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Formation of Complex Compounds 
between Uranyl Nitrate and the Nitrates 

of the first Group Elements 

The Systems: 
(a) Uranyl Nitrate-Lithium Nitrate-Water 
(b) Uranyl Nitrate-Sodium Nitrate-Water 
(c) Uranyl Nitrate-Potassium Nitrate-Water 
(d) Uranyl Nitrate-Ammonium Nitrate-Water 

(Conductivity, pH and Spectrophotometry) 

By S. S. GUPTA and C. S. PANDE 

With 8 figures 

Summary 
Experiments with the systems: Uranyl nitrate - Lithium nitrate - Water, Uranyl 

nitrate - Sodium nitrate - Water, Uranyl nitrate - Potassium nitrate - Water, Uranyl 
nitrate - Ammonium nitrate - Water, viz., conductivity, pH and spectrophotometry 
revealed that  in the first system there is no compound formation, in the second system only 
one complex compound is formed in the (1  : 1) molecular artio whereas in the last two sys- 
tenis two complexes arc observed individually in the (1 : 1) and (1 : 2) molecular ratios 
respectively. 

Introduction 
The survey of literature brought to light that the uranyl nitrate has got a 

great tendency for the formation of complex compounds especially with the 
nitrates of the alkali metals as is reported in the previous communication by 
the authors. This work hns especially been taken due to the classical work 
done by SAMUEL GLASSTONE, HAROLD NICHOLAS and SAWNDERS~). The zeal 
and encouragement which we got is mainly due to the inspiration derived 
from the valuable researches of J. RIGGS~), G. MALQUOSI~), K. LAYBOURR’ 

l) S. GLAS~TME, H. SICIIOLS and QAUNDERS, J. chem. Soc. 328,Vol. 2,2134 (1923). 
?) R. GLASSTONE and E. J. RIMS, J. chem. SOC. 127, 2, 2546 (1925). 
3, G .  MALQUOSI, Gazetta 3, 203-208 (1928); 59, 355-362 (1929); Atti PI. Accad. 

Lineei (1929), (I7i): 9, 231-233. 
12 J. prakt. Chem. 4. Reihe, Bd. 23.  
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ccof LiN03 (fl/~O)added to 5ccof. UO, (N03)2(M/101 - 
Fig. 1 
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and 13'. M. MADGIN4), WILLIAM I?. EHRET5), H. $1. GLASS: I<. LAYBoURn 

and W. M. MADGIN"), ARTHUR E. HILL and MATHAN KAPLAN?), 31. A. Pus- 
CHIN and M. I~ADOICIC~),  NAYAR and PANDE~),  on such class of compounds. 

In this communication the systems explored are some iiivestigated b ~ -  
previous workers as R. J .  MAYER and F. W E N ~ E L ~ ~ ) .  R I M B A C H ~ ~ ) ,  F. W. 0. 

i I Sysfem: KNO, 4 0 2  (NO, J2 -H20 

/ 1" 

40 

20 

3.30 

3.20 

22 
Q 

3.10 

3.00 

c c o f  KN03 I f l j f O )  added to5 mlof U02fN03), 
d 

Wig. 6 

DE C O N I N C K ~ ~ ) ,  who were the iirst to examine the system alkali nitartes - 
iuaiiyl nitrate - water. Since these systems have not been thoroughly dealt 
with so it was thought desirable to examine and investigate these systems. 
The physic0 - clieinical properties like conductivity, pH and spectrophoto- 
nietry were estensively used. The observed results are in good agreement and 
lead to the same concliisions. 

