~'l7J;:: 

MnO,,- + 8H' + 5e t:; 4H.. O + Mn"· 1.51 NO, 87 NBs, ~16 PC1s, -268 g = 9.807 m s-: 


.. C - NO CO PC C = 2.998 X 10' m S-ICC' + e .!:; e,3 1.61 2' 51 ,-137 lIS, -305 I amu =1.661 X 10-21 kg 
13. MEAN ACTIVITY COEFFICIENTS Ns0 4• 98 CO2, -394 CR., -51 'R =1.981 cals mol'! K-1 

C2li&, 68· C2H'2' 209 C2Ho1 -33 =0.08206 litre atm mol-I K-l 
M KCl Na;.!SO" ZnSO" CoHo I 125 CHsOH, -162 = 8.31.4..J..mol·1.~:1 

0.001 0.965 0.89 ·0.70 CClt, -4)5 C
2
HsOH, -;-175 = 8.314 kPa dm3 mol- l K·l 

0.01 0.901 0.72 0.39 BF' 1120 CRC1 70 0 °C =273.15 K 
0_1 0.769 0.45 0.15 SFos,' -1105 CH._CaO'OH, -374 l.eV = 1.602 X 10"10 J 
• ft " P"I> ... "... ... .... ::: • '1 _ ...... 1 cal =4.1840 J 

V"'-U 

http:2S:lO-0.09
http:O.94�~~(f.56
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Table 26-5 VALUES OF F AT THE 
95 % CONFIDENCE LEVEL 

i-	 VI
I'z ---_._---­ ._---­2 3 4 5 6 ::0 

2 19.00 19.16 19.25 19.30 19.33 19.503 9.55 9.28 9.12 9.01 8.94 8.534 6.94 6.59 6.39 6.26 6.16 5.635 5.79 5.41 5.19 5.0~ 4.95 4.366 5.14 4.76 4.53 4.39 4.28 3.67
00 3.00 2.60 2.37 2.21 2.IQ 1.00 

.~ 

.. 
Table 4·2 
\'alll~ of Student's I 

Conlidcnec Ie•.:! '''"I 

Degree> of fr.:.::dorn 50 xo 90 95 'N 

1.000 3.071i 6JI4 12.706 63.657 
2 0.816 ~1.8lS6 2.920 4.303 9.925 
3 0.765 '1.63/< 2,353 3.1X2 5.841 
4 n.741 1.533 2.132 2.77t1 4.604 
5 0.727 1.47t1. 2.1l 15 2.571 4.032 
(. O~71K 1.44() 1.9~3 2.447 3.707 
7 0.711 1.415 1':~95 2.365 3.500 
X O.71l6 1,3<J7 I.XW 2J()6 .u55 
9 0.703 IJX3 I.X)3 2.262 3.250 

·10 O.7()O 1.372 I.XI2 2.22g liM 

15 0.691 IJ.:II 1.753 2.131 2.947 
20 0.61\7 IJ25 1.725 2.0l:in 2.x~? 
'l_ 0.674 1.2X2 1.6~5 1.\160 2.576 

54 	 Table 4-4 
Values of Q for rcjt:ction or dula
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,,.. 'C'. L'PRBiomCf"ijOF'T!m ~, ' . '. '. 

"r"t: 1·: " ; .< ' 18",. ' " 
~ 4. NET'aT, .,'" -2,' CONsT~, 2. , '~H 13 '4. 1S 16 17 " He 

. 
, ' ,1A ',' ,:2A '. '1..... 3A 4A SA 6A 7A' ~ .Ag(CNh­ 5 x10 

Ag(NHah+ L6x10:. 4 5 • 7 • 9 10 

~~ B C N O~ F Ne Ag(SsOah-s 4.7 x 10 
••..1:1 l'lJ)Jt •..,.ao&, I~ lL" 'at"" Al(OH),­ 1.0 X lC 

11 12 13 14 15 '16 '17 11 Ca(EDTA)= 1.0 X 10 
Mel~, 3 ·4 S 6 7 8 9 10 11 12­ AI Si P 5 CI Ar Cd(CN),= B.3x 10 
~" 

~, 4J1 :$8, .. 68 . ,78 __ ,8-...,.. IB 2B 26.J11l!5oI ..DUS 3O.m" -' ~ 39.M J Cd (NI1s) 4<+' 5.5 X 10 
1Ja ,20 21 22­ vt~F:.·& 

~28 29 30 31 32­ 33 34 35 36 Co(NHa) 6+& 2XU
K. Ca SC' Ti Hi £'! Zn Ga Ge As Se Br Kr Cr(OH).­ 4x 16 

3'JI9Il ,cIOJ1a .u:9S59 ~7'" .sO.9I'S ,5U96 .J4.93111, 1SJI.I;7 .U332. ... 65.31 69..72. n.!lt '70.921 7lI.'" 79.90<1 13.'" CU(CN)4-8 1 X 1C
:J7 3. ',. 40 .41 42 43 ,." •.45., I~': 

