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DEPARTMENT OF CHEMISTRY 

UNIVERSITY OF SWAZILAND 

C304 	 ANAL YTICAL CHEMISTRY I I 

JULy 2014 SUPPLEMENTARY EXAMINATION 

Three (3) Hours 
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.IW.ltuctions: 

1. 	 This examination has six (6) questions and one (1) data sheet. The total number of pages is five (5), 
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 TmS PAPER UNTIL PERMISSION TO DO SO HAS BEEN 
GIVEN BY THE CmEF INVIGILATOR. 
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QUESTION 1 [25] 


a) State Beer's Law as applied to spectroscopy, and explain all terms appearing in it. [2] 


b) i) What is meant by "stray light" in spectroscopy? [1] 


ii) Use equations to explain why stray light leads to negative deviations from Beer's Law [3] 

iii) How is stray light eliminated in spectroscopy? [1] 

c) Draw a schematic diagram of a Ge(Li) detector, and use diagrams to show how the voltage measured is directly related 
to intensity ofuv-visible radiation in a spectrometer. [4] 

d) Draw and label a vacuum phototube and explain how it works. [3] 

e) A typical GC instrument has several standard components and accessories. 

(i) What is the role of~e nitrogen gas cylinder normally associated with a gas chromatograph? [2] 


(iii)What is the role ofthe fIlter cartridge normally associated with a gas chromatograph? [3] 


(iii)Use a diagram to show how a soap bubble flow meter works. [3] 


(iv) Explain why columns are installed in an oven in GC but not in LC [3] 

QUESTION 2 [25J 

a) Use diagrams to explain why atomic spectra appear as lines, whereas molecular spectra appear as bands [4] 

b) Draw and label the "PMf", explain how it works, and explain its advantage over other detectors used in uv-visible 
spectrometers. [4] 

c) The mobile phase is a critical component in chromatography. 

i) List and discuss any two (2) desirable properties ofa mobile phase in gas chromatography. [2] 

ii) Use equations to explain how silanol groups are deactivated in chromatography [4] 

d) i) Use equations to explain what is meant by Reverse Phase Bonded Phase Chromatography [4] 

ii) Discuss the main advantage that bonded phase chromatography has over non-bonded phase chromatography [2] 

iii) Use diagrams to show how a flow through uv-detector works for HPLC [5] 


Question 3 [25] 


a) Nebulization in atomic spectroscopy is considered inefficient. 


i) What is meant by nebulization? [1] 


ii) Use diagrams to explain how a cross flow nebulizer works. [3] 


iii) Why is nebulization using the nebulizer in a (ii) above inefficient? [2] 


b) A major breakthrough in 	atomic absorption spectrophotometty since the invention of the hollow cathode lamp was 
graphite :furnace AA. 

(i) What is the major structural difference between flame AA and graphite furnace AA? Use diagrams to support your 
answer [3] 
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(ii) Identify the physical stages inv'Olved in a furnace program and describe the processes that occur during each 
stage. At what stage is the signal sampled, and why? [4] 

(iii) Outline three (3) advantages 'Of graphite furnace AA 'Over flame AA [3] 

c) The solid support is an imp'Ortant c'Omp'Onent 'Of an HPLC instrument 

i) 	 What is the functi'On 'Of the solid support in HPLC? [2] 

ii) Describe the solid support Chr'Om'Osorb P -AW in HPLC [3] 

iii)List and describe tw'O desirable properties 'Of a solid support in HPLC [4] 

Question 4 [25] 

a) Prisms are used as m'On'Ochr'Omators in spectroscopy. 

i) 	 Draw the prism [1] 

ii) Use equati'Ons to explain h'OW the prism w'Orks [3] 

iii)Draw and label the Bunsen arrangement 'Of 'Optical comp'Onents in a spectrometer [3] 

b) Gratings have a very good resolving P'Ower in spectrOSC'OPy. 

