
THII .... TE'U.L II CO~YRIGHTItD .ND .... Y 81t UlltD ONLY .. OR 
ITUDY .ND Rltllt.RCH ... URTHItR RItPRODUCTION ~II[R"'ITTItD 

ONLY IN .CCORD.NCIt WITH ICI ".e. . 
.. ... ..... .. '0' .. .. ........................................ . 

THE JOUR.NAL OF CHEMICAL PHYSICS VOLUME 32. NUMBER. 6 JUNE, 1960 

Effect of Pressure on Color Centers in Ag+-Doped Alkali Halides· 
R. A. EPPLU AND H. G. D~CJt.AKU 

D.parlmml of Chemist" aM CheMkal E"ti"""i",, U"iwrm, of Ill'"ols, U,ba"a, lllt"ols 

(Received Decernber'21, 1959) 

The effect of pressure on various color centers in ailver-doped alkali halides baa been studied. Th~ crystals 
include NaCI (two concentrations), KCI, and KBr. The resulting shifts are used to confirm the aSllgllments 
of some peaks, and, in certain cases, to decide among contlicting interpretations. 

INTRODUCTION 

I F alkali-halide crystals containing small amounts 
(from 0.05 to 2%) of silver halide impurities are 

subjected to x-rays, five bands appear in addition to the 
F band. This was discovered independently by Kats1 

and by the group at the Naval Research Laboratory,t-4 
who named these bands A through E. Etzel and Schul
man· made an extensive investigation of the properties 
of these bands. More recently, Maenhout-van der Vorst 
and Dekeyser' and Ishiguro' ·7 have made further studies 
on these bands. Although it is true that the nature of 
these centers is not yet certain, models have been pro
posed for them which will be described in the next 
section. 

THEORY 

a. A Center 
The A center is almost certainly a hole phenomenon. 

Etzel and Schulman· propose that the center is a sub
stitutional silver ion which has been trapped by a hole, 
while Maenhout-van der Vorst and Dekeyser' propose 
that it is a substitutional silver ion adjoining a V center 
(hole trapped in a positive ion vacancy). 

b. BCenter 

It is generally agreed~I., that this center is a sub
stitutional silver ion adjoining an F center (electron 
trapped at a negative ion vacancy). 

c. CCenter 

The fact that the strength of the C band is strongly 
dependent on concentration has led both Etzel and 
Schulman4 and Maenhout-van der Vorst and Dekeyser' 
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to postulate tLa.t there are two silver ions in the center. 
The latter adds to this two F centers, while the former 
only one. 

d. D Center 

The greatest amount of controversy concerns this 
band; Kats1 attributed this band to the B center. Etzel 
and Schulman's· bleaching experiments led them to the 
conclusion that no unbound electrons were involved 
in the center, and they proposed a center consisting of a 
substitutional silver atom adjoining a V center. Maen
hout-van der Vorst and Dekeyser,' however, found the 
band in additively colored crystals where only electron 
centers are to be found. They attribute the band to a 
substitutional silver ion adjoining an M center (electron 
trapped at a negative ion vacancy plus a vacancy 
pair). 

e. E Center 
Maenhout-van der Vorst and Dekeyser' attributed 

this band to an interstitial silver ion adjoining an F 
center. Ishiguro,'·7 however, has found that while 
bleaching in the F center at room temperature en
hances the B band, bleaching at liquid nitrogen 
temperature enhances the E band. Moreover, the E 
center is thermally unstable at only slightly above 
room temperature.' From all this Ishiguro concludes 
that the E center is an electron trapped in the field of a 
substitutional silver ion, or, in other words, a B center 
which has lost its associated vacancy. 

EXPERIMENTAL 

The crystals used in this study were single crystals of 
NaCI (0.1% and 1.0% AgCI) , KCI (1.0% Agel), and 
KBr (0.1 % AgBr). (All concentrations are in the melt.) 
The doped crystals were obtained from J. H. Schulman 
of the Naval Research Laboratory. They were cleaved 
to 0.5 XO.5- X2-mm and irradiated 1 in. from an x-ray 
tube with tungsten target and beryllium windows for 1 
to·20 hr. All irradiation and handling was done in the 
dark or in a very dim red light. 

The high-pressure equipment and techniques used 
have been previously described.uo 

The effect of pressure on these bands has been studied 
in sodium chloride with two impurity-concentration 

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

IAI R. A. Eppler and H. G. Drickamer, J. Chern. Pbys. (sub
mitted for publication). 

