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The die1ectric constants of ΚΝ 3 and NaN'3 were 

interpo1ated from the smooth curve obtained by plotting 

the wavelength of the ultravio1et absorption edge 

3gdinst Εο. The points ΙΟΓ ΚΝ 3 and NaN3 1ie quite 

defi: itely οη the E2-line. Unfortunately, we have πο 

knowledge oftO for LiN 3 ' but the va1ue of Ε of 19.1 

kCcl is comparable with that of t2 for ΙίΙ (21.2 kca1) 
ι-:ι. 

aut much larger than that of Ει for this sa1t (8.4 kcal). 

The experimental E-values found for the alkaline 

earth azides ara of a lower order οί magnitude and 

could refer Ιο .El' Ιη the other salts containing 

divalint cations for which transport numbers have been 

determined, the majority (BaC12' BaBr2, BaI 2 , PbC12, and 

?bBr2) show an anion transport number of unity: 

Ει may therefore be the activation energy for the 

mobi~itv of the σηοίη vacancies ίη BaN6 but the generally 

low values found for the diva1ent azides indicate that 

these are most probably for ions ίη specia1 positions. 

Since the corresponding va1ues for KC1, KBr, and 

ΚΙ are 22.8, 22.4, and 19.6 kcal/mole, respectively 

the low temperature va1ue of 4.5 kca1/m01e ίη ΚΝ 3 1s 

unlike1y to be that for the activation energy ΙΟΓ the 

buIk migration of. cation vacancies. This is supported 

by a~ independent estimate of Ει' Τhe energy required 

to create a pair of vacancies is given by" -wo"=' lι/L - \ι..~o (3) 

where WL i5 the '1attice energy per Ιοη pair and Wp 

the total polariz.ation energy (TιJI!; -~ιlI). The lattice 
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energy of potassium azide can be calculated from the 

Using a Borl1-Haber cyc1e, we find 'Νι :::::: 153' kca1/mole.
 

The polarizatiol1 el1ergy 'Ν j9 may be eftimated οη1Υ indirectly.
 

In general, two methods exist for the calculation of 'ιΝ f'
 
/3

1n ~hat due to Jost, the creation of a vacant site i5 

regarded as equivalel1t to scoopil1g out a hole of radius 

R in a medium of uniform dielectric constant E~. The 

polarization energy resulting 1s'1) e2­
Wf = (J - ε:, .:2- ιL 

This method shoulq be independent of the type of crystal 

lattice, but the difficulty lies in choosing values for 

R-t arld R-. Mott and LittΙetο;ι1haνe improved Jost ι s method 

by calcualting the dipoles οη the neraest and next-ftearest 

neighbors direct1y ίη a NaC1-type 1attic~, and app1ying 

Jost's formula to the rest of the lattice. TQeir method 

involves a great deal of calcuhtion. Accordingly, the 

polarization energy was estimated ind&rect1y by p10tting 

the experimenta1 va1ues for the alka1i and si1ver 

halides given by 'T~-J(E:J.-EI) against (.1 - 2/έΟ ) 1/a, 

where a is the anion-cation distance. If R 
'Τ+ R 

-
is 

proportional to a; these results shou1d a11 lie οη a 

straight line. As shown ίn Fig. 3, this is approximate1y 

true, particu1ar1y at the higher values of the dielectric 
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constants, the maximum deviation being+ 5 percent fOT 

NaCl. The polarization energy in ΚΝ3 obtained by 

interpo1ation from Fig. 3 is 134 kcal. HenceWo;:: /9 kca1 

and [Ζ = :20..5- kcal, which is of the order expected. It 

is therfore most unlikely that the experimental value of 

~.S kcal refers ΤΟ Ει and it is concluded that this 

energy ref ers ra ther to the mobility of <surface vacancies, 
ι.:) 

as first suggested by Smeka1. The low values found in 

Ca, Sr, and Βσ azides are also considered to refer το 

surface conductance. 

