DEPARTMENT OF CHEMISTRY
UNIVERSITY OF SWAZILAND

C204 INTRODUCTION TO ANALYTICAL CHEMISTRY

MAY 2011 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 CHIEF INVIGILATOR.



Question 1[25]

(a)

(b)

(c)

A new microwave method for the analysis of carbon dioxide is being evaluated by comparing the resuits
obtained using it with that of the standard method. The resuits of the concentrations of the gas (in pL/ m?),
by the two methods are as shown in the table below:

Standard Method Microwave Method
216 215
242 223
216 215
235 213
231 257
243 246
(i) Calculate the pooled standard deviation from the two data sets (2)
(ii) Employ the paired t-test to determine whether there is a significant difference between the two
methods at the 95% confidence Level. (3)
(iii) Comment on the precision of the microwave method relative to the standard one at 95%
confidence level. (2)
For random errors:
(i) Draw the Gaussian curve (2)
(ii) Indicate clearly the position of 1o (2)
(iii) Indicate clearly the position of u (1)
(iv) Write down the equation that describes the curve, and explain all terms appearing in it (3)
Of the standardization data set for NaOH solution:
0.5365M 0.5295M 0.5466M 0.5344M 0.5545M 0.5366M
(i) Calculate the coefficient of variation (2)
(i) Would the data point 0.5545 be considered an outliar at the 90% confidence level? (3)
(iii) If the standardized solution in (v) above yielded the following results for alkalinity of waste water in

4 subsamples as follows:
53.55 mg/mL 54.21 mg/mL 49.65 mg/mL 50.22 mg/mL

Calculate the error due to the subsampling the waste water in mg/mL (5)



Question 2 [25]

(a) For ethanol, CH3CH,0OH, as a non-agueous solvent, write down the:
(i) Autoprotolysis equation. (1)
(ii) Expression for the equilibrium constant for autoprotolysis. (1)
(iii) Calculate the pH of a “neutral” solution, given that the autoprotolysis constant is 5 x 107, (2)

(b) (i) Calculate the pH of a 400-mL buffer solution containing 0.200M NH; and 0.300M NH,CI (2)
(i) Calculate the change in pH of the buffer system in b(i) above upon addition of 100mL of 0.05M HCI (4)

(c)  (i)A 0.1000M solution of HCl is used to titrate 25.00 mi of 0.0100M Ba(OH),. Calculate the pH at the following
volumes of HCl added during that titration (5)

2.00ml, at equivalence point, 5.00ml, 5.01ml, 10.00ml

(ii) Plot the titration curve. (2)

(iii) Use the Henderson Equation to suggest a suitable indicator for the titration. (3)

(iv)Sketch the plot expected if 0.1000M HCIl above is replaced with 0.1000M CH;COOH, and state the
difference between these two curves. (2)

(v) State the difference between “end point” and “equivalence” point in acid-base titrations (3)

Question 3 [25]

(a) In the technigue of gravimetric analysis,
(i)State the Von Weimarn Ratio, and define all the terms in it. (3)
(ii)lUsing the Von Weimarn Ratio as reference, discuss the effects of relative supersaturation of a solution on
the size of the crystalline precipitate formed in the solution concerned. (2)
(iii)What are the three ideal characteristics of a good analytical precipitate? (3)
(b) (i) Define “titration error” in precipitation titrations (2)
(ii) In precipitation titrations, AgNO3, though not a primary standard, is universally used. What is

meant by a “primary standard” (2)

(c) (i)Consider the titration of 50 ml of 0.0100M KBr with 0.025M AgNO; , and calculate the pAg at the
following volumes of AgNO; added: (5)

5mi, 19ml, 19.9ml, 20m], 35ml

(ii)Draw the titration curve for (i) above. (2)
(iii)On one graph, sketch three curves that you would expect to get for the system in (i) above for the
following KBr concentrations:

0.005M, 0.01M, 0.015M
clearly label each one. (3)
(iv) On one graph, sketch three curves that you would expect to get for the system in (i) above for the
following salts:

0.01M KBr, 0.01M KCI, 0.01M Kl
Clearly label each one. (3)



Question 4 [25]