1734 



COLOR CENTERS IN A,+.DOPED ALKALI HALIDES 1735 

l~ in potassium chloride and in potassium bromide 
[see Figs. l(a) through 4(b)J. Figure 5-7 show typical 
spectra. 
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FlO, 1 (a), The effect of pressure on the spectra of color centers 
in NaCl: 0.1% Agel, Part 1. . 
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FIG. 1 (b). The effect of pressure on the spectra of color centers 
in NaCI: 0.1% AgCl, Part 2. 
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FIG. 2 (a>. The effect of pressure on the spectra of color centers 
in NaCI: 1.0% AgCl, Part 1. 
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. FIG. 2 (b) , The effect of pressure on the spectra of color centers 
in NaCI: 1.0% in AgCl, Part 2. 
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FIG. 3 (a) . The effect of pressure on the spectra ~of color centers 
in KCI: 1% AgCI, Part 1. -
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FIG. 3 (h). The effect of pressure on the spectra of color centers 
in KC1 : 1% AgCl , Part 2. 
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FIG. 4(a). The elIect of pressure on the spectra of color centers 
in KBr: 0.1% AgBr, Part 1. 
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. Fro. 4(b). The effect of pressure on the spectra of color centers 
In KBr: 0.1% AgBr, Part 2. 

RESULTS 

a. A Center 

The data on this band are scanty and of very poor 
quality, due to the band's location far into the ultra
violet. The shift with increasing pressure appears to be 
slightly to lower energy. This is con istent with the 
generally held conclusion that this is a hole phenom
enon, (that is, a phenomenon a~soc ia ted with the ah-
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FIG. 5. Typical spec
tra va wave number: 
NaCl~.l% AgCI. 

FIG. 6. Typical spec
tra va wave number: 
NaCI-1.O% AgCl. 2 
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sence of a normally present electron) although the 
data give no basis to define the model further. 

b. B Center 

The data on this band are of excellent quality and 
provide strong confirmatory evidence to the proposal 
that this center is a substitutional silver ion adjoining 
an F center. The shift with pressure is to higher energy, 
in magnitude roughly one-half that of the F band. A 
rough rvey-like relation has been prepared for the B 
center (see Fig. 8). A comparison of the slope of the 
pressure shifts with the slope of the rvey-like relation 
reveals the same approximate 2 to 1 relationship that 
was observed for the F center.10 However, the strongest 
evidence for this model of the center is the emergence 
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of a B' band on the high-energy side of ~he B band, and 
at the expense thereof, in potassium bromide. This 
occurrence is analogous to the emergence of the K' 
band in the same crystal. U 

c. C Center 

A somewhat unusual phenomenon occurred with this 
center. In the rest of this color-center work (in Ag+
doped crystals), the intensities of the hands are rela
tively independent of pressure. In the case of the C 
center, however, the intensity of the band increases 
rapidly with increase of the pressure; often more than 
an order of magnitude in SO 000 atm. The shift in fre-

II W. G. Maisch and H. G. Drickarner, J. Phys. Chern. Solids 
5,328 (1958). 
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FIG. 8. An !vey-like relation for the B center, and the com
pressibility near a B center. 

quency of the spectra is to higher. energy, although 
somewhat less so than the B band. This work is not 
inconsistent with the consensus of opinion that this 
band involves the interaction of two silver ions and the 
electron or electrons adjoining them. The model of 
Maenhout-van der Vorst and Dekeyser' involving the 
joining of two B centers to form the C center is perhaps 
favored. 

d. D Center 

. A great deal of controversy centers around this 
defect. Several authors have proposed models for the 
band, but no consensus of opinion exists. 

When pressure is applied, the band shifts to higher 
energy initially, but levels off around 100 000 atm. 
The shift is in magnitude similar to the B center. 

The strong shift to higher energy seems inconsistent 
with a hole picture for the center, as proposed by Etzel 
and Schulman.4 

On the other band, at first glance the other model 
proposed/ that of a silver ion adjoining an M center 
also appears to be inconsistent, because the M band in 
pure LiCI has a much smaller pressure shift than the 
F band,IO while the D and B bands have comparable 
shifts. However, if one considers the Knox model of the 
M center12 the smaller Ag+ ion in the center of the cavity 
could offer lpc;s resistance to compression at low pres
sures, at least. 

e. E Center 

The data on this ban~ are confined almost exclusively 
to potassium chloride, where the band is quite strong. 
Little or no pressure dependence of .11", is detected. This 
is consistent with Ishiguro's modeI&.7 of an electron 
trapped in the field of a substitutional silver ion. 
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