4 )  K. L.~YBOI I:N c ~ ~ i d  W. N .  Al,t l ) ( . ty ,  .I.  chcin. SOL. 6,874-880; 1360--64 2582 bis 2689, 

1 )  IV. F. lilriiei, , J .  Aniri. chein. Soc. 54, 3126-33134 (1932). 
6 )  H .  M. GLASS, li. LAYBOL~RY and IV. M. MADGIK, J. chem. SOC. 199-202 (1953). 
7 )  A. E. LIILr, and N. K A Y L ~ N ,  J .  Amcr. chem. SOC. 58, 1644-1645 (1936). 
8 )  X. A. Pi ~ C H J S  mid HADOICI(,, %. anorg. allgem. Chem. 233, 41-4G (1937). 
9) M. 1C. XAYA~I and C. S. PI\XDE, Yroc. Ind. Acad. Sci., Vol. XXVIL, 1948, 

11. .'84-"!)t!; 1'01. XX\'Il, p. 2%-  299;  Vol. XXVIT, 1948, p. 343-348: Current Reieiiw, 
.lunr 1948, 17, 187. 

(193". 

10) It. J .  MFYER and F. WENDEL, Uer. dtsch. chem. Ges. 36, 3055 (1903). 
1 ' )  E. RIVBACIX, ibid. 37, 461 (1904). 
1:) A .  Swrrs, Zeitscli. Kryxt. Min. 38, 496 (1903). 
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Experimental 
The stock solutions were prepared from the substances of A. R. U. D. H. quality. The 

purity of each salt was estimated before use by the usual standard methods. The stock solu- 
tions of all the nitrates were prepared in conductivity water and stored in thorougllly 
cleaned Jena glass bottles. The modusoperandiwas to keep the concentrationof uranylnitrate 
constant and to vary the concentration of other alkali nitrates respectively in each system 

t 

I I I I I I 

0 5 10 ti 20 25 

System: NH/ NO, -UO, (NO,,, -40. 
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separately followin? NAY~:R and PAXDF'S mono-variation method':i). I n  a l l the  solutions the 
concentration of nrany-1 nitrate was kept constant (i. c. i?f/l00) while that  lithium, sodium, 
potassium or Ammonium nitrate varied systematically from 0.0 M to 0.052 11.1 and as such 
27 mixed solutions x\ we prepared. The composition of these solutions is shot\ II in table Ko. I. 

System:N&ffOJ -UO, lNO$,-H,O 

100 
5 

2 

C 
U 

-L. 

5 95 
95 

0 5 I0 15 20 25 

.03 

t 

.01 

-005 

ccof NH4 NOJ odded t o 5  mlof UO, (NO,), ( M / N  - 
Fig. 8 

Conductivity 
Conductivity measurements were made by the conductivity - assembly 

Electronic Magic-eye (Phillips Model G. M. 4249). A pyrex glass conduct'vity 
cell with platinum electrodes was used in conductivity measurements. The 
cell was platinized and washed by following all the details given in Findlay : 
Practical Physical Chemistry. The cell was rinsed several times with the so- 
lution used. At least three readings mere taken for each solution. The tempe- 
rature of the thermostat was maintained a t  35 "C. Each solution was placed 
in the cell and kept in the thermostat for at  least half an hoiir before obser- 
vations were recorded. 

pH Measuromenls 
The pH nieasucnients of the solutions were made by using a Phillips 

G. 31. 4494/Model using a glass electrode, at 35 "C. The values are recorded 
according to the tables. 

Spectrophotometry 
Measuremts of per cent transmission, per cent absorption and optical den- 

sity were made by using a Baush and Lomb 50 cycles spectrophotonieteu. 

1 1 )  F. 17. 0. DE CONISC'K, Bull. Acad. roy. Relg. 1909, p. 744. 
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I 
Total 

Volume 01 
the Soln. cc 

soln. 

Table 1 
!r h e  S y s tern: M(N0,)-UO,(NO,),-H,O 

(M = Li, Na, li, or. NH,) 
C o m p o s i t i o n  of t h e  S o l u t i o n s  

ec of 

kL/10 
added. 

