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 ABSTRACT

The rates of vaporization of opposite basal faces of zinc oxide have - .~ -

been measured as functions of temperature. The rates differed by about
a factor of L. The average'apperent enthalpies of vaporization for the
reaction Zn0(s) + Zn(g) + 1/2 0,(g) for the two faces were measured to

be: zinc-rich (0001) face, 134.6 kcal/mole§ oxygen-rich (0001) face,

'140.8 kcal/mole, compared to 110.5 kcal/mole for the equilibrium reaction.

The apparent entropies for the reaction were for the (0GOl) face,

49.9 eu and for the (0001) face, 49.2 eu. These entropies, to within

expected limits of error, are equal to each other and to the entropy of

the equilibrium_feaction at the same temperature,‘hS;Q eu. The results

are consistent with expectations if desorption is rate limiting. The

“theoretical arguments that justify this conclusion are reviewved.
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I. INTﬁObUCTION .
1t has‘been known fq; some time that opposite crystallographic faces

of crystals that have anisotroﬁiﬁ_arfangements of conétituent atoms show
different etching behavior.and aifferént rates of decomposition (1-3).
Until recently, however, the rates of vaporizafion of the opposite faces
of the only éolid of anisofropic packing for which céﬁgruent vaporization
had been'studied;»cadmiﬁm sulfide, weie.believed to be.indistingpish-
-able (h4,5). Zine oxide’was then found, however, to vaporize about three
times as fast froﬁ the zinc;rich (0001) face as from the oxygen-rich
(0001) face (6-8). And'whgh”cadmium sulfide (8) was studied in a lover
temperature range‘than fhat of the pioneering study (4), where a differenfv
mechanism probably governé'the re;ction, the.opﬁosite basal faces showed

different vaporization rates. ~Theltemperatufe<dependence of vaporization

unclear for zinc oxide because of apparent interactions with & container

material when‘zinc oxide was studied as a function ofvtemperatqre (6).

Reliable déterminétibnsv6fvtemperatUré dependences of evaporation
rates provides paiticﬁlafly important infofmation for models deécribing
the vaporization ffocess_ (9-10),_30 additional measurements of tempera-
ture dependences of vapofizétibn fof anisoﬁrépic maﬁerials are of value.
For oxide materials_the theoretical interestfbf vaporization data
'is complemented by aﬁ efbéptional.praétical.ihterest,- Oxides are im-
portapt strucfﬁral.materialé for use at high temperafure and their
usabiliﬁybisvpartly determinéd‘by their:vaporization‘rates. The present
vork is designed to measure,(OOOl) and (0001) face vaporization for zine

oxide as g-function'of temperature.

from these opposite faces was established for cadmium sulfide, but remains ;_ -
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II. EXPERIMENTAL -
The 3 M Company supplied the sliced and polished crystals of zinc

oxide (11). The crystals were grown as hexagonal needles and cut with a

 diamond saw to expose basal‘Sliées of 1 mm thick by 8 mm diameter. The
~ wafers were lightly polished with 600 grit SiC papers which left traces

of Si on-the'surface of the crystal. Several crystals were ordered in

an unpoliéhed condition. Novdifferences iﬁ tﬁe vaporization characteris-.
tics were observed bétween polished and unpolished crysfals.
Oﬁservatiéns by,Mariano and Hanneman (12) were used as a basis for
determining thevcrystallpgraﬁhic pdlarity‘of the wafers. Mariano and
Hanneman showed that the asymmetric nature of the crystal structufe,

along the c-axis, produces slightly different X-ray scattering factors

for opposite orientations. They developed an etching technique that gave

‘surface morphologies which could be correlated with X~ray data.

