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Of the solid products, only silver oxide is produced in the primary change AgsN20Q; = Ag,O 4+ N;O, which is immediately
followed by reaction or reactions in which silver nitrite is produced. Silver, silver nitrite and silver nitrate are all products

of secondary changes.
nitrite.
Liyponitrite,

The thermal decoinposition of silver hyponitrite
has been studied by a number of investigators.1—*
Divers and Haga! reported that the decomposition
is similar to that of nitrite as they found nitric ox-
ide, silver and silver nitrate. Divers’ later detected
nitrogen dioxide, nitrogen and traces of nitrite.
Thum? found nitrous oxide but no nitrite. Divers
obtained silver nitrate as required by

3(AgNO), = 4Ag + 2AgNO; 4 2N, (N

and assumed the primary change to be

2(AgNO), = 4Ag + Ny + 2NO» (1a)
which was followed by
(AgNO), + 4NO, = 2AgN0; + 4NXO  (1b)

Kirschnert supposed that nitrous anhydride was
formed in the primary stage. Ray and Ganguli®
suggested, on the other hand, that the primary
changes are

2(AgNOJ = 2N,0 + (2Ag:0 = 4Ag + O, (2a)
(AgNO), = 2Ag + 2NO (2b)
5(AgNO), = AgNO; + 2N, + (2480 = 4Ag + Op) (20)

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 at higher
temnperatures. Ray and Ganguli assumed the
formation of silver oxide but found none in the resi-
due.

We have studied the decomposition, in vacuo, 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
AgoN.0; = Agy04N:0; the secondary changes
arise from silver oxide and the formation of silver
nitrite in the system. The secondary changes
mask the primary change altogether.

(1) E. Divers and T, Haga, J. Chem. Soc., 45, 78 (1884).

(2) Vanderplaats, Ber., 10, 1507 (1887).

(3) A. Thum, “Biatrige Zur Kentnis der untersalpetrigensaure,”
Prag. 1893; Sietzber Akad. Vien,, 102, 281 (1893); Monatsh., 14,
204 (1893).

(4) A. Kirschuoer, Z. anorg. Chem,, 16, 424 (1898),

(3) E. Divers, J. Chem, Soc., T8, 108 (1899); Ber., 36, 2878 (1903).
(6) P.C. Rayand A, C. Ganguli, J. Chem. Soc., 91, 1399 (1907).

,

The complex nature of the decomposition is due to the reactions which follow the formation of silver
No such reaction as Ag.N20; = 2Ag + 2NO seems to occur,
Apparently silver hyponitrite is not oxidized by nitrogen dioxide at or below 150°.

Silver nitrate is not directly formed from silver

Experimental

Materials.—Silver hyponitrite was prepared by dissolving
analytically pure Na,N,0.-5H,0 in the minimum amount of
water and adding 89, silver nitrate dropwise with constant
stirring to a darkened beaker; no brown precipitate should
be formed. The canary yellow precipitate, which had been
washed with water, was treated with alcoliol and ether, and
dried in the dark in a desiccator. The salt retained its
bright yellow color. Anal. Caled. for Ag:N,O:: 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.

Analyses. 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 1ot present
in the gas) and calculated according to the equation N.O; +
2KOH = 2KNO; + H:0 or 2NO; + 2KOH = KNO; +
KNO,; + H,0. 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. Nitric oxide was
absorbed in alkali sulfite saturated with nitrous oxide and
nitrogen., Residual gas was taken as nitrogen. All re-
corded volumes are at N.T.P. Residue.—The residuc
which contained Ag, Ag:0, AgsN:0:, AgNO; and AgNO; was
treated with hot water until the filtrate did not test for ni-
trite or for alkalinity. The solubilities of Ag.O and AgyN,O,
at 80° were 0.06804 and 0.00024 (g./liter), respectively;
filtrate (A) therefore contained Ag.O, AgNO. and AgNO;
while the insoluble portion (B) contained Ag.N.O; and Ag.
(B) was treated with 0.08-0.1 N nitric acid which dissolved
AgoN:0; but did not attack Ag; the latter was dissolved in
nitricacid (1:1). (A) was analyzed for total Ag, nitrite and
nitrate’; if the amount of nitrate was small, 0.01 N potas-
sium nitrate was added as a carrier. The total Ag minus the
Ag equivalent of the nitrite and nitrate gave the Ag present
as Ag.0.

