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Thermally unstable materials such as silver acetylide, which yield only solid decomposition 
products, differ sigmficantly from materials having at least one gas among their products. In- 
formation about the mechanism of thermal and photodecomposition of silver acetylide is presented 
here. The decomposition of crystals of about 5 p across produces carbon as an amorphous residue 
and silver of the hexagonal structure. The activation energy for thermal decomposition is 41 
kcal/mole. The relationship between photodecomposition, absorption and photoconduction is 
investigated. 

Recent studies of the properties of solid explosives have concentrated on those 1,2 

which yield a gaseous product. 
The kinetics are in part controlled by the formation of surface vacancies as the gas 

evolves and by the mobility and nature of these vacancies, since the nuclei of the solid 
product appear to form within the holes formed by their aggregation.394 

Silver acetylide decomposes thermally according to 
A(s)-,B(s) + C(s). 

Since no vacancies arise from gas evolution, the kinetics are different and depend on 
whether both solid products are crystalline and require nucleus formation. Tech- 
niques designed to examine the formation and growth of nuclei, and to measure the 
related physical properties such as absorption, have been applied to silver acetylide to 
obtain more information about its decomposition mechanism. 

EXPERIMENTAL 

P R E P A R A T I O N  

Silver acetylide was prepared in two ways. By bubbling a stream of acetylene into an 
ammoniacal solution of silver perchlorate or silver nitrate, a precipitate of silver acetylide 
was obtained. After several washings with water containing acetylene, it was then placed 
on electron microscope grids while in suspension, or dried for use as a powder. Alter- 
natively, when an atmosphere of acetylene is contained above the solution, a film which, is 
useful for optical experiments forms at the interface. Because of the insolubility of silver 
acetylide, no method of preparing large single crystals was found. 

The complex salt, Ag2C2. AgN03, was also prepared as a powder and as a film, using 
an aqueous solution of silver nitrate of less than 10% concentration. Concentrations 
greater than 25 % result in the production of a complex salt with a molar ratio of silver 
acetylide to silver nitrate of 1 : 6.53 6 

S T R U C T U R E  OF MATERIALS 

Sharp X-ray powder patterns of both compounds were obtained using an 18 cni Debye- 
Scherrer camera.7 On the basis of these patterns, the crystal structure of silver acetylide 
is probably hexagonal with a0 = 6.976 A and co = 12.600 A. 

* present address : Research Centre, DuPont of Canada, Kingston, Ontario, Canada. 
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FIG. 1 .-Electron diffraction patterns. 

hexagonal silver. 
(a) Face-centred cubic silver; (b) single crystal of face-centred cubic silver; (c) single crystal of 

[To face page 1860. 
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J .  D. MCCOWAN 1861 
Density measurements were made to check this structure, using a weighing bottle of 

less than 0.2 ml capacity. Both bromoform and water were used to measure the void space. 
Although the quantities were very small and the densities consequently somewhat imprecise,7 
the mean density of 4-47 g ml-1 agrees very well with the suggested structure and indicates 
that there are six molecules per unit cell. 

Excellent powder patterns were easily obtainable from the complex salt but no structure 
consistent with these data could be found.' 

THERMAL DECOMPOSITION 

ELECTRON mcRoscoPY.-Both materials were examined using a Siemens Elmiskop 1 
electron microscope. Grids of 500 barslin. were used to improve cooling. However, 
both compounds proved to be too unstable in the electron beam for electron microscopy 
to be used to follow thermal decomposition, or to examine the growth of nuclei, even when 
cooled by liquid nitrogen. 

When large quantities of material were decomposed, silver of the face-centred cubic 
structure and amorphous carbon were formed, usually adjacent to each other. Fig. la 
shows a typical diffraction pattern obtained from the silver. 

When silver acetylide had been present as scattered crystals a few microns in diameter, 
decomposition was always complete before the sample was observable in the microscope. 
The silver produced was in the form of single crystals, almost always of the hexagonal 
structure. Typical crystals are shown in fig. 2 and 3, and a diffraction pattern is shown 
in fig. lc. Rarely, discontinuities and Moirk patterns are observed as in fig. 4. A dendritic 
form of hexagonal silver, as in fig. 5, was also found a few times, diffraction patterns showing 
most " branches " to be part of a single crystal. 