i) Physically h'OW does a grating I'O'Ok like [2] 

ii) Use equati'Ons to explain h'OW a grating W'Orks [3] 

iii)Calculate the second 'Order res'Olving P'Ower 'Of a grating which is 5cm I'Ong with 1180 lines per mm [3] 

c) Chr'Omatography is a very useful technique f'Or the determinati'On 'Of alcoh'Ols in a sample. 

i) Explain h'OW ethan'Ol and methan'Ol interact with OV-17 stati'Onmy phase in GC to effect to their separati'On [3] 

ii) Use equati'Ons to explain h'OW benzoic acid can be detected in an electron capture detector (ECD) after 
derivatizati'On [3] 

iii)Use diagrams to explain h'OW an ECD w'Orks [4] 

Question 5 [25] 

a) 	Inductively C'Oupled Plasma (ICP) Optical Emissi'On Spectrosc'OPy is the most widely used atomic spectrosc'OPy today. 

i) 	 What is the 'Operati'Onal definiti'On 'Of the inductively coupled plasma [2] 

ii) Draw the ICP torch and label its c'Omp'Onents [4] 

iii)Use a diagram t'O explain why it is P'Ossible to measure up to 35 elements simultane'Ously using ICP [3] 

b) 	 i) In liquid chr'Omatography, tw'O solvent reserv'Oirs are usually used. Explain the reas'On f'Or this. [2] 


ii) In gas chr'Omatography, dual C'Olumns are 'Often used simultane'Ously. Explain the reason f'Or this. [2] 


c) 	One 'Of the applicati'Ons 'Of GC is the separati'On 'Of benzene from its mixture with cyc1'Ohexane, f'Oll'Owed by quantificati'On 
'Of the benzene. 

(i) In GC, what is meant by lateral diffusi'On? [3] 



3 

(ii)State the equation that relates resistance to mass transfer in the mobile phase to linear velocity [3] 


iv) In GC, what is meant by resistance to mass transfer in the stationary phase? [3] 


(iv) State the equation that relates resistance to mass flow in the stationary phase to linear velocity [3] 

Question 6 [251 

a) 	 Of the many applications ofUV-visible spectroscopy, the determination of mixtures is of considerable interest. Use 
equations to explain how is this achieved [4] 

b) 	 The Nernst Glower is a useful source ofradiation in infrared spectroscopy. 

i) Describe the Nernst Glower as used in 1R spectroscopy. [1] 


ii) Which ofthe molecules oxygen and hydrogen chloride is 1R active and why? [2] 


iii) Why is it not possible to carry out quantitative analyses on dispersive IR? [2] 


c) Nebulization is a very wasteful approach to atomization. 

i) What does the term "nebulization" mean? [1] 


ii) Use diagrams to explain how nebulization is carried out in atomic spectroscopy. [3] 


iii) Use your answer in (a) ii above to explain why nebulization is considered inefficient. [2] 


d) Bandbroadening is important for peak resolution in HPLC. 

i) Use a drawing to explain the importance oflinear velocity on HETP [3] 


ii) On this drawing, indicate the optimum linear velocity [2] 


iii) Use diagrams to explain the phenomenon of "race track effect", how it affects bandbroadening, and how it is 

eliminated. [5] 
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19. t TABLE14. DATA REJECTION-Q TABLE11. ACID.BASE INDICATORS AT 25°C. 
D.F. t50 -~o' ~G . tg9­nIndicator pH range . pKin Acid Base n Quo n ·Q!)O Quo, 1 1.0 6.3 13 64

3 0.94 6 0.56 9 0.44hymol blue 1.2 - 2.8 1.6 red yellow 
2 0.82 2.9, 4.3 9.9 . 104 0.76.. 7 0.41[ethyl yellow 2.9 - 4.0 3.3 red yellow .' 3 0.76 2.35 3.2 5.8~:~~}~.:,[ethyl orange 3.1- 4.4 4.2 red yellow 5 0.64 8 4 0.74 2.13 2.8 4.6

