
A STUDY OF TH DECOMPOSITION OF MUREXIDE 

by 

JANES HOWARD MOSER 

A THESIS 

submitted to 

OREGON STATE COLLEGE 

in partial fulfillment of 
the requirements for the 

deEree of 

DOCTOR OF PHILOSOPHY 

June 195k 



APPROVED: 

Associate Frofessor of Chemistry 

In Charge of ì'iajor 

Chairman of Department Chemistry 

Chairman of School Graduate Committee 

Dean of Graduate choo1 

Date thesis is presented_ October 21. 19 

Typed by Evelyn 1anzelmeyer 



ACKNOWLEDGMENT 

The author would like to express his eratitude for 

the inspirational guidance riven by Lr. 1ax B. Williams 

in this investiation. The assistance of i)rs. E. N, 

1arvell and H. D. Reese was Ereatly appreciated. 



TAELE OF CONTENTS 

PaEe 

t. Introduction ............. . . . i 

II. 1:urexide P.ssay ........ . . . . 5 

Experimental Irocedure . , , . 8 

Procedure for Lurexide Assay . . . . . 14 

Analysis of Calcium Purpurate 
Precipitate. . ....... . . . . . 19 

iiscussion of hesults, . . . . . . 20 

iiI. The Decomposition roducts. . . . . . . . . 25 

IV. Effect of Impurities on the Jecomposltion 
of iurexide . . ........ . . . . 39 

Experimental Procedure . . . . . . . . 41 

V. The Rates of Reaction . . . . . . . . . . . 53 

Experimental Procedure . . . . . . . . 56 

VI. A Possible iechanism. . . . . . . . . . . 93 

VII. Summary ..... . . ........ . 105 

Bibliography. . . . . . . . . . . . . . 107 

Appendix . . . . ........... . . 110 



A STUDY OF THE DECOIVIPOSITION OF MUREXIDE1 

I. INTRODIJCT ION 

The determination of alkaline earth metals In low 
concentrations has always been a difficult problem. In 

1949, 3chwarzenbach and Gysl1n (35) found that murexide 

forms colored complexes with the corimon alkaline earth 

ions Ca, Sr and La, as well as with the ions Zn, Cd, 

Cu(II), Ni(II), Co(II), Fe(II,III), ín(II) and 3n(II). 
The author (31) found that a complex ion is also formed 

with lithium and apparently with zirconium and hafnium. 

Since the complex ions have different spectral character- 

istics than the dye alone, it appears that murexide shows 

strong promise as a new colorimetric reaEent for the 

analytical chemist. 

However, in the development of a colorl.metric 

method for the determination of calcium with murexide, 
the author (31; 41) was Ereatly impeded by the fact that 

this dye is unstable in solution. At that time, it was 

not feasible to investlEate this instability extensively, 
and the analytical method finally developed for calcium 

effectively cancels errors caused by this factor. The 

absorption curves found by the author for the lithium- 
purpurate sy3tems indicated that it should be feasible to 

develop a colorimetric method for the determination of 

Ammonium purpurat.e (C3H406N5NH4). 
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this ion, which has ion resl3ted. successful efforts of 

colorimetric analysis. However, experiments showed that 

the equilibrium constant for the formation of a lithium- 

purpurate complex ion in basic solution is not as great 

as that for calcium, and therefore the concentration of 

the dye would have to be known precisely in order that the 

developed method be of acceptable accuracy. At that timo, 

it was not poBeible to control or predict the concentra- 

tion of the rnurexide to a Bufficient decree, for little 

was known about the specific rate of decomposition of the 

dye, or whether or not it would be possible to inhibit this 

reaction. Thus it was not possible to develop a reliable 

colorlmetric method for the determination of lithium. 

Ferhap, as a result of the quantitative study of murexide 

decomposition, the above mentioned problems could be 

solved, thus enabl1n one to develop a colorimetric method 

for this ion at a later date. 

Osterta and Rinek (33), as well as this author, 

found that it was quite difficult to prepare a stable 

stock solution of murexide. It. was found that the 

stability of the dye in solution seemed to vary with both 

the commercial source and the solvent used. Ostorta and 

Rinck also stated that a pure sample of the dye is stable 

for 15 days in aqueous solution, and that the spectral 

sensitivity of the dye with respect to calcium is the 
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,reatest for the pureßt sample. }ioever, these authors 

did not state their criteria ror purity and stability. 

The present writer found no stable samples of murexide. 

Betz and Noii (12) overcame the difficulty of storaFe of 

nurexide reaEent for their titrimetric determination of 

calcium with disodiuin dihydroen ethylenediaminetetra- 

acetate by usinE a dry mixture of the dye and sodium 

chloride. However, this technique is not suitable for 

more exact calorimetric procedures. 

It may therefore be appreciated that a thorough 

investigation of the decomposition of murexide would 

enable one more readily to select optimum conditions for 

the development of analytical procedures, perhaps solve 

the problem of storing a stock reagent solution of the 

dye, and therefore increase the acceptability of murexide 

as an analytical reagent. 

It has been known since the early part of te 

nineteenth century that murexide decomposes very rapidly 

in acid solution (2). It was not until 1949 that the 

decomposition in basic solution was mentioned in the 

literature (35). No quantitative studies on the 

instability of murexide have been reported to the present 
time, although the products of the decomposition in acid 

solution have been investigated. This latter subject 

will be discussed further in chapter III. It was thus 
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concluded that a study of the reaction kinetie involved 

in the decomposition of murexide under variou8 solvent 

coidit1ons would be very valuable. However, before tiìi 
subject could be urdertaken, it was necessary to investi- 
rate certain factors. One must prove that the reactions 

studIed are of puro muroxide, and if it ìs not possible 

to obtain such a sample, the kind, amount, and effect of 

irxipurities present must be known and controllable. It 

would also be very desirable to know the products of the 

decomposition of' murexide in basic as well as acidic 

solutions, for thon one would be able to make predictions 

about the probable nature of impurities present in 

samples of the dye, and perhaps, with the knowledge of 

rate laws, write reaction mechanisms. In view of this 

discussion, these subjects have been investigated .nd are 

presented in relevant order. 

Due to the fact that this investigation covered a 

variety of topics, the discussions ol' the literature 

pertinent to each subject are presented in the appropriate 
chapters. 



II. Ì4UREXIDE ASE3AY 

in a prev1ou work (31; 41), It was found that 
commercial samples of murexide obtained front different 
sources apparently varied quite widely In purity, as 

found by absorbance measurements. All samples available 
to this author were suspected of beine impure, but it was 

found that no reliable method was available for murexide 

assay. 

it was not possible to utilize absorptivity2 for 

the colorlinetric determination of xnurexide purity, for 

the absolute purity of the various murexide samples avail- 
able was unknown, as was information on their rate of 

decom p osltion. Kuhn and Lyman (28) and i)avldson (15) 

titrated murexide with sodium hyposulfite in the absence 

of oxypen. The reaction is 

RN-CO 
I J 

OC-NR 

OC C 
I 

N - C 
I 

CO + 2 0H + 3204 ___________ 
I 

RN-CO 
J I' 

0-C-NFI 
I 

RN-CO OC-NR 
I t H t f 

OC C - N - C CO + 2 3O3" . (1) 
I 

I 
LI I 

tiN-COR 0-C - NR 

2 nomenclature In this report conforms with that 
suEosted in reference . 



A reproducibility oÍ 8% was the best attainable by the 

present author with this titration. This 1are error was 

ascribed to the inotability of hypouifite in oiution 

(30,p.69) and to inabIlity to control to the de3irod 

dereo the rate of reaction between hypoulfl.te and 

inurexide. The stability of the h:.To3ulf1te and ita oxi- 
dation potential increa3ea with increasing pR, whilo tue 

rato of the oxidation reaction with rnurexide decreaBea 

with increasing basicity. 

UtIlizing the standard oxidation potential of 

Kuhn and Lyxnn (28), an attempt was made to titrate 
murexide with ascorbic acid, It was found that the rate 

of the oxidation-reduction reaction in neutral solution 
was too slow for practical titration. Parenthetically, 

it is questionable whether the oxidation potential 
reported above Is of value, for murexide decomposes quite 
rapidly at pli 4.7, which was the acidity for the deter- 

mination of the standard potential. 
chwarzenbach and Gyslin (35) show that the 

formation of calcium purpurato corplexes result in proton 
release. If one represents the ion formed by the loss 

of five protons from purpuric acid by F5, these authors 
state that the reactions are 
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H4F (CaH4F)\ 

H3F 
f 

+ Ca > (CaFI3F) 
/ + 

ir H. 

H2F3) (CaH2FY) (2) 

Their work indicates that while the reaction Is not 

strictly 3tolchiometric, for xn above will not in onera1 

be an integer due to the equilibria involved, an acid- 

base titration miFht be feasible under strictly controlled 

conditione. However, the method would only be usable 

when murexide of known purity is available for the con- 

struction of an analytical curve. lt was also foreseen 

th.t the presence of acidic or basic impurities would 

contribute an error. the above authors mentioned that 

precipitation was encountered above pH 9 durin tne 

titration of a solution containing calcium and murexide 

with base. This author carried out a similar titration. 

The resultant titration curve was that of a stronE acid 

with a point of inflection at about pli 7. Formation of 

a Ereen-black precipitate was noted near the inflection 

point, with moro ìrecipitato heine for'ed as base was 

added. This trecipitate was removed by filtration, 
washed with distilled water and dried at 1100 C. Ii- 
tion of the precipitate at orange heat in a platinum 

crucible to constant weicht resulted in an amount of 

calciurc oxide that corresponded approximately to a 



mole-to-mole ratio of calcium to purpurate. It was con- 

cluded that perhaps the formation of the calcium purpurate 

precipitate miEht lead to a Eravimetric method for the 
determination 01' murexide. This approach was success- 

fully carried out as described below. 

In order to determine the optimum conditions for 
quantitative precipitation of calcium purpurato as quickly 

as possible, experiments were performed over various pH 

values, calcium concentrations, and amounts of' murexide, 

with the relative completeness of precipitation evaluated 

by determining the amount of murexide remaininE in solu- 

tion colorirnetrically after centrifu-ation of the 

precipitate. 
EXPERIMENTAL PRO CEDURE 

Apparatus. P. Beckman model H-2 pH meter with a pH 

0-il, 50_1000 C. Elass electrode was used. This instru- 
mont was standardized with a pH 7.00 buffer solution 

obtained from the saine company and which in turn had been 

standardized aEainst a Eureau of' Standards buffer solution. 
Absorbance values were determined with a Beckman model B 

spectrohotonìeter equipped with i cm. matched Corex cells. 
A t*clinicalfl type laboratory centrifuge fItted with 50 ml. 

tubes was utilized. 
Reagents. C.i. calcium nitrate was weihed out on 

a trip scale to make a i £1 solution. 



NaOH, 0.200 N, carbonate free. 
Murexide, prepared by the method of Davidson (15) 

from alloxantin. The alloxantin was Eastman white label, 

used without further purification, 

irocedure. The desired amount of murexide was 

weihod out to 0.1 m. and placed in a 50 ml. beaker. 

The correct volume of I M calcium nitrate was then added 

from a Eraduated pipet. Distilled water was added, if 

necessary, to increase the volume to 20 ml. and the 

solution stirred until all the murexide was dissolved. 

The pH was then adjusted to the desired value by addinE. 

the NaOH slowly from a 5 ml, buret. 
After adjustment of pH, the mixturo was poured into 

a 50 ml. centrifuFe tube and spun for 5 minutes at maximum 

speed. A portion of the resulting clear supernatant was 

then placed in a cuvette, and the absorbance determined at 

505 mi against distilled water in the spectrophotometer. 

Two experiments were performed. In the first, 

3.5, 7.0 and 20.0 ml, Ca(NO3)2 solution were added to 

loo m. rnurexide and the pH was adjusted to 9.0, 9.3 and 

10.0 at each calcium level. The absorbances found are 

presented in table 1. It will be noted that the relative 
deEree of precipitation decreases with increasing pH and 

calcium concentration. This is probably due to the 

neutralization of an additional proton with generation of 



Table i 

ABSORBANCE3 OF BUPERNATkNT AFTER 
CALCIUM PRECIPITATION 

loo rna. rnurexide taken 

pli 
mi. Ca(NOj.2 9.0 9.3 10.0 

0e348 2.24 3.50 

7.0 3.50 3.50 4.0 

20.0 3.5 (infinite) (infinite) 

a more soiuble purpurate epecleo (see reaction 2, pae 7) 
in the former cace, and to the for -. tion of a more soluble 
calcium purpurate complex in the letter. On the basis of 

these data, another experiment wa performed. Two quant i- 
ties of murexide were taken, 40.0 and 100.0 me.. At each 

level of murexide, the pH was adjusted to 8.0, 8.5 and 9.0 

for calcium volumes of 0.70, 1.75, and 3.5 nil. These 

volunieG of calcium nitrate correspond to 2, 5 and 10 moles 

of Ca per mole murexide for 100 m. murexide, respectively. 

The data are shown in table 2. tatîstical analysis (5 

siEniflcance level) of these data showed that the only 

8inificant difference del.ectable with the expeririental 
deaii used was due to the varying amounts of calcium. The 

mean absorbance due to the 0.7 ml. level of cicium was 

Binificantiy higher than either of the other two levels, 



Table 2 

ABSOFtBAIWE$ OF BUPERNATANT AFTER 
CALO ItJ! PREC IPITAT ION 

pH 
ml, Ca(N0312 9.0 8.5 9.0 

40 m, murexide 

0.70 2.09 2.00 2,32 

1.75 0.571 0.932 0.907 

3.50 0.610 0.820 2.75 

100 m. inurexide 

0.70 3.10 2.80 2.32 

1.75 0.497 0.389 2.12 

3.50 0.500 0.420 0.480 

which did not dirfer aiF.nificantly from each other. 
A1thouh no significant difference amone. the ab9or*bance 

means was found for the various pH values, it was decided 

that further adjustment of solutions to pH 9 would he 

undesirable in 1iht of the trend shown in the first 
exçeriment (table 1), 

It was concluded that if between 40 and 100 m. of 

murexide are taken, the optimum conditions for precipita- 
tion of xnurexide .s calcium purpurate are: 1) the 

adjusted pH value should lie between E.0 and 8.5, and 2) 

between 1.75 and 3.50 millimoles of' cri]cîum should be 
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added per 20 ml. of solution before adjustment of pH. 

