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THE PINNING OF DISLOCATIONS BY X- IRRADIATION 
OF ALKALI HALIDE CRYST ALS* 

R . B. GORDONt and A. S. N O WICK:I: 

A study is made of the effect of X·irradiation on the room· temperature elastic modulus (811- 1) of N aCl 
crystals. The modulus is observed to be unchanged by irradiation for well·annealed crystals, but may 
increase by as much as 7% when cold·worked crystals are irradiated. It is demonstrated that the 
modulus change on i.rradiation corresponds exactly to the elimination of the modulus decrease due to 
oscillating dislocation loops through the creation of pinning points along the dislocatioils. A quantitative 
theory is developed for the variation of modulus with X.ray dose. This theory assumes that vacancies, 
released within the volume of the crystal through the action of the radiation, migrate to dislocations and 
contribute to the formation of pinning points. The theory appear's to be in good agreement with 
e>..-periment and makes possible a calculation of the density of dislocations and the mean length of the 
free dislocation loops prior to irradiation. 

LE BLOCAGE DE:::; DISLOCATION:::; PAR IRRADIATION X DE:::; CRI:::;TAUX 
d'HALOGENURES ALCALINS 

L 'effet d'une irradiation X SlU Ie module d'elasticite (811- 1 ) de cristaux NaCI it temperature ambianto 
est etudiee. Les observations montrent que Ie module reste inchange par l 'irradiation pour des cristaux 
bien revenus, mais peut augmenter jusqu'it 7% de sa valeur quand des cristaux eerouis sont irradies. 

II est demontre que la variation du module 101'8 de l'irradiation correspond exactem ent it I'elimination 
de la decroissance du module due aux anneaux de dislocation oscillants, lors de la creation de points 
d 'ancrage Ie long des dislocations. Une theorie quantitative est developpee pour la variation du module 
avec la dose des rayons X . Cette theorie admet que les lacunes, liberees dans Ie volume du cristal sous 
l'acti.on de la radiation, migrent aux dislocations et contribuent it la formation de points d'ancrage. 

La theories semble etre en bon accord avee l'experience et rend possible un caleul cle la densite des 
dislocations et la longueur moyemle des anneaux libres de dislocations avant l'irradiation. 

VEHANKERUNG VON VERSETZUNGEN DURCH RONTGENBESTRAHLUNG VON 
ALKALI·HALOGENID·KRIS'l'ALLEN 

Von den Autoren wurde an NaCI·Kristallen eine Untersuchung iiber den Einfluss von Rontgen. 
BestrabJung auf den bei Raumtemperatur gemessenen Elastizitatsmodul (811- 1) vorgenommen. Dabei 
wurde beobachtet, dass der Modul gut ausgeglUhter Kristalle bei Bestl'abJung unverandert, dass er 
jedoch um 7% ansteigen kann, weml kaltbearbeitete Kl'istalle bestrabJt werden. Wie gezeigt wird, 
entspricht die Modulanderung infolge dcr Bestrahlung genau dem Abbau del' von schwingenden Vel" 
setzungsschleifen herrUhl'enden Modulabnahme, die dadurch ruckgangig gemacht wird, dass entlang 
del' Versetzungen Verankerungspunkte et'zeugt werden. Fur die Veranderung des Moduls mit der 
Rontgendosis wurde eine quantitative Theorie entwickelt. Dabei ist angenommen, dass Leerstellen, die 
dtueh die BestrahlungswirkUllg im Kristallinnem fl'eigeworden sind, zu den Versetzungen wand em und 
dort zur Bildung von Verankerungsstellen beitragen. Die 'l'h eorie scheint in guter Ubereinstinnnung mit 
den Experimenten zu stehen. Sie ermoglicht eine Borechnwlg dOl' VersetzUllgsdichte und der luittleren 
freien Lange del' Vorsetzungsschleifen VOl' dol' Bestrahlung. 

1. INTRODUCTION 

Irradiation of an allmli halide crystal with X.rays 
usually results in the formation of visible color within 
the crystal, related to the creation of certain optical 
absorption bands. The most prominent of these 
bands is the " F band" which is due to the presence 
of so· called "F centers" generated in the crystal 
during the irradiation. It is now known(l) that an 
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F centm' consists of an electl'On trapped at a negative. 
ion vacancy.§ The number of F centers formed in 

§ In an ionic crystal a negative. ion vacancy carries an 
effective positive charge. Thus, when an electron is released 
into the conduction band by absorption of ionizing radiation 
in the crystal, it may be attracted to the vacancy where it can 
fall into a series of bound statos. Absorption of light .in the 
F band occurs when this trapped electron is raised from the 
ground state to the first excited state. When a colored crystal 
is illwninated with light in the F band, the color slowly fades 
("optical bleaching") because electrons raised to an excited 
state can be thermally released into the conduction band at 
room temperature. Other color centers may also be formed 
during irradiation. Among these a re, for example, the V.type 
centers consisting of holes trapped at positive·ion vacancies or 
sinlple clusters of vacancies. Such centers, which give rise to 
absorption bands in the ultra·violet, will not be of primary 
interest h ere. 