~#... -48 49 56 51 52 53 54
Rb 5r Y Zr Nb~ 'Fe: ;,·d·ti Cd· .In Sn Sb Te I Xe 

Cu(NHs),++ 1.2 X U- ~ ,(Iff , "m~ ,foW:z' 
. , 

iJ~ ,1.i4..12 II.... 121.1'li 127., lZL1Oi1S 131.2l> 
Fe(CN)6-s 4.0 X 1(.

a7.a ILtD5lI 91,» -, Fe(CN)s-' 2.5 X 1(55 at. 57 ,.12'" ,"", -'*" "'1f : 
•~ 

i"fi . '1*" 79 80 11 12 83 14 IS ,N 

Cs­ ,Lea .Iff tCi( W~ Re . ' 

Ir ,Pt Au Ha TI Pb Ii Po At Rn Fe(SCN) <+ LOXl(5 ligC~= 1.3 X 1(1»'t1d5s 1:I7.l!! 1:4.t11511 171M 1111."'" .­ urQa7 I!IIU ln:= 19~ 1,K.N6s -... 'I04.3U ,:f#I:l lIGLQb.I l20fI - -~ II ". '104 1~ 108 t07 108' 108 .' ~." "-"'l ­ __ . 'M Hg(CN)4= 8.3 x i{ 
Fr Ra Ac ~ Unp Unh Una Uno Un. 

A value in ili'lckets t;!enotell\ till! ma.~ !lumber of, , ' -Hg(SCN)~= 5.0 X 1( 
122:11 =- 2Z1.Dl71, ,­ .. IIIIIIII liliiii .. the longest lived or beat kil0MI isotope. ' :Hgr.,.=6.3 X 1( 

.­ Mg(EDTA)= Lax 1{
iii' .59 60 '61 62 63 64 65 

66 .I 
J 

67 
61 69 70 71*lanthanide ee Pr Nd Pm Sm Eu Gd Tb ~~,! Er Tm Yb Lu Ni(N!ia),++ -L7 X 1( 

ser1ea Ph(OH)a­ 7.•9 X 1£ 
1....1' , ....tI017 .' ­ II-4$) IlIDJ!6 lSI•• 117.25 liIL.... '67216 ....­ .­ .,..~ 

Zn(CN),= 4:.ax 1(
.A AcIinidtI 90 9' .1'2 .. M I.e 1_96 ., • 99 100 101 102 103 

Th Pa U· Np Bk Cf' 'Es Fm~~O Lr Zn(NHa).,++~Utx.~{
aeries PUr-a.I~r Zn(OH)4=6~~~1{m,II:IIl. 231." 2.u,iiut _..,.12 11""1 _ 

(XII Pltl I2SZ) tU7I .. I2SII I2'DI 

to IONIZATION CONSTANTS (K.) FOR WUK ACIDS ': .. ' "5. FIRST IONIZATION ENERGIES.e.v. 
Acetic L9 X 10-1i Hypoehlorous 3.7 X 16-a 

~ 2-Amino­ . 'H:rS Itl 9 X 16-a ,..!.!.,.!!. :.A .. sA."""", 

pyridinium: Ion 2 X 16-1 Its 1 X 10-115 5.4 U U II 11 :14, 17 

ImidazoIium Ion 1.1 l6-i :--:- ­
Ammonium Ion 5.6 X 16-10 X Sl %6 D ... IS 6i 78 ~ 

,. 211 !u IJ 11 to la. 

Anilinium Ion 2.3 X 16-5 Lactic 1.4 X 16-' u 6.1 U 6.1 -63 6.~, ~ T.9 7., 7.6 7.7 '1.4 6.D IJ 10 9.a '2 

Arsenic Kl 5.6 X 1()-3 Methylammonlum ' u U 6.6 7.0 Y Z2 ~ 7:1 U %6 U U U U 9.0 to 
Benzoic 6.7 X 16-1 Ion 2.7 X 16-11 

U 5.2 It: 5.5 6 a.o XlI' L7 U 9.0 U ~Monoetbanol­ - +1 z­ •Boric KI 5 X 16-10 
ammonium. Ion 3 X16-10 6. ELECTBONEGATlVl'fJES, Pa~ 

Nicotmium Iou. 9.6 X 10-0 

Oxalic It.l 6 X 10-s §] u .~. iA~)'~~~ 
It:! 6 X l..6-11 \.0 1.1 2.0_ 2,5. aD U' ~ 

Pbmol 1.3 X 16-16 :-- ­0., 12 n "I II .. 78 .:a, 11 .• '105 " 'I:,I U I~Pbtb8lic Its 4 X 10'"6 
PhoSph9~ K.l 7.5 X 10-' 

u \.0 12 1.1 1.6 1.6 1.1 1.1 'La .... 1., L6 1.1 U .~. 2A I~ 
It:a6.2 X 10-8 U 1.0 12 1.4 1.6 \.I 1... 2.1 2.2 2.2 1..9 1..7 1..7 1.1' ,., 2·1 q,-"'-' 

