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The Thermal Decomposition of Silver Hyponitrite 
BY TRAMBAKLAL MOHANLAL OZA AND RA JNIKANT HARIPRASAD THAKER 

RECEIVED FEBRUARY 14, 1955 

Of the solid products, only silver oxide is produced in the primary change Ag2N20z. = AgzO + KzO, which is immediately 
Silver, silver nitrite and silver nitrate are all products 

The complex nature of the decomposition is due to  the reactions which follow the formation of silver 
Silver nitrate is not directly formed from silvex 

followed by reaction or reactions in which silver nitrite is produced. 
of secondary changes. 
nitrite. 
hyponitrite. 

S o  such reaction as  AgzX20% = 2Ag + 2x0 seems to occur. 
Apparently silver hyponitrite is not oxidized by nitrogen dioxide at or below 150'. 

The thermal decomposition of silver hyponitrite 
has been studied by a number of investigators. 1-6 

Divers and Hagal reported that the decomposition 
is similar to that  of nitrite as they found nitric ox- 
ide, silver and silver nitrate. Diversi later detected 
nitrogen dioxide, nitrogen and traces of nitrite. 
Thum3 found nitrous oxide but no nitrite. Divers 
obtained silver nitrate as required by 

and assumed the primary change to be 

which was followed by 

Lirschner? supposed that  nitrous anhydride was 
formed in the primary stage. Ray and Ganguli6 
suggested, on the other hand, that the primary 
changes are 

3(AgSO)z 4Ag + 2AgxO3 + 2S2 (1) 

2(A4gx0)2 =z 4Ag f Sz f 2x02 (la)  

(i\gNO)p + 4x02 = 2Ag?;03 f 4x0 ( I b )  

2fAgSO). = 2 5 ? 0  + (2Ag20 = 1Ag + 02) (2a)  
(AgX0)z = 2Xg + 2 N 0  

thus, according to them nitrate is formed from silver 
hyponitrite. Both Ray and Divers ascribed nitro- 
gen production to the primary change, but Divers' 
equations differ for low ( la )  and for high (1) tem- 
peratures. Ray and Ganguli's results do not con- 
form to the requirements of (1) supposed by Divers 
to explain quantitatively the reaction a t  higher 
temperatures. Ray and Ganguli assumed the 
formation of silver oxide but found none in the resi- 
due. 

lye  have studied the decomposition, i ? z  wacz~o, of 
silver hyponitrite and mixtures of the hyponitrite 
with silver oxide and silver nitrite. Silver oxide was 
isolated; temperature was found to have little in- 
fluence on the nature of the products; and nitro- 
gen, nitrous oxide, nitric oxide, nitrogen dioxide, 
silver, silver oxide, silver nitrite and silver nitrate 
were all produced in the decomposition as long as 
hyponitrite was present. The primary change is 
Xg2N202 = AgzO+hTzO; the secondary changes 
arise from silver oxide and the formation of silver 
nitrite in the system. The secondary changes 
mask the primary change altogether. 

(2b) 
5:AgSO)p = + 2S2 + (2Agz0 = 4Ag + 0 2 )  ( 2 ~ )  

(1) E. Divers and  T. Haga, J .  Chem. SOL., 46, 78 (1884). 
(2) Vanderplaats, B p i . ,  10, 1507 (1887). 
(3) A. Thum,  "Biatrige Zur Kentnis der untersalpetrigensaure," 

Prag. 1893; Sielsbev A k a d .  V ien . ,  102, 284 (1893); Monutsk. ,  14, 
294 (1893). 

(-1) A. Kirschner, 2. u n o ~ g .  Chem., 16, 424 (1898). 
( 5 )  E. Divers, J .  Chem. SOL, '76, 108 (1899); Ber. ,  36, 2878 (1903). 
(F) P. C. Ray and A. C. Ganguli, J .  Cheni. Soc. ,  91, 139Y (1907). 