Apparatus and Procedure.®—The oil-bath was controlled
to &=1°, For higher temperatures, a cylindrical nichrome
furnace was used which was controlled by a rlieostat to
#£5°. To find the decomnposition temperature of liyponi-
trite, 0.2 g. was heated at 100° for 30 minutes, thien 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 158°.f Divers® reported that the decomposition
occurs between 140 and 160°; Thum3 observed dense fumes
at 100° and the brisk evolution of gas at 140° and denied the
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 1. Experiments 1-6
show that the volume of free gas (unabsorbed by potassium
livdroxide) contracts above 170°, even 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 ome hour: (a) the residue contains no
AgsN»O, or Ag,0, while the gas contains all the products of
the decomposition, N, N,O, NO and NOs, in all the experi-
ments; (b) Ag increases and AgNO, diminishes with rising

(7) M. 8. Shah and T. M. Oza, ibid., 725 (1931).

(8) T. M. Oza and V. T. Oza, 7bid., 907 (1953).

(9) A. E. Menke, ibid., 38, 401 (1878); W. Zorn, Ber., 10, 1306
(1878).
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1 2 3
Expt. Ag:N:Os, Temp., Time,
. °C. hr.

0.5

0.75

1.25

1.5

16.1

17.9

23.5

32.0

41.3

47.7

31.2

— e
Conposition of gas, 9%

NO NO: N0 N2
88.75 8.00 3.2
85.9 9.5 4.5
81.3 12.9 5.9
85.8 9.8 4.4
88.3 7.1 4.6
81.3 8.1 7.7
67.2 16,6 7.2 9.1
60.7 165 5.4 8.3
658 21.9 4.9 7.4
649 247 3.5 6.9
65.4 26.3 1.8 6.5
69.4 234 3.9 3.3
74.2 156 7.0 3.1
783 13.4 5.7 2.6
78 8 12.6 4.4 4.1
786 10.8 5.3 5.2
783 12.2 4.9 4.6
782 13.0 4.4 4.4
50.0 43.4 6.6 Nil
76.9 15.2 2.4 5.4
71.8 19.0 4.6 4.6
783 13.4 5.7 2.6
77.8 13.5 5.1 3.6
77.7 13.8 5.1 3.4

% Numnbers in parentheses give g. atoms

or g. moles.

—

formed per unit AgsN:Os conspmed

Ag

7
Solid products

TasLE |
EFFECTS OF TEMPERATURE, Mass aAND TIME ON THE DECOMPOSITION OF SILVER HYPONITRITE"

AgiO  AgNO; AgNO:
Nil  0.025 0.021
Nil 016 1023
Nil 010 014
Nil 007 012
N1 .005  .011
Nil .016
0.06 .007 .011

.06 007 .010
05 L0060 009
.04 L005  .007
04 L0056 007
040056 006
.28

.09 005
00,008 .009
060 006 010
09 007 015
06 014 039

— 8

AgsN:O=

consumed,
g.

All consnmed
All consvmed
All cousumed
All consnmed
All consumedd
All consumed

0.1473
3 X 1079
0.1750
3.3 X 107%)
0.2307
4 X 1079
0.2845
.0 X 1073)
0.3308
2 X 1079)
0.3772
4 X 107%)
0.0187
.8 X 107%)
0.0875
2 X 1074
0.0967
3.5 X 1074
0.1750
3.3 X 1074)
0.1765
(6.4 X 1074
0.1803
(6.5 X 107%)

B

—Ratios——

Ag

.23

.06

.06

.04

.03

AgNO; ]

.74

.66

.48

.73

.73?

.80

.82

.81

.99

.70

.53

.41

1L Ag:0 AgNO:

0.
(7.
0.
(7.
0
(7.
0.
(7.
0.
(7.
0
(7.
0.
©.

0.

(

0.
a.

0.
(1.
0
(2.
0.
(2.
0.
.

0.

(5.
0.
(6.

0.

a.
0.
1.
0.
.

——— —— Sold f)(guducts, g.