.It;. 4.7'X 10-11 Q,7 D.9 1.1 1.2 1.1 'L7 \.9 2.2 2.1 2.2 2A 1.9 u ia 1., 2.0 2.2 

~ ItI·LO X 16-a 
~.>"'.:'::'-' ,­ K:2.~ X 10-1 7. ATOMIC RADn pieometers 
~Ulll Ion.. ·· 1 X 10-11 

·SuCc,ipic Itl 7 X 16-5 ~~ @] 3A4A SA SA. "IA 

K.. 2.5 X lo-­ 1155 112 III 11 112 73 71 

··sUlfUric x:; ·1.2 X llr..% ~;aB4851l88 2'11 .....18....... 18 m ta 112 1. 127 118 

S1,tlfurous K 2 X 1()-'2 i235 117 112 ~3'34 
lao las 121 125 124­ 1m 138 '141 'In 139 140 11.. ' 

It! 6 X 10-11 248 ,2111 In ,. 1311 134 '134 137 ,_4OJ 1114 'lIS 162 ;t59 lsO '33 . 

Trimethyl­ 287 ~ 117 111 ,., 137 135 1311 19 1411 1ST '171 175 170 176 

ammonium Ion, 1.6 X 16-10 

Uric 1.3 X 11)--' 8. IONIC &Ann pm 9. i.&xrICE ENERGlE 
Li+ 60 8tH 113 8-2 1M (All negative) kJ/n 

carbonic Kl 4.3 X 16-1 


Ks 5.6 X 16-11 


ChIoroaeetic L5 X 1'o-a 

Chromic K:! 3.2 X 16-1 


Citric Kl 8.7 X lit-' 

K t 1.8 X lO-S 
K. 4 X 10--


Diehloroacetic 5 X 16-* 

EDTA KI 7 X 10-11 


K:li2 X lo-a 
Ka 7 xlo-t 
~B X.~u··•. 

Formio aX,l~ .... 
a-D{+)-Glu~5.2X'1t:la 
Glycinium Ion Kl 4.6 ,X. to-a 

i K :t 2.5 XlfrlD 


,1 Hydrazinium Iou. 5.9 X 10-0 

. Hydrocyanic 7 16-I f!
X 


Hydrofluoric 7 X 10-' 

Hydroxyl­

1
ammonium Ion 9.1 X 10-1 
 Water. K .... Moe 1.0 X 16-14 ' 
 Na+ 95 BaH 135 Se-2 198 
 ,F ' Cl Br J 
K+ 133 BH 20 Te-2 221 
 Li ·1030 840 781 'i
3. SOLUBILITY PRPDUCT CONSTANTS Rb+ 148 Al+3 50 F- 136 
 Na 914- 770 728 E


AgBr 4 X 10-13 BaC20 4 2 X 10-8 
 KClO4, 2 X 10-2 
 Be+2 31 N+3 171 Cl- 1ST K 812 701 671 € 

Ag2COS 6 X 10-12 BaSO", 1 X 10-11} 
 MgH 65 p+3 212 Br- 195MgCOs 1 X 10-5 
 Rb 780 682 654 € 


~MgC2 04, 9 X 10-0
AgCI 1 X 10-10 Cacos 5 X 16-9 
 Ca+2 99 0-2 140 1"- 216 
 C8 744- 630 613 
 •
~PO", 2 X 10-13
Ag2Cr04 2 X iO-12 
 CaF2 4 X 10-11 


10. HALF LIVES Mg(ORh 1 X 10-11 
,Ag[Ag(CN).2]4 X 1(;-12 CaC2 O", 2 X 10-9 

MilS, ' Ix 10-15 
 H3 12.3 years K4Q 1.28 X 109y Ii;:'UAgI 1 X 10-16 CdS 1 X 10-28 
 8.1 da~ 

F20 Ca45Cu(ORh 2 X 10-2 0 PbCfO'·:' ,,2,><: 10-14 
 11.4 sees 165 da~,;; CSI81 30 yea AfaP04 1 X 10-19 
 hi-' 4. Fe59;p , 'lx 10-28 
 CH 5730 years 45 .~' AU198 2.69 daAg2S 1 X 10-50 
 CuS 1 X 10-86 

Na24 1.5.0 hours COli0 &226 1620 YlPbS04 2 x10-sAgCNS 1 X 10-12 
Fe(OH)s 1 X 16-86 

pSllAl(OH) 3 2 X10-32 3 X 10-23 SrCro, 4 X lo-Ii 
 14.3 days Br82 ~5~i Hours U281i 7.1 X 10
Hg2Br,2 S85 88 days Sr9,0 ;28 years U238 4.51x10'6 X 10-19 Zn(OH)2 3.6 X 10-16
BaCOs 5 X 10-9 


Rg2Cl2 Clll6 3.1 X lO5y ~129,'L7 X lO7y Pu280 24,4;00BacrO, 1 X 10-10 
 ZnS 1 X 10-u
HgS 1 X lQ-12 

-.-...... '.;. .... ... '.@ Copyright 1986, W; E. Ran!is &. S. G. DaV18 . . .";'; . 
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