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Attempts to establish a useful dithizone method in the
determination of thallous ion have been carried on at Union
College by Snyder (19). Because the previous work had not
produced satisfactory results and because in general thalloua
dithizonetes have not been studied, the roliowing work, un-
der Dr. W-G, Ewing's guidance, was undertaken.

3ince dithizonates could be of keto or enol forms, or
the mixture of both of them ess will later be explained, Job's
continuous variation method appeared to be applicable. 1In
order to check the relative amount of thallous ion in thellous
dithizonate, polarographic work se:gsﬂiﬁb be adequate., In
addition, a few other methods w’ro used as recommended by
Mellen (10). Because the dithizone i8' soluble in strongly
pelar organic solvents, e. g. chloroform, carbon tetrachlor-
ide ete. but thallous carbonate is soluble in water, two

phases had to be used and this caused serious inconvenience.

For advice and encouragement, special thanks are to be
expressed to Ur, W, G, Ewing and to all the Chemistry Depart-
ment staff at Union College, who in one way or the other made

this work easier.
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Buil Fischer A prepered diphenylthicssrbozone,conson
NN G Hg- v

~~=~-c‘;,:,- a2t the end of XIX eentury(3).

He aleo noticed that the dithizone gave highly colored pro-

duots with heavy mstals.Hellmut Pischer (&) sontinued invese

tigation and found thot 4ithizone gave colored complexes

nase dithisone $=c

even at very low concentrationm of the metal.But selectivity
due %o the similar colors was rather poor.Other chemists
found that by proper chelice of DH the selectivity could be
ineressed because heavy metal dithirzonates were formed at
different pH's,and their solublilities in the orgsnie phase
varied markedly.

From & theorstiosl point of view,dlthizone may be
eonesidered as a weak dibasic asecld with much stronger mono=
basie acld charscter.The monvbasie seid le prevalent up to
pR 12 as 1t 1e obsorved by Bueh ().

Considering that 4ithizone dissoeintes in the fol-
lowing way ¢

Bps = |87+ [Avesy
HDze = |H'T+ [Maz
{For convenience dithizone is written as HyDz and
dithizonate fom as HDz~ or D22 )
The Alssocistion constant for the first resction ist
5 TATR E-Ss whore subseript "o" stends for

K .-~ the organie phase and "w" for
3 LH.2af the aguecus phase.
The partition coefficient (P) between the organie phase
and woter it
: ‘? o LH‘).A?—K.
il o PR
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Consilering that HY anilﬁabi]" are constat and small

~ following is true:

—

Qsoﬁo el W SN
LH Z"w Kd

The value of By -p - 3,6x10 © as computed by Irving
K
4

and coworkers (7) and mentioned by Sandelil (12).
If the metnl dithizonate dissoclates
wehpz = [Me'(,, LHDz=],,
then the equilibrium constant lsi

. e

i \MeHD2 |
and the pertition coefficient 1si

P — \MeHDz \ o

Dividing equrtion 5 by equation 4 and substituting equation

3 for LHoHZ’ the following expression is obtalned:
LHDz=7

Lieknz] P [H.p2lo
| Me* T wo k- FE "Fad

Metal dithizonates formed by moncbasle dithizons lonare
known ag keto complexes and are formed by all heavy metals whlich
reasct with dithizone.Znél type complexes are easlily formed by
eopper,mercury,and silver,but even 80 at higher pH and in the
defficiency of dithizone (13).The structural formules assigned
by H.Pigher (5) are:



N NleH‘:- : ; ‘ CoeHs
ST b e g S
\N; s W\N_N.' .
'C(“’.}:t 'Ce Hx
Kete matal Enol metal
dithigonate : éithizonate

Dithizone ia eselly oxidized to diphenylthicoarbodisgzone
J = C/N ibliie %
MY = N "C(,Ha’
Presumably the Taiing of complexes mey be due to this oxidation,



b The French Ghemist P.Job (8),(9) suceessfully applied
the colorimetrie method in the study of complexes.Most of his
publications appeared in the nineteen twenties in France.His
work provoked some interest in the other countries.In the Uni-
ted States,Vosburgh & Cooper (21) studied gﬁe'thooretlcal as-~
pects and practical applicationa of the Job'e continuous variathk-
tion method in the 1nve§tiganon of the stability of complexes
and their coordination numbers. '

According to Job's eontinubua variation method, two re-
agents A and B,both M molar,are mixed in varying proportions,
80 that the concentration of A is dependant upon B as:

A= Bisx) civieanl where x is the volume of B

B = Mx eronsn.@ and x 1

At equilibrium this reaction may be expressed as:

A+ nB= ABp +....3
If the concentration of A,B, and AB_  are respectively
€1,82, 03 ,than at equilibrium:

e, = M(1=x) ~e5 ..1. &

Cp = Mx =nes «.e.00. D

K03==e;.og evsvani B

¢3 is at a maximum when 283 20 h. g



ﬁifferentiating equations 4, 3s 6 with respect to x and com-
bining the resulting equations with 4 and 7 the coordination
number "n" is obtained:

n - x cu-m---s

T =

In order to show that a minimum or a maximum in the ab-
sorption of moncehromstic light occurs when 63 is at the mex-
imum, consider that Al Ao ﬁm3 are the molar absorbancy in-
dices cf reagénts and product =t a given wave length., Then
the absorbance (A) is:

Ael (@m C #a@mz C2 ¢ An3 G3 ) Where "1" is the thick-
ness of the cell.

Denoting es the difference between the absorbance ob-
served and the absorbance of an identical solution if the re-

aotion hes not taken place, "The following velue is obtained:

V=1 [amcifa,cpm (1x) - uapx] ey

By differentiating this equation with respect to'x"it may
be shown that’y"ocours at a maximum _when 03 is at the maximum
provided that A .3 @y;; and"y'is at & minimum when C3 is at a
maximum if ﬂquml. Consequently, ! s & maximum or mimimum in
¥y will occur at the same value or"x‘ for variocus wave lenths,
if there is only one complex formed,

In case a second complex is formed the equilibrium reaction
is:

ABn;laVB—.gAB (n ,lq,)
- When the equilibrium constant is:

K" 3 0300{ e L Where C , is the concentration
of AB (% 4 % )

i 0

Cs
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It may be shown thet the coordination number "n" for this com-

plex is:
n" = x . Gy -“"'""}‘}_
: T-x 2. é if~xi CY '

Incase there is only one complex formed or if the amount
of the second complex is so small that it may be neglected and
the maximum of 03 occurs at x = 0,5 the slopes at x = 0 also
at ¥ = 1 are the same,

(@M L _dA
&= (Z-i))no N Ld)‘)x:\
Then the absorbance (A) observed is related to the molar absor-
baney index of the complex formed
A-am\_‘:i'.i'_l“-Q_‘—%”‘]-C“*(V%W”l.,... 12
as shown by Sehwarzenbach (18) and Treadwell (20).

When x » 0 the expression of A becomes
N
K
Az Qpy s
Where C is the molar concentration of B at a given x value solvimg

equations 12, and 13 simultaneously, we obtain the value of
K - the equilibrium constant and also the value of t he molar
absﬂrbancy "dndex: for thereomplex.

In this study of thallous dithizonates, it was decided to
analyze only the orgenic phase. On account of this the com-
puted value of the equilibriuﬁ constetn of thallous dithizonate ﬁn
the ehloroform solution is only proportional to the dissociation

constant K, as evaluated from the following equation:

E&iﬁfﬁ§° - _ﬁf L“zﬁézg
LMQt}b\) K F[H"]N



In deter=ination of the absorbances and the relative amounts
of thallous ion in thallous dithizonates thé following apparatus
has been used:

Beckman Model D U Photoelesctric Quartz Spectrophoto meter,
serial no. 3210; during the absorbance meassurments sensitivity
was kept constant, only the slit opening was varied.

Elecdropode manufactured by Pisher Scientific Co. Roller-
Smith, preecision balsnce.

The materials used were:

Dithizone purchased from Eastman Kodak Co., original purity
84%. After purification according to the procedure described by
Sandell (16) purity of dithizone was about 93-94%. The actual
dithizone concentration was determined by measuring the ab-

' sorbance of & chloroform solution of dithizone at the wave lengths
k40, 505, 606 mu and using Cooper & Sulliven (2) values of
molar absorbancy indices as illustrated by the table I, Graph 1,



TABLE I
g of Dlssolved Absorbance Av.Cone., Purity
(H,DZ) in ml CHOl; 440 505 510 520 605 of(B,DZ) 4
2,00 100 [1.030 401 65510 | 846
6.70 250 1.450 539 .610 ,790 988 % (05| 93.9(Av)
641 250 1220 469 J493 .629 7490z
5:18 250 0.990 .369 387 489 2,1 |6.3x
3.35 250 0.780 300 314 4394 1,96 |4.9x
1.3 250 (0,310 .16 .12 .57  0.822] 1.97x
0.67 250 0.152 .058 ,062 ,078 419] 0,38x

¥olar absorbancy indices a, for dithizone

W0 wmuw lo ¥ 10°
505 v ¢y to
605 wmw GLsx L9

Rermaining impurities were probably the oxidetion product
of dithizone and some moisture, Since dithizone solutions dé-
compose in light and above room temperature they were kept in
the derk end in the refrigerator. Ugually oanly the amount nee-

. essary for immedlete use was prepared.