Ag a Ag.Q AgNO:2
0764 0.0025
1X 1079 (1.6 X 1079)
0773 0.0017
2 X 107 (1.1 X 107%)
07612 0.0009
1 X 1074 (6.4 X 1076)
0783 0.0007
2 X 1074 (4.8 X 1079)
0799 0.0005
4 X 1074 (3.2 X 107%)
.0799 Nil
4 X 107
1054 0.0094 0.0011
8 X 1074 (3.9 X 1073) (7.0 X 107%)
1251 0.0107 0.0012
.2 X 1073) (4.6 X 107%) (7.7 X 107%)
1784 0.0115 0.0014
6 X 1073) (4.9 X 1073) (9.0 X 107%)
2095 0.0119 0.0015
9 X 1073) (5.1 X 1073) (1.0 X 1073)
.2429 0.0146 0.0016
2 X 1073) (6.3 X 107%) (1.1 X 1079)
2765 0.0173 (3.0018
6 X 1078) (7.5 X 1073) (1.2 X 107%)
0097 0.0053 Test only
0 X107 (2.3 X 107%)
0612 0.0075 Test only
7 X 107 (3.2 X 107%)
0661 0.0093 0.0007
1 X 1074 (4.0 X 1073) (4.8 X 107%)
1251 0.0108 0.0011
2X 1073) (4.6 X 1078) (7.0 X 107%)
1261 0.0103 0.0013
2 X 1073) (4.4 X 107%) (8.2 X 107%)
1272 0.0289 0.0)26
2 X 107%) (3.8 X 1073) (1.7 X 1073)

AgNO:

0.0022
(1.3 X 1073)
0.0024
(1.4 X 1075)
0.0015
(8.6 X 1076)
0.0012
(7.3 X 107%)
0.0011
(6.7 X 1079)
0.0017
(1.0 X 1073)
0.0016
(9.6 X 107%)
0.0017
(1.0 X 10735)
0.0021
(1.2 X 1079)
0.0021
(1.2 X 1079)
0.0022
(1.3 X 107%)
0.0024
(1.4 X 1073)
Test ouly

0.0004
(2.5 X 1078)
0.0008
(4.9 X 107%)
0.0017
(1.0 X 1079)
0.0026
(1.5 X 1079)
0.0070
(4.1 X 1073)
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TagLE 11
TaE CoMPOsITION OF GAS AND SoLid PRobucTs FORMED AT VARIOUS STAGES IN THE DECOMPOSITION OF Aga N0, (0.3 g.) ar
160°
1 2 3 — — B! — Sobd products formed -
Expt. Stage AgiN:O: Gas evolved, ml. Solid products, g. per unit AgeN202 consumed, g.
no, no. consumed Total NO NO: N0 N2 Ag Ag20 AgNO: AgNO; Ag Ag:0  AgNO: AgNOs
25 1 0.0748 7.2 4.9 1.6 0.36 0.36 0.0501 0.0070 Test 0.00037 .67 0.09 Trace 0.005
(68) (22) (3 (3 only
26 2 ,0502 7.8 3.7 1.2 0.47 0.47 0368 00001  .0010¢  .0008% .74 0002 0.02 017
(73) (15) (6) (6)
27 3 L0561 8.5 6.75 0.95 0.46 0.36 L0416 00075 00024 00118 .71 013 004 021
(79) (11) (&) (5)
28 4 0845 124 9.9 1.9 0.27 0.27 0635 002 00015 0018 77 031 0018 021
(80) (15) (2.5 2.9)
29 5 0372 7.9 5.0 1.6 0.7 0.65 (0413 None L0012 0034 11 Nl 032 092
(63) (20) 9 (8) (all used up)

2 Values in parcntheses are percentages of gas evolved.

temperature; the latter disappears at 480° while AgNO;
increases from 160 to 180°, falls off and then increases again
at 480°; the ratio AgNQO,/AgNO; decreases with increasing
temperature; {(c) the volume of gas steadily increases (¢f.
expts. 1-6) with rising temperature; (d) there is little
change in the proportion of nitric oxide, but the proportion
of nitrogen dioxide increases above 180°, while that of ni-
trous oxide and nitrogen diminishes with rising temperature
(up to 240° for nitrous oxide).

