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During the topochemical decomposition of ammonium perchlorate and copper hypophosphite an 
enhanced acid concentration occurs near the reagent-product interface. Concentration profiles of the 
acid were observed after the treatment of the partially decomposed crystals by indicator solution and 
by microphotometry. Profiles exhibit the diffusive characteristics. The diffusion coefficient is lo-r0 
cm%ec for ammonium perchlorate and 10V9 cm2/sec for copper hypophosphite at 20°C. It is concluded 
that the variation of the reactivity near the interface is due to the enhanced acid concentration. 

The predominant process in topochemi- 
cal reactions near the reagent-product in- 
terface is thought to arise from the increase 
in this region of the reactivity of the initial 
product. For example, the formation and 
accumulation of a chemically active inter- 
mediate product may occur on and near the 
interface. It is suggested that such a situa- 
tion arises in the thermal decomposition of 
ammonium perchlorate (1, 2), copper hy- 
pophosphite (3), and of some crystallohy- 
drates (4). The initial decomposition of am- 
monium perchlorate at about 180°C results 
in the formation of ammonia and perchloric 
acid, HC104. The intermediate active prod- 
uct (a perchloric acid) oxidizes solid ammo- 
nium perchlorate, with formation of final 
gaseous products-nitrogen and chlorine 
oxides, as well as the new acid (1). Ammo- 
nium perchlorate is a proton conductor; 
thus, such protons can penetrate into the 

crystal by moving through the anion sublat- 
tice (5). The perchlorate ion capturing a 
proton becomes an acid molecule in an an- 
ion position. Such a unit on the surface may 
be considered as an acid center of the 
Bronsted type. 

In the decomposition of copper hypo- 
phosphite the reduction of ions of bivalent 
copper occurs through hypophosphoric 
acid, H3P02. As in the previous case, an 
acid molecule forms the active intermedi- 
ate, which originates during the initial 
stages of decomposition (3). There are also 
indications that a copper hypophosphite is 
a proton conductor (6). 

Additions of acids accelerate the decom- 
position of these compounds (Z-3). 

The aim of this paper is to determine 
whether an excess concentration of acid is 
formed near the interface in topochemical 
decompositions. 
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To reveal potential regions on the surface 
of the partially decomposed crystals where 
an increased acid concentration may occur, 
crystals were treated by a special indicator 
solution similar to those for quantitative de- 
termination of the Bronsted-type acid cen- 
ters on the surface of solid catalysts (7, 8). 
These solutions were made up from potas- 
sium iodide (0.05 M), potassium iodate 
(0.01 M), and starch (1 M). During the sur- 
face treatment by a thin layer of this solu- 
tion the following reaction occurred 

59- + SO, + 6H+ -+ 3TZ + 3H20. 

Starch was added to increase the intensity 
of the reaction product color and to reduce 
its mobility. 

To measure the optical density on the 
small crystal sites the following equipment 
was used: a microphotometer on the base 
of a photoelectron multiplier and an ampli- 
fier to measure small currents which per- 
mitted measurements of optical densities in 
the range O-6. As a sample holder a micro- 
scope stage with a 0.003-mm micrometer 
screw was used. A lightguide consisting of 
8-pm quartz thread was installed in the 
stage. The sample was in intimate contact 
with the end of the lightguide. Minimization 
of the optical path from a sample to the 
probe lightguide (in contrast with path 
lengths of dozens of centimeters in usual 
devices) reduces the influence of scattering 
and permits photometry of closely adjacent 
sites with strongly differing optical densi- 
ties. 

Crystals of ammonium perchlorate were 
decomposed at 180 Cr 2°C in the air. Prod- 
uct nuclei form regions along the main diag- 
onal of the rhombus i in the (011) plane. The 
decomposition of copper hypophosphite 
crystals at 50 + 1°C in the air was charac- 
terized by the appearance of dark sites in- 
dicative of nuclei of the reaction product. 
Photometering was performed in the direc- 
tion perpendicular to the interface. 

When absorption of the decomposed 

crystal was detected, after the time t, the 
crystal was treated with the indicator solu- 
tion and the second photometering was car- 
ried out. Investigations of the undecom- 
posed crystals treated with an indicator 
solution showed that absorption did not no- 
ticeably change. On the decomposed crys- 
tals coloring appears close to the boundary. 

