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THE ADSCRPILION THEORY OF PASSIVITY AND THE FLADE POTENTIAL

Herbert H. Uhlig

Corrosion laboratory, Departhent of Metall
Magsachusetts Institute of Technology
Cambridge, Massachusetts

ABSTRACT

From quantitative data reported by various investigators, it is
concluded that the primary passive film on iron has the following
properties: (1) 25-100 A thick, (2) equivalent to 0.0l coulomd/cm?,

(3) can oxidize CrOz to CrO4 , (4) follows the (Flade) potential
relation -0.58 + .058 pH (volts).

All these properties cannot be accounted for by any of the known
oxides of iron. In better accord with the facts is a proposed passive
£11m composed of chemisorbed atomic and molecular oxygen supplemented
perhaps by OH and HoO. The free energy of formation is calculated from
pctential data of Franck to be -29,900 cal/mol adsorbed 0 in agreement
with independent data for gaseous oxygen chemisorbed on irom surfaces
(-30,500 cal/mol adsorbed O). Thermodynamic calculations show that the
f1lm is unstable, moreso in acids than in alkalies.

. The same kind of film apparently forms on Cr-Fe alloys and on Cr,
It is calculated that passivity for these metals is also unstatle in

acids or alkalies vhen metal ions or hydroxides are reaction products

of the decomposed fiim. However, spontaneous formation of the adsorbed
passive film can occur om exposure of Cr or 20% Cr-Fe alloys to water,
con*rary to the situation for iron or the low Cr-Fe alloys. It is possible

to shovw that the passive film on iron is able to oxidize Cr);~ to CrO, as
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observed, but that this reaction is not thermodynamically possible for
7*%e passive' fAla on Cr or on>12$ Cr-Fe alloys.
A pagsiv? film of chemisorbed oxyger fulfills the conditions of
good e.cctrical conductivity and freedom from pores. It is extremely
thin (4 to 15 R) in agreement with Tronstad's optical measurements for

the passive film on strainless steels (10 A). Tronstad's measurements

for iron, corrected for a ferric nitrate film forming continuously by

corrosion of passive ion in nitric acid, would probably also agree with

this lower value. The chemisorbed film decomposes to Fezly more than
°
60 A thick based on apparent area, wvhich agrees with values reported

by others for the decomposed passive film.

*
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THE ADSCRPTION THEGRY OF PASSIVITY AND THE FLADE POTENTTIAL

Herbert H. Uhlig
Corrosion laboratory, Department of Metallurgy
Massachusetts Institute of Technology
Cambridge, Massachusetts

The first hint that the passive film on iron might be either an
adsorbed film or an cxide film came from Michsel Faraday(!) before the
word adsorption had been coined. He stated: "My strong impression is
that the surface of ircn is oxidized, or that the superficial particles
of the metal are in such relation to the oxygen of the electrolyte
as to be equivalent to an oxidation, and that having their affinity for
oxygen satisfied and not being diesolved by the acid . . . there is no
reneval of the metallic surface . . ." Much later, I.a.ngmir(a) suggested
that passivity of chromium nfght be caused by an adsorbed film of oxygen
chemically bonded to the metal surface (chemisorbed) as was oxygen to
tungsten. Temmann used a similar concept to explain passivity of irom,
nickel, cobalt, ¢:hrou:|.1.m(3 ) and the stainless steels(h). The present
writer proposed that puliva.tc;re like chromates ,m'nction by chemisorption
on an iron surra.ce (5)(6)

The primary mechanism of protection, according to the sdsorption
theory of passivity, is one of satisfying surface affinities of the
petal through formation of chemical bonds between adsorbate and metel,
but without metal atoms leaving thelr lattice to form the new lattice
of a stoichiometric compound. Metal compounds form in time, and may
offer additional protection as diffusion barrier layers, dut the primary
passive £11lm is thought to be the chemisorbed film. This viewpoint
applies, of course, only to those metals on vhich chemisorption occurs,
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and not to metals protected by obvious diffusion barrier layers (e.g.
PoSO, on Pb). .