Experiments 13-18 show the effect of the mass of salt de-
composed. (a) Both Ag.O and hyponitrite are present in
the residue, the aniount of Ag,O increasing with the incrcas-
ing mass of hyponitrite; per unit Ag,N.O, consumed Ag
is fairly constant, but Ag.0 is not aud Ag;O/Ag dimninislics
with increasing mass. (b) AgNO,/AgNO; tends to increuase.
(¢) The percentage of nitrogen and nitrous oxide are, as
before, low,

Experiments 19-24 show the effect of heating time. (a)
In the 15 minute experiment (19) nitrogen is absent; this
indicates that it is not a product of the primary change. The
proportion of nitrous oxide is highest in this experiment.
(b) Nitrate appears carlier than nitrite. (¢) Ag:O in-
creases up to 1 hour and then dimninishes, but Ag, AgNO.
and AgNO; increase with tinie. (d) The proportion of ni-
tric oxide is the lowest and that of nitrogeu dioxide the high-
est at the start. (e) Per unit hyponitrite consumed, Ag,0
produced is very high in 15 ninutes (¢f. N.O), falls rapidly
in the next 15 minutes, aud remains low fromm then on. (f)
As Ag:0/Ag is very high in expt. 19, as compared witli expts.
2024, Ag,0 is probably formed first and Ag produced from
it afterwards. (g) The amounts of AgNQ; aud AgNO,/
AgNO;s show that the formiation of nitrate increases with
time. The results of expt. 19 liave been reproduced.

AgoN:0; (0.3 g.) was heated at 160° uutil thic decomposi-
tion, as seen by the rclease of gas, ceascd; the pumip was
kept working and the gas collected as fornied in five consccu-
tive lots. The proportiou of N2O was highest in the first lot.
The residue contained some nitrite even though decomposi-
tion had ceased. Table IT contains the results of five experi-
ments on heating AgsN20. in this way; the decoinposition
was allowed to proceed to a different extent in each experi-
ment. The quantities given for a stage are the differences
between the wmnount at that stage aud the ainount found in
the preceding stage or stages.

On the basis of the amount found and the anouunt pro-
duced per unit AgsN»Os constuned, Age0O is highh aund AgNO.
and AgNQ; are low in the first stage. In the secoud stage
Ag.0O falls off markedly while AgNO; and AgNO; icreasc.
This indicates that Ag,O is formed initially and the latter
stbstances are formed later on. If the relatively low per-
centage of nitrous oxide in the first stage is attributed to its
adsorption ou the glass walls,?® thesc results suggest that the
primary change is AgsNo0s = Ag:0 + N.0O. The reaction
Ag,N10, = 2Ag + 2NO is probably not a primary change,
since Ag,0/Ag.N:0Oz and Ag.0/Ag are both high in the initial
stage; the presence of considerable Ag early in the decompo-
sition does not necessarily indicate that this reaction occtirs
since Ag is more stable than Ag.O. In the second stage the
nitrite, which has been formed at the expense of Ag.0, may
be a product of the reaction of (a) Ag;O with AgsN,O; or
(b) Ag:0 with NO (and/or NO;). That more nitrate than
nitrite appears in the first stage docs not mean that the

(10) D. H. Bengham and I. P. Burt, J. Phys. Chen., 24, 340 (1025).

forer is produced earlier in the decomposition, sitce under
the experimental couditions AgNO; is more stable than
AgXNO, which rcacts to give AgNO; and the oxides of nitro-
gen. 1

In the third stage the amnount of nitrite decrcases with an
increase in nitrate. In the fourth stage, the amount of gas
evolved is proportional to the large ammouut of liypouitrite
coustimed, but the percentage of N»O is rclatively low; the
amounts of Ag,O and AgNQ; aud the proportion of NO and
NO; become greater. In the last stage AgsN2O; and Ag.0O
disappear, NO falls, NO; increases and nitrite and nitrate
increase considerably.

In the first and fourth stages, the hiyponitrite cousumed is
relatively large, while the proportion of N.,O produced is
1ot; in the fifth stage the hyponitrite comsunied is small and
the percentage of N0 is high. Thus, the N;O produced is
not directly related to the hyponitrite consmuined and silver
hiyponitrite is probably consumed in morc than ouc way.

