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It is a well-known fact that crystals of uranyl nitrate fluoresce strongly 
when cooled to liquid air temperatures. Nichols and Merritt2 have mapped 
out the fluorescence and absorption spectra of the hexa-, tri- and dihy-
drates of uranyl nitrate in order to try to discover the influence of water 
of crystallization upon the position of the lines and bands of these spectra. 
They conclude that the fluorescence spectrum is made up of series in which 
the frequency intervals between bands are constant and the same for all 
of the series. The interval increases slightly but unmistakably as the 
amount of water of crystallization decreases. For the hexahydrate the 
interval is 86.0, for the trihydrate 86.8, and for the dihydrate 88.1. 

In earlier work by the same authors3 the fluorescence spectra of the 
frozen water solutions of uranyl nitrate were studied. The work was 

continued under their di­
rection by Howes4 who de­
scribed 5 distinct fluoresc­
ence spectra as being ob­
tained by cooling solutions 
of various concentrations, 
with varying speeds to the 
temperature of liquid air. 

In order to explain this 
anomalous observation, the 
writer made up a series of 
solutions of uranyl nitrate 
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Fig. 1. 

of various concentrations, to be able to follow the variations in the 
spectra systematically. For a part of the work it became necessary to 
know accurately the densities of the various solutions, which were deter­
mined by means of a pycnometer, the temperature being maintained at 
24° by means of a thermostat. The results are given in Fig. 1, which is 
of more than passing interest due to its strong curvature. The values, 
as read from the curve, are as follows. 
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1 Germann, "Thermal Analysis at Low Temperatures, 
2 Nichols and Merritt, ibid., 9, 113 (1917). 
3 Nichols and Merritt, ibid., 3, 457 (1914). 
* Howes, ibid., 6, 192 (1915). 
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Fig. 2. 
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For each concentration, cooling curves of the type shown in Fig. 2 were 
made so that an average height FF could be determined. Temperatures 
were measured by means of a galvanometer, thermocouple and high re­
sistance:. The apparatus was 
adjusted so that galvanometer 
readings were directly propor­
tional to temperatures. Con­
sequently they were used di­
rectly, and transformed only 
in the event of determining 
the temperatures of transfor­
mation. Readings were taken 
every 10 seconds while the so­
lution was immersed in a 
freezing mixture of carbon 
dioxide and ether. Slow cool­
ing was obtained by placing 
the test-tube containing the solution within 2 other test-tubes, so that 
there were 2 air chambers separating the freezing mixture and the 
solution. 

Fig. 3 is the result of plotting the average values of the elevation FF 
for each concentration, against the percentage. It is evident that pure 
water, or 0% would show a zero value of FF, so that the origin would be 
a point on the curve. Experiment also showed that a transparent crystal 
of uranyl nitrate hexahvdrate, which contains 78.48% of anhydrous 

^ ^ _ ^ ^ _ ^ ^ _ ^ ^ _ ^ _ ^ ^ ^ _ _ ^ _ ^ ^ uranyl nitrate, remains un-
9 r-' I ' i I I i I I I I wf I I I M ! I M I M changed w h e n cooled t o — 8 0 °. 
8 H I I I 1 I 1 I I 1 Z M 1 1 I I I — I H l I I Hence , t he re wou ld be a p o i n t 

on t h e X-ax i s a t t h e p o i n t 
3 G - M I I , I,\/\ i I : I \ H l I H - I n 78.48%. The other values 

n |_i I . [ I I y i_j—I—:—L-jv M H I I I I are experimental, each point 
4 PLHJ-L-[/| j H H 1-!-1--Vj-J-I i I I I P representing from two to ten 

observations. The curves are 
weighted least-square lines. 
The intersection is at 48%. 

Fig. 4 shows a sample of 
the heating curve after trans­
formation had taken place. 
The curve from A to B is the 
normal heating curve, followed 

by CD. A short distance above D fusion takes place. In this case FE 
is a measure of the heat absorbed. Making a series of runs on each of the 
various concentrations and again plotting average values of FE against 

X 

I I \ I / I 
I y i 

r/\ i 
/ <4 i 

• / \ i 
i / \ i 

: \ / ! \ 
°/ \ ; i 

/ : \ • : i I 

/ • ; i i i \ ' 

Z • \ 

/ I \ 

' I v 

' \ / \ • / I • \ 
I I \ 

./. 11 X, ., 
16 24 32 40 48 56 64 72 

% UO2(NOs)2. 