The samples ﬁgre etcﬁed with 20 vol% HNO3 for 20 ﬁin. The zinc-rich :
(0001) face developed'hexagonal pits and thé 6xygen—rich (00012 face
developed rouéh,"hillocks.". Etched surfacés of the prismatic face pro-
vided unambiguous identification of the polarity of the Zn0 crystal
because the apéx of the large étch pits'pbints tqwérds the zinc-rich
surface (12). Care wasjfakeh ﬁo expose.tO‘frée s@ffage vaporization only
the surface of the crystal that_waslndt‘etched; lThisAwaé'especially
iﬁportant in the vaporization of the'oiygen—rich (0001) surface, which is
attacked more fapidly than the Zinc—richvsurface Ey thevhitric acid
solution. H | |

Free surfaée ?gpdrization'rates were measﬁied by fhe.tors%gp—

L@ngmuir method; and equilibrium:pressures were“measured,by‘the torsion-
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effusion method (13); The torsion cells were constructed of'99.5% alumina

encased in a molybdenum cell holder. The cell holder was of a "dumbbell"
shape to reduce its weight.i The cells were designed so that they could

be used interchangeably for torsion-effusion and torsion-Langmuir studies.

The‘ceil assembly was suspended from a 1.5 mil tungstén torsion fiber.

The torsion constant of the wire was measured before any of the runs were .
made and checked repeétedly to insﬁre that it remained constant.

- Care ﬁas taken to avoid leakage from the cei;s in a direction that
wpuld add to tﬁe momeﬁt;_'The orifice caps weré thinned to the desired
thickness,.and the cells were heafea with zincboxide inside but without

orifices,vao;defiection was found in the temperatﬁre”range of interest.

_The force‘éorfections for the effect of the orifice on the effusion

measurements were of the order of .58 for the .08 cm diameter orifice and

4L for ££;t.15 cm diameter orifice. - The orifice corrections for the
torsion-Langmuir study averaged .68 for the .40 cm orifice, but because
the.evaﬁoration éoefficient is low, the éOndensationvcoefficient of
molé%ules returned to the surface after presumably deacti&ating‘collisions
with the wall should also be low (10). It was assumed that no correction
for the free surface vaporization measurements (13,16) was required.

The apparatus was calibrated with zinc oxide for which the equilib-

rium vepor pressure- is well known (14,15). Vaporization occurs by the

congruent reaction

'Zno(s)_é'Zan) + 1/2 02(g) : ;: (1)
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Temperatures were measﬁféd.wifh s platinum/platinum~10% 'rhodium
thermocouple inserted into a.dummy céll of molybdenum of roughly the
same weight aé the cell assémbij. Temperature profiles were run previous'
té the vaporizationlstudies} Two thefmocogples, one in contact with the
cell assembly and the ofher inserted in the dumy cell, were moved up and
down the furﬁgce.- A regioﬁ_about 5 cm long was foundbin vhich the tem~
perature wasvconstant to 1.5°C. FAll thermocouples were calibrated using
the melting_point‘oficoppe: as a reference poiﬁt;

o III. RESULTS

The torsionveffusion results as shown in Fig. 1 showed an orifice

area dependence. 'Extrapolation‘to zero orifice by means of the Whitman-'

‘Motzfeld equation (17,18) pﬁts_the experimental plot of pressure above

the accepted thermochemical data by a faétor of about two.

- Torsion Langmuir measurements for the zinc-rich (0001) face were

. more reprodﬁcible than for the oxygenfrich‘(oooi) face. As seen in
a Fig. 2, two‘independent'runs for the zinc-rich face lead to consistent

' resulﬁs with little experimental scatter..‘okygen—face pressures tended

to increase with time. The reason for the difference between faces can
be seen by comparing prOfiles.. Figufe 3 is a photograph of a crystal
after vaporization from the zinc-rich (0001) surface. The cross sectional

view shows vaporization took place with little undercutting of the orifice

cap. The vhite arrows in-the photogfaph show the size and position of

the prifice."The'area of vaporization remained substantially constant

throughout the run.
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On the cxygen-rich (QOOi) face, as.cen be seen from'the~cross
sectional view of Fig. 4, there is much undercutting. In fact, there was
some vaporizafion'ffom»the'whole crystal face. Again the white arrows
show the size and positioﬁrof the orifice on the crystal. Clearly the
effective area of vaporizetion of tﬁis oxygen face is ill-defined and
incfeaeing with time. | | |