Decomposition of Mixtures of Ag,O and Ag.N,0,.—Since
less nitrous oxide is formed than would be cxpected from the
reaction Ag:N:O:= Ag,O 4 N.O, sonic of tlie hyponitrite is
probably oxidized to nitrite and/or nitrate. As Ag.O is
always present wlien hyponitrite is present, Ag.N,0; and
Ag,0 may react. This hypothiesis was tested by decompos-
ing mixtures of AgsN,0, and Ag:O. The results are given
in Table III. On the whole tlie proportion of N.Q is lower
than that found in the decomposition of hyponitrite alonc.
At 150 and 160° more nitrite is forined than nitrate;
AgNO,/AgNO; is highest in 15 minutes at 160° and decrcases
with time; and thisratio falls with rising taiperature.  This
sliows that nitrate is produced from thie nitrite.

1t is surprising that at 150°, at which AgNO; is unstable,
only a trace of nitrate is found although nitrite is prescut.
The presence iu the system of the dissociation products of
AgNO, (Ag.0, NO and NOy)! probably rctards thie decom-
position of the nitrite.

These results indicate that AgyN,O» reacts with Ag,0 to
produce uitrite and net nitrate: AgoNO: 4+ 2Ag,0 =
2AgNO; + 4Ag. The low production of uitrous oxide in
the decomposition of Ag.N:O, is thercfore duc to this reac-
tion. Furthermore, the large amount of silver found can he
accounted for in this way and by the decomposition of
AgNO, which is known to produce Ag. The reaction Ag,O -
NO; = AgNO; 4+ Agnay also contribute to the production
of nitrate.!®

The fact that nitrate is preseut in larger proportions than
nitrite in the initial stage of thie decomposition at 160° is
another evidence for the abseunce of the reaction AgsN.-
02 = 2Ag + 2NO iu the primary stage. If NO were pro-
duced in large ammounts it would not ouly have affccted the
stability of Ag.O but also reduced the proportion of nitrate
by the reaction® AgNQO; + NO = AgNO., + NO, which
we have found! to be quite promiucnt at such temperatures.
The fact that at a higher temperature a larger percentage of
nitrous oxide is produced in one-half hour (expts. 1-6) also
supports tlie view that nitric oxide is 1ot produced in the
primary stage.

Decomposition of Mixtures of AgNO, and Ag.N.,0..—To
determine whether the reaction AgeN,O, = 2Ag + 2NO ac-

(11) T. M. Oza, V. T. Oza aud R. H. Thaker, J. Chem. Soc.,
2437 (1933).

(12) P. Sabatier and J. B. Senderens, Bidl. snc. chiie. [3] 9, BGE
(1892); Compt. rend., 115, 236 (1893); 114, 1429 (1892).



4979

THERMAL DECOMPOSITION OF SILVER HYPONITRITE

1955

5)

Oct.

