


enercy of potassium azide can be calculated from the

following uhermocnemlcal data.

gl
e sl
o /7/ F //_w I (,_;f) = 3/ '{;"‘/‘-"'/////fvf’u Y |
i 3 | o
Gkt A b fcal Smwole
A // // ( ff ) = Sl f /

~

Using a Born-Haber cycle, we find W = 153 kcal/mole.
The polarization energy W@ may be estimated only indirectly.

In general, two methods exist for the calculation oL‘M/
/3
In that due to Jost, the -creation of a wvacant site is

regarded as equivalent to scooping out a hole of radius
R in a medium of uniform dielectric constant ée. The

polarization energy resulting is
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nis method should be independent of the type of crystal
lattice, but the difficulty lies in choosing values for
BiSfana R o iMett and Littletcﬂwaave improved Jost's method
by calcualting the dipoles on the neraest and next-mearest
neighbors directly in a NaCl-type lattice, and applying
Jost's formula to the rest of the lattice. Their method
invelves a dreat deal eof caleuls tion. " Aceordingly, the
polarization energy was estimzted indirectly by plotting
the experimental values for the alkali and 51lver‘

halides given by_ﬂi—iéfg‘fij against (i—~i>/€o e
where a 1s the anion-cation distance. If Rﬁé- 2 e
oroportional to a, these results should zll lie on a
straight line. As shown in Fig. 3, this is approximately

true, particularly at the higher values of the dielectric



constants, the maximum deviztion being+ 5 percent for
NaCl. The polarization energy in KN, obtained by
interpolation frem Fig. 8 is L34 keal. Hence?%:=ﬁ?kcal
and £, = @05 kcal, which is of the oxder expected. It
is therfore most unlikely that the experimental value of
4.5 kcal refers to El and it is concluded that this
ergy refers rather to the mobility of sHnsace vacancies,
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as first suggested by Smekal. The low values found in
Ca, Sz, and Ba azides are also considered to refer to

surface conductance.
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Figo e Plot lofidhe polar420b¢on enerqgy, calculated
from the lattice energies apd activation energies for
conductance, against (l %/0 a.

On this basis, one would expect three regions
corresponding to surface conductance, the usual bulk
structure~sensitive conductance, and the characteristic
conductance of the salt, with activation energies of
4.% kcal, about 20 kecal and 30 kcal, respectively.

In practice only the first and last of these two can be

fferentiated, although the transition region is

somewhat diffice (Fia. 1. It may be that the bulk



structure~-sensitive conductance is not differentiated,

iy

becausdof a fortuitous combination of the values of the
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tivation energies and the number of vacant sites.
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the value of the activation ewvergy necessary for bulk

onductance such that this represents one percent oif

O

surface conductance at the temperature at which

the characteristic conductance begins to be eppreciable
then is calcualted,a value of 18 kcal in substantial
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agrzement with the value estimated from the polarization

energy is found. The hypothesis of surface conductance

nas received further confirmation from the agreement

between the number of vacant sites in the surface

layers calcualted from the conductance data and from the
i . ] 1 e

rate of photolysis of potassium azide.

The conditions of preparation of the azide would be

expected to cause variation in surface conductance.
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In presence 0f(0, , or with excess OH in presence of
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air, leading to 3 , the divalent anion is prefer-
entizlly attached to normal surface anion sites producing
additional anion vacancies (to maintain electro-
neutrality) and reducing the number of tation vacancies

ir formation. The number of mobile charged carriers
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is thus reduced and sonsequently the conductance is

smaller than in the "neutral" salt.
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THE KINETICS (OF THE ELBECTHOIMSTSIOE iHE 271D TON
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¢s of the electrodeposition of hydrogen and
oxygen from aqueous solufion have been studied exhaustively,
and @ number of theories zs to the precise nature of

the reaction have been put forward. These reactions are

eculiar in that in each case the products are constituents

e

of the solvent, and in addition complications arise
owing to the fact that hydrogen and hydroxyl ions are
nydrated in solution, micght, therefore, be expected
to follow a different course from the deposition of
hydrogen and oxygen. According to the theory of ionic
solution put forward by Bernal and Fowleriqunivalent ions
of radius greater then 1-6A. are to be regarded as
unhydrated in agueous solution, in the sense that they
do not carry along a co-ordinated shell of water molecules.
The azide ion comes in this category, and although it
has been shown that the electrodeposition of the ion
)

is en irreversible process, no detailed investigation
of the kinetics of the reaction appear to have been made.
The ‘ollowing series of experiments were carried out by H.
Stout in an attempt to elucidate further the nature of
the deposition process.

Nature of the Electrode Reaction.- On electrolysis

of an aqueous solution of sodium azide using a platinum

anode, nitrogen is evolved in amount. corresponding to
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At an aluminum electrode-- however, only two-thirds of
the theoretical amount of nitrogen is evolved, the
remaining one~third appearing in the form of ammonia.
his 1s presumably due to the reduction of the azide
ion by nascent hydrogen formed by solution of the anode

in the electrolyte, which gives a slightly alkaline

redction,  thus
st + 3 H S /27 4 /",fd e

In the prescence of platinum black, sodium azide is
hydrclysed to ammonia and nitrogen, the rate of

hydrolysis being greatly increased if the platinum
v',/

surface is saturated with hydrogen. Both these reactions

~

are catalysed by the metal surface, and as only one
atom of nitrogen is liberated as ammonia, it seems

likely that one nitrogen atom in the ion behaves

A

thus /Vg AR /{/7 4 /}// AT

itrogen atom being adsorbed on the metal surface.
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gen cn the surface would then react with the absorbed

