
UCRL-18014 

University of California 

E~rnest o. -~~ La\v-rence 
Radiation Laboratory 

THE EFFECT OF DISLOCATIONS ON THE 
VAPORIZATION RATE OF NaCl SINGLE CRYSTALS 

f, c ~~: r: :\ \' C. ;:~:; 

l i~ \VJ£N{ ~ 
;{ADiA PON Lt,l~:~f't;T(!t<V 

I 1[ ~-~:i\r:~! :\:,J 

r-i'~ C t J flo; F i'< 1 S ~-., 1."~_''; 

J. E. Lester and G. A. Somorjai 

December 1967 

TWO-WEEK LOAN COpy 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Diuision, Ext. 5545 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal 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. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
UniYersity of California. _ 



• 

Submitted to Physical Review Letters 

\' .' 

'r ",: 

.; • "j',' ," • 

,. 

UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley, California 

AEC Contract No. W-7405-eng-48 

THE EFFlOOT OF DISWCATIONS ON THE ' 

.. VAPORIZATION RATE OF NaCl SINGLE CRYSTALS 

.J. E. Lester and G. A. Somorjai 

. ,' 

December, 1961 

UCRL-18ol4 
Preprint 

r . 



of 

,,' 

-1- UCRL-18014 

. The Effect' of Dislocations on the ' 

Vaporizat:i.on Rate of NaC1 Single Crystals 

t J. E. Lester and G. A. Somorjai 

Inorganic Materials Research Division of 'the 
Lawrence Radiation Laboratory and the 

Department of Chemistry, University of C,a1ifornia, 
Berkeley, California 94720 

We have observed that an increase in the dislocation density1 of 

NaC1 single crystals increases the steady state vaporization rate of 

the (100) face ~nto vacuum. This behavior has been postulated by 

several theoretical papers. 2,3 Dislocations are known to cause transient 

rate of evaporation4 during the initial period of vaporization. This is 

the first report, to our knowledge, of dis1ocations~ontro11ingthe steady , 

state vaporization rate from a solid surface. Crystals with etch pit 

, densities greater than about 1 x 107/cm2 had vaporization rates, J exp ' 

equal to the maximum thermodynamic rate, J ther 

J ~ J ' = P (2 J[ mkT) -1/2 
exp ther eq , 

within 'experimental error ~5~in the temperature range 770-900oK . . 
6, 2 

Crystals with lower etch pit densities (~ l,x 10 /cm ) had evaporation 

rates lower by a factor of 2 to 2.5. 

t Present address':' Department of Chemistry, Northwestern University, 
Evanston, Illinois 
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Sodium chloride vaporizes according to the dominant reaction, 

NaCl(solid)'-' (l-X) Nv.Cl(vapor) + X/2 Na2C12(vapor). In the temperature' 

range of our investigation the dimer concentration is roughly 5-30 mole % 
of the total vapor concentration and increases with increasing temperature. 

Mass spectrometric studies which have been carried out simultaneously 

indicate that the vapor composition(monomer-dimer ratio) over the 

different dislocation density samples remains virtually unchanged at 

a given temperature. The single crystals of the hig~est commercially 

available purity were obtained from Harshaw Chemical Co. 5 All of the 

crystals used were from the same lot, and had almost identical impurity 

concentrations. When desired, dislocations were introduced by compressively 

straining a crystal into the plastic flow region. Samples for the 

vaporization experiments were cleaved from the deformed or from the 

unstrained crystals and etch pit counts made on the mirror image cleavage 

face of the vaporizing crystal surface. Previous investigations had found 

, ' 

, 6 
a one to one correspondence of etch pits on mating surfaces; This eliminated, 

the possibility of Hg++ contamination of the vaporizing surface by the 

etching solution. Etch pits were also counted on the sample after 

vaporization. A slight decrease (~ 7 2) in etch pit density was 

in the most highly strained samples after vaporization (}.5 x 107 

noticed 

-2) em . 

The average of the two counts (before and after evaporation) was used as 

the characteristic dislocation density value during vaporization. The 

sample was tightly wrapped with pt foil so that only one crystal face was 

exposed. Vaporization rates were measured with, a quartz microbalance 

at a residual pressure of ~ 10-7 torr. 
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The evaporation rates of the (100) face of low and high dislocation 

density sodium chloride crystals are given in Figure 1. The eqUilibrium 

data .are those of Zimm and Mayer,7 corrected for the dimer concentration 

as given by Miller and KuSCh.
S 

By using only crystals from one lot and 

preparing all samples by identical procedures (except for straining) we : 

have sought.to eliminate all causes for the rate change except a change 

in the dislocation density. We have been unable to obtain crystals with 

etch pit densities below ~ 5 x 105/cm2, thus the range of dislocation 

densities over which we have data is, at present, limited. Further 

experiments are in progress in an attempt to extend the range of dislocation 

densities and to develop a quantitative relationship between the evaporation 

rate and the dislocation density. 

The introduction of chloride ion or sodium ion vacancies in excess 

of their equilibrium concentrations, had no effect.on the vacuum evaporation 

rates. These point defects diffUse out of the crystal rapidly at tne 

evaporation temperatures. The surface becomes roughened during vaporization. 

Computations indicate9 that the mean free path of neutral molecules 

on alkali halide surfaces is, at most, a felv lattice spacings before they' 

desorb into vacuum. Thus, steady state ledge concentration at the 

·vaporizing surface can be different for crystals with low'dislocation 

densities (~ 106 cm-2 ) from that for high dislocation density (~ 107 cm-
2

) 

samples. ' 

The results of these·experiments certainly indicate that dislocations 

may have a pronounced effect on the vaporization rates of many solids into 

vacuum and should be given more attention in the preparation and characteriza-

tion of samples. It is likely that other ionic crystals especially among 

the a.lkali ha.lides will show similar dislocation controlled vaporiz'aiJion 

kinet:i.cs. 
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Footnotes and References 

(1) The chemical etch pit density 'on a (100) face surface was used as 

a measure of the dislocation density. A direct proportion between 

etch pits and dislocations terminating at the surface was·assumed. 

Etching was performed using HgC12 in abso~ute ethanol as the 

etchant, per D. Krasnopolsky and A. Grinberg, Czech. J. Pllys., 11, 

609-10 (1961). 

(2) J. P. Hirth and G. M. Pound, J. Chern. Phys., 26, 1216 (1957). 

(3) N. Cabrera and M. M. Levine, Phil. Mag., 1, 450 (1956). 

(4) G. M. Rosenblatt and M. B. Dowell, J. Chern. Phys., 45, 3454 (1966). ~ 

(5) Chemical analysis of a typical sample showed only Cr, 4 ppm; K, 20 ppm; 

Li, 15; Br, 200 ppm; and 0, 400 ppm at detectable levels above 1 ppm. 

(6) R. W. Davidge and R. W. WJ:itworth, Phil. Mag., §,,' 217 (1901) •. 

(7) B. H. Zimm and J. E. Mayer, J. Chern. Phys., ~2, 362 (1944). 

(8) R. C. Mille!' and P. Kusch, J. Chern. Phys., 25; 860 (1965)'. 

(9) J. E. Hove, Phys. Rev., 99, 430 (1955). '. 
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Fig. 1 Vaporization rates of NaCl crystals with different 

dislocation densities. Etch pit densities are 0, 

1 X 106 . b., 1 X 107• , . 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mISSIon, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or empJoyee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