(a) In complexometric titrations,
(i) What does the acronym “EDTA” stand for, and draw its chemical structure (2)
(ii) Explain what is meant by the “Chelate Effect” (3)
(iii) Explain what is meant by an “Indirect Titration” (3)
(iv) Explain what is meant by a “Back Titration” (3)

(v) Draw the chemical structure of the indicator calmagite, and explain how it works in the
titration of Mg®* ions with EDTA (4)

(b) Calculate pFe given that log Kf for the (EDTA) is 25.1 for a solution of 0.10M Fe (EDTA) in pH=8 (3)

(c) Suppose a 25.00ml solution of 0.02026M Co* is titrated with 0.03855M EDTA at pH = 6.00.
Calculate the pCo at the following volumes of EDTA added:

0.10mi 12.00ml equivalence point volume 14.00ml
and plot the titration curve. (5)

(d) Expiain the role of an auxiliary complexing reagent in EDTA titrations. (2)

Question 5[25]
(a) (i) Use a chemical equation to state the difference between an oxidizing agent and a reducing
agent.(2)
(i) Suppose that electrons are forced into a Pt wire immersed in a solution containing Sn*,

which undergoes a two-electron change to Sn** at a constant rate of 4.24 mmol/hr. How
much current in mA, flows into the solution? (5)

(b) An acid solution of Na,Cr,0; is mixed with a solution of KBr. A redox reaction occurs, resulting in
Br, and Cr**. Write a balanced equation for the redox reaction. (3)

(c) For the redox system Fe* + ¢ ¢::>Fe2+, in which 0.58g of Fe**? Is starting material,
(i) How much charge should be applied to completely reduce the Fe**? (3)

(ii) If the process in (i) above were to take place in 10 minutes, how much constant current
should be applied (F=9.648 x 10*C)? (2)

(d) The standard hydrogen electrode (SHE) is the electrode against which all electrode potentials are
referenced.

(i) Draw the SHE and label all its components. (3)

(ii) Write down the half cell reaction taking place in the SHE, and state the electrode
potential.(2)



(e)

(iii) State the function of a salt bridge and explain how it works. (1)

Suppose a 10ml solution of 0.05M Fe?" is titrated with 0.100 M Ce* in 1M HCIO, and the potential
measured relative to the saturated calomel electrode { SCE, E = 0.241V). Calculate the measured
potential at the following values of 0.100 M Ce** added:

2.50ml 4.99ml 5.0ml 7.00ml

And plot the titration curve. (4)

uestion 6[25

(a)

(b)
(c)

(d)

(e)

Ammonia, NHs, is allowed to distribute between water at pH=5 and carbon tetrachloride, CCl,.
(i) Write down the equilibrium equation in the aqueous phase (1)

(i) Write down the distribution ratio expression for this solvent extraction system. (2)

(iii) Write down the distribution coefficient expression for this solvent extraction system(2)
Describe four desirable properties of an ideal choice of solvent in liquid-liquid extraction(4)

Extractions are enhanced through the use of chelation. Write down the chemical structures of the
following chelating agents

(i) Oxime (2)

(ii) Dithizone (2)

In the determination of trace nickel by liquid-liquid extraction, several reagents are added prior to
the extraction step.

(i) Name and write chemical structure of the compound used to form the nickel complex that
extracts into chloroform (3)

(ii) Explain the role of hydroxylamine hydrochloride in the analysis (2)
(iii) Explain the role of pH 6.5 acetate buffer in this analysis {2)

The distribution ratio of iodine gas (at. Wt. = 126.9045) between water and carbon tetrachloride is
85. A 50-mL solution containing 0.35 grams of iodine and 75 ppm of Cd is mixed with 25 mL of
carbon tetrachloride in order to remove the iodine into the organic phase. Calculate the number of
times that the extraction needs to be performed in order to get 99.999% of the iodine into the
organic phase. (5)