A run waebmade in-whichAthe effective-area of vaporization of an
‘oxygen face was determlned more accurately The crystal was held in the
furnace at approx1mately the temperature range of 1nterest until its rate

‘of vaporization had become constant, a process thet requlred about 1 hour
for.each_face. The cfystal was.remcved_froﬁ fhe fu:nace and the diameter
of'its thermally etched surface was measuredetc Be bk cm, compared to the.
‘0 hO cn dlanudeflned by the collimator. | The crysfel was again heated but
in order to minimize the change in effectlve area of vaporlzatlon, only

a few points were taken to establlsh the temperature dependence. The run

was completed 1n_2—l/2 heurs. The diameter of the vaporlzed surface
after this period was .U6 cm.  For the calculation of the preesures from
the deflections, the average diameter (.15 cm) - vas ueed.

For the zinec-rich (0061) face the toﬁal pressufe is_given as a

function of temperature by
log P = 8.084 - 2,025 x 10" (1/T)
and for tﬁe oxygen-rich face by

| log P = 8.079 - 2.119 x 10* (1/T).
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Least squares analysis of the data yield raw values>of the apparent
'enthalpy and abparent entropyvbf vaporizatioh; .These quantities were
calculatedvfor.each face exactly as though equilibrium‘bressures were

. being measured for reaction 1. For the zinc—flch face the data yielded
AH' = 139.0 keal and AS = 53 34 eu over the temperature range 1400-
._1537°K;. For the oxygen-rlch face at lh60 1550°K the values are AH =
lhs 5 kcal and AS = 53.59 eu.

This method of calculatlon 1mp11es the tentatlve assumptlon that
desorption is rate determining'(lO). If, for example, the formation of
activated zipclexiae molecules in a self adsorbed'surfaee*layer is
assumed to be fate limltiné,‘the calculated apparent enthalpy of activa-
tion would be ebout 2/3.that calculated by the assumption used (10).

As'mentioned pfeviously, the equilibrium pressures calculated from
the'effusion data by means.of the Whltman-Motzfeld equation (17,18)
were hlgher than calculated from the thermochemlcal data. Since Anthrop
and Searcy (15) and Hoenig (19) obtained agreement with the thermochemlcal
data in more detalled studies of zinc ox1de effusion the difference between
the extrapolatlon in the present study and the calculated value probably
represents'a systematiczerror inherent~in'the breseﬁt eiperiments. The
free surface daté should be;adjusted to chrect for»this systematic
error. Ihe enthalpy from the extrapolated curve was eeout 2 kcal higher
than the eccepted enthalpy.M Free surface apparent enthalpies were cor-
rected by multiplying them by the ratio of the slope of the thermochemical
data to the slope of the exirapolated data. Pressures of free surface
studies were corrected by multiplying them by the ratio of pressures cal-

culated from the thermochemlcal data to measured pressures at the midpoint

-



-T- "~ UCRL~20528 Rev

of the free surféce_temperature range.

The corrected appareht enthalpies and eﬁtroPieéifof reaction 1 are
" “then for the zinc-rich face;-AH* = 134.6 kcal and'AS*‘= 49.9 eu, and for

_ fhe oxygen-rich face AH* = 140.8 kcal and AS* =_h9;2leu. These values
can be compared to the enthalpy gnd entropy of.the eQuilibrium ’
rea@tion (1h,15), AH = 110.75 kcal end As = haéo eu. For the zinc-rich

'vf(OOéi) face, the evaporation_céefficients aré .0086 at 1h28°K,vand .0122
atvlSlS°KQ For the oxygéﬁ—rich (0001) face,.the evaporation coefficients
are .0019 at 11;'2_8°_K; and .0029 at 1515°K. )
o | - IV. DISCUSSION

The ratés.of vapofization of single crystals have:ﬁsually been
assumed £6 be confrolled by reactions that}occur oﬁ'épecific surface
sites (20) or by the advancement of ledges across tﬁe,exposed surface
planes (21). However, those,vapbrizationireactioﬁs that occur at thé
maximum possible fates conSiétent with fhe'given vapor pressures, that is,
with unit vaporiiation éoefficients av, mgst neceésarily be limited by the
rate of desorption from the self-adsorption layer (lO).v.If degorption is
rate determining, the apparent enthalpy of the vaporization reactions must .
equal or e#ceed the equiiibrium enthalpy and thevépparént entropy should
be approximately equal to the entropy of the eqﬁilibrium prbcéés (iO).