On a few occasions, single crystals of the face-centred cubic structure, oriented with the 
(110) planes orthogonal to the beam, have appeared. The diffraction pattern is shown in 
fig. 16. 

Amorphous carbon appeared as thick areas on the film often, but not always, adjacent 
to silver. Small opaque structures, such as those seen in fig. 2 and 3, commonly occur 
both near crystals of silver and in contact with them. These give no diffraction pattern 
but their frequency of occurrence on grids where no foreign material is observed indicates 
they may well be a carbon decomposition product. 

The stability of the complex salt, Ag2C2. AgNO3, in the electron beam is not noticeably 
different from that of silver acetylide. The solid products are also similar, with face-centred 
cubic silver occurring if large masses are present, and hexagonal silver when only a little 
material is used. Some amorphous carbon is found. 

For both compounds, the thermal decomposition products were examined using an 
X-ray powder camera. The only crystalline product was face-centred cubic silver. 

thin-walled quartz tube as used for X-ray powder photography, was decomposed thermally 
and the X-ray diffraction pattern obtained. Silver, of the face-centred cubic structure only, 
and amorphous carbon were the final products. 

In order to obtain some measure of the activation energy of thermal decomposition, 
X-ray powder patterns were utilized to follow the decomposition of silver acetylide at 115"C, 
125°C and 135°C. The dependence of the density of the lines of the powder pattern on 
the amounts of material present is complex and no effort was made to relate them directly. 
However, equivalent stages of decomposition at different temperatures can be determined 
at each point where the density of a silver line, increasing with each successive heating, 
becomes the same as that of a given silver acetylide line which decreases with each 
heating. 

By measuring the density of certain lines from both the silver acetylide and silver from 
each pattern, and comparing the densities in this way, points of equal decomposition can 
be determined for different temperatures and the ratio of the times taken to reach each 
stage at two temperatures, the " time ratios ", noted. Densities were measured on a manual 
densitometer made by Hilger and Watt. 

ACTIVATION ENERGY FOR THERMAL DECOMPOSITION.-silVer acetylide, contained in a 
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1862 DECOMPOSITION OF SILVER ACETYLIDE 

The method used was to heat the sample repeatedly, obtaining each time a powder 
pattern. A test was made to ensure that the result obtained by heating in stages for a given 
total time agreed with what would be obtained by heating it for the total period in one 
operation. The agreement was well within the error of this experiment. 

Results indicate that the rate of thermal decomposition at 125°C is 4.1 times its value 
at 115°C and that the rate at 135°C is 3-3 times its value at 125°C. Assuming that the rate 
is dx/dt = k(T)f(x), where x is the amount of silver acetylide present and that k(T) has the 
form k = A exp (-E/RT), then E, a thermal activation energy, can be calculated from these 
data to be 41 f4 kcal/mole. 

lengths from 2100 to 10,OOO~ was measured for both silver acetylide and the complex 
salt, Ag2C2 . AgN03, using a Unicam spectrophotometer. Films of both materials of thick- 

PHOTODECOMPOSITION AND ABSORPTION SPEGTRA.-The absorption Of radiation Of wave- 

ness - 0.1 mm were mounted on quartz discs 1.2 cm diam. The existence of tiny cracks, 

4000 6000 8000 -0 

wavelength 8, 
FIG. 6.-Absorption spectrum of silver acetylide at room temperature. 

wavelength 8, 
FIG. 7.-Absorption spectnun of the complex salt, Ag2G . AgNO3, at room temperature. 

particularly in the film of the complex salt, made measurement of the absorption co- 
efficients impossible. In fig. 6 and 7, silver acetylide exhibits a tailing off in transmission 
for wavelengths below 8000 8, and an abrupt fall below 3700 A. The complex salt exhibits 
some tailing off, and a sharp fall at 3475 A. 

