CHAPTER IV

RESULTS AND CALCULATIONS

L.1 Conductivity Measurement

Typical Calculations: The fystem of T1 (OAc), in Glacial Acetic Acid
-

Qo
(a) Limiting Equivalent Conductance,/A.

A preliminary value of !‘?(33.75 X 10-30m?mho.equi:'1)

obtained by extrapolation of Onsager's equation
o 0
A =N- A B

(see Table 3.7.1 and Fige 3.2) was used to compute @ through the
relationship oL = ]/\3,. Hence i¢c could be readily obtained and was then
inserted in the equation of ionic strength i.e., I = % }:Hiti as shown
below

T1(Ohc), =2 m7>* ¥ 3 OAc”

(the dissociation of HOAe is regligible being 1.392 X 10_?equi/1)

Hence EI'l(OAc);J = ¢(1 - &X)
[m234] = cx
[30Ac‘] = 3e0c
1 » 2 2-1
Therefore I = 3 ( mle"*' ) 'ZT]_}'" ta moAc- OAc™ )

= 600€
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Once "I" was known,the value of Ao was recalculated from the
graph of N -vs. JT with N is an intercept and (B,‘K + Ba) is its
slopee The true value of J‘\‘ wvas obtained Yy the method of successive
approximations. Table 4.1 shows details of the results and calcula-
tions., Figure 4.1 shows the difference between the first, the fourth
and the fifth approximations. The value of N = 43,8 X 10-3cm2mho.
equi:1 was used in order to calculate the dissociation constant of
ion=-pair which is illustrated in (b) for the system of TZI.(*‘C)J:f&c:)3 in

glacial acetic acide.

(b) Dissociation Constant of Ion-pair, K.

From the reaction:

T1(Ohe)y = = o A 30Ac'

K l‘I‘lE ﬂ I-OAc f
EI‘l(OAc);]

14(“0) . {
t

esescocsssnes (h.‘])

(1= )e
K = K’{'.’. suescnsesRve (14-.2)
4
where K’ =13—(-E—E—)—
(1= )c

the right hand member of the cquation (4.2) is determinable. Take

log both sides of the equation (4.2), we get

log K
/
log K

[}

’
log K + &4 105;«[_r

u

log K = 4 log f‘_

"

or (=log K') (=log K) = 4(~log f-* )
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The least square method was employed in filting points on a straight
line resulted from the plot of (=log K) against (-1ogf; ) K can
then be computed from (=log K), the intercept of the straight line.

The mean ionic activity coefficient, f; s can be first calculated

by using the equation of Guntelberé?g)

_1055: = AIEI%tIJ—I‘
z 1 + _ff'

In the case of Tl(OAc)B, the equation becomes

sSesessoTR OO (‘*.3)

T
“'"108 = _EL_' ssscasoesssa (uoh)
ft 1 +JE- i/2
where = —d
. 2.303 \ 1000 % ( € T)3/2
= 1.82L6 X 106 = 22.,91098
( € 1)>/2

and __rf = J6KC

’
~The values of =log K and -logwh_were obtained and are shown

'
in Table 4.2. Figure 4.2 shows the plot of -log K \s. -1og.f .
. +

the intercept of which is =log K.

8.08%21%
-8.08%23 = 3.9n%13

=log K

log K

8260X 10~7

therefore K

(¢) Calculation of "a"

From the value of K, obtained in (b), the ion=-size

(40)

parameter "a" can be computed by the method proposed by Bjerrum
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3

1
1 = hﬂﬂ [li‘iz}4 ) Q(b) esosecvecssess (405)
K 1000 ekT
b
Q(b) = 'j. x—4exdx
!
where 9
- 21-21"&
X = g
2
» o 1EZe o iticar B distance)
= EkTq q = critica Jerrum istanc
8
[2,Z,]e _
b = ""E“"};—fg— T R EEE T (LI'DS)

The value of '"a" can be calculated by using the equations (4.5)
in conjunction with equation (4.6). Inserting numerical values into