UOdNO& 

;: 1 
3. I 
4. j 
5. ' 
6. 
5. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. : 

26. 
27. ~ 

50 
50 
50 
60 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

5 
5 
5 
5 
6 
5 
6 
5 
5 
5 
5 
5 
5 
5 
6 
5 
5 
5 
5 
5 
5 
5 
5 
6 
5 
5 
5 

:one. of the 

soln. M 
1;0,(EO,)* 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

cc of 

M/lO 
added. 

M (NO,) 

0.0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 

Conc. of 

Soln. 
added. 

&f (NO,) 

0.000 
0.002 
0.004 
0.006 
0.00s 
0.010 
0.012 
0.014 
0.016 
0.018 
0.020 
0.022 
0.024 
0.026 
0.028 
0.030 
0.032 
0.034 
0.036 
0.038 
0.040 
0.042 
0.044 
0.046 
0.048 
0.050 
0.052 

Lath of the 
>onstituents. 

510 
511 
512 

516 

518 

5 /3  
5!4 

5/5 or 1: 1 

517 

5/9 
5/10 or 1 : 2 

5/11 
5/12 
5/13 

5/15 or 1 : 3 
5/16 
5/17 

5/19 
5/20 or 1 : 4 

5/21 
5/22 
5/23 

5/25 or 1 : 5 
5/2G 

5/14 

5/18 

5/24 

The solutions were maintained at  35 "C by placing them in a thermostat at 
that temperature. Before recording the observations, the adjustment was 
made with a blank solvent used in the preparation of solutions. The specDro- 
photometric observations are recorded according to the Tables attached. 

Observation and Conclusion 
When these values of resistance, conductivity, pH, % transmittance, % 

absorption and optical density of the solutions were plotted against the vo- 
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Table 2 

( c o n d u c t i v i t y ,  pH a n d  s p e c t r o p h o t o m e t r y )  
T h e  S y s t e m  : UO,(NO,),-LiN0,-H,O 

C e l l  c o n s t a n t  1.474 Temp.  35" 0.5"C 

Soln. 
No. 

cc of 
LiNO, MjlO 
added to  5 c( 

M/10 
of LO,(NO,: 

0.0 cc 
2. 1.0 cc 

2.0 cc 3. 
1 

4. 1 3.0 cc 
5. 1 4.0 cc 
6. ' 5.0 cc 
i. 1 0.0 cc 
8. 7.0 cc 

10. I 9.0 cc 
!1. ' 8.0 cc 

11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 

10.0 cc 
11.0 cc 
12.0 cc 
13.0 cc 
14.0 cc 
15.0 cc 
16.0 cc 
17.0 cc 
18.0 cc 
19.0 cc 
20.0 cc 
21.0 cc 
22.0 cc 
23.0 cc 
24.0 cc 
25.0 cc 
26.0 c t  

Resi- 
stance 

in ohms 

596 
545 
495 
430 
410 
390 
372 
345 
320 
295 
270 

con- 
ductance 

in Mlios 
x 104 

16.75 
18.35 
20.20 
23.25 
24.39 
25.64 
26.88 
28.98 
31.25 
33.89 
37.03 

262 1 38.16 
250 ' 40.00 
"0 
222 
218 
206 
198 
189 
174 
170 
164 
158 
152 
148 
142 
136 

41.66 
45.04 
15.88 
48.54 
50.50 
52.91 
57.47 
58.82 
60.97 
63.29 
65.7!) 
67.57 
70.42 
73.53 

5.15 
3.25 
3.23 
3.20 
3.17 
3.15 
3.14 
3.13 
3.12 
3.12 
3.11 
3.11 
3.10 
3.09 
3.09 
3.08 
3.08 
3.07 
3.05 
3.05 
3.03 
3.03 
3.02 
3.03 
3.01 
3.01 
3.01 

"/b trans- 
mittance 

83.0 
83.5 
84.0 
84.0 
84.0 
84.5 
84.5 
84.5 
84.0 
84.0 
34.0 
83.6 
83.5 
83.5 
83.0 
83.0 
83.0 
83.0 
83.6 
83.5 
83.0 
83.0 
83.0 
83.0 
83.5 
83.0 
83 .0  