Experimental 
Materials .-Silver hyponitrite was prepared by dissolving 

analytically pure XazNzO2.5H20 in the minimum amount of 
water and adding 8% silver nitrate dropwise with constant 
stirring to a darkened beaker; no brown precipitate should 
be formed. The canary yellow precipitate, which had been 
aashed with water, was treated with alcohol and ether, and 
dried in the dark in a desiccator. The salt retained its 
bright yellow color. Anal. Calcd. for Ag2NzOZ: Ag, 
78.26; N, 10.14. Found: Ag, 78.3; N, 10.71. Silver oxide 
was prepared from silver nitrate and dilute potassium hy- 
droxide, and silver nitrite from silver nitrate and sodium 
nitrite; both were analytically pure. 

Gas.-Nitrous anhydride and nitrogen diox- 
ide were absorbed by alkali which was analyzed for nitrite 
(or for nitrite and nitrate, if nitric oxide was not present 
in the gas) and calculated according to  the equation Sz03 + 
2KOH = 2KN02 + HzO or 2NOZ 4- 2KOH = KNO? + 
KNOZ + Hz0. The pumped gas contained nitrous oxide, 
nitric oxide and nitrogen. Nitrous oxide was absorbed in 
cold alcohol and the gas stored over the alcohol for two 
hours after contraction had ceased. Xitric oxide mas 
absorbed in alkali sulfite saturated with nitrous oxide and 
nitrogen. Residual gas was taken as  nitrogen. All re- 
corded volumes are a t  S.T.P. Residue.-The residue 
which contained Ag, AgzO, Ag2N202, AgNOz and AgNOa was 
treated with hot water until the filtrate did not test for ni- 
trite or for alkalinity. The solubilities of AgQO and AgzN202 
a t  80" were 0.08804 and 0.00024 (g./liter), respectively; 
filtrate ( A )  therefore contained AgzO, AgSOz and AgN03 
while the insoluble portion (B) contained Ag2NzOl and Ag. 
( B )  was treated with 0.08-0.1 N nitric acid which dissolved 
Ag&zOz but  did not attack Ag; the latter was dissolved in 
nitric acid (1: 1). ( A )  was analyzed for total Ag, nitrite and 
nitrate'; if the amount of nitrate was small, 0.01 potas- 
sium iiitrate was added as  a carrier. The total i lg  minus the  
.4g equivalent of the nitrite and nitrate gave the Ag present 
as Ag,O. 

Apparatus and Procedure .8-The oil-bath was controlled 
to  i 1'. For  higher temperatures, a cylindrical nichrome 
furnace was used which was controlled by a rheostat to 
1 5 ' .  To  find the decomposition temperature of hyponi- 
trite, 0.2 g .  was heated at 100" for 30 minutes, then the 
temperature was raised 10" in 15 minutes, maintained con- 
stant for another 15 minutes and so forth. The salt re- 
tained its bright yellow color and decomposed without ex- 
plosion at 158O.O Divers6 roeported tha t  the decomposition 
occurs between 140 and 160 ; Thuma observed dense fumes 
at 100" and the brisk evolution of gas at 140" and denied t h r  
explosive character of the decomposition reported by Van- 
derplaats.2 

The influence of some variables on the decomposition of 
silver hyponitrite is shown in Table I. Experiments I-Ci 
show that  the volume of free gas (unabsorbed by potassium 
hydroxide) contracts above 170", evcn in the half-hour ex- 
periments; this indicates the conversion of nitric oxide to 
nitrogen dioxide. 

Experiments 7-12 show the effect of temperature on hypo- 
nitrite heated for one hour: ( a )  the residue contains no 
Ag,N202 or AgzO, while the gas contains all the products of 
the decomposition, N2, X20, NO and NO2, in ell the experi- 
ments; (b) Ag increases and AgN02 diminishes with rising 

Analyses. 