The logarithm of the ratio of intensities of 
the light passing through the region of the 
surface before and after treatment (Si and 
5) is a linear function of n-the concentra- 
tion of the product of the indicator reaction. 

Figure 1 presents the dependence of log 
5,/T on the distance x along the perpendic- 
ular to the boundary for t = 48 hr. It can be 
seen that the acid concentration over the 
crystal surface passes through a maximum, 
which corresponds to the optically ob- 
served boundary. This result is consistent 
with the data of Ref. (9), in which it has 
been shown through layer-by-layer titration 
that the distribution of the concentration of 
perchloric acid has a maximum near inter- 
face. The concentration profiles ahead of 
the interface are well described by the 
Gaussian distribution 

X2 
n(x) = n exp - 2 i 1 

A similar distribution is obtained by solving 
the diffusion equation 

a*n -GJE$ 
at 

with the initial condition 

n(x, t = 0) = n&x), 

i.e., under the assumption that protons dif- 
fuse from a very thin layer of the acid on 
the interface. 

To check the assumption about the diffu- 
sive character of the concentration profile 
n(x) its broadening with time has been in- 
vestigated. Figure 2 presents the x0 depen- 
dence on -\/I, where x0 is a distance from 
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FIG. 1. Distribution of an acid near the interface (its position corresponds to x = 0) for ammonium 
perchlorate. 

the interface at which log 3,/3 decreases 
by a factor of 2. It can be seen that the 
broadening of the optical density profile 
proceeds according to the law 

X2 
n(x) = no exp - a c ) 

with a diffusion coefficient $3 = lo-lo cm2/ 
sec. 

For the thermal decomposition of copper 
hypophosphite the distribution of the acid 
near the interface has a form similar to that 

of ammonium perchlorate, but with 9 = 
10e9 cm2/sec. 

Thus it has been shown that for the ther- 
mal decomposition of ammonium perchlo- 
rate and copper hypophosphite an en- 
hanced concentration of a chemically 
active product-acid-exists near the re- 
agent-product interface. The concentration 
profiles of an acid exhibit a diffusive char- 
acter. According to our results, and taking 
into account existing data on the accelerat- 
ing influence of acids on the decomposition, 
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FIG. 2. Broadening of the acid concentration profile at 20°C as a function of the time beyond 
termination of the decomposition. 

one may assume that the variation of the 
reactivity near the reagent-product inter- 
face is caused by the enhanced acid con- 
centration. 

References 

1. L. P. W. M. JACOBS AND M. M. WHITEHEAD, 
Chem. Rev. 69, 551 (1969). 

2. E. F. KHAIRETDINOV AND V. V. BOLDYREV, Ther- 
mochim. Actu 41, 63 (1980). 

3. 0. I. LOMOVSKY, Yu. I. MIKHAILOV, V. V. 
BOLDYREV, AND V. M. MASTINKHIN, Thermo- 
chim. Acta 43, 135 (1981). 

4. N. 2. LYAKHOV, V. P. ISUPOV, A. P. CHUPAKHIN, 

AND V. V. BOLDYREV, React. Kinet. Catal. Lett. 8, 
113 (1978). 

5. E. F. KHAIRETDINOV, A. A. MEDVINSKY, AND V. 
V. BOLDYREV, Kinet. Katal. II, 1343 (1970). 

6. 0. I. LOMOVSKY, E. F. KHAIRETDINOV, AND Yu. 
I. MIKHAILOV, Izv. Akad. Nauk. SSSR, Neorgan. 
Mater. 17, 321 (1981). 

7. KH. P. BOEM, in “Catalysis, Stereochemistry and 
Mechanism of Organic Reactions” (in Russian), 
Mir, Moscow, p. 186 (1968). 

8. Yu. V. EFREMOV, J. Neorg. Khim. 13, 58 (1968). 
9. V. A. KOROBAN, V. P. GUK, CHEREDNICHENKO, 

L. K., AND B. S. SVETLOV, Abstracts to the Re- 
ports at the VI All-Union Meeting on Kinetics and 
Mechanisms of Chemical Reactions in Solids, 
Minsk, p. 59 (1975). 