(4.5) and (4.6), the following equations are obtained

3
1 b X 3.1416 X 6.023 X 1023( I3 x 14 x(u.80 x 1010 Qb
K 1000 6.21%1. 38054%X10"CX 298.1
= 1“‘9?31064 Q(b) ece0O00e00OO0B0B0 (h’.?)
27,0456 %40~7
and b.‘= - ® 50000800000 SOBS (Q.S)
a
Since K = 8160X 10™7(sce Table 4.,2), equation (4.7) becomes

8160X 107

1}

149731.6% Q(b)

1. W53 F

1

therefore Q(b)

and log Q(b)= 2.9131

The values of Q(b) and log Q(b) were tabulated in Table 2.1, as the
function of "b" consequently b = 131.90
On introducing b in equation (4.8), "a" was evaluated and

found to be |5.1| X 10-80m¢ and this enable the more accurate value’
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of {* to be calculated using the Debye-Huckel equation£5)
-10g{ A.Z'?—"'ﬁ sesnosncsssenas (’+.9)
T
1+ Baiﬁf
Ui
where B = ( 81—N92J1 1
1000 k (ET)1/2

8
%_0-29 x11g = 1.168991 X 108
(eT)
r'a

and the cycle of =log K "vse. -1og-£* plot was repeated by using the
successive approximations until the constant values of K and "a"

were obtained. Details arec shown in Table 4.3. Figure 4.3 shows

the difference of the first, the fourth, and the fifth approximations.

-11and 10.88 X 40-80m.

The final values of K and "a" are 3,648 X 10
respectively.

Other systems such as thallic acetate in anhydrous acetic
acid, thallous acetate in glacial acetic acid and in anhydrous acectic

acid were computed in the similar manner. Results are collected in

Tables 4.4 - 4,10, and Figures L.4 - 4.10,

Attempt to Calculate Dissociation Constants from Solubility

Measurement: Thallic Acetate in Glacial Acetic Acid with Added

Potassium Acetate.

By using the method described by Davies'4Mthe solubility

product (Ksp) of the reaction:

Tl(Oﬂc)B el s 304C

[
- [T13+]Emc'1:j 'ft cececscsse (4.10)
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and the dissociation constant; K

[Tls;.‘ Emc']3

K = . ',, eseossssesesss (lUe11)
[:I‘l(Ohc)Bl f

®he increase in solubility indicates that the new species was formed,
between ion=-pair, Tl(OAc)B, and OAc -ion from KOAc as shown in the

following equationse.

KOAc (solution) z== K' + Oic~

T1(0Ac) 5+ OAGTY =2 T1(0ic),,
- . [T1(0h0)3] [_Onc"] ) func‘
) [210000); ] fﬂmm):
[Tl(o‘“c)}]{-fmc-] suswwonss (Uet2)
[Tl(OAc)Z]

where K1 = instability constant of complex ion, Tl(Oﬂc); and assumcd

that { oA~ = le(OAc)z

So [m(o.qc);] = [Tl(oac)z:[[pﬂc-] sovieisns hals)

K

Because [?1(0&0);]: S - [Tl(Oﬁc)B]

where S = measured solubility
A+S = [&1(0&0)3} -2 t?l(OAc)Z]
= A =S+ [Tl(OAC)}:l

and [pncf1

1]

where A = ionic concentrations of KOic ==[0hc_}
K, - [Tl(o,-xc)3]{A - s + [r1(oe),]}
[&l(Oac)
or S —EI‘].(OAc) ] = [Tl(Ohc) Tt-s +ET1(OI1.C) 1)
3] =

K4
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-
]

¥ SN
ta

" K,
- LTl(OAc)3])(1 + EEI?GHEE;T.)"'°' (4a1h)

From equation (4.14) when

A = 0; 8§ = [‘I‘l(OAc)BJ

fl
o
-e

and when s -i = [Tl(onc)s] + K,

Hence the plotting of S against A gives the straight line which has
the intercept of [Tl(Oﬂc)B] « The extrapolation of straight line to