1 2 I:I * OF THE BLENMENTS _18:
1A 2A i s . NET STABH..IT‘
: 14 15 16 17 fLd
i’. 4 100708 BA S5A SA A ﬁ.ﬁ: Ag(CCb%NSTANTS
6»2', ? AEABNEA N r Ag(NHs?z* l.g::}_n
i 12 ‘S! |§7 \2" F ‘Ne Ag(5203)2_3 47 X lg
}N ol 35 4 5 s % = rs990cok 20170 Al(OH)," 1.0 X 1¢
22.98977) 20305 3B 4B 5B &B s' P s é’t Ca (EDTA): 10x 10
AEAREIE abouss i oo | s Ca(CN),= B3x10
CaiSc|Ti|V Crl 37§33 | 34 | 35 d(NHg),* 55X 10
30,0083 | ev.0s | <9559 | 47.88 | sdears | 51908 54 Br CO(NH3) ¢ ZX10
R;?b 3'8 EH 4o 41 42 7259 F 749216 7898 | 79.90¢ Cr (OH)i- 4 x1{
Sri Y |ZriNb 50 | si 52|53 Cu(CN),~* 1x1IC
'—"“" s7.62 1 susosw) vz n_nugsm o) sn 5b Te l Cu(NH3)4H 1.2 X 1¢
cs k ; rr— ll;;v 1:2;5 127.80. br2s.004s ge(CN)S-S 40x% 14
\ruo‘ss [FLs) 138 3055 749 Jransers] ssxas Ph Bi ;Q A',s']‘ F:ggg&gt %5 X1
Fl‘ RB; B9 4104 1 105 | 106 { 107 | 108 | 109 2072 _je0e.ad04 aon ) e HgCl,= 11(’):)):'.]{2
s ’27-057' Lglg "ﬂ" Unh | Uns | Uno | Une ;:Tue n bmcke‘s de"'o‘es the mags number of, Hg(CN),= 83X it
= s | s | oo ongest lived or best known isotope. .Hg(SCN),= 5.0 x I
Y Lanthanide Cs' ~d & = TaTs Hel,= 6.3 X I(
wee | C€|PF Nd PmSm Eu Gd Th |DYH il Fl BT Mg (EDTA)= 1.3 X I(
- 12 §rapo077) 1ea3e | 1145) 15196 | 15735 (isa9354 o Er Tm Yb Lu NE(N-Ha)4H 47 X U
A Actinige |20 [ 1[92 | @3 e anranal Pb(OH)y~ 79X
series zTh Pal U NP PWC Bk cﬂf 99 01 | 102 | 103 Zn(CN),= 42x1(
32,0387 §231.02591238,0089}237.0482§ Reyy | ey RGT[ e ."m' E:?, Fm Vi o Lr .Zn(NHa){-H» 78 % 1(
Aot IONIZATION CONSTANTS (K,) FOR WEAK ACIDS m(ms’ = o= 83X
2 Amino- 19 x 1 gyp°°hl°’°“=' 37 X 10-8 5. FIRST IONIZATION ENERGIES, ev
B P ...S y .
Pmd@m Ion 2 X 10-7 . g: i § %g::s ;: :; 3A_4A_SA 6A
Amm "Inul;fml Ion gg % 10-10 ILt‘mdazohum Ion 11 X 10-7 178 B3 l1544 ::
luuhn on 3 X 10-5 actic cied 35 4% S8 Oh 7B . __ BB~
Ben e K, 5.6 X 10-3 Methylairnmonium 14 x 10 i ol i Lok 68|74|79 7.: 76 ;.7 ::4 ::: R e
an_zou: 6.7 X 10-5 Ion 27 % 0.1 [R2|azsalnolés s M Py P gy bt AL R
ca:lc . Kl 5 X 10-10 MOHOEthanol- ] 39[s2|20|as ‘ u = s 78 9.0 581 73]|846]{90] 0
bonie gl ;_3 X 107 Nammomum Ion 3 X 10-10 p Ci‘R 87|ea|eo 22 0]a1] 4] &