Due to inability to obtain abo1utely complete 

precipitation, it was proposed to determine the residual 

concentration of murexie In the solution colorimetrical- 

ly, provided that this residual amount was very small. 

This was found to 'be the case. 

Consequently, a tentative procedure was developed 

for the ravimetrIc assay of murexide. A preliminary 

determination on the sample of murexide obtained from 

Eastman rave a result of about lO7 murexide, calculated 

on the basis of anh,rdrous calcium purpurate. The calciui 

content was found to be too low in the calcium purpurato 

precipitate for the anhydrous salt. The discrepancy was 

thouEht to he caused by a water of crystallization or 

constitution in the precipitate not removed at 1100 C. 

This was to he supported by elemental analysis of the 

calcium purpurate and determination of the water. 

Therefore an experiment was performed with a three- 

fold purpose: 1) to test the applicability of the 

tentative procedure, 2) to assay five samples of murexide 

obtained from different sources, and 3) to determine the 

composition of the calcium purpurate precipitate. This 

work is discussed below and the results are presented in 

tables 3a. arid 3b. 
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Table 3a 

EERCENT KUREXIDJ FOW FOR VARIOUS SAMPLES 

Level of ource of Iìurexide 
¡urexide Eastman )avidson Hartley Hach CaM : 1ean 

99.9 100.3 74.8 69.8 101.8 : 89,32 

high 
(115.5)* (110,6) (111.4) (111.1) (100.2): 

100.4 101.0 74.1 70.3 102.9 : 89,74 
low 

(71.9) (71.4) (71.4) (72.5) (59.4): 

100.2 100.7 74.45 70.05 102.4 

* The numbers enclosed in parentheses indicate the weight 
in mi11irariis oÍ murexide taken for each detennination. 

11'able 3b 

ANALYSIS OF VARIANCE 

Data of Table 3a 

DeFrees 
Variation E-3um of of Mean F Remarks 
Due to: Squares ireedom Square _______ 

Sample 2015.34 4 503.84 2239 iinificant* 

urexide Not 
level 0.244 1 0.44 1.95 siniuicant 
error 0.90 4 0.225 

tooled 
level plus 
error 1,34 5 0,268 

,. The siEnificance level used throughout this investigation 
was 5%. 
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rROCEDURE FOR UREXIDE ASSAY 

Apparatus. In addItion to the spectrophotometer 

and pH meter described on page 8, small sintered glass 

filter cructhles of "fine" porosity were utilized. 

Reagents. Calcium nitrate, i i, and 0.2 N NaCH as 

described on page 8 were used. Five samples of murexide 

were obtained from the following sources: 1) purchased 

from Eastman Organic Chemicals, istil1ation Products 

Industries, kochester 3, . ., 2) purchased from Hach 

Chemical Co., tmes, Iowa, 3) synthesized from alioxan 

(Eastman white label) according to the ethod of hartley 

(20), in which alloxan or alloxantin Is refluxed for 

several hours in anhydrous ethanol through which a stream 

of dry ammonia is being pas3ed, 4) prepared by refluxing 

alioxantin ( in this case, Eastman white label) several 

minutes with ammonium acetate dissolved in glacial acetic 

acid according to i)avidson (15), and 5) by the metatheti- 

cal reaction between calcium purpurate and ammonium oxalato. 

urexide was preared in this last manner as follows: 

Approximately 1 gram calcium purpurate was prepared from 

Eastman's murexide by the procedure to be given below. 

A 0.93 gram sample of this calcium purpurate was ground 

with 1,85 g. (NH4)2C204.H20, then stirred vigorously with 

500 ml. distilled water for one hour at room temperature. 

The insoluble residue was removed by filtration through a 
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fine sintered 1ass filter fuimel, the filtrate reduced 

t,o about one-half volume by distillation in vacuo (water 

aspirator) between 30 and 35 deree$ cent1rade. This 

solution was then cooled in an ice bath, the murexide 

filtered out and washed carefully with 95% ethyl alcohol. 

Each of five samples of the dye obtained in the above 

nanner wa3 dried to con3tant we1ht .t 110° C. hese 

five lots of murexide will hereafter be referred to as 

astman', Hach'o, lartloy's, Davidson's and UCaMft, 

respect ively. 
The pH 9 buffer solution was prepared by dissolving 

49.4 . C.P. boric acid in 100 ml. distilled water, 
addinL: to this 852 ml. 0.200 N NaOH, followed by dilution 

of this solution to 2 liters. 
ANALYTICAL MTH0D. 1. Precipitation. The 

desired amount of inurexide was weiEhod into a 50 ml. 

beaker, several drops of water were added, and this mixture 

made into a smooth paste with a flat-ended stirrinE rod 

(this technique was found to Ereatly decrease the time 

subsequently required for solution) . Then 3.50 ml. i L 

Ca(NO3)2 and 16.5 ml. distilled water were placed in the 
beaker and the contents stirred until complete solution was 

attained. In the least pure samples, a liEht colored 
residue remained, so the solution was quantitatively 
filtered throuEl'ì paper and the residue discarded. £he pH 
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of the 3olutton was adjutod to 8.5 by means of the pH 

meter and the 0,2 N NaOH, with the solution be1n e11 

stirred during the addition of the base. The material 

adhering to the electrodes was waßhed back into the beaker 

with a minimum amount of distilled water and the precipi- 

tate allowed to coagulate and settle by setting the beaker 

aside for five minutes at room temperature. Next, the 

precipitate was quantitatively filtered by means of suctIon 

with a sintered erlass crucible, previously dried to constant 

weiEht at 1100 C., with the filtrate and washings boina 

cauEht in a clean suction flaok. The precipitate was 

washed three times with distilled water and dried to 

constant weicht at 1100 C. in an air oven. 

2, Determination of urex1de RemaininF in Filtrate. 

The filtrate rernainin in the auction flask (see immediate- 

ly precedin. paragraph) was quantitatively transferred into 

a 250 ml. volumetric flask, 50.00 ml. of the borate buffer 

solution added, then distilled water to the mark. The 

absorbance of tuìis solution was determined at '485 m (see 

figure 1) in a 1 cm. cuvette against distilled water, and 

the total amount of the murexide contained in the filtrate 
(which should not exceed 5 rn.) wa calculated by means of 

Beer's law, usine a previously determined constant. 

The Beer's law constant was obtaIned in the follow- 

ing manner: 125 mg. Iastman's murexide was dissolved in 
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250 ml. distilled water. Varïou exactly measured aiounts 
of this solution were then added to 250 ¡nl. volumetric 

flsko contaminE 50.00 ml. of the borate buffer and 0.5 

ml, 0.200 N NaOli (approximately the volume required to 

adjust the pH to 8.5 as diseu2sed above). The various 
SOiUtiOflS were diluted to the mark with distilled water 

and the absorbc.nce of each solution deteridned a in the 

preceding paragraph. Beer's law was foi.md to be obeyed up 

to a murxide concentration of 10 /25C r1., as deter- 

mined by ten equally spaced points obtained in the 
described manner. The app) icehility of Beer's law to 
hpher concentrations of the dye we.s not investigated at 
this tinie. 

In view of the fact that the amount of murexide 

remaining in the filtrate was very small, i t was contem- 

plated that the Eeer ' s law constant for pure murexide would 

have to he obtained by using the results of the ravîmetric 
portion of the method and a series of successive approxi- 
mations. However, this was not necessary in this case for 

the Eastman muroxide sample was fortunately quite pure 

(table 3a). 

3. CalcuiationB. To deterirtine the original weicht 

cf murexide taken, the weicht of calcium purpurate found 

was multiplied by 
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= 0.8792 

and the amount of' murexide remain1n in the filtrate, cal- 

culated by Beer's law, was then added to this value. 

AALY9IS OF CALCIUM PURPUATE PRECIPITATE 

1. Calcium. Except for the 'Ca' precipitate, the 

duplicate residues rerualninE. n the sintored class cruel- 

bies were combined accordln to the original source of 

inurexide, utilizinE in addition, the calcium purpurate from 

the preliminary experiment discussed on pase 14. The 

resuitinE five samples were then lEnited to CaO in platinum 

crucibles under the full heat of a Meeker burner. Results. 

Iercent calcium found was 12.45 with a standard error of 

0.40 based on six determinations. The theoretical percent 

of calcium in the anhydrous salt, CaC8N5O6H3, is 13.13; and 

is 12.40 percent in the monohydrate, CaC8N5O6H3H2O. 

2. hater. About 800 m. calcium purpurc.te were 

prepared from Davidson's murexlde according to the method 

outlined previously. This was dried at 1100 C., around to 

a fine powder, and rodried to constant weitht. Then 100 

to 200 m. portions were weiEhed into tared porcelain 

combustion boats, and dried in a dryln pistol (Abderhalden) 

over ±205 ifl vacuo (water aspirator) to constant wei'ht. 

The reflux liquid was xylene, B.P. 137°-140° C. Results. 

Fercent water found was 6.8 with a standard error of 0.5 
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based on six deter1nat1ons, The theoretical water con- 

tent for the monohydrate is 5,62. 

3. Total Nitrop:en. An Independent check on the 

composition of' the precipitate was obtained by sendinE a 

sample of the calcium purpurate to t1e iicrochem1ca1 

Specialties Co., 1834 UniversIty Avenue, Lerkeley 3, 

California. The results of the unias nitroEen analysis 
was 21.4 0.3 nitroEen. The theoretical nitroEen con- 

tent for the rnonohydrate is 21.67, and 22.95 for anhydrous 

ca1ciui purpurate. 

On the basis of ca1ciu, water and nitroFen 

analyses, it was concluded that the precipitate was calcium 

purpurate nonohydrate. 

.ÛISCUSSION OF RESULT$ 

The results of the experiment testin the proposed 
rravirnetrìc method for the assay of murexide are presented 

in table 3s, and the analysis of variance of these data 
(table 3b) indicate that the nethod is quite reproducible. 
The results were not dependent upon the size of sample 

taken (level) within the weiFht limits of inurexide 

investlEated. The estimated standard deviation was 0.52 

percent murexide (calculated from the last line, table 3b) 

with a correspondinE 95 confidence interval of 1.3 

percent murexide. 
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Uti1izin Tukey's method (39), the aasay resu1tE in 

the la3t line of table 3a may be divided a fo1iois: The 

essentthlly pure 1astman and Davidson samples do not 

differ ßiEniftcnt1y, while the other three differ siçnifi- 

cantly amone; themselve3 and from the forrer two. Accord- 

inly, the murexide prepared b )avid$on's niethod was used 

for all remanin work unless otherwise specified since it 
ws in largest supply. Tue hih result of 102% murexide 

found for the 'CaJ sample could have been caused by 

contairination of the sample with calcium oxalate. This 

sample was therefore discarded. 

It was noticed in the water of crystallization 
determination that the calcium purpurate monohydrate was 

somewhat hygroscopic, which miEht explain the s1iht1y 
high results. This was not apparent durinE the wo1hing 

of the salt on the sintored 1ass cructhles, which could 

presumably be explained by the fact that the precipitate 
was packed tightly on the mat, and thus a smaller surface 

area was exposed than in the case of the water determina- 

t ion. 

It was thought advisable to use the monohydrate of 

calcium purpurate in the Eravimetric procedure rather than 

the anhydrous salt because the latter compound was more 

hyroscopic than the monohydrate, and because the equipment 

for the removal of this water was not readily available. 
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It should be stated that while the water contained 

In the calcium purpurate is most likely present as water 

of crystallization, it could be contained as water of 

constitution. The latter possibility Is weakly supported 

by 3limmor and SteilItz (37), who contend that murexide 

adds a water of constitution when dissolved. 

The assay results presented In table 3a were further 

verified in a rel.tive manner by determination of the 

absorptivities for each sample. Thus, if the absorptivi- 

ties of the various samples coincided within the expert- 

mental error after taking into account the fraction of 

murexide actually present, It could be concluded that the 

results in table 3a for the purity of the murexide samples 

are at least relatively correct. It should be realized 

that an assay of murexide by colorimetric means would be of 

doubtful value without an Independent determination of 

purity, for results obtained in different laboratories 

with different instruments could be expected to vary. 

irocedure. To each of nine 100 ml. volumetric flasks, 

14.82 ml. 0.200 N NaOl-I and 25.00 ml. 0.200 M KH2PO4 were 

added (this buffer mixture results in a pH of' 7.0 when 

diluted to the mark). Between 40 and 50 mg. inurexide from 

each of the first four sources listed in table 3a was then 

weighed to the nearest 0.1 me., transferred to 250 ml. 
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volumetric flasks, dissolved, and diluted to the mark with 

dit1lled water. A 10.00 ml. aliquot of the murexide 

solution was added to each of two 100 ml. flasks pre- 

pared as above, the solution diluted to volume, and the 

absorhances determined at 525 mp (the absorption maximum 

of murexide under these conditions) in I ein, cells versus 

a blank prepared by diluting the ninth 100 ml, flask with 

distilled water. The absorptivity (a) of pure inurexide 

for each of the five samples was computed accordth to the 

equat ion 

a 100 A/bFw 

where A is the absorbance at 525 nit, is the concentra- 

tion of a sample in m./m1, as calculated from the amount 

of material weighed out, b is the length of the light path 
through the solution, and P is the percent murexide as 

taken from table 3a. 

