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of Tetramethylmurexide in Acid Medium 
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Murexide or ammonium purpurate (I) has

(I)

found extensive application in analytical 
procedures for qualitative detection and quanti-
tative estimation1-8) of various metal ions. 
For these purposes murexide is used both in 
acidic9) as well as alkaline media10), but in 
highly acidic or alkaline solutions this metal 
ion indicator is quite unstable. A research 
programme was therefore, undertaken on the 
kinetics of decomposition of murexide in 
acidic11) and alkaline12) media in order to 
elucidate the reaction mechanism (s) and to 
formulate proper conditions for the analytical 
use of murexide13). These kinetic studies are 
now being extended to various compounds 
related to murexide. The present communica-
tion refers to the study on the kinetics of 
decomposition of tetramethylmurexide (ammo-
nium tetramethylpurpurate) in acid solutions. 

Experimental 

Tetramethylmurexide was prepared by the method 
of Gysling and Schwarzenbach15) by the action of

ammonium carbonate on tetramethylalloxantin. 

This last named compound was obtained by careful 

degradation of caffeine following the procedure 

outlined by Biltzl16). Repeated recrystallization of 

ammonium tetramethylpurpurate by salting it out 

from its aqueous solution17) by the addition of 

ammonium chloride gave a sample of satisfactory 

purity. Hydrochloric acid used was an Analar 

sample ; diluted solutions of this acid were standar-

dized against a standard sodium carbonate solution. 

Throughout these studies redistilled water was used 

for preparing the solutions etc. All the spectro-

photometric measurements were made with a 

Beckman DU spectrophotometer using corex cells 

of 1 cm. width. The temperature of the reaction 

system was maintained at desired value with an 

accuracy of •}0.05•Ž (or better) by employing a 

Beckman dual thermospacer set in combination with 

an externally connected thermostat ; this last was 

operated by a micro relay. 

Results and Discussion 

Absorption Spectra of Tetramethylmurexide. 

-Figure 1 gives a typical set of results on 

the absorption of tetramethylmurexide solution 

in the visible region ; the curve in this figure 

refers to a concentration of 0.05 mM. It may 

be noted from Fig. 1 that tetramethylmurexide 

exhibits an absorption maximum at ƒÉ=530 mƒÊ.

Fig. 1. Absorption spectrum of tetramethyl-
murexide in the visible region.
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Further, this wavelength of maximum absorp-

tion was unaffected by the change in the con-

centration or/and pH of the system. Studies 

on the variation of optical density with con-

centration of tetramethylmurexide were carried 

out in the concentration range 0.01•`0.08 mm. 

It is evident from Fig. 2 that the absorption 

of tetramethylmurexide at ƒÉ=530 mƒÊ is 

governed by Beer's law ; the value of the Beer's 
constant from the slope corresponds to 1.464

×104.

Fig. 2. Application of Beer's law to the 

absorption of tetramethylmurexide at
λ-530mμ.

The observations recorded above thus provide 

a method for following the reaction kinetics 

by observing the variation with time of the 

optical density of acidic solution of tetramethyl 

murexide at ƒÉ=530mƒÊ. In the experiments 

reported here the concentration of hydrochloric 

acid and tetramethyl murexide were 5 and 0.05 

mm respectively. Thus the temperature was 

the only variable parameter in these experi-

ments ; the range of temperature investigated 

in these experiments was from 25•`45•Ž. 

Determination of the Rate Constants.-For a 

first order reaction, we have

(i)

Where C0 is the initial concentration of the 
substance and C is the concentration after a 
time interval t. Equation 1 suggests that log C 
vs. t plots should be linear with slope being 
equivalent to -k/2.303. Instead of concentra-
tion one may also employ a physical property 
linearly dependent upon C such as optical 
density (vide supra). Figure 4 gives the plots of 
log(OD) vs. t for the reaction under investiga-
tion ; from the slope of these plots, we get the 
value of the apparent rate constant (in time-1)

Fig. 3. log(OD) vs. time plots : concentration 

of HCl, 5 mm ; concentration of tetramethyl-

murexide, 0.05 mm. Temperature : curve 1, 

25•Ž ; curve 2, 30•Ž ; curve 3, 35•Ž ; curve 

4, 40'C; curve 5, 45•Ž.