(7) M .  S. Shah and T. M. Oza, ibid. ,  725 (1931). 
(8) T. M. Oza and V. T. Oza, ib id . ,  907 (1953). 
(9) A. E. Menke, ib id . ,  33, 401 (1878); W. Zorn, Ber., 10, 1306 

(1878). 
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TABLE 11 
THE COMPOSITION OF GAS ASD SOLID PRODUCTS FORMED AT VARIOUS STAGES I N  THE DECOMPOSITION OF rlg~N2Oa ( 0 . 3  6.) A'r 

160° 

- Solid products Iurnicd 1 2  3 4-- - - ______~ ~~ 

Expt. Stage Ag2K20~ Gas evolved," ml. Solid pruducts.  g.  per unit Ap?N202 consumed, p. 
no. no.  consumed Total NO h'Oz NlO h-? Ag . ig20 .\gNO? XgNO.4 A X  AglO AgNOz AgNOa 
25 1 0.0748 7 2 4 $1 1 6 0 3(i 0 36 0.0301 0 0070 Test 0 00037 (1 67 0 09 Trace 0.005 

(68) ('2%) ( 5 )  ( 3 )  

(73) (15) (ti) (6) 

(70) (11) ( 2 )  (51 

(80)  (15) ( 2 . 5 )  ( 2  3 )  

( 6 3 )  (20) (9) (8) 

26 2 ,0502 7 . 8  5 .7  1 . 2  0 47 0 17 

27 3 ,0561 8 .5  6.75 0.95 0 Ui 0.3ti 

28 4 ,0845 12.4 9 . 0  1.9 0 .27  0 27 

2Y 5 ,0372 7 . 9  5 . 0  1 ti 0 . 7  0 G 3  

Values in parentheses arc pcrcentages of gas evolved. 

temperature; the  latter disappears at 480' while AgSOa 
increases from 160 to  180°, falls off and then increases again 
at 480'; the ratio AgN02/AgNOJ decreases with increasing 
temperature; (e )  the volume of gas steadily increases (cf. 
expts. 1-6) with rising temperature; (d )  there is little 
change in the proportion of nitric oxide, bu t  the proportion 
of nitrogen dioxide increases above 180", while tha t  of ni- 
trous oxide and nitrogen diminishes with rising temperature 
(up  t o  240" for nitrous oxide). 

Experiments 13-18 show the effect of the mass of salt dc- 
composed. ( a )  Both A g 2 0  and hyponitrite a re  present in 
the residue, the amount of Ag20 increasing with the incrcas- 
ing mass of hyponitrite; per unit Ag2S202 consumed Ag 
is fairly constant, bu t  Ag?O is not and AgzO/Ag diminishes 
with increasing mass. ( b )  Agl\T02/AgN03 tends to  increase. 
(c )  The  percentage of nitrogen and nitrous oxide arc, as 
before, low. 

Experiments 19-24 show the effect of heatiiig time. ( a )  
In  the 15 minute experiment (19) nitrogen is absent; this 
indicates tha t  i t  is not a product of the  primary change. The  
proportion of nitrous oxide is highest in this experiment. 
(b )  Nitrate appears earlier than nitrite. (c )  Ag2O in- 
creases up to  1 hour and theii diminishes, bu t  Ag, AgN02 
and AgN03 increase with time. ( d )  T h e  proportion of ni- 
tric oxide is the loirest and tha t  of iiitrogcii dioxide the high- 
est at the  start. (e) Per unit hyponitrite consumed, Ag2O 
produced is very high in 15 minutes (c.f. N!0), falls rapidly 
in the next 15 minutes, and renmins low from then on. ( f )  
As Ag,O/Ag is very high in expt. 19, as compared with expts. 
20-24, Ag20 is probably formed first arid Ag produccd from 
it afterwards. ( g )  The amounts of A g S Q  and A g S O y /  
A g S 0 3  show tha t  the formation of nitratc iiicreases with 
time. The results of expt. 19 have bccn reproduced. 

Ag2X2O2 (0.3 g.) was heated at 160" until thc dccomposi- 
tion, as seen by the release of gas, ceased; the pump \vas 
kept working and the gas collected a s  fornied in five co~isecu- 
tive lots. The  proportion of X20 was highest in the first lot. 
The residue contained some nitrite even though dccomposi- 
tion had cessed. Table I1 contains the results of five experi- 
ments on heating A4g,N20n in this nay; the decomposition 
was allowed to  proceed to  a different extent in each experi- 
ment. The  quantities given for a stage are the  differeiicrs 
between the amount at tha t  stage and the amount found in 
the preceding stage or stages. 