Leonard and Searcy (8) found apparent'entropieé for the cadmium-rich
(0001) face vaporiz;tion;gf~éadmium sulfide that are near the entropy of
the equilibrium reaction. The/present study yields apparent entropies of
vaporization for both (OQOI) and (000i).fa§es of Zing oxide that are
also within expected expérimental erroflofkﬁhe'entfépy of the equilibrium

reaction.
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These apparent entropies are all calculated on the assumptions
(a) that the appropriate frequency factor for the rate determining step

‘is (emmr)"L/?

for each desorbing species with>concentrations expressed
as partial pressures (this factor is the factor from gas phase kinetics
.that.rélatesnpressure to flux at.a plane), and (b) that surface rough-
ness should Bé'neglected in aésignihguthe.érea of vaporization. The

- assumed frequency factof is~appf6pfiaté only if desorption rather than a
step prior to finai desorption is rate limiting, but is chosen becéuse
:if provides a gbod basis for.comparisoﬁ of the free surface vaporization
data to equilibrium pfessure data ahd, thgrefore, for analysis of whether
~ or not desorptibﬁ_is the.probablé rate limiting process. The analysis
will now be described, and then the appropriateness or;inappropriateness
of a sufface roﬁghness correction will Bé.discussed;

An appropriate expression for the flux J§ exﬁressed“in moles per
"em? per sec. of molecules undergoing an eiementa;y surface reaction step
is one of the general form (22) J = kv[C*] where K is the tfaqsmission
coefficient, a constant oftén assumed to be 1 or 6.5, Vv is thé frequency
~with which molecules of the agtivated complex vibréte in the reaction
coordinate, and [C*] is the concentration of thevactivated complex for
the surface step iﬁ ﬁoles per cm?. : '."

When désorptiop isrviewed in'terms of‘activated éomplex theory, it
is apparent that the activated complex is the partlcle with just the
energy necessary to escape from the surface (10) or, more exactly, is the
‘weakly bonded "giant molecule" that consists of the particle just escap-
ing from‘the'field of attractidh of the condehsed phase plus the con-

densed phase. For the special, but important, case of substances that
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vaporize with ﬁnit vaporization coefficients, thé activated complex can
be viéwed as consisting of the solid plus the escaping vapor molecules.
With the concen£ration of ‘vapor molecules expressed in pressure units,
the proportionality factor from gas kinetic theory'that'relates the
pressure of the escaping vapof_to its flux is (2anT)-l/2. .This factor
assumes a Boltiﬁan distribution of kinétic énergies. Very limited ex-
perimental data for.substances that'vaporize with vgporization coefficients
smaller tﬁan unity indicate that this same. frequency factor is valid
- for the désorption step iﬂ such reactions (23,2h);, We expect the factor
to be generally applicaﬁle.for desorpﬁion because a Boltzman distribution .
' means‘that the escapiﬁg molécules have an equilibrium distribution of |
kinetic energies;-an expected situastion if the energy for formation of
~the activated complexes is provided by the thermalvenergy supplied to the
surface;“i o | | | o '
'Considering first simple vaporization éf.a sinéleAkind of particle,

can be expressed as

the flux desorbing, J, L '