There are severa. supporting linee of evidence for the chemi- 1‘
sorbed passive film. First, carbon monoxide adsorbs on 18-8 stainless
steel immersed in 6.3 N hydrochloric acid saturated with carbon monoxide,
reducing the corrosion rate as much as 5%5 the rate in air-saturated
scid(7). Nitrogen or hydrogen bubbled through the acid has little or no
effect on the rate, compared to CO. The effect is not one of increasing |
hydrogen overvoltage of cathodic areas, because the corrosion potential
on edmission of CO is shifted in the noble direction, opposite to an
effect caused by increased cathodic polarization. Instead, CO, like
oxygen, increases anodic polarization, indicating general overall
adsorption of the gas. Here, an oxide film is not a possible cause
of passivity.

Second, evidence ccmes from typicel patterns of data for metal
surface concentrastion of a passivator as a function of passivator con-
centration in solution, such data having the typical shape of adsorption
isotherms for gases on solids. Data, for example, have been obtained
for chromates on iron using radiocective chromium(a) or through potential

neuuremntc“). Potential data have also shown langmuir adsorption-

isothera behavior for 18-8 stainless steels as a function of dissolved
oxygen concentration in a solution of 3% NaCl plus 0.3 M lluOK(6). M-
ditional measurements shov that oxygen uptake from water on e pickled
oxide-free 18-8 stainless steel surface follows at first a rapid rate
and then a slov rate, typical of gases chemisorbing om netah(g).
Furthermore, the slow rate follows the Elovich equation (amownt ad-

sorbed 1s linear with log time) typical of the behavior of gases chemi-
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sorbing on metales or oxides(lo) .
Third, of all metals that show a tendency to form chemisorbed

films, the trensition metals predominate. These metals with high heats
| of sublimation and with unfilled d-electron energy bands, or vacant

atomic 4 orbitals, favor strong bonding to adsorbates. They are the

metals that shov typical passivity both as pure metals (e.g. chromium,

wolybdenum, nickel, etc.) and as alloys within specific composition

ranges (e.g. iron-chromium, nickel-copper, nickel-molybdemum, etc.)

accompanied by invisible surface films. The correspondence of unfilled

4 enexrgy bands with chemisorption and passivity has made it possible

to predict approximate passive compositions for some alloys(n)(la).
Further details concerning the foregoing correlation of adsorption with

passivity are sumarized in reference (13).

Properties of the FPassive Filma

Appreciable quanitative data hnve' been reported by several
investigators within the last several years, particularly for iron and
the chromium-iron stainless. steela, which bear on the properties and
behavior of the passive film., Among such results are the following:

(1) The passive film on iron measured optically is about 25
to 100 1 thick(lh) + Indirect measurements by electrochenical(ls) (16)(17)
or clml:lul(rm) techniques agree vith this order of thickness.

(2) 'The electrochemical equivalents of subetance making up the
passive film are about 0.01 cculomb per square centimeter of apparent

surface. This was showm by 0]1vier(18)

for high Cr-Fe alloys anodically
passivated in 10§ Ho80, (aversge value: .010 coulomb/cm® for 12 to 18%

Cr-Fe alloys), and more recently by King(lg) in 4% Na 80, (average value:
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.009 coulomb/cm® for 6 tc 30% Cr-Fe alloys )*. Through extrapolation
of potential and coulometric measurements on anodically passivated
sron, e111T) calculated that the primary passive film on iron is
equivalent to .008 coulomb/cm® apparent surface, which is the same order
of magnitude as for the Cr-Fe alloys. It is of some consequence that
the amount of oxygen adsorbed by a pickled 18-8 stainless steel from
water containing dissolved oxygen is also about 0.0l coulcunb/t:m2
apparent surface, indicating that the passive film mn stainless steels
formed directly from dissolved molecular Oy is of mbout the same
thickness as that on irom or on stainless steels formed by anodic
polarization.

(3) The paseive film on iron is capable of oxidizing CrOs to
CrO4  in concentrated NaOH. The oxidizing capacity 1s equivalent to
formation of a maximm of about 2 x 10~0 mole of Cro, /ca® of passive
iron surfa.ce(zl).