On tlie basis of the amount found and tlie amount pro- 
duced per unit AgZSaO2 consumed, Ag20 is high and AgS02 
and AgSOj  arc low iii the first stage. In  the second stagc 
Ag20 falls off markedly while AgSO:i aiid Apso2  increase. 
This indicates tha t  AgzO is formed initially and the latter 
substances are formed latcr 011. If the relatively low per- 
centage of nitrous oxide in the first stage is attributed to its 
adsorption on the glass \ v a l l ~ , ~ ~  these results suggest tha t  the 
primary chanys is AgSS202 = Ag,O + NzO. The  reaction 
Ag2S202 = 2Ag + 2 9 0  is probably not a primary change, 
since Ag20/Ag,S?02 and AgsO/Ag are both high in the initial 
stage; tbe presence of considerable Ag early in the decompo- 
sition does not necessarily indicatc tha t  this reaction occurs 
since Ag is more stable than AgsO. In  the second stage the 
nitrite, which has been formed a t  the  expense of AgZO, may 
be a product of the reaction of ( a )  Agio with Ag2N202 or 
(b) with NO (and/or NOS). Tha t  more nitrate than 
nitrite appears in the first stage docs not mean tha t  the 

(10) D. H. Bengham and I 7  P Bur t ,  .I. P h y :  Ciieiii., 24, 510 (1023). 

former is protluccd earlier in the decomposition, siiice uiider 
the experimental conditions -4gSO; is more stable than 
AgSO:, which reacts to  give A g S 0 3  and the oxides of nitro- 
gen ." 

In the third stage the amount of nitrite decreases with a11 
iiicrease in nitrate. In  the fourth stage, the amount of gas 
evolved is proportional to the large amount of hyponitrite 
consumed, but t h e  percentage of Xi~0  is rclatively low; the 
amounts of AgzO and AgN03 and the proportion of NO and 
KO2 become greater. In  the last stage Agsri202 and Ag20 
disappear, NO falls, hT02 increases atid nitrite and nitrate 
increase considerably. 

In  the first and fourth stages, the hypoiiitrite coiisunicd i-. 
relatively large, while the proportion of S20 produced is 
not; in the fifth stage the hyponitrite consumcc~ is small :tnd 
the percentage of 520 is high. Thus, the K 2 0  produced is 
not directly related to the  hyponitrite consumed and silver 
hyponitrite is probably consumcd in more than one ivay. 

Decomposition of Mixtures of Ag,O and Ag2S&-Siiice 
less nitrous oxide is formed than would be expected from the 
reaction Ag2N202= Ag,O + 9 2 0 ,  some of the hyponitrite is 
probably oxidized to nitrite and/or nitrate. As Ag,O is 
always present when hyponitrite is present, Ag,S202 and 
AgZO may react. This hypothesis \vas tested by dcconipos- 
ing mixtures of Ag2S202 and Ag,O. Tlic results are given 
in Table 111. On the whole the proportion of 1220 is iowcr 
than tha t  found in the decomposition of hyponitrite alone. 
At 150 and 160" more nitrite is formctl tliaii nitratc; 
AgIiOr/AgXOs is highest in 15 miiiutcs a t  160' and decreases 
with time; and this ratio falls with rising teinperature. This 
shows that nitrate is produced from the nitrite. 

It is surprising tha t  a t  150°, :it wliicli AgXOy is unstable, 
only a trace of nitrate is found a l t l ~ o ~ g l i  nitrite is present. 
The presence in the system of the dissociation products of 
&SO2 (Ag,O, NO and NO2)I1 probably retards the deconi- 
position of the nitrite. 