Ja © (2mucr) "L/ 2ps 1,' '1{_‘L _ (2)

vhere P¥ is the pfessure that the vapofiziﬁg mbléculésbwould exert on a
surface placéd abovg the vaporizing surface. But if the activated com~ -
plex is at equilibrium wiihuﬁhg bulk cdndensed.phase,;as'if would be if
desorption is réte limiﬁing,.the free energy of formatibﬁ of the‘activated‘

complexes at the pressure P* is zero. Then

p*/pr° = exp (AS*/R) exp (-AH*/RT) - (3)‘
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where P*® is the pressure of thelactivated complex in its:standard state,
" kX Boltzman's constant, and AS* and AH¥* are the s't'anda.rd moia.r entropy
aﬁd standard molar'enthalpy>of formatién of the.ac£i§éted complex from
the bulk condeﬁsédvphase._.Substituting (3) in (2)Vi

LS

o= (emam) V2 e exp (s5%/R) exp (-dw¥/RT) (b))

(In equations of ref.'lo,.the'factor (ZHMRT)-l/z_was.incorrectly written
vhere (2ﬂMkTY1/%£)br (QHMRT)fl/z P*° ghould have been written. However,
the numerical calculations oflthat paper employed the correct conversion

factors.)

:
b

Equation;(Q) has a form similar to that of thé.Lahgmuir equation,

J=a (ZTTMk'i“ " P~ exp (As°/h) exp (-AH®/RT) (5)
.wheré P° is the standard preésure of the equiliﬂrium vapor andrASO and
AH® are the standard entropy and enthalpy of vaporizaﬁién. Comparison
of Egs. (4) and (5) shows fhat-when a =1, (a) the acfivated éomplex is
identical to the equilibriumrreaétion product,  (b) AS*.= 4s°®, and (c)
AH* = AHC, |

When more than one kind of particle'is produced in a vaporization
reactioﬁ, expréssions like Eqs. (4) and (5) are réquiréd to describe
vaporiéatidn of éach, and the entropies and eﬁthalpies,afe partial
quantities., For compérison of ffée éurface vaporizéfion.rate data for

~ zinc oxide with equilibrium data we can write
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(2nManT)'1/ 2('2m91021{1:)‘1/ b (P;::)(P;:)l/ 2 exp(AS*/RT)exp(-AH*/RT)

Equation (6) departs from the usual conventions for writing rate
equations in two respects. Ordinarily the rate of reaction (1) would be
expressed in téfms»of é'single flux--usually the flux of zinc oxide

molecules that react. Furthermore, the rate equation would customarily

be written for whole molecules, while Eq. (6) is written for a fractional

‘mole of oxygen. Departure from the usual convention is Jjustified by our

'objectiye, which is td,compare apparent standard activation entropies

and enthalpies that are calculated from the.rate data with standard
entropies and enthalpieé of the equilibriumvreaction. To facilitate the
comparison we have chosen to trensform the kinetic data into a form that

parallels the usual thermodynamic expression rather than the equally

valid approach, to express the thermodynamic data in a form that parallels

a conventional expression in reaction kinetics.
Suppose that a step prior to desorption is rate limiting, perhaps,

+ N -
for example, the electron transfer reaction Zn (ads) + O (ads) = Zn(ads)

+ 0(ads). Then equilibrium- concentrations would be maintained during

vaporizationAin vacuum only for particles formed as products of steps
up to the rate determining step,‘and for the activated complex in that

step. For the electron transfer the activated complex might be. a
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* ' .
7n0 (ads) molecule, and the expression equivalent to (6) would be
J = Kv[ZﬂO*oj éxpv(AS*/RT) exp (-AH*/RT)’:i (1)
Zn0 » . a a P .

where AS and AH are the difference in standard entropy and enthalpy of

a mole of the Zn0 (ads) actlvated complexes and a mole of bulk Zn0 and

[ZnO °] is the concentration of the actlvated complex in its standard

'state. For convenient"cdmparisbn with the entropy and enthalpy of the

eqpllibrium.reéction'and‘thé expected activation entropy and enthalpy if

desorption were rate limiﬁing, Eq. (7) can be raised to the 3/2 power:
_ %¥0,3/2 * Coa®
700 | [ZnO ] “ exp (3A5_/2R) exp (~36H_/2RT) (8)

The Langmuir'equation'gives for the relationship between the maximum

possible fluxes JM(Zn) and JM(O ) and the standerd enthalpy and entropy

of reaction (1)

TM(zn) * ‘M(02) ~

\ .