The results are shown in table 4. since the values 

for the absorptivities agree quite well, it was concluded 

that the proposed gravimotric ffiothod for the assay of 

murexide is acceptable. The advantaEe of the gravinietric 

method is that no errors due to standardization of 

reaEents are introduced (as in the case of the redox pro- 

cedures mentioned previously), and once the purity of one 

murexide sample has been quick1y established., the colori- 

metric method may be utilized for other samples. 
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Table 4 

AB3ORPiIVITIEE3 OF VARIOUS ;1JEtExIDE SAI4PIES 

525 mp pH 7.0 

ource of 
£íLurexide mean a 

EaGtman 49.1 
8 

48.5 

Davîd3on 49.1 
49.3 49.5 

Hartley 49.2 494 49.6 

Flach 48.6 
49.0 



III. THE iECOMPOSITION PRODUCTS 

It would be very desirable for one to know the 
products of the decomposition of murexide in acid and 

basic solution, for thon it would be possible to Eain 

insiEht into what the impuritlea mit be in a sample of 

rnurexide prepared accordine to a certain method, and also, 

one cannot write correct reactions without this type of 

information. It was found that the reactions occurrinE 

in basic solution are very complex, o the experimental 

work described in this chapter was meant to serve as a 

brief survey of the extent of the problem. Although a 

more thorough investiEation was considered, it was thought 

that such an extensivo study would not have been within 

the scopo of the main objectives of this research. 
Leilstein (2) found that murexide (Ï) decomposes in 

acid solution to uramil (II) and alloxan (III), which was 

in agreement with the earlier work of Gmelin, and which 

refuted the er1ier sugge5tion of liebig and Wöhler that 

the reaction products were alloxan, alloxantin, uramil, 

urea, and ammonium ion. 

NH-CO CO-NH NH-CO NH-CO 
I i I I J I t I 

CO C -N...0 CO > CO CHNH2 CO CO 
¡ ii i 

H20 
j j 

NH - CONH4 CO - NH NH - CO NH - CO 

(I) (II) (III) 
murexide uramil alloxan 
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iavidson and pstein (16) state, The most con- 

spicuous chemical property of murexide is its hydrolysis 
by acids, in which uramil and alloxan are obtained, 

accompanied more or less by alioxantin.t' (lv). lt is a 

HN-CO 
I 

I 

OC -H 
I 

OC HC-O----OOH 
I 

I 

CO 
¡ J 

HN-CO 
I 

OC -NH 

(IV) 

allo xant in 

BN - CO 

I I 

OC HCHOH 
¡ 

I 

BN - CO 

(V) 

dialuric cid 

matter of conjecture as to the meaning of "more or less 

alloxantin", for no experimental data on this subject 
were presented by these authors. However, they found 

that upon boilinE uramil for l-2 minutes with 6 N Bd, 
sufficient dialuric acid (V) was produced to yield a 

purple precipitate of barium dialurate on the addition of 

barium hydroxide. )avidson and Solaway (17) show that 
alloxan appears to he a true catalyst for the reaction 

alloxan 
uramil + water ';p- dialuric acid + 

.' 

They also report that alloxantin appears to be dissociated 
into alloxan and dialuric acid. 

Thus, the decomposition of inurexide in acid solu- 
tion apparently results in the formation of alloxan and 



uramil as the primary reaction products, followed by the 

appearance of alloxantin and dialuric acid by the paths 

described. 

iiavidson and Epstein (16) doubt the correctness of 

the formulas given previously for murexide and alloxantth 
and propose the fo11owin: 

HN-CO 00-NH 
I 

,NH2 i 

OC C - C CO 

HN-CO OC-NH 

(VI) 

r.rurexide 

NH-CO OC-NH 
I,OH I 

OC C C CO 
I I 

HO I 

HN-CO 00-NH 

(VII) 

allo xant in 

(according to Davidson and Epstein) 

This writer believes that foru1a VI is inconsistent 

with the properties of murexide, especially from the 

standpoint that the properties and composition of the 
potassium salt of purpuric acid as described by Beilstein 
(2) arid by 3chwarzenbach and 0y11E (36) are incompatible 

with Davidson and Epstein's formula. The work on the 

preparation and composition of calcium purpurate described 

previously aaso supports this view, for an NH4 group is 

replaced in the formation of the metal salts, whereas one 

would expect only hydroFen ion replacement if formula VI 

is correct. 
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A1thouh the acid deconaposition of inurexide was 

weil known in the eihteenth ceìitury, no mention of its 
instability in basic oIütiOfls was found in the litera- 

ture until 1949. t that timo, îehwarzenbach and Gyslinß 

(35) reported that the dye was unstable in alkaline 

solutions, Lut they apparently pursued the subject no 

further. This instability was alBo noted by the present 

writer in 1952 (31; 41). No other reports on this topic 

were found. Therefore, experiments were performed in an 

attempt to determine the products of the basic decomposi- 

tion of niurexide. 

The problem was approached by assuminE that uramil 

and alloxan could very likely he the primary reaction 

products. On this basis, the literature was studied in 

order to obtain information as to the fate of these two 

compounds in basic solution. In addition to the reactions 

dlscussed previously, dialuric acid is converted to 

ailoxan by atmospheric oxidation (24), and uramil is sub- 

ject to oxidation by air to violuric acid (VIII). ílloxan 

is very unstable in alkaline solution and decomposes to 

alloxanic acid (Ix), which is oxidized by air to form 

parabanic acid (X), which then slowly decomposes to 

mesoxalic acid and urea (5; 21; 28). Uramil is attackd 

by stronE, warm base to form aminomalonic acid, and thus 

would be expected to form this acid slo:ly in the presence 
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of cold dilute base. 

GONHCONHCO :NOH NHCONH000 (OH) COOl-I NHCONICOCO 
J I t I J 

(VIII) (Ix) (x) 

violuric acid alloxanic acid parabanic acid 

On the basis of this information, a series of 

qualitative tests (summarized in table 5) was developed 

for the above mentioned coaipounds, and each precipitate 
and solution obtained fror the procedure discussed below 

was tested with it, 

kroceduro for attempted resolution of products of 

the basic decomposition of inurexide. One-half ram of 

avidson's niurexide was dissolved in 500 ml. distilled 
water, five ml. of i N NaOH were added, the flask stoppered, 

and the solution allowed to stand at room temperature for 

36 hours, After this time the pH had decreased to 9.5, 
so 5 ml. more of the i N NaOH were added. Twenty four 

hours l'ter, the solution was c]ear and slightly yellow 
colored. y means of Universal"pH indicator paper , the 

pH was adjusted to approximately ¿t with 6 N HOi. This 

solution Wa:' concentrated to about 100 ml. by vacuum 
distillation (water aspirator) with the temperature of the 
water heatinç- bath maintained between 300 and 4O c me 
distillate containing only HC1 was discarded. The residuo 

in the distilling flask consisted of an oranCe colored 



Table 

UALITATIVE TESTIU CEE1E 

(see xiext pa;e for explanation of table) 

Test 

Ecl 
F& Lead Heat, Heat, 

Compound Tollen's Ba(OH)2 11LOH kiuret acetate NHjÚH Ba(UH)2 A 

Alloxan pos. Na blue ---- W red NR -- 

Alloxantin purple blue --- ---- red -- W -- 

Dialuric acid NR pirple purple -- -- 

Uraiiil pos. NR NR W red purple gas 

Aminomalo nie NR NR NR - --- W N -- w -- acid 

Ìiesoca1ic pos. Mt -- --- NR -- 
acid 

Urea pos. R --- pos. NR -- N2 

Alloxanic acid NR - NFL -- 

Violuric acid NR red --- ---- dic. red -- --- w -- 

arabanic acid W NR NR NR NR NR --- W -- 
o 
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IALTICN OF TAILi 5 

Abbreviations 

'os, represents a positive reaction, NR means no 

reaction, W represents white precipitate formation, an 

underlined color indicates a precipitate of that color is 

formed, a color without an underline shows that a clear 

solution of that color is formed, N2 represents nitroEen 

evolution, and a dashed line thdictes that no informa- 

tion was available. 
.3ources of i.jata 

Compound feferences 

Alloxan 7, 16, 21, 26 

Alloxantin 11, 16, 21, 26 

)ialuric acid S, 21, 16, 26 

Uramil 10, 16, 21 

Aminomalonic acid 5 

I4esoxalic acid 4 

Urea 32 

Alloxanic acid 3 

Violuric acid 8 

Parabanic acid 6 

Ailoxanic acid, violuric acid and parabanic acid 

were prepared by this author accordin to references 13, 

1, and 14, resrectivsly, and subjected to these tests. 
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solution and a snail quantity of ii'ht buff colored 

precipitato. This mixture was cooled in an ice bath and 

the precipitate renioved by filtration. The characteriza- 

tion of this precipitate (de1gnated "precipitate lia" 
hereafter) will be decrîhed in a later oection. The 

filtrate, deeinated "fiitrate lib" was an orane-red 

color, which did not change upon addition of base to a 

small aliquot. A small portion 01' filtrate Ifl' turned 

water white on addition of sodium hyposulfite. Jmall 

volumes of filtrate lib were then subjected to the teot 

scheme of table 5, a distilled water blank being carried 

through all operations. £ositive resulta aro as follows: 

Tollen's reagent wa reduced, and a white precipitato was 

formed, which dId not appear to be totally composed of 
silver chloride, Barium hydroxide turned the solution 

pink, which is indicative of the presence of violurate 

:1ori, but no precIpitate was formed, The addition of lead 

acetate solution caused the color of the solution to 
chance to huff, and a slight amount of white precipitate 
wa formed. On heating, this solution produced a 

voluminous white precipitate. The addition of nitrous 

acid solution resulted in as evolution, and the addition 
of a few crystals of phenol had no effect. This indicated 

the presence of an alpha amino acid and/or urea, for the 

presence of a diazotizable amino ,roup should have 



incurred a color change on the addition of the phenol. 

Thus, the possible presence of compounds listed in table 

5 was narrowed down to inomalonic acid, mesoxalic acid, 

urea, violuric acid and parabanic acid. 

The remaininE volume of filtrate lib was then 

extracted with three 25 ml. portions of ethyl ether, and 

the combined ether extracts evaporated to dryness. A 

slight residue was found, but not enouEh to enable further 

study. The extracted filtrate was then evaporated 

vacuo to dryness, the temperature of the heating, bath 

beine kept at or below 4O C. The solid residue was 

extracted with 50 ml. alcohol by refluxinE for 5 minutes, 

cooliní to room temperature, filterinE, then rinsing the 

flask and solid residue (residue lib) with 25 ml. of' the 

alcohol. 

The alcohol extract was evaporated to a syrup, 

and after standing overnight, crystals were formed. The 

crystals were separated by filtration, washed with ether, 

and air dried (the filtrate was discarded) . The biuret 
test on these crystals was negativo, therefore urea was 

probably not present. Some of the white crystals seemed 

to appear cubic under the microscope, and may have been 

ammonium chloride. The meltin: block behaviour of the 

yellow crystals was as follows: 3ublimation occurred at 

about 1400 C.; at about 185° the yellow color changed to 
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tan, and at 2300 fliCI explosive decomposition took place. 

The re9idue lib was not c3elt with further because 

it was realized th.t the presence of unrnonium chloride 

would interfere with certain tests in the qualitativo 

schenke. Accordingly, the whole procedure described above 

was repeated, but 6 N I-1NO3 was subitituted for the 6 N 

lic?, and all quantities were doubled. The results were 

approximately the sarce, the residue remaining after 

alcohol extraction of filtrate lib (residue lib') was 

subjected to the qualitative testa and the following. 

results obtained: Silver nitrate produced a white pre- 

cipitate. E3ariurn hydroxide addition resulted In no 

reaction. Ferrous ammonium chloride plus amrnoniuni hydrox- 

ido gave no reaction. Concentrated ammonium hydroxide 

produced no color chanco on heating, Tollen's rea;ent 

produced a Eelatinous dark precipitate, and on heat flE, 

silver was reduced, The addition of lead acetate solution 

resulted in only very BliEht precipitate formation, and no 

further precipitation occurred on heating. The Muret 

test was noEative, The addition of i M Ca(NO3)2 produced 

no reaction in the cold, but a white precipitate was 

formed on heat ins. 

It thus appears from this preliminary survey that 
the major constituent of residue lib' may have been para- 

banic acid, with perhaps some aminomalonic acid present. 
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orkin on the assumption that the only compound present 

in residue lib' that gave a precipitate with silver was 

parabanic acid, the silver precipitate obtained by addi- 

tion of silver nitrate to a water solution of the residue 

was washed with distilled water, ir dried, and ground in 

a mortar to a fine powder. Pure silver parabanate was 

then prepared from parabanic acid, which in turn was 

prepared by the method of Blitz and 3chiomann (14). The 

mfra-red stoctra of a Nujol mull of those two materials 

wore then obtained in an automatic recording Perkin- 

Elmer Iodo1 12 C spectrophotometer, equipped with sodium 

chloride optics. The results rere inconclusive. 

Precipitate lia was characterized as uramil by 

uti1iation of the qualitative scheme of table 5 and by 

comparison of its infrared spectrum with that of pure 

urami?, (A sample of purified uramil was kindly furnished 

by Trofessor B. E. Christensen, Chemistry Department, 

Orej-on 3tate ColleEe). The infrared spectra were obtained 

in the manner described above and r . re shown in flEure 2, 

In the oririnal recorder charts, the 1000 to 2000 wave 

number region was greatly expanded and the detail was 

quite clear. Ton transmittance minima for the uramil and 

precipitate lia were found to check with an averaEe 

deviation of 4 cn.1. The shoulder in the region of 
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3030-3130 orn. is clue to uramil. The only point where 

the two curves did not correlate was at about 3430 wave 

numbers, and this was found to be caused by contaminat ion 

of precipitate lia with violuric acid. One would not 

expect to obtain exactly the same shape curves for the 

two samples, for with the qualitative technique used one 

could not control exactly the relative amounts of sample 

and Nujol. 