.romocresol green 3.8 - 5.4 4.7 yellow blue 5 0.73 2.02 2.57 4.015. Bond EnthalpiesIethyl red 4.2 - 6.2 5.0 red yellow 6 0.72 1.94 2.45 3.7kl mo1-1 at Z5°C (I.e. Bond Energies)
:hlorophenol red 4.8 -6.4 6.0 yellow red 7 0.71 1.90 2.36 3.5Single 0 N C S F Cl
:romothymol blue 6.0 -7.6 7.1 yellow' '''-blue H 463 391 413 368 563 432 8 0.71 1.86 2.31 3.36 
'henol red 6.4 - 8.0 7.4 yellow. red 9 0.70 1.83 2.26 3.25C 358 305 346 272 489 328 
:resol purple 7.4 - 9.0 8.3 yellow purple 10 0.70 1.81. 2.23 3.17N 222. 163 I MISC. I 275 192
'hymol blue 8.0 -9.6 8.9 yellow blue. 20 0.69 1.72 2.09' 2.84S-S 251 H-H 436 C=C. 615 .reef:- . 30 0.68 1.70 2.04 .. 2.75'henolphthalein 8.0:- 9.8 9.7 colorless ~F 327 . N==N 946 CEIIi!C 812
'hymolphthalein 9.3 -10.5 9.9 colorless blue co 0.67 1.64 1.96 2.58~1271 N=9607 C=O 749 

16. BEATS OF FORMATION''12. ELECTRODE . POTENTIALS, 8° 20. CONC. ACIDS A.NI).BASES a BO In kl mol-1 at Z5°C 
fa+ + e ~ Na 7"" f!.. A - 2.713 All Ions In ~O solution except as noted Molar­
ig++ + 2e :t::; Mg - 2.37 All Elements = 0 M.W. Density Wt. % ity 
u+" + 3e :t::; Al -1.66 HII 218 H+ 0.0 -242 Acetic 60.05 1.05 99.5 17.4H20 11 
:n++ + 2e ~ Zn - 0.763 011 249 Na+' -240 H20l -286 H:,!SO.. 98.07 1.83 94 17.6 
'e++ + 2e:t::; Fe - 0.44 . 717 A<r+ 106 COli -111 HF 20.01 1.14 45 25.7CII eo HCI 36.46 1.19 38 12.4 
:d++ + 2e :t::; Cd - 0.403 Nil 473 NH4+ -133 C0211 -394 . HBr 80.91 1.52 48 9.0 
~r+~+ + e ±:::i Cr++ - 0.38 FII 79 OH- -230 NH.1II1 --46 HNO ' 63.01 1.41 69 15.4 
~l+ + e ~Tl - 0.336 C111 122 F- -333 . NOli 90 HClOs 100 46 167 70' 11 6 
,.++ + e"'-" V" - - 0.255 Brll 112 .. C1- -167 N02" 33 ".. .1I.- HsPO.. 98.00 1.69 85 14.7 
in++ + 2e :t::; Sn - 0.14 III 107 Br -122 N20 U 9 NaOH 40.00 1.53 50 19.1 
'b++ + 2e :t::;Pb - 0.126 'SII 279 .1- -55 .S0211 -297 NHa. 17.03 0.90 28 14.8 
:H+ ± 2e a H2 .. 0.000 -; Ya" ~~-·130l,57":'."~b4-=.":'''::'.930-93 .-~02~1I11.~'~.9~." _.... .)496= + 2e :t::;2Sz0 = .0.09 ll . . '--2i. DENSI'.i'IES (g em-a)a
r~0~++2H++e:!::+Ti++++H20 0.10 KII 88·.COa=~77·NaF• ..:..:.s74 Wa~rat -.: Air (70 cm) 0.0011
i;.+ 2H+ -:l- 2e:t::; H2S 0.14 :' Na+1I . 609 ~HF#' ~271.~ NaC1;~11 O.~C 0.9168 Glass 2.7 
)uf-l + 2e:t::; Sn.... 0.14' . K+II 514 . HCllI - -92 KF•. : ...::...s67 10° 0.9997 Na2COa 2.5 
::::6":" + e:t::; Cu+ . 0.17 F-1I -255 HBrg -'-36 KCL.--437 20? 0.9982 NaCI 2.2 
)O'~=+ 4H+ + 2e:t::; H 2 0 + HzSOs-----t) ...1-'1- :....cl'7g-~233~_·_26-AgC1•.-127. -:220.. :"'0.9978 BaSO" 4.5 
Ii,.gCI + e:t::; CI- + Ag . 0.222 CH411 -75 . HCNII ' 135 AgBr.-100 24° '0.9973 AgCl 5.6 
::;aturated calomel _.. ;/I (0.244) C2H~~. 227 . PHaP -..C 5 PC1all-287 26.? 0.9968 Aluminum . 2.7 
3:g'~C12'+' 2e'±::; 2Cl- + 2Hg:'1./ 0.268 C 2H4I1 52 CS~l 49 PC1511 -375 28° 0.9963 'lI'9n 7.9 
3i+;~ +'3e'±::; Bi . . '., 0.293 .. C2HsII +-a5 CHaOHi -238-_ 30° 0.9956 Brass 8.4 
UO~ ++ +'4H<+ 2e :t::; U+" + 2HzO 0.33 . CaHslI . ..:.-105 C2H50Hg -235 90°.0.9653 Mercury 13.6 
VO;+ + 2H+ + e:::;' V+++ + H ... O 0.34 nC4H1011 -127 C2H 50Hl-278 100..° 0.0006 Platinum .21.4 
Cu++ +2e:t::; Cu' - 0.34 nCSH 1S11 :......209· COC1211 · -219 .-