Experiments, using the radiation from a mercury arc lamp and a series of filters, were 
performed to establish which regions of the spectrum were responsible for decomposition. 
It was shown that silver acetylide is decomposed very slowly by wavelengths above 5000A 
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J. D. MCCOWAN 1863 

but more quickly as the wavelength was decreased ; below 3500 A, decomposition proceeded 
very quickly. For the complex salt, decomposition is rapid only for wavelengths below 
3 W A  but some decomposition occurs, if slowly, up to at least 4500A. Irradiation 
darkens the surface of silver acetylide very quickly. However, the depth of this initial 
decomposition is slight. Very fine powder, when irradiated, turns black within a few minutes, 
but it can still be exploded after several days' exposure. Moreover, X-ray patterns ob- 
tained from such powder show no lines arising from silver, even after weeks of irradiation. 

EXPLOSION 

Silver acetylide was found to explode within 5-10 sec at temperatures between 195 
and 200°C when small particles were dropped on to a clean mercury surface of known 
temperature. Results seemed independent of particle shape, and of size within the limits 
of 0.001-0.1 g ; smaller particles sometimes failed to explode. 

A Beckman and Whitley high-speed framing camera was used to measure the velocity 
of the movement of the front in explosion. Silver acetylide was packed in a trench 
1 mmx 1 mmx 50 mm cut in a perspex plate, and ignited by an " exploding wire ". A 
velocity of 1200 m/sec is reached within 1 psec. Similar experiments with Ag&. AgN03 
showed an ignition temperature about 2°C higher than that of Ag2C2 and a detonation 
velocity of 1980 m/sec attained within 1 psec. 

DISCUSSION 

Silver acetylide is a photoconductor at room temperature for all wavelengths from the 
ultra-violet up to at least 6000 A.8 Without measurements of both photoconductivity 
and absorption at low temperatures, however, it is not certain if the energy represented by 
the absorption edge at 3700A is sufficient to elevate an electron to the conduction band, 
or whether it produces an excited state from which thermal energy is capable of elevating 
the electron to the conduction band. 

In the present work, photodecomposition occurs at the wavelengths at which the material 
is a photoconductor. McLaren and Rogers 9 suggest that with materials which are photo- 
conductors under conditions where photodecomposition occurs, the rate-determining step 
is the production of free electrons. It is probable that the rate-determining step with silver 
acetylide is the production from the acetylide ion of an unstable carbon species and a free 
electron. This species will then decompose, producing amorphous carbon. The energy 
represented by the absorption edge is 3-34 eV 01' 76 kcal/mole. If this is the optical 
activation energy, the value is consistent with the thermal activation energy of 41 kcal/mole. 
Without values of the dielectric constants the activation energies can be compared only 
qualitatively.10 

The mechanism suggested does not involve acetylide radicals combining. This is 
consistent with the finding of only amorphous carbon and is an important difference from 
materials such as the azides. It appears that, whereas both silver acetylide and silver a i d e  
exhibit photocurrent for wavelengths well outside the absorption edge, photodecomposition 
is much greater for silver acetylide in this region at room temperature. At such wavelengths, 
little absorption occurs and the population of excited levels is low. Thus, with the azide, 
the chance of two excited species being adjacent is small. With the acetylide, there is no 
such requirement and decomposition can occur whenever sufficient energy, optical and 
thermal, is supplied. Such a mechanism would also imply that the sensitiveness of the 
acetylides is less related to structure than is the case with the azides.11 

The stable form for very thin silver crystals is the hexagonal form,lZ and the occurrence 
of this structure may arise simply from the crystals being thin. This is given support by 
the finding of hexagonal silver as a product of both compounds studied, although their 
own structures seem to be quite different. However, the appearance of the crystals, es- 
pecially the formation of perfectly aligned " leaves " seen in fig. 2, may indicate growth 
from several nuclei whose structures are aligned by epitaxy. 