These results indicate tha t  AgnN,O~ reacts \vith AgnO to 
produce nitrite and nct nitrate: +gz?;?02, + 2Ag!0 = 
2AgS02  + 4Ag. Thc low productioii of nitrous oxide in 
the decomposition of ilgyN20, i i  tlicrcfore due t o  this r e x -  
tion. Furthermore, the large amouiit of silver found caii be 
accounted for in this \vay and hy the dccompositioii of 
AgN02 which is known to  prociucc -4g. Tlic reaction Ag?O 4- 
KO2 = .4gNOa + Ag inay also contriliutc to tlic productioii 
of nitrate.12 

The fact  that nitr i te is present in larger proporiioiis tli:in 
nitrite in the initial stage of the decomposition a t  160' i i  
another evidence for thc absence of tIie reaction Ag2N:- 
O2 = 2Ag + 2x0 in the primary stage. If NO were pro- 
duced in large amounts it would not only have affected the 
stability of Ag,O but also reduced the proportion of nitrate 
by the reaction8 AgN03 + T O  = AgIiOz f NO2 which 
we have found11 to be quite prominent a t  such temperatures. 
The  fact tha t  at a higher temperature a larger perceiitage of 
nitrous oxide is produced in one-half hour (expts. 1-6) also 
supports tlie yiew tha t  nitric oxide is not produced in the 
primary stage. 

Decomposition of Mixtures of A g S 0 2  and AglN20y.-To 
determine whether the reaction Agp?J,O? = 2Ag + 2 S O  x- 
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companies AgzNzOn = AgXO + N20 in the primary 
stage, the decomposition of mixtures of silver hypo- 
nitrite and silver nitrite was studied (Table IV) .  
AgN02 decomposes at 128011 and Ag&02 at 158'; 
the decomposition of the nitrite, therefore, would 
expose the AgZO, produced by the decomposition of 
AgZSzO?, to  nitrous gases. Although AgNO? pro- 
duces more nitrogen dioxide than nitric oxide, the 
effect would be noticeable. The hyponitrite re- 
niains unchanged up t o  150' although nitrite has 
decomposed; this indicates that  hyponitrite, like 
nitrite, is not oxidized by nitrogen dioxide at 150'. 
The reaction at 160' is very slow; 0.1 g .  of Ag2N2O2 
which decomposes completely in 1 hour in the ab- 
sence of added nitrite (expt. 7, Table I) ,  took 4 
hours to  decompose. The  amount of AgzO after 1 
hour at 160" was 0.0094 g. (expt. 44) as compared 
with 0.06 g. formed from 0.15 g. of AgzN202 under 
the same conditions (Table I, expt. 13); this shows 
tha t  oxides of nitrogen react with AglO. Therefore, 
in a system in which nitrous gases are generated, 
AgzO is consumed more effectiveIy to produce nitrite 
and nitrate. As neither nitrite nor nitrate is present 
in appreciable amounts at the start of the decom- 
position (Table I, expt. 19) when AgZO and nitrous 
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gases are present, the reaction Ag2N202 = 2Ag + 2 N 0 ,  
which would introduce large additionala mounts of uitric ox- 
ide in the system, containing AgzO, probably does not occur. 

Conclusion 
The primary change in the decomposition of sil- 

ver hyponitrite appears to be 
Ag2Xz0, = Agio + NrO 

Apparently this reaction is not acconipanied by 
any other change, such as ,%geNPOp = 2,lg + 2N0. 
Reaction I is instantly followed by 

(1) 

Ag2S202 + 2Ag20 = 2AgX02 + 4Ag (11) 
The forniation of AgNOz in this way, at 160" and 

above, is followed by its decomposition (above 
12s") producing, ultimately, AgNO,, 4 g  and oxides 
of nitrogen. Nitrate is formed from nitrite and 
not directly; i t  may be produced, to some extent, 
by AgzO + NO2 = AgN03 + Ag. As nitric oxide is 
formed it  reacts with nitrate to regenerate nitrite 
to some extent, AgN03 + NO 

The decomposition of silver nitrite, which fol- 
lows reactions I and 11, retards the decomposition 
of silver hyponitrite by reaction I .  The formation 
of nitrite from the hyponitrite also reduces thc 
amount of hyponitrite decomposing by I and ex- 
plains low percentage of nitrous oxide in the gas; 

AgNOz + NOz. 

although I is the primary change, the reaction ap- 
parently stops as soon as AgzO and AgNOz (opti- 
mum) are present and starts again when these ap- 
proach a limiting concentration. Thus, the de- 
composition oE silver hyponitrite seems to proceed 
by the propelling action of silver oxide formed, a t  
intervals, during the decomposition. 