) s 5.6 X 10-11 jcotinium I ] . ONEGA -
e DESER | SEE B TGS
Chromie K. 32 x 107 K6 X 105 | [io]es [2] n

ttrie K, 87 X 10~ Phenol 13 X 10-10 10|13 e ::) o 7
K, 18 X 10-5 Phthalic K. 4 X 10-¢ 012033 s i @ _m - 3.3 :4,?
Dichi Ky 4 X 108 Phosphoric K; 7.5 X 10-3 °"'-°.“Uléuuuu\,_,,. v s 15118232530
EDTXroacetm - g ))2 ig: ] K. 6.2 X 10-8 osil sl e wlaalazing t: te 12| 18202428
. . . 7{vzjwe|wefaa iz
K-: 2 X 163 Phosphorous K;: ﬁll ;<< }.g-;s 87]09]1113|18{17}19]22/22]2.3]24] 19|18 18 :_: : ::]’
Ks 7 X 107 . 2 26 X 107 : '
Formi K, 8 x 102 Pyridinium Jon 1 X 10- 7. ATOMIC RADH picometers
S 13 2 X 10+ Succinice K, 7T X 105 | A= )
G-l {+)-Glucose 52 X 10-13 ) K. 25 X 106 155112} 3A 4A S5A 6A TA|
yeinium Ion %1 ég % 10-3 glﬂfunc K12 % 102 | [mo[=olse s sa on 78 o~ s 25 s8f91]s2]T3] 7
F s X 10-10 ; us K, 2 X 10°2 | [s]w7)ez)is == 143|132{128/127| 90
S prin i BEBY | ey 50 X5 e o ]
o - 186{162[1 = -
gygrroﬂuoric 7 X 10 ammonium Ton . 16 X 1010 [z67{222}187|167| 148} 141}137 135|136] 130] 146] 157] 171 11: ::: ::: =
s 4 OXYI‘- Uric 1.3 X 10« 8. IONIC RADII pm 5. —
ammonium Jon 8.1 X 10-7 Water, Ko, 24°C 1.0 X 10-14 Li* 60 Sr*® 113 8 184 | { A}T-iATI‘ICE ENERGIE
rom Na* 05 Ba*® 13 —2 Degatlve) kd/o
AgBr 3. SOLUBILITY PRODUCT CONSTANTS K* 133 B 28 %—2 %gg Li 1F S oo
Aghr 4 x 10-13]BaCs0, 2 x 10-% |ECIO 5 % 10-2 Rb* 148 Al** 50 F- 136 | Ns 030 840 781 T
Agél s 6 x 10-12 | BaSO, 1 X 16-10{ MgC 6 : Xlg—ﬁ Be*? 31 N*® 171 CI- 15T K& 914 T70 728 ¢
ALeo,  3xitus|car,”  4x10 MeCLO, X105 | Bor 9 0t 1 I el 780 683 634 ¢
x 10-1 T a -
AtAg(Cr0 4 x 102 G0, 2x100. Mg@ﬁf"’*ii:iﬁ‘ii | 1:?; D010 T4 o 813 1
161CdS 1 LI Bt . HALF LIVES
Al x 10-28{ MaS: - .
ABEO.  1x1020|Cu(Om), 2x 1020\ PHErOL LxlvusiEa L3veas Kol xvly DS 8l
A x 10-36| PbS. . a 5 d y :
Alg%\lils 1x1012|Fe(OH)s 1 X 10-2¢| PBSO LRI st 1n0 ponrs Feso 45 days’ 108 280 0
AIOH);  2x1042\HgBr, 3 x 1028 PhSOs - 2X100 | NaM 1sQhours Col 3207 A vt S da
BaCrO 2 § 109 |Hg,Cl, 6 x 10-19| Zn(OH), 361016} S8 103 days Bre 355 houre U335 7110
'y 10- HgS 1 % 10-52} ZnS 1 24 36 88 days Sr®0 28 years U238 451 0
© Copyright 1985, W. _1x10-24} CI3S 31X 105 I128 L7 X 107 o
: u
pyTig § 2} Hams&s G. Davis University of Alberta, Edmonton _ , y Pu230 24400
— ' Py ot Printed in Canada
Eleckrode Potentveds ( E .-
- & , 2t - ) SIS
L ve” = AN €= o-cooN Pt @ Cu)F =703
E - -0 246N

Ca

r e e CA. (5)

Bal +€”