The thermal decomposition of silver acetylide is catalyzed by the products,119 13 probably 
the silver nuclei. Explosion comes about through the accumulation of catalyst rather than 
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1864 DECOMPOSITION OF SILVER ACETYLIDE 

of heat ; 11 thus, the period before ignition is not closely correlated with particle size. It 
is noted that, although the products of decomposition are both solids at 200°C, detonation 
occurs. The period of low speed deflagration is very short. 

It is not certain if migration over the carbon film is possible although silver is very mobile 
on other substrates. Carbon is often found remote from the silver crystals which suggests 
a migration of one or the other ; it occurs too frequently to be entirely accounted for by 
the random deposition of silver and carbon produced by decomposition while in suspension. 
Moreover, hexagonal silver crystals were never found near large masses of silver of the face- 
centred cubic structure ; this may indicate a high mobility permitting the migration of silver 
from small hexagonal crystals to a large mass of the face-centred cubic form. 

The absorption spectra can be compared with the spectra of silver nitrate and the 
complex salt, Ag&. 6AgNO3.8 The absorption edges occur at 3825 8, for silver nitrate, 
at 3750 A for the 1 : 6 compound, at 3700A for silver acetylide and at 3475 A for the 1 : 1 
compound. This indicates that whereas in the 1 : 6 compound, relatively little distortion 
of the silver nitrate structure OCCUTS, in the 1 : 1 compound a more ionic structure is pro- 
duced, with a greater separation of the silver ions and anions. 

The decomposition of the complex salt produces silver in both forms, as with the 
acetylide, and small amounts of amorphous carbon, as well as a variety of gaseous products, 
the small amount of carbon indicating the formation of one or both oxides of carbon. 

It was shown earlier that the products of photodecomposition of silver acetylide form 
an opaque surface layer which prevents decomposition from proceeding, except extremely 
slowly, beyond a certain amount. Yoffe 8 has measured the photoconductivity of a pellet 
of silver acetylide before and after irradiation for 1 h with a mercury lamp, and found that 
the photocurrent was reduced at all wavelengths below 5800 after the irradiation and that 
it was almost eliminated at wavelengths below 3500 A. This agrees with ow results on the 
effect of different spectral regions on photodecomposition and the blockage of subsequent 
decomposition by the products on the surface. It implies that the wavelengths blocked 
by the surface layer are those which contribute most to decomposition, and that very long 
exposure will, eventually, decompose the material completely through the action of 
radiation of longer wavelengths. 

I wish to thank Dr. F. P. Bowden and Dr. A. D. Yoffe for their valuable contri- 
butions, and the National Research Council, Ottawa, for the award of a Postdoctoral 
Overseas Fellowship. 

1 Bowden and Yoffe, Fmt Reactions in Solids (Butterworths, London, 1958). 
2 Jacobs and Tompkins, Chemistry of the Solid State (Butterworths, London, 1955), chap. 7. 
3 Garner, Chemistry of the Solid State (Butterworths, London, 1955), chap. 9. 
4 Bowden and Montagu-Pollock, Nature, 1961,191,556. 
5 Vestin and Ralf, Acta Chem. Scand., 1949, 3,101. 
6 Shaw and Fisher, J. Amer. Chem. SOC., 1946,68,2745. 
7 McCowan, Ph.D. ThesiJ (University of Cambridge, 1962). 
8 Yoffe, private communication. 
9 McLaren and Rogers, Proc. Ray. SOC. A,  1957,240,484. 

10 Gurney and Mott, Electronic Processes in Ionic Crystalv (Clarendon, Oxford, 1948). 
11 Ubbelohde, Chemislry of the Solid State (Butterworths, London, 1955), chap. 11. 
12 Quarrel, Proc. Physic. SOC., 1937, 49, 279. 
13 Ubbelohde, Phil. T r m .  A, 1948-9, 241, 198. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
63

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

C
al

if
or

ni
a 

- 
Sa

nt
a 

C
ru

z 
on

 3
1/

03
/2

01
5 

19
:2

2:
09

. 
View Article Online

http://dx.doi.org/10.1039/tf9635901860