Ab- 
3 or p t i o n 

17.0 
16.5 
16.0 
16.0 
16.0 
15.5 
15.5 
15.5 
16.0 
16.0 
16.0 
16.5 
16.5 
16.5 
17.0 
17.0 
17.0 
17.0 
16.5 
16.5 
17.0 
17.0 
17.0 
17.0 
16.5 
17.0 

Optical 
density 

0.0810 
0.0785 
0.0760 
0.0760 
0.0760 
0.0735 
0.0735 
0.0735 
0.0 7 60 
0.0760 
0.0760 
0.0785 
0.0785 
0.0785 
0.0810 
0.0810 
0.0810 
0.0810 
0.0785 
0.0785 
0.0810 
0.0810 
0.0810 
0.0810 
0.0785 
0.0810 

lunie of all these nitrates added t o  a fixed volume of uranyl nitrate, we ob- 
tained the curves according to the figures. It will be noticed that in the case 
of lithium nitrate there is no definite break in the regular curves indicating 
there by that no complex compound is formed. In  the case of Sodium nitrate 
one break is observed showing the formation of one complex compound in 
the 1 : 1 molecular ratio were as in the case of potassium nitrate and ammo- 
nium nitrate two complexes are detected individually. The ratio of these two 
nitrates to uranyl nitrate at t,hese points is (1 : 1) and (1 : 2) respectively. 
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Table 3 
The 8 y s t em: U02(N03),-NaN03-H,0 

(Con d 11 c t i v i t y , pH il n d 8 p e c t r o p h o t om e t r y ) 
Cell constant 22.93 - 
Soln 
YO. 

- 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 

cc of 
K ( N 0 3 )  Mil( 
tdded to 5 cc 

MOO 
)f UOZ(N03) 

0.0 cc 
1.0 cc 
2.0 cc 
3.0 cc 
4.0 cc 
5.0 cc 
6.0 cc 
7.0 cc 
8.0 cc 
9.0 cc 

10.0 cc 
11.0 cc 
12.0 cc 
13.0 cc 
14.0 cc 
15.0 cc 
16.0 cc 
17.0 cc 
18.0 cc' 
19.0 cc 
20.0 cc 
21.0 cc 
22.0 cc 
23.0 cc 
24.0 cc 
25.0 cc 
26.0 c:' 

%esistanct 
in ohms 
x 103 

10.00 
8.70 
7.90 
7.20 
6.80 
6.90 
6.05 
5.66 
5.40 
5.00 
4.90 
4.80 
4.50 
4.20 
4.00 
4.00 
3.70 
3.45 
3.40 
3.35 
3.30 
3.20 
3.10 
3.00 
2.92 
2.90 
2.85 

Con- 
ductance 

x 101 
in Mhos 

20.93 
26.35 
29.02 
31.85 
33.72 
33.23 
37.90 

42.46 
45.86 
46.80 
47.77 
50.39 
53.95 
56.61 
57.32 
61.14 
66.46 
67.44 
68.04 
69.48 
71.65 
73.97 
76.43 
78.52 
79.06 
80.45 

40.51 

P* 

3.150 
3.150 
3.180 
3.200 
3.200 
3.240 
3.220 
3.220 
3.220 
3.225 
3.230 
3.230 
3.230 
3.220 
3.235 
3.240 
3.245 
3.250 
3.250 
3.255 
3.260 
3.260 
3.260 
3.260 
2.700 
2.700 
2.280 

"/b trans- 
mittance 

96.0 
97.0 
97.0 
97.0 
96.5 
94.0 
95.5 
96.0 
96.0 
96.0 
96.5 
96.5 
96.5 
96.0 
96.0 
96.0 
96.5 
96.5 
96.0 
96.0 
96.5 
96.5 
96.0 
95.5 
95.5 
95.5 
96.0 