Dithizone is seluble in poler orgenic solvents: for the
purposes of this work chloroform (CHOj3) was employed. USP and
0P grades of chloroferm were used without further purification.

Thallous carbonate (T1,005) (OF) purchezed from
Peirmount Chemical Co. was found by the gravimetric method des-
oribed by Scott (17) to be 99,92% pure, This snalysis was con-
firmed by the volumetrie determinetion of thallous ion by the
titfatimn with standard eepric sulfete as recommended by
willerd end cO-workers (23, 24). The foregoing is illustrated
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in the data below:

. I sample IT sample
Weight of sample T12003 : 0.2344 gh. 0.2344 gn
Welght of T1Cp0, » - 0.2609 g, 0.2608 g
Welght of T1 in T120,03 samples  0,2043 euv. 0.2043 gn
Welght of T1 in T1,0r0, 0.2037 gu. 0.2036 gx
Total volume of washinga and : 75 ml 75 mt

solution

The amount of T1 in learOL must be inereased by approx-
imately 0.0004 gv. due to the loss in washing.

Therefore, the purity of thallous carbonate is 99.92% --
-- 99.91%

In volumetric determinations solutions were praparcd in
the following way:

Hydrochloric acid concentrated 15.25 ml

Iodine shloride (catalyst) 10,00 ml

Water T4e75 ml
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Standardization of ceric sulfate with sodium oxolate: ;
Weight of Ml of Normality of

N&,C, 0y ce(504), Ce (50y)y
6.01 mg 794

6.01 ng 7.92

6.01 mg 7.95 Av. 0.,1124 N

Titretion of thallous cerbonate:

Weight of ; Ml of
T\, Coq Ce (Soy)y
0,2344 gx 8.85 ml

Purity of the sample is 99,71%.

The buffer solutions were prepared acoorﬁing to the direct-
tions of Clark & Lubs  (22).

The water wes redistilled for the solutions used in Job's
continuous variation methed.

2, 3 dimercaptopropanol® was used in the recursion method.
This is also known as "British anti-Lewisite" abbreviated (BAL)

The mixed color method wes applied, while studying absor-
ption of thallous dithizonates., The volumes of two phases:

Chlorcform and asquecus phase were kept constant.

* Obtained through the courtesy of J. E. Fagel, Jr. General

Electric Research Laborastories.



TABLE II

13

Absorption spectra of dithigone, thallous dithizonates, thallous

dithizonetes with (BAL) end the decolorized (in the sun light)

thallous dithizonate are illustrated in 2 following graphs.

2A and 2B,

Wave Length
W
250

260
270
280
290
300
310
- 320
330
340
350
360

370

Absorbanc
(o) (d)

(@) (») e () (g)
319 213 V440
351 .233 460
339 .226 266 .712 .390
« 305 + 204 «232 627 .325
239 163 «212 482 ,282
A96  L133 195 401 257
ASS . aN 165 .335 243
138 098 167 .270 225
118,084 163,216 195
208 077 A37 98 150
105,075 1100 L1091 137
102 07 200 181 .125
096 071 107 157 113



Wave Length
Wty

380
390
400
410
420
430
440
450
460
470
480
490
500
505
508
510

512

Absorbane
(o] !5)

14

(a) (b) (e) (£) (e)
090  ,067 A% bs ae
087  ,065 156  .106 .099
.089 .067 200 .100 ,093
.098 .078 24 .i11 .087
a3 ey 285,142 .085
.131 .094 500  .325  .193 .077
A5T 0 L3100 BB 530 s Lae 078
A8 .28 737 560,320  ,350 .069
.225 48,980 550,294 458,063
267 A7 1.220 .530 ,261  .588 054
311 195  1.360 510 L.218  ,700 048
«349 217 1.580  .480 .172  .800 .091
38, 4239  1.680 458  .147  .802 .03

1.710 468

1.720
.399 247 1.72) JA47  .878  .030

1.680



Wave Length
A

520
530
540
550
560
570
580
590
600
605
610
620
625
630
640
650
660

670

15

O s ST
.389 245 1,610 490  ,178  .810 ,026
58 00 1,350 500 . 662
296 4199 508 275 473
239 L168 .63 548,357 302
187 138 622 440 182 018
h, PURHERE T S 518,106
116,102,187  .810 ,590 080
A0 4098 65 930 678 063
106 . 096 «158 1.020 o Thd . 060
156 1,050
01 .088  .150  1.000 .735  .055
086  .079  .120  .630  ,050
V740
+068 .062 « 305 048
«128 043
038 031  J030  JE6k 075  L0kD
052,038
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Wave Length bsorbance
W (e) (v) 8) (a) (e) (£) (g)

