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Kinetic and mechanistic studies of the thermal

isomerization of bismuth dithizonate?
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Okayama 700-8530, Japan

The isomerization rates of bismuth dithizonate (Bi(HD);) having three dithizone ligands have been measured in various
kinds of solvents and at high pressures, and the reaction mechanisms in aprotic and protic solvents are discussed.

Chromism of metal dithizonate is probably an inherent prop-solution (1x10-* mol dnt), deoxygenated by bubbling nitrogen,
erty and a central metal determines the photochemical stabias irradiated with a projection lamp through an interference filter
ity, rates of the thermal return reaction, and the colour of(Toshiba Y-45) to produce the Il-form. To follow the thermal return,
dithizonate complexes? The chromism of bismuth dithi- the change in the absorbance was monitored with time by using a

- . P Hitachi 220A spectrophotometer. Time-dependence of the absorption
zonate (Bi(HD),) has been recognized as the equilibrium gpecira of Bi(HD), was followed in various kinds of solvents. The

between two coloured f‘?rrﬁ% solution of Bi_(HDz_)3 _tums return reaction obeys first-order kinetics, and the observed rate was
from orange (I-form) to violet (lI-form) under irradiation con- reproducible to withir5 %.

ditions, and the orange colour returns in the dark (Scherhe 1).
The detailed reaction mechanism of the isomerization OlResults and discussion

Bi(HD), with three ligands has not been well established yet. he isomerization in aprotic solvents: For the thermal isomer-
one possibility is the simultaneous reaction and the other is thg . P e . N
Ization from the ll-form to the I-form, two isosbestic points in

stepwise reaction for the three ligands. e range 350-800 nm appeared, which is similar to those of
In this paper, the kinetic pressure and solvent effects on th g(HD,),. This indicates the absence of reaction intermedi-

thermal isomerization rates of Bi(HR are presented and their 7 . o g
mechanistic implication is discussed. Moreover, the kineticsteS during the thermal isomerization of Bi})D The rate

: : i : : constants for the thermal isomerization of Bi¢jl[n various
for the Bi(HD,)5 isomerization in protic solvent are discussed. kinds of aprotic solvents are given in Table 1, together with the

] activation parameters.
Experimental _ _ As shown in Fig. 1, the activation energy was compensated
Bismuth dithizonate (Bi(HD);) was prepared according to the for by the activation entropy. This finding suggests that a sim-

reported method,and recrystallized from chloroform—hexane mix- ; ; ; o ; ; _
tures: mp 487488 K (I£.492 K). Solvents of reagent grade were ple interaction mechanism is involved in the thermal isomer

stored over molecular sieves and distilled before use. ization of Bi(HD,), in various Sc_)lventgAs may be seen in
The instrumentation used for kinetic measurements at low temperJable 1, the large loss of activation entropy is observed for the
ature and at high pressure has been described elsélfifesample ~ thermal isomerization of Bi(HD),, which is comparable to
that of Hg(HD,),.# Judging from the very small activation
entropy, the transition state might be highly polar. However,

g‘N /—~N systematic solvent effects are not observed, suggesting that it
\l‘&\\s—\ S\ \\S’n is not so. In a previous pagewe proposed that the isomer-
H (i i ization of dithizone ligands in Hg(HIp, proceeds by a reac-
Ph—N” \/S(N S/B( tion mechanism involving cyclization upon activation. This
N=C~\/ “Ph C//\ ,N\Ph accounts for the above large entropy loss upon activation.
N/ T The return rates of Bi(H), decrease slightly with increas-
\N_,_.H ing external pressures. The activation volumes for the thermal
Ph/ isomerization were estimated from the following equations.
I (Orange) 1I (Violet) Ink=apP+b @)
Scheme 1 RT (0 Ink/d P); = —AV * = aRT 2

Table 1 Rate constants and activation parameters for the thermal isomerisation of Bi(HD,), in various kinds of solvents (Probable
errors in parentheses)

Solvent 102k (s™") Ea AS¥ys ¢
293K 283 273 263 253 243 233 (kJ mol") (J K" mol™)

Toluene 335 14.9 8.75 3.69 1.73 0.974 0.526 39.6(0.2) -127(2)

Ethylacetate 11.1 6.46 2.83 1.48 0.883 37.3(0.1) -139(3)

THF 6.15 4.08 1.38 0.449 0.0893 0.0410 59.3(0.2) -64.7(1.6)

Chlorobenzene 8.25 4.58 2.1 0.775 0.341 0.153 45.1(0.1) -114(3)

Acetone 17.6 6.05 2.55 1.52 41.6(0.1) -111(3)
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Mechanism (3): The three ligands isomerize simultaneously in
the rate-determining step.
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° Here, O and V represent the configuration of the ligand in the
I and Il forms, respectively. Since the thermal isomerizations
for the above three reaction routes obey first-order kinetics,
the reaction routes are spectroscopically and kinetically indis-
tinguishable. As suggested by Whallajie volume is easier

L L L L 1 to understand on an elementary level than thermodynamic
-140 -120 -100 -80 -60 quantities since the nuclear positions tell one a good deal

