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these studies, then, is why the two proteins behave 
so differently in this regard. In the case of O the 
streaming birefringence behavior10 indicates that 
this change is the same typical denaturation pro­
duced also by heat and by urea. The absence of 
such changes in the case of A suggests that either 
(1) binding in this case does not involve a similar 
structural change or (2) the change is a readily re­
versible one. The identical behaviors of native and 
heat denatured A tend to rule out the first explana­
tion. Furthermore, the pronounced changes in 
specific viscosity and optical rotation imply a pro­
nounced structural alteration. This change is evi­
dently produced by the low pH, even in the ab­
sence of detergent. In a more detailed study of 
this behavior considerable evidence has been pre-
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Few complexes in which silver ion is coordinated 
with an oxygen atom have been isolated.2 Evi­
dence has been obtained for the formation of a solid 
complex between silver nitrate and dioxane,3 and 
for this complex the authors tentatively assigned 
the formula C4H8O2-SAgNO3, on the basis of silver 
determinations. Silver perchlorate was found to 
be insoluble in dioxane by Salomon,4 who deduced 
from this that silver perchlorate did not react with 
dioxane. In the complexes of silver nitrate with 
pyrone,5 phenol6 and cyclooctatetraenyl phenyl ke­
tone,7 it is not known whether the silver ions are 
attached to the oxygen atoms or to other parts of 
the molecules, since similar compounds not con­
taining oxygen also form silver complexes. 

We have found that although silver perchlorate is 
insoluble in dioxane, it reacts slowly with dioxane 
to produce a white powder of composition 3 (C4H8-
O2)-AgClO4, which occupies about six times the 
volume of the original silver perchlorate. The 
reaction between the well-dried reactants at 25° 
is very slow: it is accelerated by traces of water 
(with 0.5% water, reaction is complete within five 
days) and by heat. The conversion of silver per­
chlorate, in the presence of excess moist dioxane, to 
this complex is quantitative (99%); and dioxane 
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sented for the ready reversibility of the changes in 
both viscosity and optical rotation observed.17 

The conclusion, then, is that the failure to ob­
serve an all-or-none type of reaction in the case of 
serum albumin is due to the reversibility of the 
structural changes produced in this protein either 
by acid or by the cationic detergent. 

Acknowledgments.—The authors are indebted 
to Armour and Company, Chicago, for generous 
donations of crystalline bovine plasma albumin. 
Mr. Joseph Kucera performed the electrophoretic 
analyses. 

(17) J. T. Yang and J. F. Foster, Abstracts 124th Meeting of the 
American Chemical Society (1953); T H I S JOURNAL, in press. 

AMES, IOWA 

may quantitatively (97%) be removed from the 
complex by high-vacuum distillation. The same 
complex may be produced in the form of large crys­
tals by dissolving silver perchlorate in a warm mix­
ture of equal volumes of dioxane and acetone, and 
cooling to room temperature. When heated the 
crystalline complex does not melt, but evolves diox­
ane and is converted to a powdery solid rapidly at 
120°. Further heating causes this solid to shrink 
and finally to melt to a bubbling brown liquid above 
400°. On heating in a flame, the complex burns 
quietly with occasional bright spurting: it does not 
appear to be explosive. 

Experimental 

Dioxane and anhydrous silver perchlorate were both of 
"reagent" grade. Silver analyses were by conventional 
thiocyanate titration; carbon, hydrogen and chlorine analy­
ses were by Dr. A. Elek. 

Preparation of Powdered Complex.—Silver perchlorate 
(1.81 g.), dioxane (10 ml.) and water (0.05 ml.) were shaken 
together at 25° for 5 days. Filtration yielded 4.42 g. of 
white powder. Adhering dioxane was removed by pumping 
to 5 mm. mercury pressure for 1 min. The product weighed 
4.10 g., and evacuation for another minute resulted in the 
further loss of only 0.01 g. 

Anal. Calcd. for (C4HsOo)3AgCIO4: C, 30.6; H, 5.10; 
Cl, 7.52; Ag, 22.9. Found: C, 30.1; H, 5.14; Cl, 8.57;: 
Ag, 23.0, 23.1. 

Preparation of Crystalline Complex.—Silver perchlorate 
(2.2 g.), dioxane (15 ml.) and acetone (15 ml.) were warmed 
until the solid had dissolved, and then cooled to room tem­
perature. The resulting crystals were filtered off, washed 
with dioxane, and freed from excess dioxane by a current of 
dry air; yield 3.4 g. 

Anal. Found: C, 29.9; H, 5.13; Cl, 7.60; Ag, 23.0, 
23.1. 

Recovery of Dioxane from Complex.—A wide, inverted 
U-tube, connected to a high-vacuum line via a stopcock, 
connected the flask containing the crystalline complex (3.35 
g.) with the receiver. High-vacuum distillation from the 
flask at 70° to the receiver cooled in liquid nitrogen yielded, 
after 3 hours, 1.85 g. of colorless liquid. A negligible 
amount collected after a further 45 min. The distillate 
was treated with sodium until the slight effervescence had 
ceased, and iedistilled iu the same apparatus. The distill*-
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ate had M26D 1.4198, m.p. 11.3°; dioxane has8.' rc26D 1.4201, 
m.p. , 11.6°. 