675 015 <016 010 058

680 «040

690

700 011 +011 032 .028

Absorption spectra of:

a) Unknown thallous dithizonete 1.\

b) . e . ¥

¢) l.4 mg of unkpnown thallous dithizonate per 50 e¢e¢ of shloroform

d) 1.4 mg of unknown thallous dithizonate per 50 ec of chloroform
with (BAL)

dm Pishizerne in chloroform

f) Unknown dithizonate in ehloroform

g) Decclorized thallous dithizonate,
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GihPH o 4

ABSOKPTION SPEUTHUM OF UNKNOVK THLLLOUS

? DITHIZONATE

b a) lteagents in 1.1 ratio

ryamtiypun ey bg Defficiency of Dithizone (1yv%)
UEme ko ’ cril.4 mg in. 50 ml of chlloroform
prEsii : d) 1.4 mg in 50 ml of chloroform =
ErpE ceEer after addition of (BAL)
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~ GitaPH No EB -
ABSOAPTION SPECTHa OF |
é Unknown‘thallous dithizonate

f) Dithizone in chloroform
g) Decolorized Thallous dithizonate

(£)

400 500 600 720

WAVE LENGTH (mM )
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TABLE IXX
Graph 5
Job's Continucus veriation sethod
PR 9.4 iy
? 20°C0
{lex) = B.5% 10°78 when x = O

Solutione wers kept st 20° for 30-35 minutes before measuring

absorbance,

Berial gblea aerbzud33013 ¥oles T Buffer Water Roaalting‘ﬂbl. or
oo BB wasin e of TU* Sono-in mh HaDZ in CHC1,
1 6Utd) 15,0 - '« D42 8.0 1.58  4.25x 105

2 6.0x 1ol 0.9 2.5x 0,50 8.0 1,50 4 .00x
3 5.5x 13.0 2.0 3,0x 0.60 8.0 1.40 3.77x
& S5 13.0 2,0 3.,0x 0,60 8,0 1,40 3.77x
s /5.4x 12,0 3,0 Judx 060 8,0 1.0 3.40x
6  baSx 10.6 4eh 402 0.80 8,0 1,20 3.00x%

7  4.35x 10,0 5.0 4.25x 0.80 8,0 1,19 2.84x
8  A00x 96 5.4 45x 0,90 8.0 1,10 2.66x
g Budbx 80 70 Bdx 108 - 8.0 2.08 2.26x
10 2,95 7.0 8.0 5.55x 1.1 8,0 0.89 1.98x
11 2.55x 6.0 9.0 5.95x 1.19 8.0 0.8 1.70x%

12 2,10x . 5.0 10,0 6.40x 1.28 8,0 0.72 1.31x 10~5
13 2.B6x A0 IR0 itz L8 B0 0% .00x 10~6
. RHES dme NEEHG e nertmens

1 648 «268 380 +560 .088

2 658 <250 .408

3 680 o237 451 4510 178

& o715 237 477



Neo.

@ @ 3 o w

10
11
12
13

Aveorbance

at 510

o740

«761
«770
s 742
«635
568
497
+39%
o245

«213
.188
179
«167
o143
+123
<108
« 021
«050

Job's continuous variation method
Solutions were kept at 200 for 30-35 minutes before measuring the

T 20° ¢

absorbence (A).

Ro.

~N O wm W R

YNoles of Ha.D2 g
HaDz Wl  FRA5a16 T

G-S *(67

55
4450x
4.00x
3.50x
3.00x
R.50x

14,95
12.95
10.35
940
8.35
705
5.88

CHO13

0.05
2,05
4e65
5460
6.65
7.95
9.12

Buffer Water

1,60

1,40
1.20
1.10
1.00

0.90

Moles T~

o TAY Sovioh, i
20¢(0° 0,40 8.9

3.0x  0.60 8.0

LOx 0,80 8,0

4S5 0,90 8,0

5.0x 1.00 8.0

5.5x  1.10 8.0

6.0¢ 1.20 8.0

0.80

20

i § ASSE:hangg Ineriment
at 510 with (BAL) (»)

0527 ; 0490 ¢35°

«573

«591 430 «340

575

492 37 o264

obly3 7 «251

<389 o264 «233

+313 198 196

«195 «092 «153

. TABLE 1v (Graph 5)
3 (1ex) = 8.5 x 20°7 When x . o

Resulting mol
H.02 ca CHels
4e28 x 10~5
3.77x

3.,00x

2,66x

2.36x

1.98x

1.66x
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'wo. YMoles of h.22 mmg Moles Tet  Buffer Waker Resulting mol.
Hod2z 4285065t e’ CmL ml g (Hy B2y