Temp. 35" & U.5"C 

yo B b -  
sorption 

4.0 
3.0 
3.0 
3.0 
3.5 
6.0 
4.5 
4.0 
4.0 
4.0 
3.5 
3.5 
3.5 
4.0 
4.0 
4.0 
3.5 
3.5 
4.9 
4.0 
3.5 
3.5 
4.0 
4.5 
4.5 
4.5 

Optical 
density 

0.0180 
0.0130 
0.0130 
0.0130 
0.0155 
0.0270 
0.0200 

0.0180 
0.0180 
0.0155 
0.0155 
0.01 55 
0.0180 
0.0180 
0.0180 
0.0155 
0.0156 
0.0180 
0.0180 
0.0156 
0.0155 
0.01 FO 
0.0200 
0.0200 
0.02 00 

0.0180 

4.0 0.0180 

There is excellent similarity in the curves with respect to all physico- 
chemical properties investigated and, therefore, there is no question about 
the genuineness of the phenomenon. The break occurs a t  exact stoichiometric 
ratio of concentrations corresponding to the compounds stated above. Thus 
the existence of these conipounds become unequivocal when such dissimilar 
properties like conductivity, pH and spectrophotometric measurements 
yield similar results. 
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Table 4 

(Co i i  d u c t i  7: i t  9 ,  pH a n  d S pe c t ro ph o t orne t r y )  
T h e  S y s t e m :  UO2(P;0&-K~03--H~0 

Cell constitnt 34.65 Temp. 35" 5 0.5OC 

1. 
2. 
3. 
4. 

6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
38. 
19. 
20. 
21. 
22. 
23. 
"4. 
25. 
26. 
27. 

4, 

0.0 cc 
1.0 cc 
2.0 cc 
3.0 cc 
4.0 cc 
5.0 cc: 
6.0 cc: 
7.0 cc 
8.0 cc 
9.0 cc 

10.0 cc 
11.0 cu 
12.0 cc 
13.0 cc 
14.0 ee 
16.0 cc 
16.0 cc 
17.0 cc 
18.0 cc 
19.0 cc 
20.0 cc 
21.0 cc 
22.0 cc 
23.0 cc 
24.0 C C  

25.0 ec 
"6.0 cc 

16.0 
14.4 
13.0 
11.0 
10.5 
10.8 

P1.G 
9.ct 
8.7 
8.6 
9.u 
7.8 
7.0 
6.4 
5.8 
5.6 
5.3 
5.1 
6.0 
4.9 
4.8 
4.4 
4.0 
3.7 
3.4 
3.2 
3.0 

1 

iuctancc ~ 

in Mhos 

Con- 

x 104 ! 1)" 

22.93 
24.06 
26.65 
31.50 
33.00 
32.00 
36.00 
38.50 
39.83 
40.30 
38.50 
44.4" 
49.50 
54.14 
59.73 
64.16 
66.37 
67.93 
69.30 
70.71 
71.50 
78.70 
86.62 
93.64 

101.32 
108.30 
115.50 

3.15 
3.20 
3.22 
3.23 
3.24 
a.20 
3.23 
3.24 
3.25 
3.25 
3.27 
3.26 
3.26 
3.26 
3.26 
3.25 
3.25 
3.25 
3.26 
3.26 
3.26 
3.35 
3.25 
3.25 
3.26 
3.26 
3.2G 

!> i r 

trans- 
mittence 

83.0 
82.5 
82.0 
87.5 
80.0 
77.0 
80.0 
82.0 
85.0 
84.0 
82.0 
83.0 
83.0 
84.0 
84.0 
83.0 
82.5 
83.0 
83.0 
83.0 
83.(J 
83.6 
83.5 
83.(l 
83.5 
84.0 
84.:) 

?A Ab- 
iorption 

Optical 
density 

17.0 
17.5 
18.0 
18.5 
20.0 
23.0 
20.0 
18.0 
1.5.0 
16.0 
20.0 
18.0 
17.0 
16.0 
16.0 
17.0 
17.5 
17.0 
17.0 
17.U 
17.0 
16.5 
16.5 
17.0 
1li.6 
16.0 
15.6 

0.0810 
0.0835 
0.0860 
0.0890 
0.0970 
0.1140 
0.0970 
0.0860 

0.0760 
0.0870 
0.0860 
0.0810 
0.0760 
0.0760 
0.0810 
0.0810 
0.0810 
0.0810 
0.0810 
0.0 8 10 
0.0785 
0.0785 

0.07h5 

0.0735 

0.0710 

0.0810 

o . n m  
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Cell constant 22.93 - 

Soh.  
N O .  