1Fe(CN)is-S + e:!::+Fe(CN)s-" . 0.355 CC141 ~135' CHaC111 .·..:-81 22. MOBILlTIES(m:ZV-1s- X 10' 
C ++ -C ' . 052 'Li+~ .39." HsO+ 350· ·1.Ba++ 6
I3~+2:~~I~' '. 0:545' ';'" 17~.t!:~l~?:;;CSo~ ...,' "Na+ 50 ~+ 73 lLa+a 7 
H3AsO,,+?H++2e~H~AsOa+H20 0.56 H 131 P -io,.164'· '292 K+ 74 Ag+62 1S04= 8

4 
SFS912 + 2e~·21- 0.621 N~;'192 HFII 174 NO., .211 _Clr· 76 OH- 198 iP04-s 8 

2HgC12 +2e ~Hg2 Clz t 2Cl-· J 0.63 02g 205' HC111 187 240 Br 78 1- 77 NOa- 7N0211 
O2 .+ 2H+ + 2e;:::t HzOz ·._· __ 0~69_ ~J..2.IL-223H2-Q" 189N20~ft 304 23....w.ilTER VP (t' )n __ 

Qumone+ 2H+ + 2e ~ H:ydroquj.none 0.70 . F211 203 COli 198- NHslI 192.' . -" .. -;~ . 
Fe+++ + e ~ Fe++, , 0.771 Cgra '5.7 C02~ 214 PC1811' 312 ooC' 4.6 300 23I 
Hg2 ++ + 2e ~ 2Hg 0.792 Sar 254 SOill 248PC1511 .365. 15° 12.8 31 
Ag+ + e:t::; :Ag . . " 0.799 . CH ""186 'SOs:,. 256 BFs; '254 20° 17.5 . 50° 92

4I1
Hg++ + 2e:::; Hg .. 0.851 G2H611 229 CHaOHl 127 24. MISCELLANEOUS 
2Hg++ + 2e :t::; ~g2 ++ 0.907 CaHslI 270 C2H5 0lIg 283 
NOa- + 3H+ + 2e:t::; HN02 + H 20 0.94 C2H'211 201 C2H 5 0Hl 161 Std. deY. = '1/ 1 (X. - X)2/(n -1) 