Ι 
,. 
'-' /!
~ 16Ο 

ω " /;Γ' 
Q ι"' a 
... :χ 
;S 
~ ο,12 

l / 
...ι 

0/..Ο
10 
o.ι~- 0.20 

(ι - t)a 

Fig. 3. Plot of the polarization energy, calculated 
from the lattice ener9ies .and activation energies for 
conductance, against ~1-~o)a. 

Οη 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 

4.5 kcal, about 20 kcal aQd 30 kcal, respectively. 

Ιη practice only the first and 1ast of these two can be 

differentiated, although the transition region is 

somewhat diffuse (Fig. 1). Ιτ may be that the bulk 
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structure-sensitiνe conductance is not differentiated, 

becaus~of a fortuitous combination οί the νa1ues of the 
ι 

activation energies and the number of vacant sites. 

If he va1ue of the activation ewergy necessary for bu1k 

conductance such that this represents οηθ percent οί 

the 5urface conductance σΙ the temperature at which 

the characteristic conductance begins to be appreciable 

then is calcua1ted)a νa1ue οί 18 kca1 in substantial 

agreement with the νa1ue estimated from the po1arization 

energy is found. The hypothesis οί surface conductance 

has receiνed further confirmation from the agreement 

between the number of vacant sites in the surface 

layers ca1cualted from the conductance data and from the 
/t.ι 

rate of photolysis of potassium azide. 

The conditions οί preparation of the azide would be 

expected to cause variation in surface conductance . 
. :2..- . 

Ιη ~resence ofC03 ' οτ with excess ΟΗ in presence οί 
:2­

air? leading to C03 , thedivalent anion is prefer­

entially attached to norma1 surface anion sites producing 

additiona1 anion νacancies (to maintain e1ectro­

neutra1ity) and reducing the number of ~ation vacancies 

by pair formation. The number of mobile charged carriers 

is thus reduced and Gonsequently the conductance is 

smalj.er than in the I'neutral ll salt. 
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ΤΗΕ "INETICS OF ΤΗΕ ELECTHOLYSIS OF ΤΗΕ AZIDE ΙΟΝ 

lhe kinetics of the electrodeposition of hydrogen δηο 

oxygen from aqueous solution have been studied exhaustively, 

and a number of theories as to the precisi nature of 

the ~eaction have been put forward. These reactions are 

pecu'iar ίη that ίη each case the products are constituents 

οι the solvent, and in· addition complications arise 

owing to the fact that hydrogen and hydroxyl ions are 

hyd~3ted ίη solution, might, therefore, be expected 

to follow a different course from the deposition of 

hyd~ogen and oxygen. According to the theory of ionic 

solution put forward by Bernal and Fowler, 
ι'Ί 

univalent ions 

of radius greater then 1-6A. are to be regarded as 

unhydrated Ιη aqueous solution, Ιη the sense that they 

00 not carry along a co-ordinated shell of water molecules. 

The azide ίοη comes ίη this category, and although it 

has been shown that the electrodeposition Οι the ion 
I~/ /1

is an irreversible process, ηο detailed iηvestigatiόn 

of the kinetics οι the reaction appear to have been made. 

The ~ollowing series of experiments were carried out by Η. 

Stout Ιη an attempt to elucidate further the nature of 

the deposition process. 

Nature of the Electrode Reaction.- Οη electrolysis 

of a~ aqueous solution of sodium azide using a platinum 

anode, nitrogen is evolved ίη amount~ corresponding to 



-15 

the Leaction. 
~o 

1/3­
Ατ an aluminum electrode-- however, only two-thirds οι 

the theoretical amount Οι nitrogen is evolved, the 

re~aining one-third appearing ϊη the form of ammonia. 