This oxidizing capacity, as discussed later, is equivalent to
.012 coulomb/cm®, and hence is of the same order as the estimate of
VWeil for the primary passive £ilm omn iron,

(20) showed that the potential of passive iron at the

(4) Franck
point immediatel; preceeding rapid loss of passivity (the Flade potential
EF) depende on pH according to the relation (American Chem. Soc. Sign

Convention):

FFor iron, and also low Cr-Fe alloys the specific composition range of
vhich depends on pH and temperature, the number of coulombs equivalent

to the amount 85 passive film includes formation of a temporary insulating
surface layer( ) (perhape FeS0,). ?egst measured value for irom in

1 N or 10% Hz804 18 1.7 coulombs/cn®\1°){20), For higher Cr-Fe alloys,
this preliminary insulating film does not form, and the measured number

of coulombs corresponds to the primary passive film.
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Ep = -0.58 + .058 pH
such that the potential is less nobie tke higher the pH. Rocha and
Ienmrtz(aa) showed that for the Cr-Fe alloys, including chromium,
8 similar dependence on pH occurred below 15% chromium, and that potentials
followed a coefficient of 2 x .058 for alloys containing 15 or more
% chromium. Previously, Miller and Cupr'2>) had provided dats showing
that E, for chromium is also linear with pH, vith a slope of .058
for self-activation, and twice this value for cathodically-sctivated
specimens.

There have been attempts to explain the Flade potential on the

(24) or double oxides(a5). But the large difference

basis of special oxides
of about 0.6 volt between the Flade potential and the potential calculated
for any of the known uxides of iron in equilibrium wvith irom poses a

(26)

difficult problem and, as Vetter states , attempts at an explamation

have not yet succeeded.

The Chemisorbed Passive Film

We might consider as a next step to vhat extent the adsorption
theory of passivity can be applied in explaining the Flade potential.
Lord's da.tc(g) make clear that only dissolved axygen, water and the metal
take par® in building up the passive layer ca 18-8 stainless steel., We
shall assume first, since coulombs of substance per unit srea are not
different within experimental error, that the samec type film forms on
lov chromium alloys and on iron as occurs on the higher chromium-iron
alloys. Because oxygen has higher affinity than water for an irom or
chromium surface, and since cxygen is knovn to chesdsorb ca iraa'Zl), a

P
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film of chemisorbed oxygen is expected to compose the initial primary
fi1m. Hov much oxygen adsorbs can be calculated from the coulombs/cm®
squivalent to the passive film. Based on absolute surface, this value for °
18-8 stainless steel was shown by lord to be 0.27 microgram oxygen or
003 ‘coulomb/cm® which corresponds to greater than a monolayer of oxygen
atoms'. There must be y therefore, a multilayer film on the surface.
Recent observations on the system o:qgen-tungsten(aa) by Becker indicate
that for tungsten there are two kinds of adsorption sites, the first
vith energy of bonding equal to about 90,000 cal and the second to about
45,000 cal. Greenhalgh, Slack and Trapnell'®) nave cbtained similar
evidence for adsorption of N> ouo W, Mo, Ta, Nb, Cr and Fe, and propose
that oo Fe the gas leas tightly bonded 1s also chemisorbed but probably
in molecular rather than atomic form, The same situation probably applies
to chemisorption of oxygen on Fe or Cr-Fe alloys. Evidence for an outer
layer of adsorbed molecular oxygen on 18-8 is derived, for example, from
potential muurements(s) showing a linear dependence of ﬁ- vs p rather
than & linear dependence of the expression for atomic adsorptiom, g.;l
VP. (p = partial pressure of axygen, AE = change of potential in 3§
NaCl + 0.3 M NaOH.)

Accordingly, if we assume a close-packed layer of O atoms of
covalent radius 0.7 .l on top of which is chemisorbed a close-packed layer
of Op molecules of redius 1.2 R, we obtain the observed value 0.27
microgram adsorbed 0p/cnm® abs. surface. The actual adsorbed £1ilm structure

e tumber of iren atoms/ca® approximates 1.9 x 10%%, If each Pe atom con-
stitutes one site for adsorption of sn O atom, the mmber of coulombs/ca®s

it e Bt ettt - wi mm e
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probably differs from this simple model, and more likely is composed of
a first layer with one-to-one correspondence of O with Fe atoms through
@aps of vhich O molecules are chemisorbed. It ie also likely that OH
radicels or Hy0 molecules participate to some extent in the passive film
structure beyond the first layers of oxygen, since OH discharges on
Ppessive anodic areas, and it seems logical that OH should compose the
thicker passive films corresponding to potentials more noble than the
Flade potential .