Coni. limits = X ± tsl VIiHNOz + H+ + e:t::;NO + H2 0 0.98 C2~1I 219 (CHahOIl' 266 E=E"'-:(O.05921n)log([Redj/[Ox])
V02 + + '2H+ + u=. VO... + H 2 0 0.999 CeHeIl -269 CHaCOOlIg 282 . log 1./1, =- abc .... A = log liT 
Br? + 2e :t::; 2~r 1.08 log fir -log~ - O.301m 
210a- + 12H+ + 10e:-. 6HzO + 12 1.19 18. /::;. GO FORMATION x (b ± 2 - 4ac)j2a 

nA = 2dsin9cO 2 + 4H+ + 4e:!::+ 2H:,!0 1.229 kJ mol-1 at 25°C 
2.303 10glO a = log. aMnO., + m+ + 2e :t::; Mn++ + 2H ... 0 1.23 Hg 203 HFg· -273 H20 g -229 h =6.626 X 10"'at J s

Cr207= + 14H+ + 6e:t::; 7H ... 0 +-2Cr+++ 1.33 FII 62 -95 H20 l -237HC111 e = 1.602 X 10"'111 C 

Cl., +2e:t::; 2Cl-' - 1.358 C1g 106 HBI). -54 S02g -300 N ... = 6.022 X Ion mol-1 


2BrOa- + 12H+ + 10e:-. SHzO + Br2 1.50 Og. 232 HIli. 1.7 SOall -371 F::;;:;..9..~ 

g = 9.807 m 1'2MnO,,- + 8H++ 5e:t::; 4H.,0 + Mn++ 1.51 NO, 87 NHslI -:-16 PC1811 -268 
e = 2.998 X 108 m 5- 1

Ce+" + e :t::; Ce+3 - 1.61 N02.V 51 CO~-137 PC1511 -305 1amu = 1.661 X 10"'2'1 kg
N2 0 4l1 98 CO211 -394 CH4I1 -51 1.987 ea1s mol' l13. MEAN ACTIVITY COEFFICIENTS 'R = K-1 
C2 H4I1 68 C2H 2, 209 C2Hell' -33 = 0.08206 litre atm mol' 1 K-l

; M KCl Na:!SO" ZnSO"" CeRe1 125 CHsOHl . -162 = 8.3.1Umot.~_K:}
0.001 0.965 0.89 0.70 = 8.314 kPa dm3 mol-1 K-lCCl4"l. -95 C 2H50Hl -1750.01 0.901 . 0.72 0.39 o °C =273.15 KBFSII '. -1120 CHC1s11 -700.1 0.769 0.45 0.15 1 eV =1.602 X 10"'111 J

SFell' -1105 CHsCOOH" -374 1 cal = U840J1.0 0.606 0.20 0.045 ~Clg -203 (CH3hO~. -113 760{;:orr =101.3 kPa 
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4. NET STABILITY 2' 

13 14 15 16 17 CONSTANTS·He Ag(CNh- 5 X 1020 
. Ag(NHsh+ L6 >4010 7 

3A 4A SA' 6A 7A ..00260 

5 6 7 1 9 10 
Ag(S20sh-8 4.7 X 1013B C N 0 F Ne Al(OH)4-	 1.0 X lOSS 

H· 
1.0079. 

30 31 32 33 34 35 

ZnGaGe As Se Br 
6:1.U1 6UI 6~.72 72.59 '70211. ,.... 79.904 

41 42 43 44 45' 46 47 41 

Nb ·Te Ru Rh ·Pd Ag Cd.s..... 11.61 ...tOSf ".22 92.90'" 95." .,1, •. 101.07 IntO!! 101 •• 2 101."" IIUI 

10.'1 12.011 14.0061 IS."" 11.""0 :10.17. 