The results of the qualitative tests (table 5) on 

precipitate lIa are as follows: No reduction was caused 

with Io11en's reagent, but a voluminous white precipitate 
was formed, as was formed with silver nitrate. No 

reaction was produced with barium hydroxide. When the 

precipitate was heated gently with concentrated ammonium 

hydroxide, a red color was formed. Addition of lead 

acetate solution to a solution of the precipitate resulted 
in a white precipitate. A purple precipitate was formed 

when the solid was boiled several minutes with 6 N HC1, 

cooled, and solid barium hydroxide added. The precipi- 
tte was insoluble in ether, and soluble in base. 

Inspection of table 5 shows that, of the compounds listed, 
these results are consistent for uramil, as is the 

infrared spectrum. 

Discussion, The complexity and large number of 

decomposition products apparently formed in basic solution 
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make lt difficult to iBolate the individual compounds 

iith tiie techniques utilized.. Therefore, a more thox'ouch 

lnveGtiEation was not undertaken due to thc reasons 

previously discussed. It has been shown that urami]. is 

apparently formed to a certain extent, and it is quite 

likely that it is a primry reaction product. The identi- 

ty of any other compounds could not be determined with the 

procedures used, although the tests on filtrate lib and on 

residue lib' do not exclude the possibility or the 

presence of parabanic acid. ßince alloxan reacts with 

base to form alloxanic acid, and alloxanic acid is subject 

to air oxidation in the presence of base to parabanic acid, 

it is somewhat likely that alloxan could also be a primary 

reaction product. 
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IV. FF1CT OF L4PURITI3 ON TH 
£)COMPOS IT ION OF MUREXIDE 

before the ßtudy of reaction rates can be under- 

taken, the effect of possible impurities on the decornpo- 

sition reaction must be ascertained, ror it might happen 

that one or more of the impuritieB could have a catalytic 

effect, and thus invalidate much of the data. 3ince the 

uncertainty of purity of the purest samples of murexide 

available is about one percent (see chapter II), one must 

be certain that presence of any foreign compounds, what- 

ever they may be, have no catalytic properties or, if 

catalysts are present, their effect must be controllable. 

$ince it was not feasible to analyze the various 

samples of murexide for specific compounds present as 

impurities, an indirect approach was necessitated. If any 

catalytic phenomena exist, they may be separated into two 

general classes : oxidation-reduction and acid-base. 

The former may be investlEated experimentally by determin- 

Ing the reaction rate of murexide with and without the 

presence of suspected redox catalysts in a buffered solu- 

tion. The presence of protolytic or hydroxylytic 

substances could be determined in an impure lot of murexide 

by measurement of pH, with an additional check obtainable 

by titration. 



Any impurities present in the inurexide cn con- 

ceivably originate froni two sources: 1) from Improper 

or incomplete separation of start1n. materials and 

produet8 from r1de reaction3 durInt preparation of the 

dye, and 2) decomposItion of the rnurexide In solution 

before the final crystallization, with saine of the 

decomposition products beine precipitated at that time. 

3inco the start1n material for the synthesis of murexide 

is Eenerally ailoxan or alloxantin, these compounds may 

be present as impurities. It was shown in chapter III 

that when alloxantin is placed in aqueous OiUtiOn an 

equilibrium mixture is foried between alloxantin and 

alloxan plus dialuric acid, that dialuric acid reacts 
reversibly with ammonium ion to form uraiil, and that 

murexide could decompose to produce uramil and alloxan. 
Therefore, the compounds most likely to be present as 

impurities are dialuric acid, uramil, alloxan and 

alloxantmn, In Hartley's method of synthesis (20), 

absolute alcohol and sinmonia gas are used, hut the puri- 

fication procedure practically excludes the presence of 

these materials in the final product. Davidson's method 

(15) utilizes laciai acetic acid and ammonium acetate, 

followed by salting out of the dye from an ammonium 

chloride solution. With this procedure, the possibility 

of the Presence of acetic acid and ammonium acetate is 
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practically ni]. in the final product. 1f the final 
product were slightly contaminated with ammonium chloride, 

the pH decrease caused by the hydrolysis of this compound 

would be very sia1l compared to that caused by hydrolysIs 

of the ammonium ion of the murexido. 

On the basis of this information, the follow1n 

experiments wore performed: 1) The relative rates of 
decomposition of Hach's inurexide (7O pure) and of )avid- 

son's murexide were compared in buffered solutions of pH 

3.03, 6.98 and 11.49 at an ionic strength of 0.10 at 
25.0° C. This should detect any significant redox 

catalysis of the impurities present in flach's murexide. 

2) Alloxantin and uramil were added to buffered solutions 

of avidson's murexide at pH 5.11. The above discussion 
shows that dialuric acid and alloxan would automatically 

be formed tri the solutIons. 3) The pH of solutions of 

Eastman's, Davidson's and Haches murexide wore measured, 

and then titrated with standard base. 

XPERIiIENTAL PiWCEDURE 

Apparatus, Absorbances and pH values were 

determined as described on pago 8. The temperature of 

the reaction solutions was controlled by immersion in a 

water bath, maintained at 25.0 020 The water bath 

temperature was controlled by means of a thermistor and 

the electronic therxnoregulator of Sweeney (37,pp.46-52). 
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3o1utions. Standardized 0.2 N "carbonate free" 

NaOFI, 0.400 M ïcH2PO4, 0.400 X4 potassium acid phthalate, 

0,200 N lid, and 0,500 M KC]. were prepared from C.P. 

chemicals. These chemicals contained no detectable 

quantities of' calcium as doter'mthed by qualitative analy- 

sis with murexide in basic solution (31; 41). 

The followin1- solutions were freshly prepared just 

before use: urexide solution , 50,0 mg. Davidson's 

murexide dissolved in 250.0 ml. distilled water; Murexide 

solution B, 40 m, i)avidson's rnurexide dissolved in 

100.0 ml, distilled water; Murexide solution C, 57.0 me,. 

Hach's murexide dissolved in 100.0 ml. distilled water; 

Alloxantin solution, 20 m. Eastman white label alloxan- 

tin dissolved in about 100 ml, distilled water with gentle 

heat thE then transferred to a 250 ml. volumetric flask 

and diluted to the mark with distilled water; Uramil 

solution, 10.1 m. urami]. (a purified sample kindly 

furnished by Dr. P. E. Christensen) dissolved in 10.0 ml. 

of the 0.2 N NaOFI, transferred to a 100 ¡nl, volumetric 

flask, and diluted to the mark with distilled water. 
xperiment 1: ComparIson of rate of decomposition of 

Bach's and 3avidson's murexide. 

pH 6.98: To each of four 250 ml. volumetric 

flasks, 5.94 millimoles NaOR, 25.0 ini. 0.400 M 1Gi2O4 and 

12.53 ml, 0.500 M Rd were added. )istilled water was 



43 

added to about 15 inìi. below the mark, and the flaska were 

allowed to remain in the 25 water bath until temperature 
equilibrium was attained. Next, 10.00 ml. murexide so1u 

tion iS wa pipetted Into each of two of the flasks, and 

1o.oc ¡ni. of muroxide solution C was Birnilarly delIvered 

Into each of the two remaininE flasks. The flasks were 

diluted to volume, mixed, and replaced In the water bath. 

The time was recorded when the pipet was one-half drained. 

The pH of each solution was deteruined at the beEinninE 

and end of the experiment (about two weeks). The ab$orb- 

ance at 525 irp were determined at approximately 24 hour 

intervals, at identical times from the start for each 

flask. Since thi8 was the first rate exteriment terformed 

In this investlEation, the experimental de3ign used was 

anRlys1s of variance. The results of the analysis of 

variance calculations made with the log of the absorb- 

ances are riven. In table 6, The loEarithms of' the 

absorbances were also plotted aa1nst time3 on linear 
graph paper. 3traiEht linee resulted, but there was a 

point of discontinuity, with the latter portion of the 

line havinE the sare slope Eraphically as the first por- 

tion, It was found that this was caused by a stickinE of 

the relay in the thermoreEulator assembly, causing the 

3 3eo Appendix. 



Table 6 

ANALYSIS OF VARIANCE RELATIVE RATES 
OF DECOMPOSITION OF HACH'S AND DAVIDSON'S 

MUREXIDE AT pH 6.98 AND 25 C. 

Observations converted to lo A 

Variation 
Due to: 
iu rex ido 

source 

Time 

Interact ion 

um of 
3quares 

O 00020641 

0.63401126 

0.00011278 

Error 0.00240155 

Looled: 
Error plus 
Interact ion O. 00251433 

¿f4 

DeErees Lean 
of 3quar 

Freedom x lO F Remarks 

Not 
1 2.0641 2.63 siEnificant 

lo 634 

10 0.1128 0.10 Not 
s inif leant 

22 1.0916 

32 0.78573 -------- 

bath temperature to rise temporarily to 32 C., and then 

to return permanently to 25 C. The slope of the first 
portion of line resultinF from the log absorbance vs. 

time plot was evaluated by the rrethod of least squ.res (18; 

chapter II) and. la ivon in table 7. The relation between 

loE A (where ¡ is the asorbance) vs. time was tested 

statistically for linearity, and this hypothesis was 

accepted at the 5 siEnificance level, for the F value was 

found to be C. 27 with 9 and 33 degrees of freedom. lt was 

therefore concluded that the decomposition of murexide is 
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first order with respect to the dye under these condi- 

tions if the assumption is made that Beer's law is 

obeyed. It will he shown later that this assumption is 

valid. 

Table 7 

FIRST ORDER RATE CONSTANTS4 FOR 
DAVIDSON'S AND HACH'S NUREXIDE AT VARIOUS pH VALUES 

25° C., Ionic StrenEth 0.10 

k s 
* 

k 
Decrees 

3ource of or 
Iurexide ríin. min. Freedom 

6.98 Davidson 
and flach5 1.101 x io 1.15 x 106 42 

3,03 Davidson 4.195 x 102 4.12 x 1O 436 

3.03 Hach 4.119 x i2 2.44 x l0 12 

11.49 iavidson 3.348 x i3 6.38 x 1O 12 

11.49 flach 3.304 x 10-3 5.83 x io5 12 

4 See Appendix. 
5 Rate constants combined, due to results shown in table 6. 

Taken from table 10, pase 60. 
* 

8k represents the estimated standard error of the rate 
constant k. 



pH 3,03: To each of four 100 ml. volumetric flasks, 

10.16 ml. 0.200 N HOi, 12.50 ml. 0.400 ki potas9l.um acid 

phthalate, and 9.8 ini. 0.5 M KC1 were added. Distilled 

water was added to the 90 ml. marks (previously made) and 

the flasks were placed in the 25° water bath and allowed to 

attain temperature equilibrium. Then 10,00 ml. aliquots 

of murexide solution B wore added to each of two of the 

flasks, and the same volumes of murexide solution C were 

added to the other two flasks. Loro time was taken when 

the pipets were half empty. The flasks were replaced in 

the water bath, and the absorbances determined at 505 mp 

at S minute intervals . The pH was measured at the end of 

each run. The plot of loe. A vs. tirso was linear (exempli- 

fled in f icures 4 and 5), the points beine. less scattered 

about the line than for the pH 6.98 case. herefore, the 

slope of the line and the estimated standard error of the 

slope were obtained by the method of least squares, These 

are reported in table 7, 

pH 11.49: To each of four 100 ml. volumetric 

flasks, 0.400 milliequivalents of 

KC]. and distilled water to the 90 

The rest of the procedure was the 

paraEraph with these exceptions: 

determined at 30 minute intervals 

525 mp, and the pH was calculated 

NaOH, 19.20 ml. 0.500 k 

ml. mark were added. 

saine as in the above 

the absorbances were 

the wavelength was 

with the mean activity 
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coefficient of 0.1 I IC1 civen by Latimer (30). (Th1B is 

a fairly good. approximatIon because the mean actIvity 

coefficient V3. the ionic strength curves for NaOH and KC1 

coincide up to an ionic strength of about 0.1). The 

results are shown in table 7. 

Experiment 2. Effect of added impuritiea. 

No compounds added: To each of two loo ml. volu- 

metric flasks, 2.39 milliequivalents NaOH and 12.50 ml. 

0,500 I KC1 were added. The remainder of the procedure 

was similar to that given above for pH 3.03, with murexide 

solution A (ikvidon') being used. 

tJramil: The procedure was like that of the imme- 

diatoly preceding paragraph, with the amount of NaOH 

changed to 2.20 milliequivalents, ai. with the addition of 

10.0 ml. of the uramil solution. 

Alloxantin: The procedure was identical to that 

of no compounds addedt with the addition of 25.00 rial. of 

the alloxantin solution. 
These concentrations of uraI1 and alloxantin are 

about equimolar with that of murexide. Higher concentra- 

tians were not feasible, due to the low solubilities of 

the two compounds. 

The results of this experiment are reported in 

table 3. 



Compound 
Addod 

None* 

Allo xant in 

Uram il 

Table 8 

COMPARISON OF RATE& OF 
DEC O1.PO3 IT ION W ITH ADDED ThIPUR IT IE 

pH 5.11 

k 
rnth 

5.448 x l0 3.55 x lO 

5.5t32 X l0 

5.669 x l0 

Taken from table 10, paEe 60. 

4.67 x 10-6 

4.56 x io-6 

Deeree 
of 

Freedom 

35 

14 

14 

Exporimorit 3. [iti'ation and pH measurement. 

Additional apparatua : A beckman iùodel H-2 pH 

Leter equipped with a pH 0-11 laaa electrode was used. 