- 
1. 
2. 
3. 
4. 

6. 
7 .  
8. 
!) . 
10. 
It. 
12.  
1 3 .  
1 c. 
1.5. 
16. 
17 .  
18. 
1!1. 
20. 
". 
22. 
33. 
24. 
25. 

a. 

Table 5 
The  S y s t e m :  U02(NO~)2-NH,N03-H,0 

(Con du c t i v i  t y , pH a n d  S p e c  t r o p ho t o m e t I y) 
Temp. 35" & 0.5"C 

1 cc of 

of N j l 0  1 
0.0 cc 
1.0 cc 
"0 cc 
3.0 cc 
4.0 cc 
5.0 cc 
rj.0 cc 
i . O  cc 
8.0 cc 
:t.0 cc 

10.0 cc 
11.0 cc> 
12.0 C( 

13.0 cc 
11.0 cc 
J5.0 cc 
16.0 cc' 
17 .0  cc 
18.0 c(' 
19.0 cc 
Yi.0 c(' 
21.0 cc 
33.0 cc 
23.0 c(' 
24.0 ('C 

26. 25.0co 
27. ' 26.0 ce 

10.00 
9.20 
8.05 
7.35 
6.70 
6.75 
5.80 
.i.50 
5.00 
4.80 
4.85 
4.30 
LO5 
3.90 
3.80 
3.60 
3.45 
3.30 
3.17 
2.95 
2.90 
"87 
2.77 
2.67 
3.60 

Con- 
ductance 

in Mhos 
x 104 

22.93 
24.77 
28.41 
31.18 
34.17 
33.94 
39.44 
41.74 
54.86 
47.69 
47.24 
63.20 
57.32 
58.69 
60.32 
63.52 
66.27 
69.47 
i2.23 
77.73 
79.06 
7!).69 

85.76 
88.28 

82.77 

2.52 I 90.80 
2.50 91.72 

3.15 
3.15 
3.16 
3.18 
3.20 
3.22 
3.20 
3.20 
3.21 
3.22 
3.25 
3.23 
3.23 
3.23 
:;.23 
3.24 
3.24 
3.23 
3.23 
3.23 
3.23 
3.23 
3.24 
3.24 
3.25 
3.25 
3.26 

yo trens- 
mittenoe 

98.0 
!fi.O 
96.5 
96.0 
95.0 
93.0 
95.5 
96.0 
06.0 
95.5 
94.0 
96.0 
96.0 
96.0 
9 6.0 
96.0 
96.0 
96.<5 
97.0 
!Ji.O 
!J7.0 
97.0 
97.5 
97.5 
97.5 
97..5 
98.5 

:(, Ab- 
sorpt,ion 

2.0 
3.0 
3.5 
4.0 
5.0 
7.0 
4.5 
4.0 
4.0 
4.5 
6.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
3.5 
3.0 
3.0 
3.0 
3.0 
2.5 
2.5 
2.5 
2.5 
2.0 

Optical 
density 

0.0090 
0.0130 
0.0155 
0.0180 
0.0220 
0.0320 
0.0200 
0.0180 
0.0180 
0.0200 
0.0270 
0.0180 
0.0180 
0.0180 
0.0180 
0.0180 
0.0180 
0.0155 
0.0130 
0.0130 
0.0130 
0.0130 
0.0110 
0.0110 
0.0110 
0.0110 
0.0090 
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