16 . Ca(EDTA)= 1.0 X lOll 
Cd(CN),= 	 8.3 X 1017 

13 14 15 17 11 
'AI Si· .p 5 CI Ar 

24.911501 21M" 30.9737 U.116 3,.." 3','0' Cd(NHs)4+.+ 5.5 X 106 
36 Co (NHs)e+8 2 X 10811 
Kr: Cr(OH)4- . 4 X 1028 
U.I" I Cu(CN),-8 1 X 102s 

49 50 51' 52 53 54 Cu(NHs),++ 	 1.2 X 1011
In Sn Sb Te I Xe Fe(CN)6-S . 4.0 X IOU "'.n .11"" 121.75 127.." 126.90., 131.2' Fe(CNh-4 	 2.5 X 1085 

.55 56 57 7'2 '73 74 75 76 i77 71 19 10 11 12. 13 M..15 16 Fe(SCN)++ . 	 1.0 X 103' . Cs lSa La Hf Ta W Re Os :lr Pt Au Hg TI Pb BI Po At Ri'i HgC1,= 	 1.3 X lOllS
1ll-9O" 1l7.11 UI.9QS5 111." 110."" In.'' ...:=7 190.2 192.22 195.01 IfU"! .300.5' ~0'.313 201.2 2O'.,io. 12091 !It'G! I2UJ 

Hg(CN),= 	 8:3 X iOS8r1 B8 " 104 105 106 107 106 109 	 . .' .··' 	 A value In brackets denotes the mass number 0' Hg(SCN)4:= 	5.0 X 1020 ~F R Arae Unq ·Unp Unh Una Uno Une the lorigest lived or best known' Isotope. HgI4= . 6.3 X 1029,' 
Mg(EDTA) = 1.3 X 10D 

. Ni(NHs),~.7 )(107 _ 

lUll UI.02" 217.0111 (281). (H2) (iIII3) _ (H6) (H6) . . 

__*lanlhanlde 
series Pb(OH)s"" 	 7.9 X 1018 

Zn(CN),= .. 	 4.2 X 1016 
6. Actinide Zn(NHs),++ 	.7.8 X 108 

series Zn(OH),= 	 6.3 X 1014 

5.Ce 
140.12 

62 63 64 65 66 67 61 69 

Sm Eu Gd Tb Dy Ho Er Tm Y 
150.36 151.K 157.25 111.925< 1'2.50 11.4.9304 167.26 11.1.9302 173.G4 

2. IONIZATION CONSTANTS '(KA ) FOR wEAK ACIDS'· 5. FIRST. IONIZATION. ENERGIES,. e.v: : 

----------------~----__t K+ 133 BH 20 Te-2 221 Li 1030 840 781 718 
3. SOLUBIUTY P8pDUCT CONSTANTS Rb+ 148 Al+3 50 F- 136 Na 914 770 728 681 

'AgBr 	 4 X 10-13 BaCZ0 4 2 X 10-s KCIO, 2 X 10-2 BeH 31 N+3 171 CI- 181 K 812 701 671 632 
AgzC03 6 X 10-12 BaS04 1 X 10-10 MgCOs . 1 X 10-5 MgH 65 p+3 212 Br-' 195 Rb 780 682' 654 617 
AgCI 1 X 10-10 CaCOa ~ X 10-9 MgC20, 9 X 10-5 Ca+2 99 0-2 140 1- . 216 Cs 744 G30 613 585 
Ag2Cr04 2 X 10-12 CaFz 4 X 10-11 MgNH4PO" 2 X 10-13 

Ag[Ag(CN)Z14 X 10-12 CaCzO" 2 X 10-9 Hh 1 X 10-11 10. HALF LIVES 
AgI 1 X 10-16 CdS 1 X 10-28 1 X 10-U HS 12.3 years K'o 1.28 X 10Dy 1181 .8.1 days 
AgaPO, 1 X 10-19. Cu(OHh 2 X 10-20 PbCr04 2 X 10-14 'F20 11.4 sees Ca'5 165 days CS187 30 years 
AgzS lx 10-50 CuS 1 X lo-sePbS 1 X 10-28 CH 5730 years Fe59 45 days AU19S 2.69 days 
AgCNS 1 X 10-12 Fe(OH)a 1 X 10-36 PbS04.·· 2 X 10-8 Na24 15.0 hours C0 60 5.26 y Ra226 1620 yrs. 
Al (OHla 2 X 10-82 Hg2Br2 . 3 X 10-23 SrCrO, 4 X 10-5 . p32 14.3 days' Br 82 35.5 hours U285 7.1 X'108y 
BaCOs 5 X 10-9 Hg C12 6 X 10-19 Zn(OHh 3.6 X io-a ' S35 88 days SrI:! 0 28 years U288 4.S1X10 9yzBaCrO, 	 1 X 10-to H SIx 10-52 Zns 1 X 10-24 CP6 3.1 X 105y IUD 1.7 X 107y Pu2SO 24,400 y 