The standardized 0,2 N NaOH was delivered from a 5 ml. 

buret. Carbon dioxide wa removed from the compre.ised air 
by passing through 20% potassium hydroxide, distilled 
water and 1ass wool, in the order riven. The as wash- 

bottles wore equipped with sintered 1ass tubes for 
line dispersion of the bubbles. The 100 uil, titration 
beakers were covered with a card containing the suitable 
number of holes for introduction ot apparatus. 
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Technique: It was firBt determined that 15 minute3 

sufficed to sweep the carbon dioxide from 50 ml. diBtilled 
water, as ahown by attainment of a constant pH value of 7. 

As a check on the procedure, 1.00 ml. 0.200 N liCi plus 

50 ml. distilled water was potentiometrically titrated. Â 

"beauti.ful, textbook curve resulted, with a point of' 

inflection at pH 7 wIth the stotchionetric amount of baso 

consumed (flEure 3). Then 55,0 rn. samples of Eastman's, 

Davidson's and Bach's murexide were weiphed into 100 ¡nl. 

beakers and 50 ml. distilled water added. After solution, 

the pH was recorded, the CO2 swept out f'or 15 minutes, the 

pH aEain recorded, arid then the sample was potentio- 

metrically titrated with the standard base. Duplicate 

determinations were made. The titration curves all had a 

point of inflection at pli '7, as shown in fiure 3. The 

pH data are reported in table 9. From the milliequivalents 

of' base used, and the assay results on flach's murexide 

(70% pure), it was calculated that the over'll equivalent 

weicht of the impurities in this ssple of dye was about 

1500, which seems to indicate that sorno of the foreicn 
materials present are neutral. 
Discussion of hesults, 

Inspect ion of tables 6 and 7 show that the impuri- 

ties present in Hach's murexide, whatever they may be, 

have no aiiÍ'icant effect on the rate of decomposition 



pH 

12 

IC 

4 

e 

0 0.5 1.0 1.5 2.0 2.5 

1I. 0.1964 N NoOH 

FIGURE 3 

POTENTIOMETRIC TITRATION 
OF 

M UREXIDE 

Curve o HCI 

b 55mg. Davidson's murexide 
Hoch's 
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Table 9 

pH MEASUREMENTS ON VARIOUS 
IjTUREXIDE 3AMILES 

3ource of ïiurexide 
pH measured: Davidson Iastman - Hach 

before CO2 removal 5.5 .9 4.6 
5.5 5.9 4.6 

after 002 removal 6.70 6.71 4.90 
6.70 6.82 5.03 

under the conditions studied, It would appear that uramil 

and alloxantin could have a small effect on the rate 

constant, a seen in table 8. However, it was concluded 

that no appreciable effect exists, for the next chapter will 

show that an error of 0.05 in the determination of pH will 

cause about a 10 percent chance in the rate constant in 

this pH reEion, and an accuracy of determination of about 

0,05 pH unit is about the best obtainable with the measuring 

system used. 

The next chapter will show that the rte of the 

decomposition increases with an increase in the acidity, 
in acid solution. As seen in table 9, it would be expected 

that a solution of Hach's murexide would decompose very 

much faster in an unbuffered solution than would the 

inurexide obtained from the other two sources. Thus, the 

presence of any acidic impurities ifl a sample of inurexide 
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would reduce the stability of' the dye in unbuffered solu- 

tion, and which would explain the observations of Ootertag 

and Rinck, and of this author, that the stability of 

murexide in unbuffered solutions apparently varies with 

commercial source (as discussed in the introductory 

chapter). 
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V. THE RATES OF FACTION 

In view of the previous discussions, and tue fact 

that no reportB on quantitative studies of the decomposi- 

tion of niurexide were found In the literature, an investi- 

tion of this topic was undertaken. 

In this section, the experimente]. çrocedures used 

and the resultant data are çresented. The possible 

theoretical significance of the data obtained will be 

discussed in chaDter VI. 

The effect of pH, ionic strenEth, solvent and 

temperature on the rate of reaction was studied. Due to 

the fact that murexide was found to be insoluble in all of 

the readily available organic solvents, it was only 

possible to study the effect of solvent in various organic 

liquid-water solutions in which the organic liquid was 

completely miscible with water. 

It was found that under constant conditions of 

solvent and temperature, the rate of decomposition was 

always first order with respect to the murexide concentra- 

tian. This was determined by plotting log0 A (A 

absorbance) against time for each set of experimental 

data obtained (see appendix). Two examples of the linear 

plots thus obtained are figures 4 and 5. 
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EXPER IMENTAL PROCEDURE 

pp&ratus: In addition to the equipment described 

before, a thermometer calibrated to the nearest 0,05° C. 

by the ThirinEisches 3taatsprifamt was used for measure- 

nient of the water bath temperature, which did not deviate 
n.ore than 0.30 C. from the mean durinF any run. A water- 

jacketed veßsel throurh which water from the bath could 

be circulated was constructed for use in the measurement 

aT pH at temperatures diIferinE more than five deEroos 

from that of the room. Time was determined with a pro- 

cision stopwatch -. nd a chronometer that was accurato to 

about 30 seconds per day. The reaction flasks were 100 

ml. volumetric flasks, additionally marked at 90 and 95 ml. 

FIVO ml. pipets fItted with the proper size rubber stop- 

pers were placed in each flask after the final solution 

ILixinE, and were used for sample withdrawal. The pipets 

were capped with rubber policemen for the forty and fifty 

decree experiments. 

ieaents: The absence of' calcium in all of the 

chemicals in the fol1owin list was verified by the method 

referred to previously. All reagents used were of C.P. 

or better £rade unless otherwise specIfied. 
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0.200 M HO]. 
0.400 M otassium acid phthalate 
0.500 M Boric acid 
0.200 M NaOH, "carbonate free", stored in boro- 

silicate class 
0.400 M KH224 
0.200 M Piperidine, stored in borosilicate Elass 
0.500 M MCi 
i M Ca(NO3)2 

Methyl alcohol, commercial, redistilled 
Ethyl alcohol, commercial, absolute 
n-.[ropyl alcohol, commercial, redistilled 
Isopropyl alcohol, commercial, redistilied 
Acetone, commercial, redistilled 
Glycerol 
Dioxane, purified 

The dioxane was purified in the followin? manner: 

To 3 'E dioxane, 40 ml. concentrated HOi and 200 ml. of 

water were added and the solution was allowed to stand at 

room temperature for 1.5 hours. 40 MI were added and 

the mixture was stirred well for 15 minutes. After this 

time, KOH pellets were added until the solution was 
saturated. The upper dioxane phase was filtered by decan- 

tation throuEh paper and the filtrate was distilled from 

KOH ellets. 99.0-100.5e C., uncorrected. The 

tested peroxide-free dioxane was stored in the absence of 

li lit. 

Two stock muroxide solutions were prepared just 

before use from the dye (synthesized accordinE to David- 

son) and distilled water. One solution contained 20 m. 

murexide per 100 ml, and the other contained 40 rn per 

ioo 
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General Frocedure: Unless otherwise specified, 

0.05 M buffer mixtures were ußed for all runs in the p1-i 

rance 3 to 11.3. Except for the piperidine buffer system, 

the reaçrents were mixed in the porportions riven by 

:i11f: rd, ierritt and Dean (40,p.136). The amount of NaOFI 

required for adjustment of the piperidine buffer system 

to the desired pH (near 11) was determined by experiment, 

as it was for certain cases of mixed solvent, i.e., the 

borate system in 50 volume percent dioxane. For solutions 

of pH value greater than 11.3, NaOli was used, with the pH 

calculated accordinj to the method Eiven on paEe 46. 

xcept for the study of the effect of ionic strength, all 

experiments in aqueous solution were made at an ionic 

strenEth of 0.10 moles/liter, adjustment being made to 

this value with the KC1 solution. In the mixed solvent 

experiments, the ionic strength was adjusted with KC1 

(unless otherwise specified) to the value comparable to 

c.l0 in water by means of the Debye-Hickel limiting equa- 

tian. In using this equation, the assumptions made vere 

that there was no volume change on mixing, and that the 

dielectric constants of the mixtures were proportional to 

the mole fractions of the constituents. The values given 

by Korti!lm and Eockris (27,pp.616-620) for the various 

physical constants were used. It is realized that this 

will only very approximately lead to constant activity 



coefficient quotients comparable to one another in the 

various systems studied, but it is better than no cor- 

rection at all. This ue of the Debye-Hickel limiting 
law was necessitated by lack of activity coefficient 

data in the literature. 

The general technique was as follows: The desired 

amount o pH controllinE solutions, ICi, and organic 

liquid, if so desired, were added to 100 ml. volumetric 

flasks and distilled water was added up to the 90 or 95 

ml. mark. The flasks were placed in the water bath, and 

after temperature equilibrium had been attained, 10.00 ml. 

of the 20 mg,/ml. muroxide solution or 5.00 ml. of the 

40 mg./ml. murexide solution were added to each flask. The 

time was recorded when half of the murexide solution was 

delivered. ùitilled water was added to the bc ml. mark, 

the contents of the flasks well mixed, and the flsks 

replaced in the water bath. At various intervals, por- 

tione were withdrawn jith the 5 ml. pipets, and the 
absorbance measured at the wavelengths Eiven n table 10. 

(t was necessary to use various wavolenths for murexide 

is an acid-base indicator; therefore, the absorption 

maximum shifts With pli). For studies at temperatures 

other than 250 C., 5.00 nil, of the 40 mg./ml. murexide 

reagent was utilized. 



3 03 
4,04 
5.11 
6.05 

6.57 
7100 
7,82 
8,90 
9.80 

10.52 
10,92 
11.00 
11.25 
11.70 

11.89 
12,14 
12,39 
12.67 
12.89 

Table 10 

iRATE CON3TANT3 FOR THE DEC0Mï'O3ITIQN 
0F ìíUREXIDE IN AC?.UEOUS 8OLUT ION 

AT 25 C. AND 10MG 3TRENGTH 0.10 

DeEree .ave1enth 
k of of ieasure- 

min, mth»- Freedom ment, mi 

4.195 x io2 
4.905 X 10- 
5.448 X 
1.381 x io-4 

1.096 x 
1.167 x io-a 
2,878 x 10 
9.392 X 
l.94 X io-3 

3.118 x i-3 
3.634 x iO3 
4.106 x io-3 
4.101 X io-3 
4.124 x 1o3 

5.063 X io3 
6.256 x io-3 
8.609 x io3 
1.235 x 102 
1.819 x 10-2 

4.12 x 10 
5.99 X i5 
3.55 X 10-6 
8.36 x io-7 

2.95 X io-7 
9.44 x io-? 
3.02 X 
6.26 x 1o6 
3.75 X io-5 

43 
36 
35 
32 

18 
34 
26 
32 
44 

505 
510 
510 
510 

520 
520 
520 
520 
520 

2.76 X io-5 7 525 
2,74 x 105 7 525 
4.01 X i-5 44 525 
1.72 x 105 7 525 
2.79 X ia-S 12 525 

1.33 X io-a 
3.06 x io-5 
6.91 x 105 
7.53 x 
1.82 x 

105 
io-a 

at1mated standard error of k, 

54 535 
44 530 
32 530 
40 530 
52 530 
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The pH of each solution was measured at the end of 

the run at the temperature in question. As mentioned 

before, the pH meter was standardized aEainst a buffer 

solution obtained from Beckman Instruments, Inc., which 

in turn was calibrated by that company against a U. S. 

Bureau of Standards solution at various temperatures. It 

is believed that the pH measurements were accurate to 

0.08 pH unit. 

Approximately 8 to 10 absorbance determinations 

over a period of about two half-lives were obtained for 

each solution prepared. In the first few runs, about 12 

absortance readins were made over n. period of about 

three half-lives. However, measurements durinE the third 

half-life Eenerally resulted in absorbance values below 

0.1 with the number of sinificant figures obtainable 

chanin from three to two, thus when the abßorbances 

were subsequently converted to loEarithms the error was 

reit1y increased. 

Specific Details. 

Effect of pH: A thorough study was undertaken at 

25° C. and ionic strenEth 0.10. Except for pH values of 

6.44, 10.52, 10.92 and 11.25, four runs were made at each 

of the pH values listed in table 10, with two of the runs 

at a given pH value containing. twice the initial amount 

of murexide as the other two. This use of two initial 



62 

concentrations of the dye served two purposes: 1) to 

verify the obeyance of Beer'c law at each ph, and 2) to 

ßhow that the half-life was Independent of the initial 

concentration of the dye, which is true only for first 

order reactions, Those conditions were well obeyed at 

all p1-I values and are exemplified In figures 4 and 5. The 

loEarithm to the base 10 of the rate constant is plotted 

against ph in flEure 6 (this rate constant, pseudo-first 

order with respect to inurexide, will be desi[nated by k 

throuEhout this report). The slope of the line at any 

pH on this curve cives the exponential dependence of the 

rate of reaction on hydrogen ion activity. This is shown 

by the following relations: since it has been demonstrated 

that the decomposition reaction is first order with 

respect to the murexide concentration (see also the 

appendix), the observed first order rate constant k will 

be a function of solvent conditions. If all variables 

except the hydrogen ion activity (Hf) are held constant, 

suppose 

k k' (H) 

where n is the order of the reaction with respect to (Ht) 

and k' is the s ecific rate constant, then 

and 

lo10k lo10k - n(pE) 

d (lo1'k) V 

a (pH) 
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Thus f1pure 6 shows that the reaction is f irt 
order with roapect to hydrogen Ion activity in the pH 

reEion of about 3 to 5, ana. 1 one..half order with respect 

to hydroxyl ion activity in the pH reEion of about 7 to 9. 

The step' in this curve around pH 10 to 12 was quite 
unexpected, but its existence was verified by additional 
runs. An attempt will be made to explain this phenomenon 

in a later chapter, 

Effect of Ionic Strength: It was mentioned in the 

previous paragraph that the decomposition of murexide is 

first onler with re5Lect to hydrocen ion activity in the 

pH ranEe of about 3 to 5 and is one-half order with respect 
to hydroxyl ion activity in the pH region of about 7 to 9. 

