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The eITect of pressure on the spectra of certain color centers produced in the alkali halides by x irradiation 
has been measured to pressures as high as 166000 atm. 

For the F center a shift to higher energies with increasing pressure is observed. The slope of the shift versus 
density is at least twice the value that would be predicted from Ivey's relation at low pressure, and decreases 
with increasing pressure. This indicates that the compressibility in the neighborhood of the F center is greater 
than in the bulk crystal, particularly at low pressure. 

For the M. center in LiCI a shift to hi£"her energy with increasing pressure is observed, about one-fifth as 
great as the shift observed for the F center. 

INTRODUCTION 

THE effect of pressure on the spectra of certain color 
centers in alkali halide lattices produced by ionizing 

radiation has been studied to as high as 166 000 atm. 
There have been three previous investigations of the 

effect of pressure on color centers in alkali halides. 
Burstein el aU measured the shift of the F-band peak 
frequency to 2000 atm in three alkali halides. Jacobs2 

measured the effect of pressure on the peak frequency 
of the F band to as high as 8()()() atm in seven alkali 
halide . :\Iai~ch and Drickamer studied the effect of 
pressure on the spectra of the F band in six alkali 
halides and the M band in one other alkali halide to 
SO()()() atm. 

They found that, in general, a shift to higher energy 
occurred for all band with pre sure as long as no phase 
transition occurred. Maisch and Drickamer also found 
that in orne alkali halides, there appears at higher 
pressures a new band on the high energy side of the F 
band which they called the f{1 band. 

EXPERIMENTAL PROCEDURE 

The types of crystals and color centers studied, the 
techniques u ed to introduce the centers, and the pres­
sure ranges involved are ummarized in Table I. 

The crystals to be x irradiated were cleaved to about 
2~X5X~ mm and exposed at a distance of one inch for 
times ranging from one to twenty-five hours to an x-ray 
tube with a tungsten target and beryllium windows 
operated at -ill kv and 15 rna. The crystals were stored 
in the dark until used. They were loaded into the bomb 
in a very dim red light. This procedure was found by 
l\1ai ch and Drickamer to give results identical to those 
obtained with additive1y colored crystals. 

Tht crystal to be bleached were exposed from 5- 10 
min at a distance of 2-3 in. to the radiation from a 

• This work was supported in part by U. S. Atomic Energy 
Commission contract, Chemical Engin~cring. Project 5. 

1 E. Burstein,].]. Oberly, and j . \\. DaVisson, Phys. Rev. 85, 
729 (1952 l. 

21. S. Jacobs, Phys. Rev. 93, 993 (195.t). . 
3 W. G. )Iaisch and H. G. Drickamer, j. Phys. Chern. Solids 5, 
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Hanovia type 16200 mercury lamp, then used im­
mediately. 

The high-pre sure optical system and techniques 
have been described previously.4 

RESULTS AND DISCUSSION 

A. F Center in the fcc Structure 

The primary [t'sult of x irradiation of a pure alkali 
halide crystal i~ the introduction of a band in the visible 
called the F center. The commonly accepted model of 
t he defect, due to de Boer,6 is that of an electron trapped 
at a negative ion vacancy. The shift of this peak with 
pressure is shown in figs. 1 to 6 for six alkali halide 
crystals which have the fcc (NaCI) structure, at least 
at atmospheric pre. sure. The maximum scatter ill tllC 

data. is ±300 cm-I . Figurts i to 10 show typical spectra 
for KCI, Kilr, and KJ.6 

It was first suggested by Burstein and Oberly7 that 
the F center could, to t he zeroth order, be treated a~ a' 
particle trapped in a box. One of the important con· 
c1usions of this model is that Ecr. (1/ l)2 where l is the 
box diameter. Thus 

where Ao is the lattice parameter and E is the density. 
Mol\wo ,8 using data at one atmosphere and 25°C for 

everal alkali halides having the fcc structure, sh ~\\"cd 
that 11",. 102 is essentially constant. Later Ivey9 correlat ed 
the data and found that 

Em 1101'&!= l.i6X 10- 19 v m2• 

The density of ce rtain alkali halides has been mea,­
ured as a function of pressure to 100 000 kg/ cm2 by 

4 R. A. Fitch, T . E. Slykhouse, and H. G. Drickamer, ]. Opt. 
Soc. Am. 47, 1015 (1957). 

• j . H . deBoer, Rec. trav. chim. 56, 301 (1937). 
6 It may be noted that the half-widths do not agree particularly 

well with other published values. . . 
7 E. Uurstcin and J. J. Oberly, Natl. Uur. Standards Clrc. :\0. 