This is presumably due to the reduction Οι the azide 

ion by nascent hydrogen formed by solution οι the anode 

in the electrolyte, which gives a slightly alkaline 

reaction, thus 
Ν3 - + 3 Η = /J/z .+ Λ//!3 .j- e 

Ιη the prescence of platinum black, sodium azide is 

hydrolysed to ammonia and nitrogen, the rate of 

hydrolysis being greatly increased if the platinum 
:L/

surface is saturated with hydrogen. Both these reactions 

are catalysed by the metal surface, and as only οηε 

atom οι nitrogen is liberated as ammonia, it seems 

likely that οηθ nitrogen atom ϊη the ϊοη behaves 

differently from the other two, and that the ϊοη decomposes 

thus + Λ/ -Ι- e­

the nitrogen atom being adsorbed οη the metal surface. Hydro­

gen οη the surface would then react with the absorbed 

atom τΟ form ammonia. The rate of reaction would, 

of course, be controlled ~y the rate of removal Οι adsorbed 

nitrogen atoms. This is ϊη accord with the fact that 

hydrogen catalyses the exchange reaction between the 
Ν J5' 

τννο isotopic ηϊ trogens, /~ and ΛΙ.) , οη an ϊΓοη 

surfcce, ammonia, or at least an imido bond, being 

formed as an intermediate p-rod·uct.... 
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Free Energy of Formation of Λι3 :ι. -- The free energy 

of rormation of the azide ion in 501ution is the free 

energy dhange in the reaction 

1'2 Ιίι -f :~ ι1/." + :2ψ -t JI -r J.{Ι· 
~t.- ..~ ί) Ο (5) 

A,search of the 1iterature has fai1ed to revea1 sufficient 

data for the eχact ca1cu1ation of Δ F 
Q

J but an appro-­

ximate va1ue may be estimated from the free energy 

cha~ges in the fo110wing reactions:-- 23 
.;ςΙ; \ 

~ 11:<., ..f- 1-2 ιt ~ 1-//13 (jM.}. 4f 
ο
~ 19,:) Κ. ,.ti2 , ( 6 ) 

f//Y:!, (;),ιψ) + 2{. = f/ 1ι/.3 d{, (7) 

The hea t Οτ forma tion'" of hΥdraΖόic acid gas is 71.9 Κ. ca1. ~'! 
,'J5" .'

and οι aqueous hydrazoic acid 54'6 K.ca1., which g~ves 

Δ)I'~ for reaction (7)as -17 .. 3 K.ca1. The corresponding 

entropy change ΔSDmaΥ be estimated rough1y by comparison 

with the Δ S
ο 

for the solution of nitrous oχide 
Ι/ο:::: 

. 2(.. Δ(7 Γ! 

f/ Ο q.ctw .---Ι- Ci t:J- ' :=: ιt, C! d.)j . ΔΙ: :.. λη Κω}? (8) 
. ι' :.. ()"Ο . , 

The .ί.: § Οτ this reaction is therefore -28' 3 ca1. per 

degree. As nitrous oxide has alinear structure cοrreSΡοnding 2γ 

.-t -ι- (i) 
to resonance betweenl!::: ΙΥ-=- () and /ιΙ Ξ IV'- Ο , the entropy 

change οη solution wou1dbe eχpected to be of the same 

order in each case, and so the entropy Οτ solution ΗΝ3 

gas may be taken as about -30 ca1. ρετ degree. The free 

energy change ~ ~Tg1 οη solution of HN3 gas wil1 therefore 

be about -8 4 K.ca1. for gas at one atmosphere pressure 

and unit activity of acid. 