(2mi k)2 (o, X2 ) (82 1172 exp(85%/R) expl(-an°/RT)  (9)

Comparison of Egs. (6) and (9) leads to'the.genéral conclusion

. stated at the beginning of this discussion section—ffor.desorpfion to be

* . .
rate limitive AH calculated on the assumption that Eq.»(6) is correct
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must equal or exceed AHO in Eq; (9), otherwise sufficient1energy to pro-
duce vapor particles of‘the.éiven formula is not supplied. And AS* must
be approximateiy equai to Asqzas can'bevseén wheﬁ ﬁhe eﬁfrppy differencev
between the activated complex for a desorption sfép and bulk zinc oxide
is estimated. | | |

For the'vaporizationuof the zinc 6xide, thé pérticles that desorb
are known to.be.iinc atoms and oxygen.moléculeé.; If‘desorptioﬁ is raté
limiting, excess freé energy of e#citation might bé.carried off by
excited zinc atoms or excited oxygen molecules 6r might be left at the
surfacé. But Fegardlessbof which of these'alternatives or combination
of them is coérect, the éﬁtroﬁy cOntentiof the activated particles should
be little differeht.froﬁ.fhat'of the‘cbrresponding parficles in their
equilibriﬁm reactién.iv.' ' | .- |

For exampie,vif all the oxygen molecules desorbed in their lowest
excited.state; the ]Ag state, rather thaﬁ pfedominantly in ﬁﬁeir ?Z—
.zroﬁnd state the activation enthalpy would necessarily‘exceed the en-
thalpy of the equilibrium reéctionAby ét least the ehergy différence
between the singlet anditriplét state (25) (the difference could be more
- if excess rotational or vibrational energy were present), that is by
about 22.6 kcal per mole of 0z or 11.3 keal for reaction 1. But the
activation entropy yould to a firét approximation differ from that of
the equilibrium reaction only by the differenée'in.fhevéontribution to
the entfopy of the multiplicity of the two states, that is by -R 1n 3 =

 -2.2 eu per mole of 0, or -1 eu for reaction 1. i"‘
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The product _ . a g H  _— .

.» * . -
(k)32 [200"°13/2 exp (305% /2R)

or any similar product expressions for formation of other possible sur-
.- face activated complexés'ffom»bulk zinc oxide éould fortuitously be
apprdximately equal to

timmy=3be =172, y=1/h [0 \[o )1'/2 a0
[(emer) = oty )™ B g )7 PZn) Po,) | exe (457/R)]

but such a coincidence for both zinq oxide basal faces, which have very
different sur?ace structures (8) seems unlikely. The near agreement
between the calculated apparenﬁ activation entropies and the entropy of

"equilibrium reaction, therefore, is circumstantial evidence, but not of

~ course proof, that desorption limits the rate of vaporization of both

. basal surfaces of zinc oxide.

The.conclusionvthat desorption is probably rate limitingris important
background information fbr deciding whether the total or prdjected sur-
face area should be,usea in calculating apparent’enﬁrOPies from the
exﬁerimental data. While surface roughness or porosity has been shown

not to-ihcrease the flux from a solid that has unit condensation co-

. efficient (26), if the condensation coefficiention is very low the

—

vaporization flux is inecreased in nearly direct proportion to increases
in total surface area (27)." We expect that the most probable value of

the condensation coefficient of an equilfbrium.vapor is the value of the

vaporization coefficient fbr_the same experimental conditions (10).

-
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Since the véporization céefficiént for zinc oxidé is lﬁw,'of'the order
of 1072 in our e#perimental rgnge;.it would at first thought seem that
the total rather than prbjéctéd érea should be used in our calculations.