Ve can then vwrite as the reaction for formation of the primary
Ppessive layer of arbitrary composition 0.0 the following:

Fe Burface + 3Hz0(£)~90.0(ads. on Fe) + 6H'(ag) + 62 . . . . (1)
The stendard potential for the above reaction at 18°C from chk's(ao)
messuremsnts is -0.58 volt. This value, as was show by Fladz(n), changes
only 30 millivolts in the active direction on going from 15° to -3°C.
Hente we can write for reaction (1) the corresponding Flade potential
at 2%°C:

Ep = -0.58 + .0592 pH
wvhich agrees with Franck's relation. The free energy corresponding to
chemisorption of the passive film can then be calculated from reaction
(1) employing the value of ~56,600 calories for the standard free energy
(32)

of formation for water

Ye Surface + 3/2 02(g)90.0x(ads. oo Fe); ACC = 89,700 cal . . . (2)

*;et—nn and Rdsenzr(w.) from anodic polarization behavior in HaCrg0, -Kgcr207

mixtures propose that the passive film on Cr is CrOOH, but they usuL

only one of several possible initial surface states comsistent with inter-
pretation of their data., If the passive film on Cr 1is considered to bdbe
similar to that on passive Cr-Fe alloys, which is a reasonable assumption,

the msasured equivalence of film thickness (.0l coulomb/cm?) is greater than
can be accounted for by assuming CrOOH alone.

= Beteany  Wehoe T - g - ey v
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The large negative free energy of formation for the adsorbed
passive film is typical of values for chemisorption. ’I‘ru.lmell(:s 3)
quoting Tompkins provides thermal data for oxygen chemisorbed on irom

as follows: .
LA

Fe Surface + 3/2 02(g)>3 0 (ads. on Fe); A = =112,000 cal . . (3) .
The entropy change for the above reaction 1s not available, but for 1
mole nitrogen chemisorbed on iron, the value corresponds to -46,2 e,u.
(standard state equals half-surface coverage)(jh). Hence, using this
value of entropy for mdsorbed oxygen, and noting that AH is not sensitive

(35), we calculate for 3/2 mole oxygen

to amount of surface coverage
chemisorbed on iron:
0 AHO 0
A0 = A -TAS = 112,000 + 3/2 (46.2 x 298) = -G1,400 cal + + . + o (B)

The close correspondence of the above value to -89,700 calories calculated
from potential data (Reaction (2)), although in better agreement than the
approximations warrant, supports the premise that the peassive film 1is
chemisorbed, and that the important component of the passive film is

*
chemisorbed oxygen.

Decomposition of Passive Film .

Eventual decomposition of the passive f£ilm cn iron 1s observed in
acids or alkalies, with instability being more yronounced in acids. Just
as chemisorbed oxygen on carbou decomposes mostly with formation of CO
and not Oz, it 1is probable that the passive iilm decomposes accompanied

Jll;']!11- conclusion is not altered by the assumed nulber of chemisorbed
oxygen atoms or molerules for unit area of passive surface. Reaction (1)
indicates that the average free energy of adsorption is ﬁ!;zoo or 29,000

cal. per mole adsorbed 0, regardless of the amount of oxygen chemisorbed
per unit area, in agreement with the valus per O atom calculated from
reaction (k).

-
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by reaction with the underlying metal. If we assume that the decomposition
reaction follows in accord with:

0.02(ads. on Fe) + 2Fe(s) + 6H'(ag)—»2Fe* *(ag) + 3820(L) . (5)
the standard EMF equals + 0.616 volt, making use of equation (1) and
Pe—> Fet ™ (ag) + e, EC = +.036 volt. Therefore:

E-.616-'—°§2103(Fe”+)-.059pﬂ. P ()
This equation shows that the tendency for the passive film to decompose
forming ferric saltg 18 greater in media of low pH, and that increased
concentrations of ferric salts should help stabilire passivity.

In alkaline media, passivity breaks down with formation of Fe(OH)s.
The corresponding reaction 1is:
0.0g(sds. on Fe) + 2Pe(s) + 3H0-d2Fe(0H) (s ); ACO=-T2,300" cal; EO=0.52 volt +(T)
vhere the free energy is calculated from the standard free energy of for-
mation for Fe(OH)s (-166,000 calories /mole) and the previously cited
value for wvater. B8ince the free energy change is negative, the passive
film tends to decompose in alkaline media as well as in acids, but the

tendency is now independent of pH.