Since it was not considered feasIble to studythe effect 
of ionic strenEth ori the observed rate constants for the 
whole rance of pH previously mentioned, the variation of 

the specific rate constants for these pH regions (k1 and 

k2, respectively) wIth ionic strenEth was studied. The 

data are given in tables 11 and 12, and are presented 

Exaphica1ly in f iEures 7 and 8. 

An approximate equation for the variation of k 

with pH will be presented on paso 67. An attompt was 

made to study the variation of rates (k3 and k4) with 

ionic strength for the pH range of values greater than 9. 

The results were inconclusive, for k3 and k4 were 



Table 11 

VARIATION OF RATE 0F DC0MPOSITION WITH 
IONIC STRENGTH IN AQUOUS ACID SOLUTION 

25 C. 

Ionic 
Strength, k x 102 
moles/i. nhin.l 

0.040 3.20 4.241 

0.050 3.14 4.260 

0.C67 3.12 4.198 

0.100 

0.100 

0.200 

3.03 4.195 

4.04 0.491 

65 

Degrees k1 

X 
min.- 

of 
Freedom (moles/l)1 

4.45 10 67.4 

1.93 8 5.9 

2.99 10 55.4 

9.49 43 45.0 

0.60 

3.04 3.855 3.44 

Table 12 

36 53.8 

10 42.3 

VARIATION OF RATE 0F DECOMFOSITXON WITH 
IONIC STRENGTH IN WEAKLY ALKALINE SOLUTION 

25° C. 

Ionic 
Stronth, k x 1O 8k X 

Degrees 
oí' 

k2 

min.' 
moies7i. min. min. Freedom (moles/i.)h/2 

0.0085 8.40 3.843 3.96 6 0.243 
0.0219 8.38 3.937 11.1 6 0.254 
0.0416 8.36 4,032 3,04 6 0.266 
0.0650 8.48 5.084 3.62 6 0.293 
0.1000* --- --- --- --- O.351±C.02** 

calculated from pH 7.00, 7.82 and 
* 

k2 is the weighted mean 
8.92 data in table 9. 

**Indieates the range of calculated values. 
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calculated from data obtained at pH ca, 11.2 and ca. 11.9, 

(calculations at these points apparently save the best 
fit of the last term of equation 1), and the scattered 
values were attributed to an inability to determine the 

pH of the solutions accurately near values of 11.2. How- 

ever, the variation of k with ionic strenrth at pH 11.88 

is presented in table 13. 

Table 13 

VARIATION OF RATE CON3TANT WITH 
IONIC 3TRANGTH AT pH 11.88 AND 25 C. 

Ionic Strength k x 1O 
moie/j. 

0.0180 4.04 

0.0310 4.30 

0.0471 4.55 

0.0666 4.64 

0.1000 5.06 

it cn be seen that ionic stren-th is an important 

variable in the rate of decomposition of murexide. By 

utilization of the data presented here and equation I, 
it would be possible for one to calculate the optimum 

ionic strength for minimal decomposition of murexide, for 
the variations of k1 k2 with ionic strenEth are of 
opposite direction. The variation of k1 with ionic 



strenEth will be d1SCL1Od nore fully in the following 

ch,pter. 
'ffoct of Mixed Solvents: The solvents U3ed, 

their concentrations, the observed first order rate 
constants, and the ionic strengths of each run are Elven 

i_n tables 14, 15, 16, 17 and 18. 3lnce the objecte of 

studying the mixed 3olvents systems were 1) perhapß to 

rain an insipht into the mechn1srn and 2) to find a 3olvent 

In which the rate of decomtosition of murexide could be 

greatly docreaíed compared with water, the rates were 

only studied in the pli ranFe of about 3 to 9. It was then 

conterplatod that the relative order of minimuni decompo- 

sit:ton for the various solvent 9yateri$ could be calculated 

by Lrleans of an equation, to be presented. One will notice 

that in acid solution, the rate of reaction increa$es ith 

increasing proportion of organic liquid, and in weakly 

alkaline solution, the rate of decomposition decreases 

with increasing orEanic solvent concentration. An atternpt 

will be made to explain sorne of these phenomena in 

charter VI. 

In the case of the dioxane.water systeIL3, it wa s 

not possible to adjust the ionic streneth to the calcu- 

lated value3, duo to the very low dielectric constant of 

the dioxane, and the fact that the various buffer concen- 

trations could not be practically reduced to values less 
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Table 14 

RATES OF DECOMPOSITION OF MUREXID IN 
VAR IO US ETHANOL-WAT ER MIXTURES 

25 C. 

Volume 
k 

ûorees 
8k of 

k1 
nun.-1 

Ethno1 min,- xnin!' Freedom (moles/1.)1 

20 3.14 4,262x102 2.35x104 18 58,9 
40 3.14 5,061x102 4,42x104 18 69,9 
50 3.12 6.360x10 2 4151x10 16 84.0 
20 4.16 5,466x10 3 2.69x10 16 62.6 
40 4.13 5.538x10 3 1.05x10 5 7 74.5 
40 3.95 8.451x10 3 2,83x10 5 7 75,2 
50 4.09 7.292x10 3 3,43x10 5 14 89.5 

k x 10 
rnin.' 

(moles/i. 
)1f 2 

20 8.50 2.060x104 0.84x106 10 11.6 
20 8.83 3.295x104 4,35x106 10 12.6 
40 8.51 8.287x105 4.56x106 22 4.62 
50 
20 

8.52 
9.10 

6.127xl0 
4,363x10 

0,59x106 
2.33x106 

22 
18 

3.38 
12.2 

40 6.95 1,422x104 2.53x106 18 4.74 
50 8.92 l.OlOxlO 2,81x10 18 3.49 

Noto: For 20, 40 and 50 volume percents ethanol, the ionic 
strengths were adjusted to 0.0845, 0.0676 and 0.0596 
respectively. 
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Table 15 

RATES OF DECOMPOSITION OF MUREXIDE IN 
VARIOUS ORGANIC LIQ(JID-WATR MIXTURES 

ÖL0 r 
:._) li. 

k1 

k k Deg. Ionic rnin.- 
Vol. rnth.-1 rnin,1 of Otregth (moìc/ 

3qlvent % E X io2 x Free. x 1O 

Methyl 
alcohol 25 3.13 5,469 3,06 10 6.95 74.0 

n 3.19 8.022 9.44 8 4.62 124.2 
Ethyl 
aleohol* 

H 
20 3.14 4,262 2.35 18 8.45 58.9 
50 3.12 6.360 4.51 16 6.76 84.0 

n-Propyl 
alcohol 25 3.22 3.622 6.17 10 7.62 60.0 

H 3.14 5.130 4.79 10 5.60 70.6 
Isopropyl 
alcohol 25 3.15 3.686 2.40 10 7.45 53.3 

u 50 3.16 4.389 3.18 10 5.24 63.4 

Acetone 25 3,13 3.620 4.54 10 7.57 48,7 
ft 50 3.13 4.324 4.77 10 5.50 58.2 

Ethylene 
l4col 25 3.12 4.559 1.83 10 8.24 60.1 

50 3,13 5.773 6.03 10 6.75 77,7 

Glycerol 25 3.1) 4.062 4.86 10 8.09 54.8 
50 3.14 4.483 3.91 10 6.19 61.8 

* 
Taken from table 14. 
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Table 16 

RATES OF DECOMPO3ITION 0F UJ2XIDE 
IN VAR1OU3 DIOXA1EWATER MIXT UREB 

25° C. 

k1 

Buffer Volume Deg. min. 
Compoi- % k k of (rno1e/ 
tion ùioxane 

j 
min,1 min,- Free. i.r 

0.05 M 25 3.19 23.571x102 2,60x104 16 71.0 
Potass turn 
acid 50 3.04 1.190x101 1.37x103 10 130.6 
phthalat e 
pluB HC1 25 4.07 6.019x103 2.58x105 16 70.9 

50 4.13 9.455x103 2,44x105 13 127.8 

kxlO9 
min. 

0.04 M 25 7.77 5,75Ox105 4.28x107 18 (7.43)* 
KH2PO4 
i- NaCH 50 7.84 7.661x105 l.22x106 18 (9.10)* 

25 8.75 8.368x105 6.38x107 18 3.52 

0.05 M 
H3B03 50 8.82 3.705x105 l.59x106 18 1.44 
NaCH 

* 
Calculated from this data and equation ZIa, paEe CO. 
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Table 17 

DECOMPOSITION OF MUREXIDE IN VARIOUS 
GLYCEROL-WATER MIXTURES (13A31c SOLUTION) 

25 C Ionic Strength 0.14 

k 5k DeCree k2 

Volume mjn,- mth, of nain.- x 
" x iO x 107 Freedom (moles/i.) 

25 7.70 1.455 14.5 2 2.05 

50 7,84 1,327 4,15 2 1.59 

i.c e 

ADDITIONAL POINTS FOR 50 VOLUME 
PERCENT ETHANOL-EATER 

0.05 M 2PO2r204 suffer 

Temperature k 
decrees C. min,1 

25 7.15 3.56 x 105 
25 7.42 3.34 x 105 
25 
25 

7.81 3.59 x 105 
8.12 3.64 x 10 

40 
40 

3.76 
7.20 

6.00 x 
2.06 x 

lO 
i0 

40 7.43 2.06 x lO 
40 
40 

7.80 
6.11 

2,15 x 
2.45 x 

io-a 

40 8.60 3.32 x lO 
40 9.08 4.25 x lO 
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than 0.04 1. In addition, an attempt was made to study 

the effect of ethyl alcohol around pH 7 at 2.7° and at 

400 0. This dId not meet with sucees, for at 2.7e the 

muroxide precipitated from 8olution and the 1ass elec- 

trode did not function properly in the solvent mixture at 

this tenperature. The reEion of intere3t for this solvent 

sytern was near pH 7, and the Ionic strength could not be 

adjusted to the desIred value because of the necessitated 

use of phophte buffex$, so data were obtained at 4O 

and 25 for 50% ethanol in 0.05 h pho3phate buffers w±th 

no ÇC1 added (table 18). ThIs was meant to serve as a 

sem1quantitatIve comparison of the rate of decomposition 

in water and in 50% alcohol at the pH of minimum decompo- 

aition. 
Temperature Studies: The additional temperatures 

at which runs were made for aqueous solutions were: near 

00, 20°, 33°, 400, and 500 C. The studies at about 00 and 

400 were made over the entire pFl range (3-13) with only 

one solution beine prepared for each pH value, for the 

data of 25 indicated that sufficient accuracy could thus 

be obtained. For the experiments near zero deEroes, a 

water-ice mixture was used for temperature control of the 

reactions with half-lives of less than about six hours. 

A refriEerator was utilized for the remaining runs, and 

the temperature was recorded from a thermometer iraersod 
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in a 100 ml. volumetric faBk (filled with water) each 

time a sample was withdrawn for an absorbance determina- 

tion. 
the resultant rate constants are presented in 

tables 19 and 20, and are plotted as a function of pH in 

fliures 9 and 10, The ionic strenEth was adjusted to 

0.10 in these studies, for insufficient activity data 

were obtainable to permit the proper temperature correc- 

tion. Therefore, any activation enerEies found will be 

"apçrentt' activation energies. However, it is reasonable 

to expect that the change of activities of the various 

species involved with temperature would be very small 

compared with the chan6e of rate constant. In order to 

investlEate the temperature dependence of the observed 

rate constants (k) over the whole pH rance studied, the 

ioarithxns of the observed rate constants taken from 

f iures 6, 9, and 10 at each unit of pH were plotted against 

the reciprocal of the absolute temperature. The simple 

Arrhenius equation was apparently exactly obeyed for pH 

values of 8 or Ereater (for an example of the type of plot 

obtained see fi'uro 12), At first it was doubted whether 

the Arrhenius equation was obeyed for solutions of pH 7 

or less, so additional points for the specific rate 
constant (k1) in acid solutions were obtained at 20, 33 

and 50 decrees C. The resultant values of the observed 
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Table 19 

RATE CON3TANTS FOR THE DECOL4PO3ITION 
OF MUREXIDE IN AQUEOUS SO LUT ION 

AT LO TEMPERATURES 

Ionic StrenEth 0.10 

Temperature k 

doFrees 0. rnin, 

0.0 0.1 3.00 4.25 x 10 

3,5 0.5 3.90 7.89 x 

2.7 ,± 0.4 5.10 7.85 x iO 

2.7 0.4 6.10 1.28 x 10 

2.7 0.4 6.62 7.36 x 106 

2,7 + 0,4 7.12 1.10 x 10_s 

2.7 ± 0.4 8.00 2.40 x icr5 

2.7 0.4 8.90 6.41 x 105 

2.7 0.4 10.00 1.68 x io 

2.7 
. 

0.4 11.30 4.62 x 10 

0.0 11.88 5,75 x 

0,0 12.88 2.58 x i0 
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Table 20 

RATE CONSTANT3 FOR TEE DECOMPOSITION 
OF MUREXIDE IN AQUEOUS SOLUTION 

40.0 î 0.30 0, Ionic Strength 0,10 

k 
niin.' 