5109, 285 (1952). L'I. 
8 E. Mollwo, Nachr. Ges. Wiss. Gottingen, Math. , phys. '" 

97 (1931). 
'H. F. Ivey, Phys. Rev. 72, 341 (1947). 
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TABLE I. Prcparation of color centers in alkali halides. 

Maximum 

Study oC Starting material Source Prcparation 
pressure 

(atm) 

F center in NaCI 

F center in NaBr 

F center in KCI 

F center in KBr 

F center in KI 

Single crystal NaCI Harshaw Chemical Company x irradiation 166 000 

Single crystal NaBr Single Crystal Corporation x irradiatiun ISO 500 

Single crystal KCI Harshaw Chemical Company x irradiation 137 500 

Single crystal KBr Harshaw Chemical Company x irradiation 152 000 

Single crystal KI Harshaw Chemical Company x irradiation 104 000 

F center in LiCI 

M center in LiCI 

Single crystal LiCI Semi-Elements Inc. x irradiation 106 000 

Single crystal LiCI Semi-Elements, Inc. x irradiation; bleaching 50000 

Bridgman. lO Figures 10 to 14 are plots of 10g(v/ vO)m 
vs log(p/ Po). If the compressibility in the neighborhood 
of the F center were the same as the bulk compressi­
bility one should obtain a slope of ! (or 06.13 assuming 
the rvey relation). Actually the slope is at least twice 
this at low pressures, but decreases rapidly with pres­
sure in the low pressure region. At higher pressures the 
slope is constant at a value somewhat above i. The 
situation in KBr and KI is complicated by the presence 
of the K' and other bands. The results are generally 
quite consistent with the vacancy mechanism !>ince 
the absence of the nuclear repulsive force hould lead to 
a greater local compressibility than is exhibited by the 
bulk crystal. 

The data also permit the evaluation of Jacob's 
function fr= a InR/ a InA) where R is the lattice con­
stant in the neighborhood of the F center, if one accepts 

• JACOB'S DATA 
o MAISCH 'S .. 
o RUN I 
6 RUN 2 

o 

o 

0~--------5~h~------~,~~------1.I~~0 
P (ATM X 10 -') 

FIG. 1. Effect of pressure on the spectra of the F band in ~aCI. 

10 p, W. Bridgman, Proc. Am. Acad. Arts Sci. 76, I (1945), 

the validity of the Ivey relation as applied to the F 
center, By using this assumption, a InR/ aP can be 
calculated from the experimental data (Figs. 10- 14) 
and converted to a InR/ aA using nridgman's data. 
The values of fr shown are based on the data in the 
region 0-20 000 atm. Table II compares the experimental 
values with Jacob's calculations. 

The agreemer;t is reasonably good considering the 
simplicity of the model. 

The effect of pressure on the density of LiCI has not 
been measured directly. It can be estima ted from 
the effect of pres:ure on the F center Vm and the atmo­
spheric lattice constant, assuming Vm has a density 
dependence similar to the other chlorides. Results arc 
listed in Table III. 

B. Growth of the K' Band 

Maisch and Drickamcr~ found tha t in ,,"Ur, KI, 
CsCI, Csnr a new band appeared on the high energy 
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fI G. 2. Effect of pressurC:ol1 the spectra oC the F band in :\aBr. 
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FIG. 3. ElTect of pressure on the spectra of the F band in KCI. 

side of the F band under pre sure. They made an ex­
tensive investigation of its characteristics which can be 
summarized · as follows: 

(1) The K' band grows wi t h increasing pressure at the 
expense of the F band. 