O3y UNV ?(OFNEBY 40 SHANIXIN

IIT 914v],

40 NOILISOAWODA(] FH],

SN .~ N B R OB D~ - [
FISELEEEE o INCE R E SNt
BB ER RS CESEsasES Ol
.ﬂhe W.ﬁo.e.tma.w cath:nmpusmrﬂre.l
B, b ;.1oumn.1.+uMAtt EanoOg&oH
R . W‘waeme.ﬁwur 420 SQESEomoT
0001 2S00°  $G00° BN O0¥S0T 6 IS 1§ 6708 91 b 091 ¥G10T 0001 2¥ BaASSSawOEEEge TS &,z oHwg 58
000" 0F00° 4300 BN 0180° 'y ¥¢ ¥¢ 003 96T ¥ 09T 00100 0001 9% MMMMmmhm SR gmmmmmw S5 E%0
0001 18007 SB0OO° DN 080" 1'% $9 #81 112 961 ¥ 09T 0800 0001° SP m%.mMmm %.mhmMﬁMhnmﬂcml.wHomnm
PLGOT0 GTO0T  9800°  G¢P600°0 69€0° 8L LS §'8¢ 18  8Fv 1 091 09000 000L ¥ Mdee,mmummmm.,m B LBETaLEg
BN 96007 2300 N FET o1ge 679 v T 0ST 98807 080T &% LR 7EE wmmToam ° w.w7 T g5 wg s o2
- Ay i - D) ot
BN 18007 G600 DN 2600° 88¢ 219 1'g 1 0kl $930° 501" e oFg:ES $4RxuE wmma(.MMmma.mm\n
BN 0100°0 0610 BN 1¥00°0 £€e 299 80 1T 081 ¥¥0° 0301" 5% mde%mm m.m@lﬁme@mMmm m.mﬁ.mum
N BN 992070 N N £ee L99 W80 I 03T 9930°0 91010 0¥ A.m.mUtm mﬁ.mmmdsmeTwmnmnmmmt.
‘8 ‘pomns *ONSY  IONSY OV fy N N ON ‘quseS g D, 3 'pappe 8 ou  NEEEETY ¥ B §F ;27858888
~uo3 8 *syonpoad prjog 27, ul sed Jo wonr jejoy, ‘dwiy Cdway,  QNSY ZOAIN3Y 1dXy Oz o D o m = %an = S.mw 0o Q@ o m wuo..m Eggy
WOINFBY g —— e L 9 4 i3 € 4 I 25528 99, YERE—g"agESH Eo HE
6 ZErREQEE8GT8.8uEEEEE L S38%
TONSBY GNV FOFNFBY J0 SHINLXITA 40 NOILISOJWODI(] 1], Amom S% E mm n.md R m msm g, f.m:m.m m mm
o -~ " . [
AT @1avy, sm.mmMemmu&ManMM%gwﬁmmm.mT
288085 SEEE80Sw o 8ROy
o -~ 2 (2]
258038 e, nEStg. 08800 RS
EEE4 , 2S00 50 ReSg58S 59 Rucg
Om.ﬁghXguﬂme.ﬁhhmoo.lhhngnno
oW ECdO €T O ETERB wg.S goo.lEd 3R o
‘satow weid 10 suole weld dre $asayudted HI SONfeA »
(01 X €8 (—01 X L'8)
paumsuod [y gg00'0 T IIN 6£60°0 pawmsuod Iy ¢ 1T $'¢ 1'3¢ 018 €8I T 08 9030° 0001 6€
(=01 XT°¢) (0T X81) (01 X ¢'8)
pawEnsuod Iy G0 €000 230070 BN £g60°0 poumsumod Iy 81T ¢°¢ 018 L'I¢  O'€l T 0¥ +150°  GIOT" &€
(-01 X 1T°¢) (.01 X 8'T) (0T X ¢°'8)
pawnsuod Iy 9°0 3800 0 8600 0 N £€260°0 poumsmod iy 811 ¢S 908 T8  0°€l 1 0% 80%0° 0001 L9
(=01 X 1°3) (01 X9€) (+—01 X ¢'8)
powmnsnod [ty L1 G€00'0 8200 0 DN GI60°0 pownsuod Iy 6'¢ 6% 013 189 L%l I 006 0030 %001 9¢
(s—0T X 8'1) (+ 01 X8'8) (01 X 3°8)
810" 1'% 08600 65000 1IN 0680°0 powmswod iy $'F  FF 061 g3L €V 1 081 3030 0001 G¢
(=01 X 1) (0T XI'¥) («01Xgeg (0TX62L)
F00T” G'g 82000 £900°0 920070 02800 FOOT 9% 0% gL gwL L€l 1 091 9030° ¥00T° €
(301 X 6°6) (01 X6%) (-0 X2¥) (01 XLTF)
3010° 6 610070 920070 801070 0600 3090° 8% g¥% 69l 1'% +0I S0 091 0130 0001 €€
(0T X T'8) (01 X ¥'F) (01 X €8¢ (0T Xg3)
6800 Y ¥100°0 89000 €310°0 3L30°0 8630 8y ¢'¢ ¥Sl ¥9L I'9  ¢0 091 3glgds goor” &g
(01 X €9) (07T X8 (01 X718 (-0TXgT)
€300 FI 1100°0 $G00°0 $810°0 9%10°0 1810° 02 €9 00k €9 991 Y30 091 11307 0001 1€
(-01 X 86) G-01 X1'1) (01 X09)
210070 REECS A{no 3827, 410070 25%0°0 $C00°0 180070 008 008 380 T 081 #2600 31010 0f
-8 ‘pawnsuon tONSVY tON3V IONSY O3y v 8 ‘pomnsuod AN O*N SON ON “fu ‘paajoad "1y Do 51 -8 -ou
O3y ONBY 8 ,'s1onpoad priog SOIN3Y 9, mr mﬁ&%: ‘udwo) s sy, “dwa |, 08V WQENESY ddxy
1t ot D - -6 - o 8 e 9 ¢ T ¢ 4 i



4980

gases are present, tlie reaction Ag:N.,Q, = 2Ag + 2NO,
which would introduce large additionala mounts of nitric ox-
ide in the system, containing Ag,0, probably docs not occur.