S5 = 0 gives the value of K The least square method was used in

1°

fitting the straight line. The slope and intercept were then found.
The values of A, the concentration of added acetate ion were

from the conductivity measurement of KOhc at various concentrations in

glacial acetic acid which ' is shown in Tables 3.8e1 ~ 3.8.2. Results

of the solubility .arc collected in Table 3.9.1 and the plot between

S “USe A is shown in Fige 4.11 which yields an intercept of 0.250054

\equifl
[%1(0ﬁc)3J = 04250054 equi’l

@and on extrapolation to S = 0 giving

A = =132.99178 X 10~
(Calculated from the least square method)
8o K = 132.99178 X 10“1‘ = 0.013299

1

But the solubility of T1(0A0)3 in glacial acetic acid is 0.271592

equifl (Table 3.9.3).



61

So the concentration of simple salt

[0 = fore]

00271592 = 0425005k

]

0,021538  equi [1

The dissociation constant,
K = T13+1E°“° ] {' KI&?
[Tl(OAc); B

where K‘ = [T13+ [OAO ]

[T1(0A0)3]

Hence K

(0.250054)

( stcomputed from Debye=Hiuckel equation is very small, because the

concentration range of the salt is beyond the validity of this equation).

The other system, Tl(OAc)3in glacial acetic acid with added

sodium aocctate trihydrate is computed in the similar manner. Results

are collected in Table 3.9.2 and Fig. 4.12 which have

-~
n

~

5 0.035751
11

and K 9.097797 X 10~ ',

-7



g Table 4.1
N of Thallic Acetate in Glacial Acetic Acid Calculated by the
Method of Successive Approximation

Ax 10° T o Jeee Remark

(cm?mho.equi%)

First |Second Third Fourth | Fifth

24.446345 0.09693 [0,08337 0.08528 0.08451 | 0.08509

18,609248 0.1453 |0.1250 0.1279 0.1267 0.1276
15.230563 0.1557 |0.1340 0.1369 0.1357 0.1367
13.227040 0.1743 |0.1500 0.1533 0.1520 0.1530

9.453190 | 0.1722 [0.1482 0.1516 0.1502 | 0.1516
8.960264 | 0.1871 |0.1609 0.1646 | 0.1631 | 0.1642
6.125439 | 0.1743 |0.1500 0.1533 0.1520 | 0.1530

6.507198 0.2133 |0.1835 0.1876 0.1857 0.1872
6.274751 0.2107 |0.1813 0.1854 0.1837 0.1854
5.462957 0.2202 |0.1894 0.1937 0.1919 0.1933
6.019725 0.2333 [0,2007 0.2053 0.2035 0.2049
5.358795 0.2355 |0.2025 0.2071 0.2053 0.2066
by graphical
!f 45.6x10° 43.6x10° | 44.4x157 | 43.8x10°|43.8x15° | method of
(cmgmho.equl%) A ovs. [T

29



Table 4.2

Preliminary Values of -logK: —log{;,K and "a" for the
System of Thallic Acetate in Glacial Acetic Acid from

Conductivity Measurement

4
{-K ’.%%%Eﬁ%i}x 10/ Yo X -1og}*= 38T
= 1+dT
0.599435 7.2223~" 5.38986
5.972990 6.4009 T.77787
4.341833 6.3623 8,26585
6.928569 6.1593 9.12068
4.188936 6.3780 - 9.04821
6.304542 6.2004 9.69417
2.603774 6.5843 9.12068
9.388582 6.0274 10.83794
8.527129 6.0692 10.75003
9.284438 6.0323 11.13390
14.899932 5.8268 11.68842
13.573456 ' 5.8674 11.76879
K 8.160x105°
nan 15,11x15°
(em )