8 1.00xd7 2,35 12.65 7.5x 1.50 8.0  0.50  0.67x 0

e T
1 620 268 .352
2 737 .236 501
3 +790 190 600
L 755 W68 587
5 688 JAR . sk0
6 .608 | - 486
7 oo$ | .102 .343
8 220 | 041 161



22

TABLE Y /Grapvh 5)
Job'as Continuous veristion method
PE 9.6 3 Tae20° ; (l-x) « 8.5 x 10”7'? when X = 0

Solutions were kept at 20°C for 30-35 minutes before measuring the
absorbance (A). '

No. WNoles of h.ez CHCl3 Moles 7' Buffer Yater Resulting mol

Hi82 “"m‘if wal Te Soxce -y ek CHLD

1 6.5%10°7 14.95 0,05 2.0210°7 0,40 8.0 1.6 4425 x10°3
2 6,0x 14,10 0,90 2,5x% 0.50 8.0 1.5 40x
3 5.5 12,95 2,05 3.068 0,60 8.0 1.  3.77x
4 5.0x 11,80 3,20 3.5x% 0.70 2,0 1.3 3.30%
5  4.50x 10.35 4.65 4.0x 0,80 8.0 1.2 2.92x
6 4.00x 9.40 5.60 45% 0,90 8,0 1,1 2.66x
7  3.50x 8.35 6.65 5.0x 1.00 8.0 1.0 2.34x
8 3.00x 7:05 7.95 S5.5%% 1.10 8.0 0.9 2.00x
9 2.50% 5,88 9.12 6.0x 1.20 8.0 0.8  1,66x

10 2.00x 4470 10,30  6,5% 1.0 8,0 0.7 1.33x

11 1,50x 3.55 11.45 7.0 1,40 8.0 0.6 1.00x

12 1.00x 2.35 12.65 7.5% 1.50 8,0 0.5 0.65%

- ::;gigamo (a) ik

1 4603 .268 .335

2 625 250 375

3 727 236 491

4 758 208 550



Ho,

w e~ O W

10
11
12

Ko,

W 3O WV P W N M

Absorbance (A)
at 510

+810
RN
695
,603
453
.383
+302
\204

TADLE Y1

Bl i e
190 620
2168 596
o148 o547
122 +481
2102 «351
«081 302
2062 « 240
o041 +163
(Graph 3,4)

Jeb's conkinuocus vakiatioh method,
pE 10 C T e 209 H
Solhtionn were kept ot 20°C for 30-35 minutes before mnurlng

absorbgnac (A) .

um1.n of Hos2uwt) CHEL

Hed

cqrio’

7.5x10%7 12,75

6.5x
6e0x
S45%
5e5%
5.0%

'I..Sx,

Lebx

11.00
10,20
9.30
T30
&.50

760

7.60

1,25
4400
4480
5.70
570
6.50
740
5e5%

3

1-x = 10, x 10~7m when x = 0

Moles T ery

Tet S¥ 1™
2.5x10 0,50
3.5z 0,70
Ls0x 0,80
452 0,90
heSx 0,90
S5«0x 1.00
S5¢5x  1.10
1.10 1,10

Buffer Yater
R b

ek
8.0
8,0
8.0
8.0
2,0
8.0
8.0
g.,0

1.50
1.30
1.20
1,10
1.10
1.00
0.90
0.90

23

Resulting mol,
b2,

5,0x10%%
be3bx
£,,00x
3.66x
3.66x
3.35x
3.00%
5.00x
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No, Woles of +,s, e OHCly Moles 7¢ s¢/ Buffer Water Resulting Mol

H, =2 sox(g al ret 2% 4 Ak oAy
3 4+O% - 6.80 8.20 6.0x 1.20 8.0 0.80 2.66x
10 4.0x 6.80 8.20 6.0x 1.20 £.0 0.80 2.66x
11 3.0x 5,00 9,90 7.0x 1.40 8.0 0.60 2.00x
12 2.0x 3,40 11,60 8.0 1.60 8.0  0.40 1.33%

Wo. (A) a0 Y (A) e01 Y (4) anly ¥

Y40 waug $0S rrue S/ 0cc st

1 660 770 <200 (B35 395 W30 L7572 A4S
2 J506 666 =060 LE76  .255 .621 .88,  .270 .64
3 418 612 =194 W97k «236 740 L9800  .250 .730
b JAh JSEL =217 990 2T JT73 1,000,230 770
5 4355 L8561  =,225 .982 217 .765  .983  .230 ,753
6 4330 .520 -.190 .950 L1988 ,752 980  ,211 .769
T o290 460  «dT0 L840 LATS 665 L850 188 662
8 L2928 L4600 =062 L857  L175 .682  .865 188 677
9 255 L410 =055 L810  J153 .657  LB1S 167 648
10 o249 JALD =061 J798 - L1853 645 0 803 167 .636
11 4202 o307 =105 690 115 575 695  .125 .570
12 .132  .205 =073 432 078 .360  .455 083 .377