The Adsorbed Film on Cr and Cr-Fe Alloys

¥hen Fe is alloyed with Cr, the chemical btond between metal and
adsorbate becomes stronger. At about 20% Cr, the standard Flade potential
becomss uro(aa) and A° for 0.02(sdn. on 20% Cr-Fe) equals -170,000 cal.
For Cr, the standard Flade potential equals + 0.2 volt and ACC for
0.0g(sds. on Cr) equals -197,600 cal. This mcsns that the reactiomt

Cr-Fe surface + 3Hg0—>0.0z(ads. on Cr-Fe) + 3Hz . . + . « . (8)
can go spontanecusly as written for 20% Cr-Fe slloys, and that the

corresponding reaction for Cr is also possible thermodynamically.
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Pasgiyity, as for iron, is unstable in acids or alkalies for the
situstion vhere the film reacts with the base metal. The large negative
free energy of formation of Cr(OH)s overbalances the increasingly negative
free energy value for 0.0z(ads. on Cr-Fe), thereby maintaining an overall
negative free energy for the decomposition reaction. For example, in
acids the standard EMF for decomposition of the passive film on Cr with
crt** as end-product is 0.51 volt compared to 0.616 volt for iron (reaction
(5)). With Cr(OH)s as end-product, a° = -62,400 cal compared to -T2,300

cal for iron (reaction (7)).

Slope of EF ve. pH

The following equilibrium involving the passive film 1s also
possible:

0.02(ads. on Fe) + Fe + 6H'(aq)>Fe*"*(aq) + 3H:0(0) - 3e . . (9)
the standard potential for which, from data cited previously, is calculated
to be + 1.20 volt., It follows that:

E-1.20-£§2105 (Fe™**) - 059 x2pH. .. ... .... (10)

A similar reaction is possible for chromium or chromium-iron alloys
and provides a possible suggestion for the fact that Miller and Cupr's
data shov a dependence of Flade potential with pH with a slope of 0.058
for spontaneous activation of chromium in acids, but with approximately
twice this slope (0.058 x 2) for chromium activated by cathodfc polarizaticm.
It would seem, if this idea is right, that cathodic activation may favor
an equilibrium of the passive film with Fe''* or cr*** vecause of many
pores introduced by thioning of the film through cathodic reduction
thereby allowing the metal to corrode, vhereas with self-activation, the

measured potential is essentially that of the pore-free film (reaction (1))

=
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Just at the point where the film decomposes very rapidly starting from
a single pore or area of activation. At the point vhere passivity rapidly
breaks down, the initially exposed.bare surface acts as anode of e
passive~active cell the current flow of vhich reduces adjacant film

acting as cathode, thereby contimiously enlarging the anode area.

Oxidation of Chromite

We have still to account for oxidation of chromite ions by passive
iron in concentnteci sodium hydroxide, as measured by O'Connor. We ctn

assume the following reaction:
(-89,700) 2(-37,595) 2(-125,000) 2(-176,000) (-56,690)
0.0z(ads. on Fe) + 20H (wq) + 20r0 (aq)~¥20r0,  (eq) + HgO(Z) . . (11)

for which we obtain AG° = +6200 calories. Hence this reaction vill not go.
Instead ve can write the following reaction:
0.02(ads. on Pe)+Fe(s }+04 (aq)+Cr0g (aq)+Ho0(f )->Fe(0H)(s)4cro " "(ng) (12)
This reaction is spontansous, the free energy ac° being -33,020 cal. It
follows that K = Bﬁ'% « 1.3 x 10" and reaction (12) goes to
coupletion, Hence this is the probable reaction, results for vhich 0'Connor
reported. Instead of Fe(OH); as end-product, formation of n OH(ads. on Fe)
where n represents the number of adsorbed OH radicals can undoubtedly
also account for reaction (12) going spontanecusly as written.

Calculations analogous to those carried out above show that the
passive film on stainless steels is not able to oxidize CrOz to CrOg .
The upper limit of Cr content in the alloy for which this oxidation is
thermodynamically possible 1ies at about 12% Cr (n°r = -.29 volt) assuming
formation of Fe(OH)s and Cr(OH)s 4in the molal ratio corresponding to
Fe/Cr in the alloy.
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Propertiee of Chemisorbed Film