Fig. 3. 

96 



1468 FRANK E. B. GERMANN 

28 Q 

bi36 L-
a — -

: ; i 

— 
T T T - -

i 

— \_ 

; i 
i 

, ! 
I i 

_1_ ! / 

•^M-—i—:— 

r-r^Sh—q 
/ * ! , • ! I 

M 1 M N i ! . i i i 

— — — ' — — I 

4 5 6 7 8 
Time, minutes. 

Fig. 4. 

the percentage of anhydrous uranyl nitrate we obtain the curve in Fig. 
5. Here again 0% and 78.48% would be points. The intersection is 

at 47.50%. Taking account 
of the number of observations 
involved in the formation of 
Curves III and V, as well as 
the accuracy with which they 
were determined, it seemed 
logical to assign equal weights 
to the two curves and conse­
quently take the average point 
of intersection. This value 
47.75 ± 0.17, agrees well with 
47.69%, which is the theoreti­
cal percentage of anhydrous 
uranyl nitrate contained in a 

compound of the formula U02(N03)2.24H2O. The compound forms spon­
taneously at about —35° and decomposes at about —20°. Its detection 
and analysis by the usual chemical 
procedure would, therefore, be im­
possible. 

We have evidence, therefore, on 
the basis of both the heating and 
cooling curves of the existence of 
the above hydrate, which may be 
called uranyl nitrate icositetrahy-
drate. We also have an explana­
tion of the anomalous group of 
spectra observed by Howes. As a 
matter of fact with rapid cooling, 
the part BCD of Fig. 2 never ap­
peared and in such cases the part 
BC of Fig. 4 is also absent. En­
closing the sample to be cooled in a 
heavy-walled tube also prevented 
the change from taking place, as the transformation was always ac­
companied by a considerable volume change; the transformation was, 
therefore, always allowed to take place in the lower half of a spherical 
container. An analysis based on this volume change is at present in 
progress. The numerous spectra observed can be explained by assuming 
the pure spectrum of the hexahydrate, of the icositetrahydrate and 
of various mixtures of the two depending on the concentration, rate of 
cooling, etc. 
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Summary 

1. A curve showing the variation of density with concentration of uranyl 
nitrate has been constructed for 24°. 

2. Uranyl ni t ra te icositetrahydrate has been shown to be capable of 
existing below —20°, forming spontaneously at about —35°. 

3. Uranyl ni t ra te icositetrahydrate has been shown to exist by methods 
of thermal analysis; in one case by a cooling curve which might be com­
pared to a method of synthesis, and in the other case by a heating curve, 
which might be regarded as a method of analysis. 

4. The existence of the 5 distinct fluorescence spectra due to a single 
compound as published by Howes has been disproved and an explanation 
of the cause offered. 

5. A new hydrate has been added to the uranyl ni trate series which 
will make possible an extension of the work on the effect of water of crystal­
lization on the fluorescence and absorption spectra of these substances. 

The experimental work was performed in the laboratories of the 
Depar tment of Physics of Cornell University while the writer was a 
Carnegie Research Associate. 
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Various substances have been proposed as standards for use in preparing 
solutions of acids and alkalies of known concentration for use in volu­
metric analysis. The accuracy attainable with the various methods and 
substances now in use depends upon the manipulative skill of the operator 
and upon the time at his disposal; bu t taking into account economy of 
time and ease of operation for the routine chemist these methods leave 
much to be desired. 

All methods of standardization can be divided into two classes, direct 
and indirect. The direct method involves the use of s tandard pure 
substance which can be accurately weighed and directly t i trated. This 
is the ideal method, as to both t ime necessary and accuracy of results, 
provided a thoroughly suitable s tandard substance is a t hand. 

Dodge,1 in an article on the Standardization of Alkalimetric Solutions, 
gives; the following requirements for an ideal s tandard substance: (1) the 
standard should be easily obtained in a state of sufficient pur i ty; (2) 

1 Dodge, J. Ind. Eng. Clem., 7, 29 (1915). 