Solubility of Silver Perchlorate in Dioxane.—Silver per-
chlorate (ca. 1 g.), contained in a glass tube integral with a 
vacuum system, was dried by evacuation to 10~3 mm. mer­
cury pressure for 18 hours. Dioxane (10 ml.), dried over 
sodium, was distilled through the vacuum system directly 
on to the silver perchlorate, and the tube then sealed and re­
moved from the system. The tube and contents were left 
to stand at room temperature (25 ± 5°), with occasional 
shaking, for 20 days. The tube was then opened and 5 ml. 
of the supernatant liquid removed. This was evaporated 
to dryness under vacuum, the residue dissolved in water 
(2 ml.) and hydrochloric acid (2 ml. of 0.1 N) added; the 
solution remained quite clear, showing the absence of silver 
in the supernatant dioxane. 
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The use of decolorizing carbon as a catalyst in the 
preparation of hexamminecobalt(III) salts prompted 
the investigation of the effect of decolorizing 
carbon on the racemization of tris-(ethyl enedi-
amine)-cobalt(III) ion. Optically active tris-
(ethylenediarnine)-cobalt(IIT) ion is very stable 
toward racemization. No change in rotation is 
observed for an aqueous solution of the complex 
after 24 hours on a steam-bath. However, in the 
presence of decolorizing carbon, racemization is 
complete in 2 minutes at 90°. 
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Fig. 1.—Rate of racemization of Co(en)3Cls in the presence 
of decolorizing carbon. The composition of the samples 
represented by circles was 1 g. of Co(en)3Cl3 and 1 g. of 
decolorizing carbon in 100 ml. of water at various tempera­
tures: « ,20 .5° ; O , O and 9 ,57° ; O,90°. The initial ro­
tation for the curves represented by • and O was 4.10S. 
because of incomplete resolution of the sample of the com­
plex used. The samples represented by the triangles were 
maintained at 57° and differed only in the amount of de­
colorizing carbon present; A, 0-5 g. of carbon; V, 2.0 g. of 
carbon-

Experimental 
Tris-(ethyIenediamine)-cobalt(III) chloride was prepared 

according to the method of Work1 and resolved by fractional 
crystallization of the chloro-d-tartrate salt as described by 
Werner.2 The rf-complex is less soluble as the chloro-d-
tartrate salt and can be obtained in a very pure form. The 
/-form of the complex is very soluble as the chloro-d-tar-
trate salt and a solution of the complex tends to form a gel 
rather than crystals. The i-form of the complex was pre­
cipitated as the chloride salt with concentrated hydrochloric 
acid and recrystallized twice to separate it from the less 
soluble dl-form. The specific rotations using a sodium lamp 
as the light source were +159° and —155° as compared to 
Werner's values of +152° and —154°, respectively. The 
first optical rotations were obtained with a Schmidt and 
Haensch polarimeter which read to 0.01° by means of a 
vernier scale. The rate studies were carried out using a 
Bausch and Lomb saccharimeter which read to 0.1°S. (In­
ternational Sugar scale) by means of a vernier scale. The 
readings obtained with the saccharimeter could be converted 
to circular degrees by means of the relationship 100 °S. = 
34.62° circular. Readings were made with both instru­
ments on the same sample and found to be reproducible to 
within the reproducibility of the saccharimeter, or about 
0.03° circular. Rotations were observed at room tempera­
ture for solutions containing 0.100 g. of tris-(ethylenedi-
amine)-cobalt(III) chloride dissolved in enough water to 
give 10.00 ml. 

The racemization rate studies were carried out as follows. 
The weighed sample of the complex was dissolved in the re­
quired volume of water and the solution was allowed to reach 
a constant temperature in a water-bath before the weighed 
sample of decolorizing carbon was added. A typical sample 
for the studies of the effect of temperature contained 1.00 g. 
of tris-(ethylenediamine)-cobalt(III) chloride, 1.00 g. of 
carbon and 100 ml. of water. Samples of the stirred sus­
pension were removed with a pipet and filtered as rapidly 
as possible through a sintered glass filter using suction. 
The filtrate was then evaporated under an infrared lamp 
with an air stream blowing over the surface of the solution. 
Alcohol was added just before the water had been com­
pletely evaporated to give a powder on drying rather than 
a glassy solid. Samples of the active complex were sub­
jected to the same treatment with the omission of the active 
carbon without change in rotation. Each observation at 
90° was carried out with an individual sample of 0.15 g. of 
complex, 0.15 g. of carbon and 15 ml. of water because of 
the short and closely spaced time intervals. 

Baker and Adamson decolorizing carbon was heated to 
700° in a loosely covered crucible for 1 hour in a muffle fur­
nace and bottled for future use. Carbon treated in this way 
gave reproducible results after 2 or 3 months. 

Discussion of Results 
The results are presented in Fig. 1. I t is appar­

ent that the rate of racemization of tris-(ethylene-
diamine)-cobalt(III) ion is dependent on the 
presence of relatively large amounts of active 
carbon and on the temperature. Samples heated 
with active carbon for 5 minutes at over 90° 
were optically inactive, but the absorption spectrum 
of a solution of the complex in the range of 330 to 
725 m.jx was the same as for a fresh sample of the 
complex. Therefore, the decrease in rotation is 
due to racemization, not decomposition. Samples 
which had stood in contact with carbon at room 
temperature for one-half hour or more showed 
practically no change in rotation on further stand­
ing. Samples heated to boiling for an hour or more 
after standing for at least a day at room tempera­
ture in the presence of carbon showed a slight 
decrease in rotation, but the decrease was never 
as great as 50% of the original rotation. 

Additional data were obtained under somewhat 
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