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KINETICS OF THALLIUM (III) REDUCTION WITH 8UTANTRI0L- 1,2,4 
ANO CIS-BUTEN-2-OiOL~l,4

The present study is a continuation of the Investigations re
ported in a series of earlier papers [1-4}. An attempt le made 
to describe in more detail the course of thallium (III) reduction 
with compounds containing hydroxyl groups, of which one also con
tains a double bond.

Experimental 

Measurement procedure and reagents

Thb thallium perchlorate solution© used were obtainad and pre
pared for the Investigation in the way described in previous re
ports [l-4 ]. Their concentratione were determined amparometri- 
cally using two polarlzable electrodes [5-6].

The perchloric acid employed in the study was manufactured by 
Pearl« Com. Hopkins and Williams.

Prior to the measurements, the organic compounds (manufactu
red by Merck) were dried on molecular eleves and distilled under 
reduced pressure.

The ionic strength constant wes kept »table uaing NaC104 so
lutions (Merck).

The reaction were monitored by recording the strength of thal- 
llum ions reduction current in proportion to thalliuns (III) con
centration using an X-t type OH-814 pen.

The measurements ware made at constant potential +039 V vs 
calomel electrode. This potential was applied by means of poten- 
tioatat which was constructed in our Institute Potential of +390 m</
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va. SCE It corresponding to the peak of reduction of T1 (III) In
1 M perchloric ecld on chronovoltamperoaetrlc curve. The work« 
Ing electrode was Pt aicroeleetrode, the auxiliary electrode waa 
a Pt grid of such larger aurface are», and SCE aerved aa the re
ference electrode. The aeaaurlng vaaael waa thermoeteted with an 
accuracy of -0.2 K. The reactlona were monitored up to the point 
when 75-90% of the initial thalllua (III) concentration had bean 
reacted. The experimental rate conatanta were calculated by the 
least squares method in accordance with an integrated Iat order 
kinetic equation.

Reaulta of aeaaurementa and diacuaalon

The atudy coneiated in determining the effect of the concen
tration of organic raagenta« and the teaperature and concentra
tion of perchloric acid on the rate of thallium (III) reduction. 
In each sarlea of aeaaureaenta, the concentration of organic coa- 
pounda waa varied in the 0.02-1.0 mole/d«3 range* The reaulta 
obtained sre collected in Tab. l and 2. The experimental rate 
conatanta determined for perchloric acid concentration» of 0.90

T a b 1 a 1

Experimental reaction rate conatanta of thalllua (III) reduction 
with butanetrlol-1,2.4. >u»2.25, c h c 10 ” 1 ‘80 aole/dm-5,

CT^° • 5 . 10”4 mole/dm^

Cx
mole/dm3

kob. • •'*
T • 328 K T - 336 K T « 343 K

0.02 0.45 - 0.02 0.78 - 0.04 1.16 t 0*05
0.04 0.79 * 0.04 1.35 - 0.06 2.08 - 0.10
0.05 0.92 - 0.04 1.59 - 0.08 2.42 - 0.11
0.075 1.19 I 0.05 2.06 - 0.10 3.19 2 0.15
0.10 1.39 * C.07 2.43 i 0.11 3.78 i 0.18
0.50 2.36 - 0.10 4.20 t 0.20 6.88 - 0.32
1.00 2.58 - 0.12 4.65 - 0.22 7.70 i 0.35
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and 2.2 mole/1 are not Included 1a the tablea because within 
measurement error the values obtained do not differ from thoae
for perchloric acid concentratIon of 1.8 mole/dm3.

T a b l e  2

Experimental reaction rate constants of thallium (III) reduction
Cunin - 1-80 mole/dm3.with butene~2-dlol-l,4.>t • 2.25, vHC^0 c o T1

5 . 10“4 mole/d»3

Cx
■ole/dm3

“obs * 103
T - 308 K T « 317 K T - 328 K

0.02 0.55 * 0.03 0,63 £ 0.03 0.74 * 0.035
0.04 1.09 X 0.05 1.20 £ 0.06 1.40 £ 0.07
0.06 1.60 * 0.08 2.00 £ 0.10 2.20 £ 0.10
0.08 2.15 £ 0.10 2.42 £ 0.11 2.96 i 0.14
0.16 4.35 * 0.22 4.67 - 0.23 5.81 £ 0.25
0.20 5.38 - 0.25 5.87 £ 0.26 7.20 £ 0.32
0.40 10.6 - 0,5 12.5 £ 0.60 14.7 £ 0.6
1.00 26.3 * 1.0 30.8 £ 1.3 36.2 £ 1.5

The process of thallium (III) reduction with butantriol-1,2, 4 
^as a similar character to the reactions Investigated thus far. 
For the lowest trlol concentrations its rate is directly propor
tional to the concentration, but as the concentration increases. 
Increasingly larger deviations are observed. Proportionality la, 
however, retained in the entire range of concentrations studied 
between the reciprocal of experimental rate constants and the 
reciprocal of thallium concentrations. This can be seen in Fig. 1.