It is evident, therefore, that a passive film composed essentially
of chemisorbed oxygen accounts for much of the observed behavior of passive
iron. The film is not stable but tends to break down both in acids and
in alkalies. The calculated oxygen dissociation pressure is higher than
any at the normal oxides of iron, as predicted by B:mhoeff.‘er(5 6) « Its
gtructure, however, ‘is not the same as the adsorbed film formed by ex-
posing iron to molecular oxygen. The passive film contains more oxygen,
and can be formed only by processes like anodic polarization or by reactions
analogous to that occurring with HNOs, which, as Boohoeffer and his achool
have showr, produces an active cathodic depolarizer HNO, vhich sets up
currents that polarize anodic areas of iron to the required high values
for anodic passivation. With 18-8, however, the passive film formed by
direct adsorption of dissolved molecular oaxygen appears to be identical
with the passive film formed by anodic polarirzation and it is plausiblse
that this should also be true of all Cr-Fe alloys of about 12% or more
Cr, including pure Cr, which form stronger adsorbate-mztal bonds with
oxygen the higher the Cr content. The thickness is approximately the
same as that of the primary passive films on iron and the low Cr-Fe
alloys, and the structure is probably also similar. Vetter'>!) showed
that the passive film on iron behaves as a good eleactrical conductor and
is essentially pore-free. The chemisorbed passive film, like adsorbed
oxygen on platinum, fulfills the conditions of a gcod conductor, and
since adsorption occurs over all the surface, the film is essentially
pore-free.

The minimm thickness of the adsorbed passive film of oxygen
atoms over vhich oxygen molecules are chemisorbed 1s perl;nps (edding

previously quoted radii): 2(0.7) + 2(1.2) = 3.8 A.\ based or absolute

F s daiatath it
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surface, and approximately 15 ;ba.sed on apparent surface assuming a
roughness factor of h(38 )(within the limitations of defined thickness for
& rough surface). Thickness would. be increased by adsorbed OH or Hx0
dess tightly bound than the oxygen layers, but, in any event, the film
18 extremely thin. It should be noted that previously reported values
for the passive film thickness much greater than 3.8-15 R were calculated
mostly fo- the decomposed passive film which is thicker. (me exception
were the measurements by Tronstad, employing optical techniques, who
xeported the thickness in situ of the passive film on iron immersed
4dn concentrated HNO5. But his measurements included a surface film of
Fe(NO3)s, vhich forme ccntinuously through reactica of the metal with
acid*. For stainless steel in concentrated HNOy, the corrosion rate for
which is much less than for iron and for vhich a surface film of metal
nitrate is less pronounced, his measured value for the passive film
was oaly 10 ;\ in agreement with the estimated thickness for the adsorbed
£ilm. It is probable that Tronstad's measurements of film thickness on
anodically passivated iron, as for iron in ENOs, were also too large

by the amount of .surface compound formation during measurements. His

By analysis of HWOx for rettt %30:?0510!1 rate of iron in stagnant
concentrated HNOx = 23 dnz/da.y The continucus corrosion of passive
4irm in concentrated HNOs can be explained by the equivalent comtinuous
slov reaction of irom with overlying chemisorbed oxygen at specific
sites, forming Fey0s. The rate of conversion of chemisorbed oxygen to
oxide is sensitive to temperature, as 1is exﬁﬁed, but less so to applied
potential, in agreement with data of Vetter vho measured the corrosion
rate of iron in conc. HNOy at various temperatures and applied potentials.
Fex0x 50 formed immediately dissolves in acid forming Fe?pm;,);, vhereupon
anodic polarization of exposed iron at sites where oxide dissolves immed-
imtely restores the adsorbed passive film. If the exposed area is so large
that galvanic currents reduce the adjacant passive film to a potential
below the Flade potential, passivity, instead of repairing itself, breaks
dow.

~ - -
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were the only direct measurements of the passive film thickness.
According to reaction (7), every mole of passive film substance
on decomposition yields 2 moles of Fe(OH)s or 1 mole Fez0s.nHz0. The
2 x 1073 mole Cro,""/cm? apparent surface, in tum, found by 0'Comnor'Z),
is equivalent according to reaction (12) to 2 x lO-8 mole of passive

£1ilm substance. Hence the passive film on iron breaks down forming

2x 10-8 x 159.7
5.12

weight and 5.12 the density of anhydrous Fepy0s. This corresponds to a

= 62 x lo'acc Fez0s where 159.7 is the molecular

[ ] .
film thickness of 62 A based on apparent area and would be still thicker
for the hydrated ferric oxide. This value is in good agreement with

thickness messurements obtained by Sch\m.r:(l”)

(78 A).

(80 R) and by Mbmen(m)
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