=A@ €% - -0 - 023N



0l

¢ N

Y

¢ SUONITAINGO Jo IagIUnN

L S F
10 0 Lo £, 950 U uL'n ro’ (auapuo 6 O
PIRP Jo uoh1dafdi 10) ) JO sanjep sausuis ty
t-v olqel vs
: L)
9Ls'C 096t NN el LU ’
SER'C 980°C A st L89°0 i
Lroc Iere Ll 1red 1690 3
(UL RCTC iyl TLed (LAY 0i
0sT'e WTT eyl ALl toL'o 6
SeyY 90T O9R'} Loyt PVAY b
008t $9ET coN’l - SIvi [RYAV L
LoLt Lty trol gl RILO Y
(21034 1LE°C €10c ar'r o oLelo ¢
AR 4 9LLT e tesl 1700 4
186 (2103 teE'e 8t9°l. $ULO t
€766 tot'y 0c6'T 988’18, 9i%°0 < ;
L£9(9 90L°TI PIC9 " BLOT 0001 | ‘
66 43 06 0% 0 Wopadyy Jo saasiag)
(") 3R] dauapiiue ) '
1S 1uapnmig Jo sanju
Ty 9jqel
et
00°1 o1t 17T Le'e 09T 00°€ o
L9:£ 8Z:7 6€°b (397 9Lt v 9
oty 56V So's 61'S Iv's 6L'S §
€9 919 979 669 659 b9 v
£s'8 v6'8 106 [1%:] 8T°6 §5°6 £
Os'6l  €€'61  0€'6! Tl  9I'6l 006l T
x .’ a 4 € <
fa o %