Table 4.3

'
Successive Approximations of -logK, and -log fz for the System of Thallic

Acetate in Glacial Acetic Acid from Conductivity Measurement

-logK, -log }t = 34fT /(1+BafT) Remark
First Second Third Fourth Fifth
7.2223 2.336611 | 2.759985 | 2,773005 | 2.811450 | 2.808763
6.4009 2.695359 3.274841 3.293188 3.347565 3.343749
6.3623 2.751660 }.358325 3.377618 | 3,434837 3.430823
6.1593 2.840273 3.491264 3.512123 | 3.574037 3.569694
6.3780 2.833206 | 3.480601 | 3.501326 | 3.562850 | 3.558542
6.2004 2.893581 | 3.572159 | 3.594000 | 3.658852 | 3.654303
6.5843 2,840273 3.491264 34512123 3.574037 3.569694
6.0274 2.987660 3.716701 3.740341 | 3.810638 3.805701
6.0692 2.980979 | 3.706304 | 3.742662 |3.799711 | 3.794811
6.0323 3.009748 3.750884 3.774%69 3.846589 3.841562
5.8268 3.048852 | 3.811810 | 3.836681 |3,910681 | 3.905487
5.8674 3.054292 | 3.820316 | 3.845300 |3.919640 | 3.914411
K 4.192x182 | 3,051x251% | 3.293x151 | 3.736x15%2 | 5.698x1512 by graphical
"an 9.87x16°  |10.15x15° |10,86x16° |10.86x10° |10.88x25° |method of -logk
Coi) vs. -logft

b9
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A\ of Thallic Acetate in Anhydrous Acetic Acid

Table 4.4

Calculated by the Method of Successive Approximation

65

Ax 103 (H= JGK_C)‘ 102 Remark
(crugmho.
equi}) First Second Third
25.231657 11.15 9.817 9.872
17.914327 15,78 13.89 13.96
15.484431 18,02 /| 15.86 15.95
12.566915 17 /5% 15.24 15.33
11.555635 18,27 16.08 16,18
8.830203 20.78 18,30 18,39
7.683677 21.92 19.30 19.40
7.081314 +22.07 19.43 19.54
6.363191 23,28 20,49 20,61
6.611739 24.68 21.72 21.84
7.112235 26,22 23.08 23.20
6.123890 26.44 23%.28 23.41
6.696899 29.53 25.99 26.13
“r 45.31{153 4:;(.8::153 44..8:(155 by graphical
(cm?mho. method of A
equi'.'l) V8. JI_




Table 4.5

!
Preliminary values of =-log K, -1og{*,K and "a" for the
System of Thallic Acetate in Anhydfaus Acetic Acid from
Conductivity Measurement

{ K = 27(c)? 1x107 « <Sog & -logf = 34/T _
(1-%)e } I 1
1.491583 6.8262 6.175655
6.168194 6.2098 8.419724
10.872320 5.9637 9.454854
6.318237 6.1995 9,136182
7.778223 6.1092 9.572206
11.905493 5.9241 10,676566
13,809817 5.8598 11.167663
13,042636 5.8848 11.235081
15.853185 5.7999 11.488732
23.492708 5.6291 12.320480
36.852273 5.4336 12,943215
32.537762 5.4876 13.038150
70.067727 5.1545 14.239211

K 1.231x168
nat 15.54x10°
(om)




Pable 4.6

&
Successive Approximations of -10gK and -log{* for the System of Thallic Acetate

in Anhydrous Acetic Acid from Conductivity Measurement

~logk ~log §, = 34 I/(1+Bafi) Remark
First Second Third Fourth Fifth

6.8262 2.429088 | 3.311508 | 3.003623 3.064680 | 3.074299

6.2098 2.713559 | 3.863691 | 3.450966 3.531810 | 3.544584

5.9637 2.812807 | 4.068068 | 3.613095 3.701811 | 3.715848

6.1995 2.783919 | 4.007919 3.565569 3.651940 3.665597

6.1092 2.823103 | 4.089639 | 3.630102 3.719666 | 3.733843

5.9241 2.911937 | 4.278729 3.778314 5.875439 5.890831

5.8598 2.947286 | 4.355488 3.838043 3.938304 3.954198

5.8848 2.951960 | 4.365705 | 3.991761 3.946655 | 3.962616

5.7999 2.920837 | 4.343688 3.818774 3.920292 3.936389

5.6291 3,021909 | 4.520452 | 3.965565 4.072692 | 4.089686

5.4336 3.057996 | 4.601684 4.027942 4.138512 4.156068

5.4876 3,063266 | 4.613627 | 4.037089 4.148170 | 4.165805

5.1545 3.125199 | 4.755569 4.145356 4.262560 4.281186
K 4.991x16%° | 3.818x15™1 |1.635x15 % | 1.452x16%Y 1.511x15%Y by graphical
na 9.09x18% | 10.91x16% [10.52x16% | 10.46x16°% | 10.46x15° | method of -logK
(em) VS. -logf:

L9



Table 4.7
4 h
Preliminary Values of -log K,nlogﬁ_,K and "a" for
the System of Thallous Acetate in Glacial Acetic

Acid from Conductiv 'ty Measurement

{ﬁ;(ac)2/(1-¢)c}xlo6 -log ¥ nlogf+=(AJf}/(l+JE)
53.036920 4,2754 0,15517
58.591198 4,2321 0.15992
55.265314 44,2576 0.22300
75.790296 4.1204 0.28978
61.023603% 4.2146 0.33325
75-144899 441242 0034592
63.109698 4.1999 0.40754
66,932494 4:1744 0.47497
90.,568044 4,0431 0.49012
81.511998 4.0887 0.51073
93.474591 4.,0294 0.56535

103.342930 3,9860 0,60516
90.545640 34,0432 - 0.61037
107.163030 3.9698 0.65824
109.513481 3.9605 0.67724
116.945550 3.9318 0.71085
117,410512 3.9303 0.73084
124.816531 7.9038 0.75529
126.809544 3.8968 0.77947
130.042783 3,8861 0.79080
152.244841 3.8174 0.83598
150.853915 3,8214 0,84831
149.510514 5.8253 0.85935
K 4.151x15°
na 9.18x16°
(cm.)




Table 4.8
/

Successive Approximations of -logK and -logfbfor the System
of Thallous Acetate in Glacial Acetic Acid from Conductivity

Measurement
-logKl -1ogj;= Af1/(1+BafT) Remark
First Second
4.2754 0.145577 0.145653
4.2321 0.149746 0,149826
4.2576 0.203706 0.203854
4.1204 0.258020 0.258258
4.2146 0.291926 0.292231
4.1242 0.301607 0.301932
4.1999 0.347402 0.347834
4.1744 0.395235 0.395793
4.0431 0.405669 0.406258
4.0887 0.419684 0.420314
4.0294 0.455876 0.456620
3.9860 0,481415 0.482244
4.0432 0.484707 0.485548
3.9698 0.514415 0.515362
3.9605 0,525948 0.526938
3.9318 0.545996 0547063
3.9303 0.557711 0.558825
3.9038 0.571839 0.573009
3.8968 0.585595 0.586822
3.8861 0.591964 0.593218
3.8174 0.616924 0.618286
3.8214 0,623%612 0,625004
5.8253 0.629559 0.630978
K 3.665%10° 3.666x10° | by graphical
) 8 method/of
tgt 9.11x10 9.11x10 Aog X 148
(em.) A




Table 4.9
Preliminary Values of -log f;—logL,K and "a" for the
System of Thallous Acetate in Anhydrous Acetic Acid
from Conductivity Measurement

(K=(ee) 2/ (1-0) 1 “log K ~Logf=(AJT)/(1+JT)
82.886771 4.0815 0.249951
71.942363 4.1431 0.284416
82.813743 4.0819 0.330355
72.900523 4.1373 0.346589
72.057646 4.1423 0.390062
90.884877 4.0415 0.389243
71.389235 4,1464 0.502181
74.657909 441269 0.562293%
81.886002 4.,0867 0.610368
72.041781 4.1425 0.600379
82.705081 4.0824 0.660829

104.147890 3.8929 0.727340
99.834801 4.0007 0.795921
123,546282 3.9080 0.840021
¥43.592661 3.8429 0.893682
124.217722 3,9059 0.878014
152,257991 3.8174 0.944284
159.536983 3.7972 0.977152
167.724810 3.7755 1.003116
K 4.916x15°
ng 9.54x10°