Stem to form zmmonia,. | The rateief roaction would,

of 'course, be contralled By ‘the rate of removal of adsor

nitrogen atoms. This is in accord with the fact that

hyvdrcgen catalyses the exchange reaction between the
/4 15
- 3 - 1 -
two isotopic nitrogens, /Mﬂ and AVN s on an iroen
ol P
ace, ammonia, or at least an imido bond, being

Papity:

formed as an intermediate product.

differently from the other two, and that the ion decomposes

Hydro-

bed
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ree Energy of Formation of ﬁfgaﬁ -- The free energy

of formation of the azide lon inm solution is the free

energy change in the reaction
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Arsearch of the literatume hos failed to reveal sufficlient

5)

5 o e
deta for the exackcalculatian ety il ‘but an appro-=
ximate value may be estimated from the free energy

changes in the following reactions:--

3
% ﬁ/i_ - % /7,/4’12 f///ﬂ)(rv_} AF = 7857 K k. (6)
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The heat of formation of hydrszéic acid gas ds 71,94 cal,
nd of aqueous hydrazolc acid 54:6 K.cal.%{@hich gives

# " for reaction (7as -17-3 K.cal. The corresponding
entropy change 45°may be estimated roughly by comparison

. :
with the 4'S for the'solution of nitreus oxide @ SRS
@ L e Ll o
| ' ‘ i = e /1 ..«.«.
O ,j,&c/ = Ved Ly = /q/ 2 Qﬂ/jf // . ( 8 )
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The /4§ of this reaction is therefore -28-3 cal. per

17

degree. As nitrous oxide has a linear structure corresponding
_j«
to onance between/x /= Jand// = &/~ O ; the entropy

change on solution would be expected to be of the same
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er in each case, and so the entropy of solution HN,
gas may be taken as about -30 cel. per degree. The free

energy change ef emsrgy on solution of HN_.gas will therefore

1

be about -8 4 K.cal. for gas at one atmosphere pressure
and unit activaty of acid.

-+ Tk ST |
Al 2 2g. = l A ; (9) :

bt g -5
Thelldissoriationteehstant 'ef thydrazoiec acid 15 2-8 x 105

28 aydrazeic zeid zas coatalus the llncar group -NNN
‘espﬂ:dlng to resonance between -N N=X wnd ~N-N=N
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so the free energy change for reaction (9) is 6-2
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scal. The tfree encrgy change dn Feaction {5) ids
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equal to the sum of the free energy changes in reactions
Bk, L)y end (9 ianc ¥ s Cherctoie 7Es 2 Kieal . and this

is the free energy of formation of the azide ion., It will
noted that the error introduced in estimating the entropy
of solution of HN3 is not of great importance as the
contributicn'ef reaction (7)) amounts to only 11% of the
whole. It will also be séén that the free energy of

L

formation of HNy ag. is 70-1 K.cal. which is rather

reater than the value of 653 K.cal. given by Latimer

(o]

but as the latter is based on an entropy of 48 cal. per

degree for HNy estimated by comparison with a value of

[0}

0 cal. per degree for HNC, ,it is probably less accurate
than the former estimate.

The Reversible Potential of the Ny - N, Electrode.-
The reversible potential of the normal azide-nitrogen

system measured against a normal hydrogen electrode

achiehet Bol Bt obi the tcoll
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for unit activity of both ions and at one atmosphere

pressure. As the free energy change in the reaction is

reorehueal o ithev BRI e Sthesce il iqicuiE -3 ol ts,

hydrogen being positive, and so the reversible potential

of the normal azide-nitrogen electrode is =33 volts

against the normal hydrogen electrode.

Entropy of N_ e ilon,. - Feorithel reaction

be
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cal. per degree. Taking absolute entropy of H

as 459, and ofﬁhﬂ-as =4.6 . all in cal. per degree

-ag. must be any

N
ollows that the absolute entropy of N

T etk cadn,
AR 29T

1s 58-4
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tely 28 cal. per degree
-(gas).--It is interesting to compare
azide ion in solution
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Entropy of N=
this value for the entropy of the
with the entropy calculated for a hypothetical gaseous
ion Ng-. Taking the ion as linear and symmetrical wit
the N-N distance 115 A., the moment of inertia is
M T = 2 s
4:-56 £ 10= " g. cm. ,and thewetationalientropy given by
Seoc | 0 A AL
/]//( L* )
becomes Sr.r = 1272 cal. per degree per g, mol. st 298
degree K. The translatlonal eqtr0py is vien o
‘/-:'\ Qg "“1 - ; ~r‘\- -f
} O VIR, L i LAk "‘ , e Rl
— ,’ﬁ/-’( Z—. 1 ;-{7_ e //r/zT) = i / /j i
and so S<¢rar3=32.6 cal. per degree per g. mol. at 298
degree K. The frequencies of vibration of the gaseous
ion sre unknown, but taking them equal to those in solution,
namely, = 1300, w630, and . ~2080, the entropy |
of x%oLot¢on glven by /7 7i).§¢ ﬂyf 5 <
e _Z,?_ “27’ & / i ?
AZ
O
gl siat 298 Sy
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0.32 cal. per degree pe
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tropy of the gaseous ion is thus 45-1 cal

The total en
egree per g. mol., and comparing this with the value
2 )

per a

of 28 cal. per degree per g. mol. for the agueous icn

it apoears that the hypothetical entropy of solution of
-17 cal. per degree per g. mol.
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