* (A) 18 ebsorbance obscrved.
(D) 1ie the difference
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(BAL) added ;

(4)

440 u.uz

&
662
«520
«565
o518
o440
o435
«363
«220

5

J6RR
»116

162
.220

188
.150
180
161
.088

(a)
SLo

.7mx:up1
o845
+936
+950
%3
«948
.820
827

« 776
«675

{a)

Sob \M(Ar
JES P
<390
418
410
o343
«408
278
265
.150

a,0y

.395
e 343
<315
+290
+290
.265
.235
.235
.220
.210
158
.106

R

+358
o486
556
580
«607
435
532
425
.288

<408

4365
.502
621
.660
.653
683
.585
.592
.578
1566
517
.339

TABLE VII  (Graph 4)

{a)

S(OWI
<436

2402
430

+ 4620

+355

283

‘ .364.

o156

D

482

«550

« 580
623

hh2

«532
o431
+299

(a)

: S‘Z&Su«/\[

o461
468
o435
+33%0
« 408
«315
«285
o175

.384
468
495
«558
412

473

473
270

.25
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GHAPH No B

JOB'S CONTINUOUS Vi-xIATION METHOD
pH 9.4 and pH 9.6

Y) Versus (X
hs Versus (X
(D) Versus (X

)
A) Tat BYO . pH 9741

4)  at 910wx pH 9.6
at 510 pH 3.8

o e ol
=<

D
Added

Yg at 510/ pH 9.4

at Blot - pHiocd; (Bak)

)

i
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TABLE VIII (Grapu 6 '
HoDZ constant varying amount of thallous ion added
HpDZ « approximately 4.25 x 10~7 nnies
pH Deb ' i
Chloroform phase 15 mt ; aqueous phase 10 wi

T1 T1 oml Absorbancs

My $xig™ at 510 Uwu{ . at 440 w.ug
1 1x10-7 0.20 338 425
2 2x 0.43 475 «334
3 3x 0.60 «600 «310
& 4.0 0.80 o742 «291
5 6.0x 1.20 . 804, 277
6 8.0x 1.40 +804 278
7 10.0x 2,00 +810 : 275
8 9.0x 1.80 .810
9 12.0x 2.40 +815
HDZ = approximetely 4.20 x 10~7 moles
pPH 9.8

Chloroform phase 15 ml ; aqueous phase 10 ml

1 x0~7 0.20 432 372
2 2 0.40 519 o 34k
3 3x 0.60 620 «317
I 0.80 « 740 297
5  5x 1.00 775 .298
6 6x 1.20 .788 .292
Y & 1.60 796 291
g  10x 2,00 800 ' 290
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TZBLE IX (Graph 7)
Bffect of pH on abscrbance

Dithizone and thallous ion concentrations constans.

H,DZ moles (nﬁz; an: 133,40 e mmr pH §§& 7?;
6+5x10~7 11,0 6.5x10=7 1,30 12,7 6.0  0.545
6.5% 11.0 13.0x 2,60 11.4 6.0 0,555
6.5%x10~7 11.0 6.5x10~7 1,30 12,7 8.0 0.575
6.5% 11,0 13.0x 2,60 11.4 2.0 0,700
6.5210°7 11,0 6.5x10°7 1,30 12,7 9.0  1.100
64 5% 11.0 13.0x 2.60 11.4 9.0  1.20
6.5x10=7 11,0  6,5%10°7 1,30 12,7 9.6  1.430
645% 11,0 13.0x 2.60 11.4 9.6  1.550
6.5%x10=7 11.0 6.5x10~7 1,30 12.7 10,0 1.640
645« 11.0 13.0x 2,60 114k 10.0  1.750

~* (A) ==~ absorbance
TABLE X (Grarh 8)

Weight ot Chloroform Absorbance Molar ap*

T Ly D) (ml) ax 310 man (T4 HaD2)

1.40 mg  50.0 5o 1.730 3.04x10-5  5.69x10°7
1.12 mg 50,0 = 14413 2.43% 6414x
0.84 mg 50.0 03 1.060 1.82% 5.82x
0.56 mg 50,0 0.703 1.21x 5.80x
0439 mg 5040 0.500 0.85x 5.82x
0.28 mg 50.0 04330  0.6)x 5.41%