(em.)
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Table 4.0

71

System of Thallous Ageiate in Anhydrous Acetic Acid

from Conductivity Measurement

'd

P

~logK —1ogf;r Ajf/(1+BaJI) |

= Remark '

First Second Third |

|

4.0815 0.225028 0.£25727 0.225675 |

4.1431 0.252583 0.253465 0.253400 I

4.0819 0.288172 0.289320 0.2692%4 |

4.1375 0.3C0447 0, 301696 0.301.50% f

4.2423% 0.332578 0:334109 0.333995 E

4.041% 0.402077 0,2404316 0.404148 |
4.31464 0.430774 0s413112 0.412938
4.1269 0.45013%7 0.452946 0.452736
4.0867 0.480430 0,48%631 0.483392
4.1425 0. 474219 0477355 0.4771.05
4.0824 0.5111592 0. 514777 0.514507
3.8929 0.550093 0.554%94 0.5579€0
4.0007 0.588401. 0.593210 0.592351
3.9080 0.612160 0.51736€ 0.5616977
3.8429 0.6401.72 0.64306¢ 0.640443
3.9059 0.6320G2 0.637645 0.637230
3.8174 0.665862 0.672027 0.671566

3.7972 0.681896 0,688364 0.687881 !

3,7755 0.694462 0.701170 0.,706668 |

|

X 4.318x10° | 4.334x15° | 4.333x:0° | bY €rephic-

al metho? l

ngn 9.27x16° 9,29:25° 9.29:158 | of -logK
(cn.) va, =logf, |
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Fig, 4.1 Concentration Dependence of A
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/ /

~-log K Fig. 4.2 The Preliminary Plot of -logK vs. -iog*t

10

for the System of Thallic Acetate in
Glacial Acetic Acid from Conductivity

Measurement

4k
| L | Z] I 1 L
v 18 4 6 8 10 12 14
~log §;
Fig. 4.% The First,Fourth and Fifth Approximations
’ -

-log K for the True Value of K for the System of
Thallic Acetate in Glacial Acetic Acid
from Conductivity Measurement

e TFirst Approximation
_ . A Fourth Approximation
12 | . ©  Fifth Approximation
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Fig. 4.4 Concentration Dependence of A

for the System of Thallic Acetate

in Aphydrous Acetic Ay 14

® First Approximation
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O Third Approximation
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| | : i | | : |
2 4 6 8 10 12 14

-log §+

'j f
Fig. 4.5 Preliminary Plot of -logK vs. -log-fi for the System
of Thal}ic Acetate in Anhydrous Acetic Acid from
Conductivity Measurement
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~log K

Fi i Fig. 4.6 The First,Foﬁrth and Fifth *"‘-‘pproximations for the True
Value of K por the System of Thallie Acetate in
Anhydrous Acetic Acid from Conductivity Measurement

@ First Approximation

A Fourth Approximation
o Fifth Approximation

-
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=-log K
5 p— —
4 © -_—'Q‘_“QO"“O——HO_O%
—00—(p00—
3
! I i ! 1
0.2 0.4 0.6 - 0.8
-log f,
b
Fig. 4.7 The Preliminary Plot of -log K vs. -logf, for the
System of Thallous Acetate in Glacial Acetic Acid
from Conductivity Measurement
/
=log K
P A Firgt Approximation
O Second Approximation
5 p—-
- m%
4
3
| I L |
0.2 0.4 0.6 0.8
-log {,
Fig. 4.8 The First, and Second Approximations for the True

Value of K for the System of Thallous Acetate in
Glacial Acetic Acid from Conductivity Measurement
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0.2 0.4 0.6 0,8 1.0 1.2
-logf,

/
Fig. 4.9 The Preliminary Plot of =log K ~vs. -logf*for the

System of Thallous Acetate in Anhydrous A.etic Acid
»
from Conductivity Measurement
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Fig. 4.10 The Fyyst and Third Approximations for the True
Value of K for the System of Thallous Acetate

in Anhydroua Acetic Acid from Conductivity

Measurement
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Fig. 4.12 Solubility of T1(0Ag); in Glacial Acetic Acid
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