3.19 1.365 x l0- 

4.09 1.586 

5.15 1.982 x iO3 

6.02 7,527 x 

6.53 6.659 x 10 

7.02 7.875 x io- 

7.88 1.497 x 10 

8.87 4.951 x 103 

9,73 8.453 x icr3 

10,45 1,291 x io-2 

11.88 1.639 x 

12.88 5,153 x icr2 
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first order rato contant3 (k) it these respectivo tempera- 

tures were 2.91 x icr2, 795 x i...2 and 3.21 x i2 (niin.1) 
at measured pH vaiue3 of 3.03, 3.13 and 4.15, in the order 

&vene The conventional plot of the specific rate constant 

k1 calculated from the observed rate constant k for pH 

values of 3.bout 3 and 4 is shown in figure 11, and lt can 

be seen that the data apparently fit the rrhenius equation, 

aithouh the scattering is greater than in the case of the 

basic aolutiorxa. This larger error is mainly attributed 

to the larE er rate of chanEe of the observed rate constant 

with pH in acid solution compared with that in basic solu- 

tion, for an error in determination of pH in the acid 

region would cause a treater error in the specific rate 

than It would in alkaline solution (see flEures 6, 9 and 

lo). 

rfect of Glass Surface Area on Rate: In order to 

determine if heteroEeneous catalysis due to gless could 

bave been present, the rate of decomposition of murexide 

in the presence of glass beans was obtained In acid and 

basic solution as follo;s: J3uffered solutions cf murexido 

at about pH 3 (phthalato buffer) and about li (piperidine 

buffer plus 10 mg. disodium dthydrogen ethylonediamine- 

tetracetate to remove effects of foreign ions resulting 

from solution of the glass) were made up in the usual 

manner. 63 g. soft glass beads of diameter about 3 nun. 
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were placed in each of two 250 ¡nl. Iass 3toppered 

Erlenrneyor flasks and these flasks as well as the 100 ml. 

volumetric fiaska were placed in the water bath to attain 

temperature equilibrium, After this time, the solutions 

were poured into the flasks containin' the beads and the 

absorbances determined in the usual manner, The flasks 

were well shaken between each absorbanco determination. 

For a measured p1-i of 3.03, tiie observed rato conctant (k) 

obtained was 3.72 x 102 min1 it was concluded that 

the class did not catalyze the reaction in acid solution, 

for if the pH determination had been 0.05 unit in error, 

k would have acreed with the value listed in table 9, 

x in-2 min,. The value of k obtained for a 

measured pH of 11.0 was 3.75 x l0 nuin., which reh on 

the smooth curve drawn through the experimental points in 

fi.ure 6. Therefore it was concluded that the added 

surface aree. otT the iass had no significant effect on 

the rate of decomposition in basic solution. Thus, it is 

probably reasonable to assume that iass does not catalyze 

the reaction over the whole p1-i ran;e studied. 

i'ffect o Light: The absence si:nificant photo- 

sensitivity for the decomposition of rnuroxide in an acid 

and basic solution was verified in the following manner: 

Two 100 ml. volumetric flasks were filled with the proper 

amount of ca. pH 3 phthalato buffer mixture, KC1, and 



water to the 95 ml. mark, and two flasks were filled 

similarly with ca. pH 11 plperidine buffer mixture, KC]. 

and water. Then one of the fla8ks containin the acid 

solution and one containing the basic solution were dip- 

coated twice with black iyon paint to about i cm. below 

the 100 ml. mark. At the same time, two 8 inch test 

tubes were riven two dip coats of the black paint. The 

two blackened flasks were placed in the water bath (25°C.) 

to attain temperature equilibrium, 5 ml. of stock murexide 

solution was added, then distilled water to the 100 ml. 

mark, and each flask was covered with the blackened test 
tubes in order that lIFht would be excluded. The absorb- 

ancos of these two solutions were then determined in the 

usual manner as a function of time, with the solutions 

beine exposed to liEht only at the times of seple with- 

drawal. The rato of decomposition of "illuminated solu- 

tions ws observed by making the runs in the usual manner 

with the two remaininE solutions contained in the unpainted 

flasks immersed in the water bath, which were illuminated 

by a 500 watt incandescent lamp contained in a reflector 
unit suspended about 12 inches above the bulbs of the 

volumetric flasks. The observed rate constants (obtained 

graphically) are presented in table 21. Since the values 

of k at each pH do not differ siificantly within the 

experimental error, and since the observed rates for the 



Table 21 

EFFECT OF LIGHT ON T} RATE OF 
DECOMSITION OF iiUREXID 

250 C. ionic Strength 0.10 

verae k, min. 
pH "illuminated" i)ark 

3.05 4.11 x io_2 4.25 x 102 

11.10 3.90 x 1O 4.04 10- 

dark solutions are slightly higher than those for the 

Hj.11urfljfltedH solutions, it wae concluded. that the reac- 

tion iB not significantly photosensitive. 

Effect of Calcium on the Rate of Decomposition: 

Due to a previous interest, the rate of decomposition of 
the calcium complex existing in the narrow region of pH 

10.5 to 11.7 was investigated. The dye was essentially 

completely converted to the calcium coniplexed form by 

making the ionic strength up to 0.10 with 1 ii calcium 

nitrate rather than with KC1. The observed rate constants 

are given in table 22 and are plotted in figure 6. It can 

e seen that the calcium purpurate decomposes at a du- 
ferent rate than does murexide, so one must take care that 

no calcium (and probably no other ion that combines with 
murexide) is present in the solutions in which the doeonno- 

sition of the dye is being studied. 



Table 22 

RATES OF DECOMPOSITION OF CALCIUM 
PURPURATE IN ALKAL INE 3OLUT ION 

25 C. Ionic Strength 0.10 

k Bk DeErees 
moles/i. min.- min,- of 

Ca. x lO x i6 Freedom 

10.53* 0.033 1.059 6.55 16 

10.55e* 0.020 1.046 5.57 7 

10.90 0.223 1.383 10.78 5 

11.23 0.025 2.035 4.26 7 

11.70 0.031 4.522 43.5 14 

* 
Unbuffered. 

**riperidifle buffer. 

Evaluation of Data: xcept for the study involv- 

thE the variation of ionic strength at pH 11.8e, all data 

ta1en at 25° C. were fitted to the inteErated form of the 

first order rate eqution by the method of least squares 

(23, chapter II). jhe rate constants for the decomposi- 

tion of murexide under the other conditions were evaluated 

rphic1ly, for the work at 25 deErees showed that the 

estimated standard error of the rate constants was about 

one percent, and it was found that the Eraphical results 

aFx'eed weil with the computed values to this number of 
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siEnificant figures, 

The lop of the absorbance was plotted agathst 

the time for every run in order that any tendency toward 

deviation from linearity might be observed; none was. 

L)iscuss ion. 

It was shown on pages 61 and 62 that the observed 

rate constant, k, is a function of pH. Thus the equation 

(H)(F) + k2(OH)V2(I) (OH 
(I) 

was evolved, where 

t is the timo in minutes, 
(Hf) is the hydrogen ion activity, 
(OH-) is the hydroxyl ion activity, 
(M) represents the concentration of murexide, and 
k1, k2, k3 and k4 are constants at any one temperature. 

It can be seen that (M) may be factored out of the terms 

on the right side of this equation, and thus the equation 

can he integrated at constant pH by separation of varib1es. 
The sum of the constant terms remaining after (pi) is 

factored out is equal to the calculated observed rate 

constant, k. hc calculated values of k are represented by 

the dotted curves at 2.70, 250 and 400 in fIgures 6, 9 and 

10, respectively. Ihe ion product of water used for the 

calculation of hydroxyl ion activities at temperatures 

other than 250 0. was computed using an enthalpy of 

dissociation of water of 13,560 calories per mole. The 
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values of the constants in the above equation and their 

activation energies (obtained graphically) are given in 

table 23, with the logarithms of k1 and k2 plotted versus 

the reciprocal of the absolute temperature in figures 11 

and 12. The temperature plots of k3 and 4 apparently 
ev1ated less from linearity than does that of k2. 

Table 23 

SPECIFIC RATES AND APPARENT 
ACTIVÂT ION EN.ERG lES FOR EUAT ION I 

C on s t ant 
k1 k2 k3 k4 

emporature 
degrees C. :in.- 

min. 
(moles/1.Yh/2 min..' rnoles/l. 

2,7 .5O 5.87 x 102 2.28x10'3 9.25x104 

25,0 58.0 0.351 4004x10 2 483x10 3 

40.0 204 1.018 2.05x10 1 1.32x10 2 

:pparent 
et ivat ion 

Hnergy, 
koal./inole... 16.51 13.10 20.70 12.24 

It is apparent that the above equation does not fit 

the data to the degree desired; however, this was the best 

fit obtainable by the author. One must keep in mind that 

much of the difficulty of fitting. such a curve can be 

ascribed to the fact that one has to deal with a hydrogen 
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ion (or hydroxyl ion) activity ranae of 1O. It was 

realized that an equation in the form of an extended 

polynomial would empirically represent the data more 

precisely, but such an equation would have little theore- 

tical siEnificance. If know1ede of the rate of decompo- 

sition of the dye is required for practical reasons, it 

would be more accurate and less timeconeuminE to refer 

to graphs and tables presented. 

The discrepancy between the observed curves and the 

calculated ones near the point of minimum rate of decompo- 

sitiori may be due to another reaction corresponding to 

snother term of equation I and/or the effect of specific 

ions on the activity coefficient quotients of the rate 

constants, for phthalate buffers were used for pH 3 to 5, 

phosphate buffers for pH 6 to 7, and borate buffers for 

pH 8 to 10. The difference between the observed and 

calculated curves in the very alkaline solutions may be 

due to the foregoing t;o reasons, or perhaps the third 

terni of equation I is not apropos. 

mentioned before, the decomposition of murexide 

In the mixed solvents was studied for two reasons: 1) 

perhaps to gain an insiht into the reaction mechanism 

and 2) to find a solvent system in which the minimum rate 

of decomposition of the dye is much loss than for water. 

The first standpoint will be discussed in the next chapter. 
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9 wa3 pointed out In the Introductory chapter, some 

difficulty has been experienced with the preparation of 

a stable solution o inurexide. It wa thoupht that tho 

relative minimum rates or deeompo&1tion of the dye In 

various solvents could be calculated with a know1ed(e of 

te specific rates correspond1n to the first two terms 

of equation I. since the pH of the various solutions 

composed of water-oranio liquid mixtures was deterrrinable 

with the techniques used (laas electrode), but not the 

overall dissociation constant of the mixed solvent nor 

the hydroxyl ion activity, equation I was modified by 

substitution of l/2(H4)_1/2 for (OH_)l/2 to ive 

1 
+ (lI) 

where end is the "overall' dissociation 

constant for the solvent. The third terni of equation I 

was dropped, for it is nelip:ible up to a pH value of 

about 9, and the present re'ion of interest is below this 

value. From this equation, it can be seen that the 

pseudo-first order rate constant with respect to murexide 
is 

k k1(11) .1. k(H+)_/2 (lIa) 
Therefore, by utilizing the average values of k1 and 

obtained for ethanol-, dioxane-, and glycerol-water 

mixtures (tables 14, 15, 16, 17 and 23), equation lia was 
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differentiated with respect to hydrogen ion activity and 

the result set equal to zero, in order to determine the 

pH (calculated) of minimum rate of decomposition. The 

pseudo-first order rate constants at these pH values were 

then calculated in order to determine the maximum half- 
life of murexide in the various systems. s discussed 

above, these calculations cannot be expected to give the 

true rate of minimum decomposition, but would only give 

the relative order. The resultant calculated half-lives 

at 25° C. at the minima were 146, 950, 605 and 249 hours 

for water, dioxane, ethanol a1 glycerol, resectively 

(the latter three organic solvents were present at 50 

volume r:ercont). Although it appears that the use of a 

dioxane-water solvent would lead to the least rate of 

murexide decomposition, the possibility of' using this 

solvent was removed from further consideration for it was 

thought that the peroxides often present in dioxane would 

render its use imractical. In view of this, more data 

were obtained for ethanol-water mixtures, as described 

in a previous section. It would appear that a buffered 

ethanol-water mixture would be the best solvent for 

preparation of stock murexide solution in case it is 

desired to store such a solution with the occurrence of 

minimum decomposition, and for room temperature this is 

recommended. In a previous report (41) the use of 7O 



(unbuffered) ethanol was recommended. It wa not poib1e 

to ue this alcohol concentration in the present experi- 

ments, duo to the limited solublIltie9 of the buffer salts 

in this media, Thus a hiEh alcohol concentration is desir- 

able but is limited by the solubility of inurexide (arid 

other compounds, if used). Iurexide forrus a supersaturated 

solution tri 5O ethanol at reTrierator teixperatures with 

the subsequent precipitation of very small crystals at 

unredictab].e times, and would therefore be ex;ected to be 

a source of trouble if such a 2olution stored In the cold 

was utilized for an analytical procedure. It was thus 

concluded that an aqueous solution buffered at pli 6.7 

stored near zero decrees cent irade would be the most prao- 

tical for use in an analytical method, for the half-life 

of the murexide at these conditions would be about 65 

days. It seems quite apparent that one cannot completely 

inhibit the decomposition of murexide in solution. 

It is believed that the larest source of error in 

these studies is due to pH measurement, and that the 

teflipersture variation contributed a relatively nelicible 

amount of error. Since one cannot generally expect an 

accuracy of absorhance determination of better than about 

one percent with the apparatus used, the relative standard 

errors of the rate constants reported appear quite 
acceptable. 
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VI. A PO'33IBLE MECiL&NI3ì'i 

The author was unable to explain either of the last 

two terms of equation I by a possible mechanism of reac- 

tion. It is :robable that one uil]. not be abe to evolve 

a path of decomposition of murexide in basic solution 

until a thorough study of all the reactions involved is 

made, It is also possible that the last term of the equa- 

tion is not applicable. 

However, one can make certain qualitative state- 

mente about the behavior of the system in basic solution. 