But if the enthalpy of activation for vaporizétion is higher than
the enthalpy of.the equilibrium reaction because the vapér molecules
leave the surface in activated states, thése moleculés may still be
activated when'they;céllide with projections of the roughened surface.
And while the éxpeéted éondenéation coefficientvfor a stoichiometric
equiiibrium beaﬁ of zinc aioms and oxygen molecules on a zinc oxide sur-
face is 10_2, qu excited moleculeé the condeﬁsation.coefficient should
be unity. These excited mélgcules experience no activation free energy
barrier fér condensation.':If the excess excitation free energy is re-
tained by the surface rather than one of the vapdrizing particles, on the
" other hand,:thése particles w0uld‘on1y raxely encountervaﬁ activated
portién of surface whén‘coiliding with é préjectionvand‘would have low
condehsation coefficienté. |

We think that the most probable reason for the low vaporization
céefficient-of ziné'oxidé.isfthat the oxygen molecules vaporize largely
in the ‘Ag orvin‘higher excited states. A 45 minute half-life has been
eétimatéd for spontaneoué.emiésion ofVOz molecule‘s_in.theilAg state (28).
We think, theréfore, that the effective condenéation coefficient of the

vapor from the zinc oxide surface on surface projectidns is likely to be
unity, and have consequently used the projected'surféce'areas for our
calculations.

Fortunately, the total surface areas estimated from scanning electron .

microscope examination of zinc oxide surfaces (8), are only sbout a



-16- -  UCRL-20528 Rev

factor of 2 greater than the projected area. If we are mistaken in
assuming an effeétive.condensétion coefficient of unity on surface pro-
Jections,'the apparent entropies of activation that we have reported

1/2

'shoﬁld be reduced by about R In 2x2 = 2 eu. The lower values are
slightl} closer to the entropy of the equilibrium reaction than the
values that are calculated'usi_ng the pro,jécted area, b1:1t both are within
probable exPefimental error of that value. .

A desorﬁtioﬁ-limited vaporization ﬁechanism is compatible with the
exe:pimental‘evidence that Somorjai and co-workers found with cgdmium
sulfide.that the vaporization is catalyzed by light (29) and is inhibited
by a flux of sulfur (4) that impinges on.the surface.. Desorption rates
would be expected to be a function of the ratio of metal to non-metal
:‘atoﬁs in the self—édsérbed layer. -The éﬁuiiibriuﬁAratio of metal to
, non-ﬁetal éﬁoms in the self—adsorpfion layer may sometimes be very dif-
ferent from the ratio in'the crystal lattice, and impingement of atoms
from the vapor woﬁld almost certainly influence the ratio.‘ In semi-
conductors the ratio is probably influenced. by 11ght quanta of ;nergy
suff1c1ent to excite electrons across the band gap.

On the other hand,_the-fact that vaporization rates on opposite zinc .
oxide faces are simiiar seems incogsistent\with a mechanism such as that
proposed by ﬁirtp and Munir for cadmium-rich face vapofization (30) of
‘cadmium sulfide. Their méchqnism assumes that.the spacing between_crystal
ledges pléys'a critical role in determining the exfent to which the
measured vaporization rate falls below. the maximum pos51b1e rate.

Leonard and Searcy (8) have shown that opposite basal faces of both zinc

oxide and cadmium sulflde have very different structures. These different
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structures imply dissimilar ledge spacings. If.the iedge‘concentration
is critical in fixing the vaporization rate, great dissimilarity in
vaporization behavior might.be expected, and while the observed rates of
#aporization_are différeht, the differences amount to a factor of‘h for
zinc oxide and less thén'é factor of 2 for cadmium sulfide (8) in the
temperature fanges for which surface structures have been observed.
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FIGURE CAPTIONS

Fig. 1. .Equilibrium pressure of zinc oxide.
Fig. 2. Langmuir_pressurés-of'zinc okide single:cfystéléa;
‘Fig. 3. (oo001) fgce éfter vaporization.’

(a) Top view |

(b) Cross sectional view
Fig. k. (0001) face after vaporization;

(a) Top view .

| (b) Cross sectional view
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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