1 1 1 about the volume. The activation volumes for the above three

AS93 " 1J K" mol reaction routes can be expressed as:A)* =Av,, , ¥,
(2) AVF =2AV,, % and (3)AV *=3AV,, ,* whereAv,, ,*
represents the activation volume arising from the isomeriza-
tion of one dithizone molecule. As discussed above, the pres-
sure effects on the Bi(H[), isomerization suggest that one
dithizone ligand isomerizes in the rate-determining step.
The estimated activation volumes take small positive value\ccordingly, the above findings argue in favour of the step-
(~ 5.5 cn? mol™) regardless of the solvent polarity (Table 2). wise mechanism (mechanism (1)).
This indicates that the positive activation volume corresponds

to the change in the intrinsic volume accompanying the therThe jsomerization in protic solvent: Figure 2 shows the return
mal isomerization of Bi(HD),;. Moreover, the activation vol-  rates g .) in 1-butanol-toluene mixturek,=1.73x102 s in

umes for the isomerization of Bi(HI} having three ligands  {|yene at 253 K. The rate constant of the thermal isomeriza-
are comparable to those observed for silver monodithizonatgg, increases remarkably with increasing the concentration of

RV 1 4 ; :
(AgéHDz)k_AV_ = 03_7 crﬁfmol— ). | dithi | 1-butanol. Previously, we have pointed out that alcohols par-
rom kinetic studies of some metal dithizonate complexes; i e in the reaction as hydrogen transfer agents within a

: 6 B X .
Geoslinget al® suggested that a dithizonate complex with a dif- ydrogen-bonded aggregate of mercury dithizonate

ferent conformation is an unstable intermediate. For the thermet g(HD,).) and alcohols, resulting in the accelerated effects
772 ’ .

isomerization of Bi(HD),, the following possible reaction - . . . o
mechanisms have been considered: One is a stepwise reacti;%\:;]gl?gyg\i’ (IITDSg(?o%rzwsm ﬁ)l/%?gggz sgl)urﬂjosn,vf/?t?n dglrélgr?gli
3 .

and the other is a simultaneous reaction of three ligands. Therefore, the apparent isomerization ratg) of Bi(HD),

W
o
T

w
o
T

Fig. 1 Relationship between Ea and A3293* for the thermal
isomerization of Bi(HD,),.

Mechanism (1): The ligand isomerizes consecutively. in alcoholic solution can be expressed as follows.
Bi(HD.)(ll Bi(HD)4(I1)...ROH
v /:/t /fOt o . [' i(HD ,)5(I] k0+[ I(. 241N ]kH 3
V—Bi. —» O—Bi. —» O—Bi —» O—Bi [Bi(HD )Nl vorar ~ [BI(HD 23(1N] 1ot
\V \V \v \o where,k, andk, represent the rate constants for the isomer-
ization of free Bi(HD),(ll) and hydrogen-bonded
Mechanism (2): The two ligands isomerize simultaneously inBi(HD,),(I) of the conformation |Il, respectively.
the rate-determining step. Bi(HD,),(Il)...ROH denotes the complex between
Vv o o Bi(HD,),(Il) and  alcohols.  [Bi(HD);(IN] 1oy
/ [Bi(HD )4(IN]+[Bi(HD ,)4(I1)...ROH]. The equilibrium con-
V—Bi' —» O—Bi fa_5t> O—Bi stantK between Bi(HD),(Il) and alcohols can be given by
\% Vv O
Bi(HD,),(ll) + ROH = Bi(HD,)4(ll)...ROH
Ko [Bi(HD )*(I)...ROH]  _ [Bi(HD ),(1l)...ROH] (4)

[Bi(HD ,),(II)][ROH] ([Bi(HD )5(IN] 1otar [Bi(HD)(1)...ROH][ROH]

Table 2 Rate constants and activation volumes for the thermal isomerization of Bi(HD ), at 283K (probable errors in parentheses)

Solvent 102k (s7) AV*
P/kgf cm2 1 300 600 900 1200 (cm3 mol™)
Toluene 14.9 13.9 13.1 12.0 11.4 5.4 (0.6)

Chlorobenzene 8.25 7.58 7.08 6.47 6.13 5.8 (0.5)
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Fig. 2 The plots of k, ,—k, against the concentration of

1-butanol for the Bi(HD,); isomerization at 253 K. Solid line
represents k , —k, values calculated from equation 5.

Using equations 3 and 4, equation 3 can be rewritten as

K(k.;~,)[ROH] (5)

ons 0™ 1+K[ROH]

From fitting the experimental data (Fig. 1) to eqk, gk, and
K values can be determined. From the fitting results kand
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values (=1.781072 s, we have estimated to b€ =1.33
mol dm? andk,,=6.61x10- s for the Bi(HD,), isomeriza-
tion in toluene-1-butanol at 253 K. Using the estimated para-
meters and eqn 5, the return rates of Bi(fiDwere
calculated. As can be shown by the solid line in Fig. 2, the
experimental data can be reproduced well by taking into
account the accelerated effect due to hydrogen bonding.
The thermal isomerization of Bi(HD is in harmony with
the stepwise reaction mechanism, and the kinetics for the ther-
mal isomerization of Bi(HD), in alcoholic solution has been
established.
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