Thus, thallium (III) reduction with triol most probably pro
ceeds In accordance with the kinetic equation (1)»

obs ft
(1)

1 ♦ ft * C>

where Is concentration of the organic compound, and ft is the 
®quilibrium constant of the transitional complex with reaction 
substrata» described by the kinetic schemet
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50 'l/C<jj0|u
Fig. i. Dependence l A obs • f ( l/Cdlol) for thelliua (III) reduc- 

tion with cle-buten-2-dlol-l,4

Tl3* ♦ trlol Tepidly co*P1#x ?loiwlX product«
On tho other hand, the rate of thalliua (XXI) reduction with 

butane 2-diol-l,4 i» proportional to diol concentration in the en
tire range of cuncentratione etudiea* Thie correspond» to the 
simple paeudo-firet order kinetic equation (2)*

kobe * k * c* (2)

T » 328 K

* 336 K



Since with other aetal Ions the d i d  under study form» com- 
plexee [7], on« nay assuea that in tha cone of the thallium ion 
a complex 1« elao formed, but It is ao unstable as to have no 
offset on tha kinetlce of tha process.

T a b l e  3
Vsluas of kinetics parameters of thallium (III) reduction with 

' butanetriol-1,2,4 and butene«2«dlol~l,4

T Butanetriol-1,2,4 T Butene-2-diol-
«1.4

ka"1 • 103 ke"1 • 10
328 2.85 9.6 308 26.2
336 5.16 8.9 317 30.8
343 8.65 7.8 328 36.9

, Fig. 2. Dependence of reaction rate on reciprocal of temperature 
H j  

te»'
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A distinct difference between the Investigated processes la
observed in the activation energies (Fig. 2), which seems to 
suggest that different mechanisms are involved. In view of the 
fact that the activation energy of thallium (III) reaction with 
triol is similar to those observed in the reactions with glyceri
ns* and other compounds studied so far, the mechaniaK« involved is 
probably of the same kind. The considerably lower activation 
anargy of the reaction with dlol suggests that In this case the 
reectlon centre is a double bond.
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KINETYKA REDUKCJI TALU (III) BUTENTRIOLEM-l,2,4 
I CIS-BUTi:N-2 CIQLEM 1.4

Badano kinetykę redukcji talu (III) butantriolem-1,2,4 i cls- 
-buten-2 diolem 1,4 w wodnych roztworach kwasu nadchlorowego. 0- 
krećlono parametry kinetyczne tych reakcji. Wykazano. Za redukcje



talu (III) butantrlole!t>-1.2,4 przebłaga podobni« jak uprzmlnio 
zbadana reakcja t«lu (III) z gliceryny.

Roakcja cls-buten-2 diolu 1,4 z tolen (III) przebiegu wadium 
innego równania kinetycznego 1 charakteryzuje r*tę znacznie niż 
energię aktywizacji. Wydaja olę. ża w tym przypadku I «;tap 
reakcji polega na ataku talu (III) na wiązanie podwójn« diolu*

MajKCuuujuu Kr tuman, r*ere* AxApaeocxiiR 
KHHïïïMKÀ BOOCiÀHOBïEHiîii mJIWfl (III) ByTAHrPHOnOtt-1,2,4

a uuc-Brim-j ąhoiom 1 ,4

H c c je ^ o a a n a  m i i i i k i  B 0 C 0 T a» 0 M # « M  t ê u x k a  (21) 6y 'ta j» rp « o ^o » « -l,S /}  
k ą « c - 6 y r e « - 2  a*a*om  1 ,4  b bo.*bhx p a c v s o p a x  x ao p n o li x x q x q v u . O npai« -- 
Jieuu KHHeTiwecKife aapaMerpu 3T*x peaxumi.

OOjiapyMao, <tto BocctaaoBJieHae t « j u k «  ( li t)  6yTanTp«ajroM 1 ,2 ,4  
npoT axaftT  noaoSxHM o S p aao łi * a x  p a n a s  a c c j ia jO B a s a  pe& Kunx Tasjjiir CIII) 
c rxxuepojiOM.

P e a x u x *  H M e-6yTeH -2 a * oxa 1 , 4  c  ł a j a n e «  Ü Il) n p o ie x a e r  ccrvracKO 
* p y r o « y  x«M etH tjeoxo iiy  y p a s jio M i»  K onaanB aeT C « 3Ha«m ïexbHO nsï3i:'i>?t 
a i e p r a e ü  a K ïa a a a H » .

Kaxetc«, « o  b aron ojiy't** napa«* »tan pean««* 3aKJi»«iaeTca 
«raxe Tajixaa (DI) aa *boflsy »  cB*3b xaoaa.