Ι//V3ιι.!f'~ ι-ι -t"cZ!f' ;-r ;Υ3 d:r (C) ) 
. » _S 

The dissociation constant of hydrazoic acid is 2-8 χ 10 

~±~' (8.16. εε-: ΩγdΓaΖοic acid [)as contains the 1inear f)rouD -ΝΗΝ 
corresl)onding to resonance between -1~~I\T~I~ and -~T-N=N) 
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σηα sO the free energy change for reaction (9) is 6·2 

K.c~l. The free energy change in reaction (5) is 

equal to the sum of the free energy chang~5 in reactions 

(6) ~ (7), and (9) and i5 therefore 76- 3 K.cal. and thi5 

i5 the free energy of formation of the azide ion. It will be 

noted that the error introduced in e~timating the entropy 

οι solution of ΗΝ 3 i5 not of great importance as the 

contribution of reaction (7) amounts to only 11% οί the 

whole. It will a150 be 5een that the free energy of 

formction of ΗΝ3 aq. is 70·1 K.cal. which i5 rather 
:2'7 

greater than the ya~ue of 65~3 K.cal. given by Latimer 

but as the latter i5 based οη an entropy of 48 cal. per 

degree for ΗΝ 3 estimated by comparison with a value of 

50 c~l. per degree for ΗΝΟ2 ,it is probably less accurate 

than the former estimate. 

The Rever51ble Potential of the Ν 3 - N~ Electrode.­

The rever5ible potential of the normal azide-nitrogen 

system rnea5ured again5t a normal hydrogen electrode 

is the E.M.F. of the cell 

/ιι02 Ι ;13 - <ut' tI / ιι--< 

fox- unit activity Οι both ions and at οηθ atmosphere 

pressure. As the free energy change in the reaction is 

76~3 K.cal., the E.M.F. of the tell i5 3-3 volt5, 

hydrogen being positive, and 50 the reversible potential 

of the normal azide-nitrogen electrode is -3"3 volt5 

against the normal hydrogen electrode. 

Entropy of Ν 3 - Ion.--For the reaction 
'- ­
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d (":
-{' 

,'. Η 
( 

7 q 3 Κ. c a1 .,� and s ο Δ S 
ο 

~~ - 6 J 
3//

ca1. per degree. Taking abs01ute entropy� of ΗΖ as 29'7 
,ί 

ο f Ν a s 4:>· 9, a nd ο f Η -i- a s - 4 • 6 , a11 i n� c a 1. Ρ e r d e9r e e 

it follows that the absolute entropy of Ν3 -aq. must be ~~~r~ 

apρroximate1y 28 cal. ρετ degrees. 

Entropy of N~ -(gas).--It is interesting to compate.::> 

this vσΙυε for the entropy of the azide ion in solution 

with the entropy calculated for a hypothetical gaseous 

ion Ν3 -. Taking the ion as linear and symmetrical with 

the Ν-Ν distance 1'15 Α., the moment of inertia is 
39 .2­

4-56 Χ 10- g. cm. and the rotational entropy given by� 

= 117 f 7!-:-l/i.L -L 7 
1Ζ."2- ι

ιI/!r 
Jbeco~es Sror = 12 2 cal. per degree ρετ g. mol. at 2980 

degree Κ. The translational entropy is given by --_.. _.' 

.sv/f!, - Σ I/7.V (.Ι-<·-Ιί.::Μ. )_ 7n (Υ_ ξ•. -hιJjλΤ·)·-1 
.- -> !JK - ΙkΤ x-c::-h/K! ~ ~ . .ι 

and 50 S ·Cμ,ιV,;=-32· 6 cal. ρετ degree ρετ g. mol. at 298 <' 

degree~K. The frequencies of vibration of the gaseous 

ion are unknown, but taking them equa1 to those in solutionJ 
! 
ιnarr.e~y, νι .:=. 1350, ~r"--630t and ,,:::;~2080, the entropy 

of Vibrati;:R:Ee~b~,,- _(~:r~I<03IL, j/ + :. 

Λ!Ι:	 1ι.. 3 

ο 

becomes SΙΙι'β':=' Oq32 ca1. per degree ρετ g.� mol. at 298 Κ. 

The total entropy of the gaseous ion is thus 45'1 cal. 

ρετ degree per g. mol., and comparing this with the value 

οτ 28 cal. ρετ degree ρετ g. mol. for the� aqueous ion, 

it appears that the hypothetical entropy of solution οί 

the Ν - ion is about -17 cal. per degree per g. ~ol. 