(2) Transition between the two bands is reversible. 
(3) Bleaching with light of the frequency of one band 

bleaches both bands. 
As a result of the further measurements presented in 

this paper the following additional observations can be 
made: 

(a) :\lcasurements on three alkali halides which do 
not undergo phage transition at any known pressure or 
temperature, ;>\aCI, :\aBr,and Liei, failed to produce 
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FIG. 4. ElTect of pressure un the spedra of the F and 1\. ' hands 
in KBr. 
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FIG. 5. Effect of pressure on the spectra of color centers in K l. 

• 

• 

o RUN I 
A .. 2 
• .. J 

1>.=25100 eM" 

• 100 
P (ATM X 10") 

FIG. 6. [fTect of pressure on the spectra of the F hand ill LiCI. 
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FIG. 8. Color center spectra at various pressures- Kilr. 

the K' band in any case. This indicates that the forma­
tion of the K' band is related in some way to the transi­
tion between the two alkali halide structures. 

(b) The paper by Lazarus ll shows that the shear con­
stant of sodium chloride is relatively high and is rela­
tively independent of pressure, while the shear constant 
of pota 'sium chloride is not only much lower at one 
atmo:phere, but decreases with increasing pressure. 

(c) Wicderhornl2 has shown that the transmittance 
of the pota - ium halides decreases by a factor of over 
10--3 before the pressure induced phase transition is 
more than 10% complete. 

The preceding indicate that the K' band growth may 
possibly by connected with the propagation of shear 
through the lattice, causing a disruption in the structure 
of the F center. It is possible that the defect tics down 
the ends of dislocations formed by the shear, introduc­
ing new forces into the energy scheme of the center. 

C. Transition Effects, and the F Center in the sc 
(CsCl) Structure 

Three potassium halides (Kel, KBr, and KI) 
transform from the fcc to the sc structure at 19 000-
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FIG. 9. Color center spectra at variuus pressures-K r. 
II D. Lazarus, Phys. Rev. 76. 545 (1949 1. 
12 S. Wiederhorn {private communicatiun ). 
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20 000 atm pressure. A discontinuous shift of the peak 
frequency to higher energies is observed at the transi­
tion (see Figs. 3-5 and 12-14). Interpretation of these 
data are hampered by the growth of the K' band in 
KBr and KI, and by further structure in KI which also 
was observed by Maisch and Drickamer.3 

D. Effect of Pressure on the M Center 

When crystals containing F centers are irradiated 
with light in the F-band region at room temperature, 
the F band bleaches and several new bands appear on 
the low energy side of the F band. 13 The strongest 
of these is the M center. 

The nature of this center is uncertain. Seitz14 pro­
posed that it consists of an F center plus a vacancy 
pair. More recent experiments lli indicate that it posses-

13 F. Seitz, Revs. Modern Phys. 26, 7 (1954). 
1. F. Seitz, Revs. Modern Phys. 18, 384 (1946). 
U A. W. Overhauser and H. Ruchardt, Phys. Rev. 112, 722 

(1958). 

TABLE II. Comparison of experimental and calculated values off 
===========T. ==~==========~~~~~ 

Compound fT exptl. fT calc 

NaCl 2.1 2.9 
NaBr 2.3 2.4 
KCl 2.3 2.1 
KBr 1.8 2.1 
KI 1.7 2.3 

TABLE III. Density of LiCl vs pressure. 

P (kg/em!) 

o 
50000 
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0 
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FIG. 15. Effect of pressure on the spectra of the F and M 
centers in LiC!. 

ses a higher degree of symmetry than Sei tz' model would 
indicate. Knox 's proposed a modification of Seitz' 
model which possesses this higher symmetry, wherein a 
positive ion and an electron occupy a vacancy aggrega­
tion consisting of two negative ion vacancies and two 
positive ion vacancies. . 

The effect of pressure to 50 000 atm has been meas­
ured on the M center in LiCI. The results are compared 
with data for the F center in LiCI in Fig. 15. The shift 
with pressure for the M center is less than one-fifth 
that of the F center. 

The low compressibility seems inconsistent with the 
Seitz14 model. On the other hand, the Knox modifica­
tion to this model '6 does appear to be somewhat morc 
consistent with the data since the atom in the middlc 
of the center might tend to oppose the compre sion to .l 
greater degree than one fixed in the corner. 
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