TIATT IONAAIINOD %S6
HHL 1V 4 40 SINIVA §-9T 21qelL



LANLARS=AIiALTIAL ALVNASANCAL D A s awps N
- —
Ams Mremmcn v
_———— S

| o

ineicatgr pH range pKin  Acid Base - _
Thymol klue 12-28 16 n Qoo n Qg9 n Q DF. t ty; .
Methyl yellow . 29—40 33 red Yllow | 3 oo 803 9 off | 188 ed el
Meth1 orange S1_14 45 el vellow | 4 0.76 7 051 10 041 2 082 29 43 9.
Methy] red 4‘2 — 6 2 ue 15 . 4 0.74 2.11} 28 4
\ —62 5.0 red yellow . Bond. Enthalpies
hlorophenol red - - - 5 073 2.02 257 4.
P e 48—64 6.0 yellow d kJ mol-1 at 25°C (le. Bond E
Bromothymol blue 6.0—-7.6 7.1 O Singe 0 N C 8 nerglcs) 6 072 134 2L5 3.
. 1 yellow * blue C1 7 071 1.90
Phenol red 64—80 T4 yellow red H 463 391 413 368 563 432 1 190236 3
Cresol purple $4700 o3 Jeow red | C 358 305 346 212 439 328 8 0T 188 231 2
Thymol blue 0798 55 Jelow pwle | N 222 163] MISC | 215 192 | 10 aT0 183 226 2
Phenolphthalein 8.0-98 9.7 colorless rec‘l- S—5 251 H—H 436 C=C 615 20 0.69 }% g%g g
Thymolphthalein 9.3 —10.5 9.9 colorless blue S—F 327 N=N946 C=C812 30 068 170 2.04 .2,
S—C1271 N=0 607 C=0 749 o 067 164 196 2
12. ELECTRODE POTENTIALS, 16. HEATS OF
° . FORMATI . .
Na* + e o= Na i __82 13 Ao 10 okt ot 2eos ON 20. CONC. ACIDS AND.BAS
Mg" + 2 & Mg :,, L,. L 537 All jons Rﬁl,%lsoluﬂon except as noted Mol;
Al'** + 3e &5 Al : ements = ( M.W. Density Wt. % it
Zo + 26 oo 7n Cle6 f H, o oais B 00 H0, —242 Acetic 60.05 105 99.5 1
Ferr 4+ 26 © Fe T | & 31?1 Ka’ —240 H,0, —286 gi‘so,, 98.07 183 94 1
Cd + 2 ) : . 9 g 106 CO, —111 2001 114 45 2
ey &c}. o - 0403 11;{, 473 NH,* —133 CO,, —394| HCl 3646 119 38 1
Tl* + e =TI : - 8-38 9 .. 79 OH- —230 NH;, —46 HBr 8091 152 48
Vere + 6 22 Vo - 0-336 Cl, 122 ¥ —333 NO, 90| HNOs 63.01 141 69 1
Sn** + % 5 Sn 255 | Bry 112 Cl- —167 NO,, 33 HClO, 10046 167 170 1
Phet + 20 £x P -014 | I 107 Br —122 N,0,, 9| PO, 9800 169 85 1
e 4 jngb - 0.126 1§y 2719 I —55 SO,, —297 II:;?{OH 40.00 153 50 1
S0 +-2-é_‘;_zé—s_6-:~_. . 0.000 X 315 S= 33 SOy, —3% 3 17.03 090 28 1
'I‘iOu + ZH" - i :';.“‘ 0.09 ay 107 SO*‘ —909 H2Sﬂ -—21 21 DENS ) .
S+ oH' + 2:;;{’? +H,0 0.10 %, 88 COg=—677 NaF, —5T4| water at A:TIE(?O(g cm-3)
" A2 0.14 a*, 609 HF, —271 NaC pler a Ir em)  0.0(
Sn 4 + 2e &5 Sn” 0.14 K+, 514 HCL, —92 K;‘ L :411_ 0,°C 09168 |Glass 2
A S M| ! _35 HBr 35 KCL, _tar| K00 09997 |NagCO, 23
'l= *+ es—_’H-)O +Ho - s ' 20° o1 '.f
AgCl+esCl+ Ag 250, 8'17 Cr, —238 HI, 26 AgCl,—I127| 930 8‘33’32 g"‘CI a2
Saturated calomel 05222 CH“‘}’ —175 HCN, 135 AgBr,—100| 24° 0'9973 AaSC(lll 15
Ho. ) . _ / ( . 44) Csz, 221 PH!‘M 5 PC13” — 9287 ° ‘ g . 5.6
.BB-'C}r-t;\ 2ets 2CI- + 2Hg 0268 | CoHy, 52 CgHg 49 PCly, —375 %S 8'3828 Aluminum 2.7
it + 3e & Bi 9 ° 0. :
VO, + 4H- +1 9 & U*t + 2H.O 8.333 gzgay —85 CH;0H; —238] 30° 0.9952 gfa“ss ;'3
) YO.. +2H*+ et Vr + H.O 0'34 né Ig:v —105 C,H;OH, —235] 90° 0.9653 |Mercury 13.6
Cu** + 2e & Cu 2 054 St A C,H;OH; —278 | 100,° 0.0006 |Platinum  21.4
Fe(CN)¢ 3+ e Fe(CN)g+ 0.355 xécsl 180 —209 COCl,, —219 '
Cu* + e Cu 0.52 e —135 CHaCl, 381 22.- MOBILITIES (m?V~’s™! X 1
L~ + 231 0.545 17. ABS. ENTROPY S° Li* 39 HgO 350 #Ba"
I'Ll+‘; 1 +2%}-I~+ 2e = H43As0;3 +H,O 0.56 H 131J mol-1 K-1, at 25°C Ilgf* 50 NH,* 173 -}La‘a
HHeCLy 1 0621 | N” 1oy e 18 SFo, 202 74 Agr 62 4S0,=
gCl; + 2e = Hg,Cl, + 2Cl- -/ 0.63 29 192 HF, 174 NO, 211 Clr 76 OH- 198 #PO,-3
O, + 2H* + 2e == H,0, 0go | G 205 HCL 18T NO,, 240 Br 78 I 71 NO,-
Quinene -+ 2 + 2e = Hydroguinone 010 | E,” %03 Co 18 N 192 23. WATER V.P. (torr)
. e(__; eu. 29 . [Y SN
Hpg,** + 2e = 2Hg AT} Cera 57 CO,, 214 ggf{, 312 ¢°C 46 | 250
Apgt+ess Ag 079 Sgr 254 S0,, 248 PCl,, 365 15° 12.8 3p° -
Hyg* 4- 2e s Hy 0'%52 CH,, 186 SOz, 256 BF;, 254 20° 175 | 50° ¢
2Hg - 2e = Hey 0.907 g 20 CHhOW 1 3
HNO, + H* + eSSNO L H.,O 2 94 C.H,, 201 C,H;OH, 161 Std. dev. = v I (X, - X)m
VGs*+ 2H! + e &= VO + HoO gggg C.H,, 219 (CHj3).0, 266 Cont. limits = % a1 VI )
Br. + 2e < 2Br 108 CoHg, 269 CH3COOH, 282 o T 7, 0382/ n)log(Red)/10xD)
2104~ + 12H . log L, 1, A = log 1/
10, o PP 4 e S 6H,0+1, 119 18. AGe FORMATION Fiyy LQ‘-"“, e O,
MnO, + 4H' + 2e & Mn* + 2H,0 13 | H kJ mol-1 at 25°C oh=2dang
C;'O7 Y14+ 6o = TH,O +2Cr 18 | Fo g ilmc'i _232 gzo' —229 | R 03T s
Cl, +2 - : 95 H,0, = 6.636 % 1033 J 3
TR Ot 1A + 10¢ &5 GHaO + Br, Lo 57 s HBr, _54 SOp 300 | Moo S0zsota0% mol
MnO,- + 8H- + 5e M 2o s 232 HIL, 17 SO3, —371 | F=96491C
. = 4H,0 + Mn 1.51 NO, 87 NH
Ce*i + & & Ce*? 1.61 NO,, 51 CO“ —_I%?I gglh 208 E = g ggg X Sl(;“ -1
13. MEAN ACTIVITY COEFFICIENTS N:Oss 98 CO,p —304 crY 8 Lama = 1561 X 1077 g
M KCl Na,SO, ZnSO C.Hy, 68- Czﬁ'zg 209 C2ﬁﬂ "33 R =1.987 cal§ mol'! K-1
0001 0965 089 .00 CoHy 105’ CH,Of *_162 | —ohitmaiia o
0.01 0.901 0.72 0.39 CCly: —65 C,H;OH, —175 = 8.314 kPa dm? mol-! K1
0.1 mol-! K
0.1 0.769 0.45 0.15 BF;, —1120 CHCl,, _10 | occ=e2m15K
. A an Ansz SFg, —1105 CHqCOOHg —374 1leV = 1602 x 10-1vJ
e 1cal = 4.1840J