Conclusion

The primary change in the decomposition of sil-
ver hyponitrite appears to be

AgsNe0; = Ag,O + N,O (1)
Apparently this reaction is not acconipanied by
any other change, such as Ag:N.0, = 2Ag + 2NO.
Reaction I is instantly followed by
AgN:O; + 2Ag,0 = 2AgNO, + 4Ag  (I1D)

The formation of AgNO; in this way, at 160° and
above, is followed by its decomposition (above
128°) producing, ultimately, AgNO;, Ag and oxides
of nitrogen. Nitrate is formed from nitrite and
not directly; it may be produced, to some extent,
by Ag.O + NO, = AgNO; T Ag. As nitric oxide is
formed it reacts with nitrate to regenerate nitrite
to some extent, AgNO; 4+ NO &2 AgNO; 4+ NO,.

The decomposition of silver nitrite, which fol-
lows reactions I and II, retards the decomposition
of silver hyponitrite by reaction I. The formation
of nitrite from the hyponitrite also reduces the
amount of hyponitrite decomposing by I and ex-
plains low percentage of nitrous oxide in the gas;
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although I is the primary change, the reaction ap-
parently stops as soon as Ag.O and AgNO, (opti-
mum) are present and starts again when these ap-
proach a limiting concentration, Thus, the de-
composition of silver hyponitrite seems to proceed
by the propelling action of silver oxide formed, at
intervals, during the decomposition.

That I is not accompanied by Ag,N,O, = 2Ag +
2NO is supported by the following observations:
(a) nitric oxide destroys Ag,O 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.

The formation of nitrogen is not explained. Itis
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, it is not likely that the reaction®
AgNO; 4+ NO = AgNO;3 4+ /4N occurs to any ap-
preciable extent.

Thanks are due to Dr. V. T. Oza for help in
blowing the systems and for gas analyses.

AHMEDABAD, IND1A
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Measurement of the Amount of Bound Water by Ultrasonic Interferometer

By Hazive Suiro, TosHio Ocawa AND HIROSHI YOSHIHASHI
RECEIVED DECEMBER 13, 1954

A geuneral theory which cuniables us to evaluate the amnount of the bound water of nou-clectrolyte 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 measured by an interferometer making usc of X-cut crystal of resonance frequency 1 mec.
Tlie amount of bound water was found to be 0.43, 0.23, 0.40 cc./g. of ghicose, maltose

measurements were made at 20.0°.
and dextrin, respectively.

Introduction

It is a well-known fact that, in solutions of elec-
trolytes, the water inolecules bound to an electro-
lyte ion are coinpressed owing to the strong electric
field of the ion to form a very hard structure. Pas-
sinski,’ Wada? and Sasaki® evaluated the degree of
hydration of ions from adiabatic compressibility
measurements. They assuined 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, the
bound water of uon-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 it to the solutions of sugars
as well as high polymers and estimated the amount
of bound water.

Theoretical

If M grams of solute is dissolved in Vj cc. of sol-

(1) A. Passinski, Acta Physicochimi, U.R.S5.S., 8, 385 (1938).

(2) Y. Wada, A pplicd Phys. (Japan), 1T, 257 (19481.

(3) T. Yasunaga and T. Sasaki, J. Chem. Soc. Japan. Pure Chem
Soc. T2, 366 (1951).

The

vent, sotne of the solvent, say v; cc., will be attached
to the solute and compressed to be 2.’ cc., and, con-
sequently, there will result a solution of volume 1~
cc.  Accordingly it follows that
R )
i1 which
Vi = M/dy = volumue of solutc in V' ce. soln.
dy = true density of solutc in solu. (solvation cf-
fect being not taken into account)
Differentiating (1) with respect to the pressure, P
dv’ _ dv, de, . (]ZJQ/
aP — dp dr  dr
Let 8, Bo, 81 anud B, represent the adiabatic com-
pressibility of solution, solvent, solute and bound
water, respectively.
From definition these 3's are given by

1dv
Vdr
therefore we obtain the relation
V'3 = Vi, + Vidh + vi8. — v)d,
For 1 cc. solution, this can be written in the form
3 = ViBe + B + weide — vl (2)
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