@ Copyright 1986, W. E. H~is &: S. G. Davis ., University of Alberta, Edmonton 	 Printed in Canada 

,. ,...--. ---.'~--'-~:"---~ 

," ... 
. .~ 

Acetic 1.9 X 10-", . 
2-Amino­

pyridinium Ion 2 . X' 10-7 
Ammonium Ion 5.6 X 10-10 . 

Anilinium. Ion 2.3 X 10-5 

Arsenic Kl 5.6 X 10-3 

Benzoic 6.7 X 10-5 . 
Boric Kl 5 X .1Q-I0 

---carbonic- ...-K1 4.3 X 10-1 

. K.; 5.6 X 10-11 

Chloroacetic . • 1.5 X 10-3 

Chromic .K.,3.2 X .10-1 ... 
Citric' 	 K; 8.7 X 10-" 

K;! 1.8 X 10-5 . 
K~ 4 X'lO- II " 

Dichloroacetic 5 X '10-2 

EDTA Kl 7 X 10:3 

K:l 2X 10"3 
Ka 7 X 10-1 

K .. 6 X 10-1~. 
Formic 2 X 10-4 

.a-D(+)-Glucose 5.2 X 10-13 

Glycinium Ion Kl 4.6 X 10-a 
K:I 2.5 X 10-111 

Hydrazinium Ion 5.9 X 10-0 

Hydrocyanic 7 X 10-111 

Hydrofluoric 7 X 10-:' 
Hydroxyl­

ammonium Ion 9.1 X 10-7 

Hypochlorous. 3.7 X 10-8 

H~S Kl 9 X 10-8 

X 10-111K2.1 
Imidazolium Ion 1.1 X 10-.7 
Lactic . 1.4 X 10-4 

Methylammonium' .. ;,' 
Ion . 2.7 X 10-11 


Monoethanol. 

ammonium Ion. 3X 10-io 


.... ."Nicotinium' Ion . 9.6 X 10-" 
Oxalic Kl 6X 10-2 ' 

K:! 6 X 10-.5 

Phenol . 1.3 X 10-111 

. Phthalic'· K:J 4 X 10-6 . 
Phosphoric Kl 7.5 X 10-3 

K:t 6.2 X 10-8 ' 

KII 4.7 X 10-13 


Phosphorous 	 Kl . 1.0 X 10-2 


. K:I .2.6 X 10-7 
 7. ATOMIC RAnll picometers
Pyridinium Ion 1 X 10-" [illSuccinic 	 Kl .7 X 10-5 

K~ 2.5 X 10-6 


Sulfuric K:J 1.2 X 10-2 


Sulfurous Kl 2 X 1()-'2 

K:! 6 X 10-8 . 


Trimethyl­
ammonium Ion 1.6 X 10-10 


8. IONIC RADD pm 9. LATl'ICE ENERGIES Uric . . 1.3 X 10-4 
Li+ 60 Sr+2 113 S-2 184 (All negative) kJ/mol

Water, K ... , 24°C 1.0 X 10-H Na+ 95 Ba+2 135 Se-2 198 F CI Br 1 

lA1A ~.' . ..,l.. 

5.4 9.3 

'iU 10 6.1 %4 I 

14 
12 ., 

11 

.6. ELECTRONEGATIVim:s, 'Pa~g 

1" 2A 

1.01.5 

0.9 1.2 u 

0.1 1.0 U 

0.7 0.9 1.1 

~ ~'3A' .,,, SA .,; 7A 

2.0 2.5 :JJ) 3.5 4.0 