Av, 5.,78210-5
@y is computed assuming thet thallous dithizonate is of keto form having
molecular weight of 459.7.
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Two compartment oell with ager-gel salt bridae and 3.6.3;

Volts
0400
0.05
0,10
0,15
0.20
D.25
0.30
0.35
0.375
0.40
04425
0.450
0.475
0,500
0.525
0.55
0.60
0.65

Selutions fer polarographic work were:
0.1 ¥ 1n potassium chloride (EC1)

0.,002% w/v in gelatin
Furified ni}ro;en was bubbxcd'shrough the solutien for 15 min,

referencs cell on one side~--was used,

TABLE XI

(Graph 9.19,11)

34

(4) (8) ey oot 0y m (*) (o)
3.5 B s 2.2 2.5 0.0 0.0
0.9 2.0 1.0 2,0 1.0 40 4.0
7.1 8.5 6.8 12,0 7.2 9.9 9.9
9.1 1.1 9.5 16,0  10.5  13.0 13.0
10,6 13.0 11.0 18,0 12,1 16,0 15.9
12.0 145 12.0 13,8  17.4 17.5
13.2 15.5 12.6 2.5 1.7 13,0 18/8
16.0 17,0 140 22,7  15.5  21.0 20.0
19.2 19.8 16,0 2346
25.7 23.5 20.0 25.1 16,0  23.0 21.3
4540 53.2 26.9 25.0  23.2
75,0 - 48.6 38 35,7 16,8 28,0 25.0

"%0.5 - 73.0 56.7 4546 32,0 29,0
65.0 92.0 73.0 54,1 17.8  36.5 33,0
%45 W28 82.7 5945
78.6 LB 87.5 62,0 18,5  41.0 37.5
81,2 464 90.3 640 19,0  43.5  40.0
82,2 47,0 91.2 65,3 1948 4he?  41a5



0.70

0.75

- 0.80
0.85

0490

0.95
1.00
1.05
1.10
1.15

9.8
83.0
83.2
83.8
8445
5.1
85.5

4745
48,0
4LB.5
49.6
50.0
50.5
51.0

2) T1 ion oconcentretion

b) *
e) *

a} >

92.3
9343
%4 ok
9544
964
97.4
98.2

9.80x10~% ¥
5.00x10™%
4,08210™%y
2x16-% ¥

e} o0.1¥ ECl--supporting slectrotyte.

f) 2.2, mg of unknown thellous dithizonate
g) 1.86 mg of unknown thallous dithizonste.

- 67,0

68.8
70.5
72.6
75.0
78.5
80.5

20,9
22.3
23.8
233
26,8
28.9
30.2
32,0

33.3

34.5

35

L5.6
4£7.0
49.0
51.0
53.0

4£3.0
bles5
45.8
47.2
49.5
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GRAPH No 11

DIFFUSTON CURRENT VERSUS THALLOQUS ION
CONCERLTHATION
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From graph 11 we oan evaluate the concentration of thallous
jon, Two sasples of unknown thallous dithizonate prepared as
will be described were decomposed with hot sulfuric aeid and
hydrogen peroxide. In order to reduce thallium JII beock to
thallium I hydroxyl smmoniusm chloride was used, The completedess
of reducticn wos cheoked by measuring the sbsorbance of agueous
solution et 215m4( end 240w as recommended by Gritmen (6},

By polergraphic work the following results were obtained:

weight of Galv,. 71 M/1 T1 M1
sanple mg Teflections observed computed
2,24 16.5 0.94x10™% 0,96x10™%
1.86 13.7 0.79x10™* 0,80x10™%

rﬁn graphs 24 and 2B, curves g and b, 1% is evident that
thallous dithizonete in ohloroform soluticn hes 2 meximum eb~
sorption at 510m . regardless of the ratio of reagents mixed,
The ourve ¢ oconfirms that thallous dithizonate prepared ss
will be deseribed later in ehloreform solution gives a nax-
imum sbsorption et 510 mar, After addition of (BAL) to thall-
ous aithizon-te the absorption eurve ¢ beocmes almost idenmtical
to thet of the dithizone in chleroform solution (eurve f).
Phallous dithizenste in ohloreform solution upon being exposed
to strong sun light fedes to & yellowish solution. This absor-
ption spectrum (curve g) resembles that of the oxidetion product



of dithizene (diphenylthiocerbondiazone) (14). Besides, 1t is
worth mentioning that the meximum absorptiocn for thellous éith~-
izenate 510wy elmost ccinside with e minusum for dithizone
which L3 at 505 ww) »

In the applieation of Job's continucus veriastion method
it is seen in graph 3 eurves b, ¢, d, e § thet minima or maxime
in (V) ocour slmost at the same value of (x). This confirms
the point of view that only one complex is formed where the "n"
value is unity. The slightly higher values of () and (4) when
x - 0.5 are probably due to the grester solubility of keto~
thallous dithizonete (Qlﬂina) But from previous observetions
on the effect of relative retiocs of reagents it is izpossible
%o econclude that the enol complex might be formed.