\/A.fr' '



iy ik M AR R4 g A 5V S, o i AP i v e R

vy Aot oty W

i, A A SR, LRI . AT 16

y
H
§
i
i
&
g
§
4
‘:ﬁ

IR LT T

G/ Acid Dissocialion Constants

Name

. Structure'

pK.} K,
Ai?t‘;aanc(l)?@acid) CH,CO,H 4.757 175 x 1073
NH;
. : 2,348 (CO,H) 449 x 1073
Alanine (CHCH, 9.867 (N1, ] 136 x 16710
CO,H
Ar?algﬁib;elizene @N}*; 4.601 251 x 1073
4-Aminobenzenesulfonic acid - : -
PTG o,s-@—m, 3.232 586"x 10
NH;
2-Aminobenzoic acid Q 2.08 (CO,H) 83 x 1073
(anthranilic acid) 4.96 (NH,) 1.10 x 107%
oR1!
2-Aminoethancthiol : . 8.21 (SH) (i1 = O.1) 62 x 1077
(2-mercaptoethylamine) HSCH, T, NH; 10.71 (NH,) (u = 0.1) 195 x 107!
2’&'&’:{?2{2;’:21) HOCH,CH,NH} 9.498 3.8 x 10710
~._-OH X .
2-Aminophenol . (( ]/ ;;g Eggs)( %Q') i.gs X }8 io
: ) (20%) 5 x 10
\/\NH;
Amnionia NH; 9.244 570 x 1071
NH; s
JHs _NH; 1.823 (CO,H) 150 x 1072
Arginine CHCH,CH,CH,NHC™ 8.991.(NH,;) 102 x 107°
({0 " "NH, (12.48) (NH,) 33 x 10712
]
0 , -
Arsenic acid : 2.24 A8 x 10_3
HO—As—OH 6.96 1.10 x 10
(hydrogen arsenate) A 11.50 5 0- 12
L! éH LD 32 x 1

' Each acid is writien in its protenaied lorm. The acidic pretens are indicated in bold type.

¥ pKjvalues refer 10 25°C and zero ionic strengih unless otherwise indicated. Values in parentheses dre considersd to be iess reliabie. Data are from A. E. Martell
and R. M. Smitie. Crirical Stability Conxtanis (New York: Plenum Press. 1974).

N= 4 01

k= 3545
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