That I is not accompanied by AgzNzOz = 2Ag + 
2NO is supported by the following observations : 
(a) nitric oxide destroys ,4g20 rapidly with the 
formation of nitrogen dioxide, nitrite and nitrate; 
(b) silver oxide oxidizes silver hyponitrite even at 
150" while the oxides of nitrogen do not do so; and 
(c) when large quantities of silver nitrite are pres- 
ent in the system containing silver hyponitrite, 
silver oxide is not found. 

It is 
found whenever silver oxide is present or produced 
in contact with nitric oxide or oxides of nitrogen. 
As nitric oxide and nitrogen dioxide are both present 
in the system, i t  is not likely that the reactionR 
XgNO, + NO = AgNO3 + 1/2N2 occurs to any ap- 
preciable extent. 

Thanks are due to Dr. V. T. Oza for help in 
blowing thc systems and for gas analyses. 
AHMEDABAD, INDIA 

The forniation of nitrogen is not explained. 

[CONTRIBUTION FROM THE CHEMICAL INSTITUTE, FACULTY OF SCIENCE, NAGOYA UNIVERSI~Y] 

Measurement of the Amount of Bound Water by Ultrasonic Interferometer 
BY HAZIME SI-IIIO, TOSHIO OGAWA AND HIROSIII YOSIIIHASHI 

RECEIVED DECEMUER 13, 1934 

A general theory which enables us to  evaluate the amount of the bound water of non-electrolyte and of high polymer in 
solution from ultrasonic velocity measurements has been introduced, and applied for glucose, maltose and dextrin solutions 
The  ultrasonic velocity was meawred by an interferometer making use of X-cut crystal of resonance frequency 1 mc. The  
measurements were made a t  20.0". The amount of bound water was found to  be 0.43, 0.23, 0.40 cc./g. of glucose, maltose 
and dextrin, respectively. 

Introduction 
It is a well-known fact that, in solutiolis of elec- 

trolytes, the water molecules bound to an electro- 
lyte ion are compressed owing to the strong electric 
field of the ion to form a very hard structure. Pas- 
sinski,' U'ada2 a i d  &saki3 evaluated the degree of 
hydration of ions from adiabatic compressibility 
measuremcnts. They assumed the compressibility 
of bound water and of the ion itself to be both negli- 
gibly small. But the applicability of this method 
for the evaluation of non-electrolytes or high poly- 
mers in aqueous solutions is questionable, tht. 
bound water of non-electrolytes or the molecules 
of high polymers being reasonably supposed to be 
of appreciable compressibility. We have deduced a 
more general formula taking account of the com- 
pressibilities of bound water and of the solute par- 
ticle, and have applied i t  to the solutions of sugars 
as well as high polymers and estimated the amount 
of bound water. 

Theoretical 
If Mgrams of solute is dissolved in Vi cc. of sol- 

( 1 )  A .  Passinski, Ac la  Phys icoc lz t r i~ i ,  U .R.S .S . .  8 ,  385 (1938) .  
(2) Y .  IVada, i lppl ied Phys .  ( J a p a u ) .  17, 237 (1048). 
( 3 )  T Yasunajia and  T. Sasaki, J .  Cliern. Sor.  J I I ~ I I I I .  P!cvr. ( t i c  iii 

.5 I < ,  72, 3fXi (19fil), 

vent, somc of the solvent, say & cc., will be attached 
to the solute and compressed to be v2' cc., and, con- 
sequently, there will result a solution of volume V' 
cc. Liccordingly it follows that 

iii which 
V: = d l / d l  = volume of solute in V' ce whi 

V' = v,: + v: + - L ;  (1 )  

dl  = true denbity of 5olute in ioln (wlv,itiuii cf- 

Differentiating (1) with respect to the pressure, P 
feet being not taken into account) 

d V'  - tl V; (tv: + (11; tlv: 
ilP- - di. + d P  tlP dP 

- 

Let 8, PO,  and B2 represent the adiabatic COIII- 
pressibility of solution, solvent, solute and bound 
water, respectively. 

From definition these 6 ' s  are given by 