Referring to figures 6, 8 and 10, one will notice that if 

the seCments of the curves corresponding to the second term 

of equation Ï (half order with respect to hydroxyl ion) ar 

extended linearly into the basic region, the exterimental 

curve exhibits a maximum deviation and then reapproachos 

the straight line as the pH becomes very hih. Therefore, 

ir the assumption is made that only one decomposition 

reaction takes place in basic solution, it is probable 

tht the observed rate Is the net effect of a decomposition 

and a formstion reaction with the maximum relative rate of 

formation occurring near pH 12 in aqueous so]ution. The 

broadonin of the "step" in f iFures 6, 9 and 10 as the 

temperature increases from 2.7e to 250 and then to 400 can 

therefore be attributed to a relatively large difference 
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in activation enerCie3 of the forward and reverse reac- 

tioris, The hypothesis of existence of a formation 

reaction is qualitatively supported by the fact that 
murexld.e .s sjnthesized under basic conditions. In the 

method of Hartley, anhydrous ethanol and ainonta are 

used, and in th method of i)avldson, ammonium acetate is 

dissolved in 1acìa1 acetic acid, and of course, axmoniui 

acetate is a base in this solvent. As an additional 
point of interest, it is shown in tables 14, 16 and 17 

that the rate of reaction decreases in basic solutIon as 

the concentration of water decreases, and so it Is most 

probable that water enters into the rate equation. 

it ha been shown that the decomposition of 

murexide in aqueous solution is second order, first order 

with res;oct to murexide and first order with respect to 

hydrogen ion (the first term of equation I). The addi- 

tional facts reported in various parts of this paper 

enable one to suest a possible mechanism for the 

decomposition of the dye. 

The nature of the reactIng species is of importance. 

It may be safely assumed that one of the reactants is 

hydroen ion and its decree of solvation is a moot point. 

Purpuric acid has five ionizable protons, but since two of 

them have very lar,e p values, only the ionization of the 

reEaInin, three protons need be considered here. The 
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diBaociation contnt for the first hydrogen i probebly 

about or rer.ter than ono, as Ehown by chrznbch, 

and by the fact that the titration carve of r2urexide 

ShOWS P point of inflection at atout pH 7 (see chapter 

II) . chwarzenbach also reports va)ue3 of 9.2 and 10.9 

for PK2 and PK3, re9pectively. Thu3 lt must be concluded 

that the redom1nant ecies Dresent in solution3 of pH 

values of about 3 to 5 have a unit negative charre. How- 

ever, deductions based upon the re1tion of k1 to IonIc 

strength seem to be at varIance with this. 

A relationship between the rate con3tant and Ionic 

strerirth under the cond.tion involved in this investlEa- 

tion may be derived for the 1Ixnitin case of very dilute 

solutions In the followinE canner (cf. 19,p.l17-ll8): 

If the rate of reactIon 13 proportional to the concentra- 

tion of the activated complex, then, accordIng to the 

transition state theory, 

rate (iT/Nh)C* (iII) 

where R is the as constant, T denotes the absolute 

temperature, N is Avogadro's number, h represents .Flanck's 

constant and o is the concentration of the activated 

complex. If, for the special case In question 

H + I = C* 

where the reactants H and I represent hydroen ion and 



some species of purpurate ion, resrectively, then 

cC* jÇ* ajj ajfc* (Iv) 
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in which K* is the thermodynamic equilibrium constant for 

the above reaction, a denotes the activity of the sub- 

scripted species and f is the activity coefficient of 

the activated complex C. 3ubstitutin, equation IV into 

equation III there results 

rate (RT/Nh)K* aj aj/f* (RT/Nh)K*(fWfc*)c1aH (V) 

where M represents the activity coefficient of the 

purpurate species and c. denotes the concentration of this 

species. Not:, in an infinitely dilute solution 

M/ c* i 

so it can be seen from equation V that 

k0 (RT/Nh)lc* (vI) 

where k0 represents the specific rate in an infinitely 

dilute solution. In the present case, the hydrogen ion 

activity (ajj) and the murexide concentration (CM) were 

experimentally determined, therefore when equation VI is 

substituted into equation V, 

and 

rate k0 (fM/fC*) aH (VII) 

k k0 (41/fç*) (VIII) 
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or 

log k lo k0 + log (f/f0*) (Villa) 

where k is the specific rate for a real solution. 

According to the Debye-I«ckel theory, the relation 

between activity coefficient and ionic strenEth for a 

species i in a very dilute solution is 

- log10 fj a' 11/2 (Ix) 

in which ¿ indicates the charre on the Ith ion species, 

is a constant of value 0.509 for aqueous solutions at 

25 C. , and I is the ionic strength. By substituting the 

appropriate equations obtained from equation IX for I and 

C* into equation Villa, assuming that * equals ZH plus 

Z, and making the appropriate algebraic manipulations, 

the resulting equation is 

and 

1°E10 k log k0 + (2ZHZN + ¿) a' i1/2 (X 

a (logj k) a' (2ZH'Z + Z) m. (XI) 
d (11/2) 

since Zj equals +1, lines of slope ni corresponding 

to values of Z of -1, -2 and -3 wore drawn as dotted 

lines on figure 7, page 66, for k1 (which corresponds to 

. 

in equation XI above). This plot therefore seems to 

indicato that the charge on the purpurate species taking 

part in the rate determining stop may be -2, but not -1. 



However, it was pointed out befor that investlEations 
could not be practically carried out at ionic strengths 
less than 0.04 due to the necessity of working with 

buffer solutions, so sonic doubt remains a to the appli- 
cability of equation XI and the conclusions drawn there- 
froc. 3espite the contradictory views presented, it will 
be assumed that a negative monovalent purpurate ion takes 
part in the rate detex'ining step o the mechanism to be 

proposed below, since the evidence for this assumption 

is the stronger. 

It 'as of interest to detrrnine the role of the 
solvent in the reaction path for the decomposItion of 

murexide in acH solution. As was discussed earlier, it 
was impossible to work with coiupletoly nonaqueous sol- 
vents due to the insolubility of the dye in such liquids. 
It was found that the values of k1 ottained for the 

various solvent mixtures studied were apparently best 
related 'by the equation 

kiN kj 
or, for acid solutions 

(XII) 

- d (h) kj ()() (.JII) dt 
where Nw represents the mole fraction of water and kj is 
a constant. The values of' kj calculated from equation 
XII are presented for the various solvent systems in 
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table 24. The values for dioxane-water n1xtures were not 

computed, for the results obtained would be of doubtful 

siFnificance, due to ti'e inability to adjust, even approxi- 

mately, the ionic strength by use of' the Debye-}iickel 

equation to a value couparable to 0,1 for water. The mole 

fractions of water shown in this table were calculated 

usinE the atproximation that there was no volume chante 

for mixing of the liquids. It is believed that the calcu- 

lattons of mole fractions in this manner are of sufficient 

accuracy, for the use of the i)ebye-Hickel limiting law in 

the adjustment of ionic strengths represents an even 

creator approximation. Inspection of table 24 shows that 

equation XII seems to hold fairly well although it is 

realized thst other effects, such as the basicity of the 

alcohols, may have lesger influences on the reaction. 
In view of the above discussion, the mechanism 

shown in plate I is suggested. It ïs understood that the 

formula for the purpurate ion written is only one of 

several mosomeric and tautoineric forms. h.H20t desi- 

nates an adduct of water and purpurate ion of which no 

auestions as to structure are offered. The question of 

existence of such a species has been referred to before. 

Thus by assuminE that "non-hydratedtt purpurate ion 

i',_ is the species involved in the rate determining reac- 
tian , that the concentration of the analytically 
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Table 24 

RELATiON OF )PECIFIC RATE TO ROLE FRACTION 
OF WATER IN VARIOUS SOLVENT MIXT URE 

25 C. 

Volume Noie Fraction k1 

olvent Water, N rnin.- uiin. 

ethanol 25 0.8586 74.0 65.2 
50 0.693 124.2 55.7 

1thanol 20 0.930 60.8 57.1 
40 0,840 72.2 60.6 
50 0.778 86.8 67.5 

n-Frotano1 25 0.9254 60.0 55.5 
50 0.8058 70.6 57.0 

Isopropyl 25 0.9272 53.3 49,4 
Alcohol 50 0,8095 63.4 51.2 

Acetone 25 0.9243 48.7 45,0 
50 0.8029 58.2 46.7 

Ethylene 25 0.9026 60.1 54.4 
Glycol 50 0.7559 77.7 58.7 

Glycerol 25 0.9238 54.8 50.6 
50 0.8017 61.8 49.6 

;ater 100 1.0000 
58.0** 

* Average value taken from table 11. 
**Obtalnd from table 23. 
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determinable "hydrated" forTn is ver large compared to the 

"non-hydrated" form, and that all other stops are relative- 

ly fast, the rato expression 

d (ii.H2O) 

- dt 
ekbK 

(L. H2o) ( H) 

(Hpo) 

may be evolved. If (H20) is expressed as mole fraction, 

the product kbKa is experimentally identical with 

discussed above. The individual values of kb and Ka can- 

not be determined with the information available. 

Of many mechanisms tried, the auested one was the 

only one found by the author thtt seemed to agree at all 

well with the evidence. However, there are several 

objections to the proposed reaction path. It seems strange 

that a proton transfer would be the rate detenining step, 

for this type of reaction generally is expected to occur 

very rapidly, and one would expect a C-N cleavage to be 

more difficult and therefore slower. The concurrent 

existence of purpurate ions of different degrees of hydra- 

tion is somewhat held in doubt, as is the supposition that 

the susceptibility of the purpurate ion to attack by a 

proton depends on the extent of hydration in reaction a 

whereas it does not in the third reaction. 

It might be arfued that the type of proton solva- 

tion is an important factor in the mechanism. Thus one 

would expect that, for similar concentrations of alcohols, 
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the rate conBtant would reEular).y change over that of 

strictly aqueous $olution. On the basis of this line of 

reasoning, table 25 was prepared with the values of k 

correspondin to certain alcohol-water mixtures listed 
1n order of incroasin relctive basicity of the solvents. 

It can be seen that the constant for water is unexplain- 

ably opposite to the trend of k for the alcohols. 

Therefore it is possible that the type of proton 3olva- 

tion can play an unknorn part in the decornposition of 

inurexide, but it appears that the dilution effect pre- 

dominates. One would hesitate to make further theoretical 

eonclusions on the basis of the information availhle at 

the present time. 
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Table 25 

COiPARI5ON OF k1 FOR CRTAI} OLVNT kIXTUR 

Volume 1io1e Fraction k1 

Solvent* Water 

vater ibo 3. 
54** 

Methanol 50 0.69 124 

1thano1 50 0.78 87 

n-Propyl 
1coho1 50 0.81 71 

L3opropyl 
Alcohol 50 0.8]. 63 

* 
Listed iniLncrea1ng order of relative baic1ty. 

** Average value taken from table 23. 
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v:ii. 3UiivARY 

A Eravimetric method based on the precipitation of 

calcium purpurate monohydrate, GaC8N5O6H3.H20, ha boon 

devoloced for the assay of inurexide with an estiniated 

standard deviation of 0,52%. This procedure provides a 

.revious1y unavailable means of standardization for the 

colorimetric determination of the dye, so that subsequent 

samples of murexide can be assayed coloriiìetrica11y or 

spectro:hotometrically. 

A cursory investigation of the decomposition 

products of murexide in basic solutions has indicated 

that uramil and alloxan are possible primary reaction 

products, which subsequently break down to form various 

other species. ccordin to other investigators, these 

two compounds are apparently the initial products of the 

decomposition reaction in acid solution. 

The effects of foreign materials (contained in an 
impure commercial sample) and of compounds probably 

present as impurities on the decomposition rate of murex- 
ido in buffered solutions have been studied. o redox 

catalysis was found, but a comorcia1 sample contained 

acidic impurities, which in unbuffered solutions would 

increase the rate of decomposition. These results answer 
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some of the cuestions reardin 8rratic behavior of stock 

solutions of different saïp1es of the dye. 

The rates o decomposition of inurexide in aqueous 

solutions of ionic strength 0.10 and at p1-I values rariEin 

from 3 to 13 have been determined at temperatures varying 

from about 0 to 400 C. The decornpoition rate reaches a 

minimum near pH 6.5. The reaction rate is first order 

with respect to the concentration of murexide under ail 
the conditions studied. A rate expression that approxi- 

mately fits the experimental data has been presented for 

the above mentioned conditions. In addition, the varia- 

tion of rates with ionic strength for certain pH regions 

has been investigated. At a EIVOn pH, the addition of 

water-miscible oranic solvents resulted in an increase in 

the rate of' reaction in acid solutions, and a decrease in 

weakly alkaline solutions. These investiations should 

therefore enable one to critically evaluate the applica- 
'bility of murexide for use in development of analytical 
procedures. 

A possible mechanism for the decomposition of 

inurexide in acid solution has been developed which is 
apparently consistent with the experimental evidence. 
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EVALUATION OF FIRST ORDER RATE 
CON3TANT$ FRO ABSORBANCE DATA 

¶3urpose that the rate law for the docon',:osition of 

rnurexid,e under constant solvent conditions is 
- 

k (11) (1) 

where (M) equals the concentration of the dye determined 

colorimetrically, t is the time and k is a constant. 

3ince (1) is a differential equation with separable 

variables, the integrated form is 

loEe(h)o/(M)t * kt (2) 

for a chance of murexide concentration from (i)0 at zero 

tine to a value of (M)t at time t. 
If Beer's law is obeyed by the dye under these 

constant solvent conditions, then 

A ab() (3\ :1 

whore is the absorbance and b is the lonth of the iiht 
path through the solution*. Now, if the rate of reaction 
is followed by moasurin the absorhance at various times 

in cuvettes of equal length at a given wavelength, equation 

* According to reference 25, e is recommended for concen- 
tration, but (ì'i) will be used here in order to lend 
continuity to the discussion. 
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3 may be substituted into equation 2 (with the use of the 

appropriate subscripts) to cive 

or 

lOse Ao/At kt (4) 

1o0A0 - ?OEeAI, * kt (5) 

Bince bEe A0 is a constant for any one run, k may be 

numerically evaluated by the method of least squares (18, 

pp.117-3.21), or by p1ottin loAt or bOgOA against the 

time with subsequent graphical determination of the slopes 

k or k/2.3026, respectively. 