Fig. 4. Arrhenius plot.

for the reaction. As pointed out previously18) , 
these k values are linearly variant with hydro-

gen ion concentration [H+] and refer here 
to the experimental conditions under which 
the initial concentration of H+ is taken in much 
excess over that of the tetramethylmurexide. 
The reaction is in fact bimolecular and the 
rate constant characteristic of the reaction is 

given by the relationship.

which differs from the values obtained from 
the slope in Fig. 4 by the factor [H+] which 
appears in the denominator. These values of 
k (expressed in sec-1 1. mol-1) corresponding to

18) Cf. Ref. 14.
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TABLE I. RATE CONSTANTS OF DECOMPOSITION 

OF TETRAMETHYLMUREXIDE IN ACID SOLUTIONS

TABLE II. FREQUENCY FACTOR, ENERGY AND 

THERMODYNAMIC QUANTITIES OF ACTIVATION (25•Ž)

different temperatures are returned in Table I. 

Thus for example the values of k were 0.937 

and 3.17 at 30•Ž and 45•Ž respectively. 

Determination of Quantities of Activation.-

For computation of the energy of activation 

of the reaction, the well-known Arrhenius 

equation was applied. Figure 4 gives the linear 

plot of log k vs. 1/T; from the slope of this 

plot, we get a value of 15.49 kcal. for the 
energy of activation. This value of E along 

with the values of k in Table I, gives a value 

of 11.18 for the Arrhenius frequency factory 

(log A)19). Also presented in this table are 

the data on the free energy and entropy of 

activation calculated from the relationship20)

(1)

(2)

and the value of ‡™H•‚ obtained from the values 

of ‡™F•‚ and ‡™S•‚. 

Comparison with Collision Theory.-From con-

sideration based on the collision theory one 

can shown that for a biomolecular reaction the 

kinetic collision frequency is given by21)

(3)

where a is the distance of approach between 

the reactions for effective collision, Ma and Mb 

are molecular weights of the reactants and the 

terms N, II, R and T have their usual signi-

ficance. From Eq. 3 we get a value of 11.62 

for log Z in good agreement with a value of 

11.18 obtained experimentally for the Arrhenius 

frequency factor. Similar agreements have been 

obtained for various reactions in solutions22)

which are free from complications arising out 

of ionic interactions etc. 

Possible Reaction Mechanism.-In view of 

the above observations and with the knowledge 

of the reaction products, a possible mechanism 

of the reaction can be formulated. The problem 

of the products formed as a result of the 

decomposition of murexide and substituted 

murexides in acid solutions has been widely 

discussed23). The presence of alloxan and 

uramil along with some alloxantin has been 

detected24). In fact it was a controversial point 

as to whether the alloxan and uramil are 

primary products or the alloxantin. It was, 
however, convincingly shown by Davidson25) 

that the decomposition of murexide in acid 

medium gives alloxan and uramil ; these com-

pounds then undergo secondary reactions to 

give alloxantin. For tetramethylmurexide the 

products of the primary reaction would thus 
be dimethyl substituted alloxan and uramil. It 

is suggested that this process takes place 

according to the following mechanism :

It is of interest to point out here that it has 

not been so far possible to isolate the free 

purpuric acid or substituted purpuric acids 
because of their extreme instability. On the 

other hand in case of certain compounds related 

to murexide for which the corresponding acids 

are stable, the addition of acids to say ammo-

nium salts results in the liberation of free 

acid26). Further the direct interaction of the 

tetramethylpurpurate ion and the hydronium
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ion cannot be the rate determing one, as for 

such a process the kinetic data should be such 

as to suggest an ionic interaction. Moreover 

the tetramethylpurpurate is considered to be 

in equilibrium with tetramethylpurpuric acid 

as a result of the ionic combination of the 

former with the hydronium ion. This process 

will be governed by an equilibrium constant 

the reciprocal of which will be, according to 

the modern concepts27), the ionization constant 

of tetramethylpurpuric acid ; the ionic combi-

nation of tetramethylpurpurate and the hydro-

nium ion cannot be considered to be the rate 

determing one, as such processes are known 

to be extremely fast28). Thus it appears very 

likely that the instability of tetramethyl-

purpuric acid, the formation of which is 
favored in presence of excess of acid, is re-

sponsible for the decomposition of tetramethyl-

murexide in acid medium and for the observed 

kinetics of the reaction. 

Summary 

Kinetics of the decomposition of tetramethyl-

murexide in acid solutions have been investi-

gated spectrophotometrically by following the 

absorption at ƒÉ=530 mƒÊ. The optical density 

of tetramethylmurexide at this wavelength 

has been shown to obey Beer's law with a 

value of 1.464 •~ 104 for the Beer's constant. The 

change in the optical density with time of 

tetramethylmurexide solutions in presence of 

hydrochloric acid has been shown to obey a 

first order law and from these data the rate 

constants of the reaction have been computed 

at different temperatures in the range 25•`45•Ž. 

These data have been employed to obtain 

quantities such as energy and entropy of activa-

tion etc. and the Arrhenius frequency factor ; 

the comparison of this last has been made with 

the collision theory. The possible mechanism 

of the reaction has been discussed. 
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