The meximum in (A) cesurs when @83 = 0 which is ssen

from the graph to fall st the point where x = D.48 and

n = §=i = 1.

Prom graph 4 it is evident that the difference between
ebgorbances observed without (BAL) and efter the addition of
(BAL) gredually inereases up to x z 0.5 and then resches a
minusum at epproximetely x =z 0.6 and agein returns to the ex-
pected level, This behevior, probebly is due to the formation
of enol thallous dithizonate, but there is no further substan-
tiating evidence to prove 1t.
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In graph 5 eurves a, b, give maximum st x s 0.5, which con-
firms that thers 1s only one complex present in chloreform sole
hoa
ution at pH 9.4 and p¥ 9.6, Alse the plot against (x) shows

a zaximum 6t X = 0.5,

In order to establish the effect of one reagent on the
formation of the colored product the measurements of sbsorbance
may be used as recommended by ¥Pllon (10). Xeeping dithizone
coneentration constant end verying the amount of thallous ion
the curves a, be, ¢, 2nd 4, in graph 6 are sbtained. 1t 13
evident that in the beginulng absorbence increases considerably
until it reaches the point where the reagents are inm 1:1 ratios,
On farther sddition of thallous ion the absorbence increases
very slightly which is probasbly ¢ue to the greaster solubility of
thallous dithizonste in chloroform, If there w-re another
complex rermié the slope would changs et snother equivaleade
point where the reagents would be in retio (1:2) but this is
not noticed.

The pH of the solution is of grest importance in the study
of metel ditiizonetes with respect to both: their formastion end
their sclubility in the orgenic phese., By verying the p¥ and
keeping dithlzone snd thallous lon concentrations and vobumes
conetant curves a and b in graph 7 were obtained, Detween p¥
6--8 there is only & smell amount of thalloue dithizonete in
chloroform rhase, above pi 8 i% inareaaag riéiﬁly. Besides,the
exoess thallous ion glves higher abserbvence probably due to the
ineressed solubility of thellous dithizonete in ehloroform,

rér determinetion of molar absorbancy index solid thallous

dithizonate was prepared as follows:
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Dithizene ehloroform solution was sheken with thellous oere
‘bengte buffered st pH 9.6. After s few minutes the ehloroform
goluticn wes separsted from tﬁc agueous phese end chloroform was
evaporated slowly in the anfk at room tempersture, until & pre-
eipitate formed ani only & few ml. of chlcrorurﬁ were lafs.

vhen Lt wes filtered and the preeipitate washed with cold slechol
and ohloruforsm miztures, The product was dried in a desloeator
and wes used for detersinstions, of moler sbsorbency index

as shown ip zreph 8, snd pelavcgrephic studlies,

On scecunt of time limitatione work oould not be enrried to
the extent :lanneéd., Une of the interestes of this work wes %o

establish the equilibrium constant
0Mfly[ﬂ013w

('Ml /sz_)w
for thallous Githizonetes between two pheses: ohlovofora and

Km =

water., As slrvesdy mentioned in previous discession Ky eculd be
conputed from the reletionship

(ML HD-Te P, [ D27,
I Iw K FLH*w

if the pertition ooefficient (Py), the ssoust of metal dithizonete
in shloroform, the concentretion of metal ion in water and the
undissooisted dithizone sonsentretion in ehlorofora were kuown,

Aeving prepared kete-thallous éithizonste (TIHDZ) it (s
poasible to detersine tha partition coefflolent by abscrbence
messursments of ehlorofora solution or by using e rediosctive
isotope of thallium end dttarm&niya by trscer nethods,
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Thallous ion concentration (T1* ) in the squeous phase
might be determined by mmasuring the ebsorbance at 215 . of
there are interfering substances presant,

The auount of keto-thallous dithizonete (T18DZly may be
determined by measuring the absorbance at 510 wuy « Tince the
molar ebsorbaney index for dithizone is sbout 100 times less
than thet for kete thallous dithizonate, the correction of
obsurved absorbance is unnecessery, unless dithizene is in excess.

The smount of free dithizone (H,DZ)g in the organie phase
- might be determined by extraction of thallous dithizonate with
dilute acid, and meesuring the absorbance of ehloroform solution
at 610 Moy o

The (Ht ) oconcentretion of the soluticn may be meesured
by & pH meter. The "F" value is computed by Irving and co-
workers es slresady mentioned,

From this dste Ey may be evaluated,
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