AD-A159 488 PREPRARATION -AND PROPERTIES OF TRANSITION METAL BETR

’ ALUMINRS(U) CALIFORNIR UNIV LOS RNGELES DEPT OF
MATERIALS SCIENCE AND ENGINEERING J D BARRIE ET AL

UNCLRSSIFIED SEP 85 TR-4 NBBO14-83-K-8498 F/G 2872 NL

END
o
oric




e §
o

™

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




o0
[
< OFFICE OF NAVAL RESEARCH
N
lﬂ cqgix‘le“;s
| o Contract N00014-83-K-0498 %«;&
< Task No. NR 627-842 %r
Q TECHNICAL REPORT NO. 4 —
Preparation and Properties of Transition Metal Beta’’ Aluminas *‘:}‘
J. D. Barrie®*®, B. Dunn**, 0. M. Stafsudd*®and G. C. Farrington® & ‘
b6
Prepared for Publication in
Solid State Ionios -
N
SDepartment of Materials Science :
University of Pennsylvania -
Philadelphia, PA 19104 ¥T"
ssDepartment of Materials Science and Engineering
University of California, Los Angeles
Los Angeles, CA 90024
*
September, 1985
D Reproduction in whole or in part is persitted for any ¥
Q. purpose of the United States Govermment. -
K>  This document has been approved for public releass and sale;
o its distribution is unlimited.
' Loy -
= DTlG
g 2 4 985
L)




SECURITY CLASSIFICATION OF THIS PAGE (When Dllnll'nlcrcd)‘

REPORT DOCUMENTATION PAGE _ BEPORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACC |ou 3. RECIPIENT'S CATALOG NUMBER
: &
4. TITLE (and Subtitle) §. TYPE OF REPORT & PERIOD COVERED
Preparation and Properties of Transition Metal Technical Report

Beta" Aluminas

6. PERFORMING ORG. REPORT NUMBER

7. -AUTKO;(U)' ) . — — — — — l."co;nn‘aé; O-R.G.RA;CT' N‘UM;E.R(:) -
J. D. Barrie, B. Dunn, O. M. Stafsudd and
G. C. Farrington N00014-83-K-0498

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

Department of Materials Science and Engineering AREA & WORK UNIT NUMBERs

University of California, Los Angeles
Los Angeles, CA 90024

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Office of Naval Research September 1985
800 N. Ouincy 13. NUMBER OF PAGES
Arlington, VA 22217 5

14. MONITORING AGENCY NAME & ADDRESS(/f differant from Controlling Office) 1S. SECURITY CLASS. (of this report)

Office of Naval Research Detachment Unclassified

1030 East Green Street

Pasadena, CA 91106 [15e. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

76, GISTRIBUTION STATEMENT (of this Reporr)
This document has been approved for public release and sale;
its distribution is unlimited.

17. DISTRIBUTION STATEMENT (of the sbatract entered in Block 20, i different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reveree side If necessary and identify by block number)

cr3+, Cod*, N12+, Mn2t in beta" slumina, absorption and emission spectra,
fluorescent lifetime,

ontinue on reverse aslde If y and by b
xchange techniques were used to produce a family of 3d transition metal

-alumina s:lngé cryst ls. Complet tfr nearly complete replacement was
obtained for Cr,? Haéj’f ) and N&compositions. Optical properties of
the crystals were studied and both broad absorption and broad fluorescence

bands were observed. Environmental exposure produced detrimental effects over
long time periods, suggesting hydration of the conduction planes\

DD ,’5%"; 1473  coiTion oF 1 NOV 88 15 ORsOLETE hy

SECURITY CLASSIFICATION OF THIS PAGE (When




S L0 G Ta Tl Y SUCTRAIT LY E —y

@on For

PREPARATION AND PROPERTIES OF TRANSITION METAL p°’ ALUMINAS B ——

Y.

Distribution/
® { ] (L] 7
J. D. BARRIE®, B. DUNK® and O. M. STAPSUDD Availability coges
Departaent of Materials Science and Engineering® 1 " TRvall andjop s T 7T
Electrical Engineering Departmente®e st Special
University of California, Los Angeles, CA 90024

e 4

G. C. FARRINGTON

Department of Materials Science, University of Pennsylvania, Philadelphia, PA 19104

Jon exchange techniques were used to prodnoo*a fanily of 34 transition metal p’'-aluminas by
substitution of the sodium ion content 1g‘la -!;"Illginl uulg’mlmo. Complete or mearly
complete replacesent was obtained for Cr" , Mo~ , Co” , and N1i"™ oc~positions. Optical pro-
perties of the crystals wers studied and both broad absorption and broad fluoresocsnce bands
were observed. Envirommental exposure produced detrimental effects over long time periods,

suggeating hydration of the oonduction planes.

1. IRTRODUCTION

Previous ltudiul‘z have found that the in wvhich the exchanged ions wers capable of mul-
entire 80dium 3on ocontent of p’-alumina can tiple valence states. In addition to this prob-
readily be replaced by a variety of divalent and lem. the exchange of transition metal ions gen-
trivalent cations. In several cases, it has erally involves the subatitution of ions with
been found that the resultant materials have very amall radii, potentially inducing large
interesting optical properties in addition to stresses within the orystals. The preparation
fast ion transport. For example, ld” exchanged of these materials, and their interesting opti-
p'“alumina single crystals have been found to oal properties are reported in this paper.
lase and to exhibit extremely high flucrescent
gain oocefficients in comparison with Nd:YAG 2. PREPARATION OF THE MATERIALS
:I.mn.’ Several transition sstal f'-aluminas were

The research on lanthanide p’-aluminas prepared using standard ion exchange techniques
prompted our interest in the Jd-transition on single orystals of la’—."-nmm (Table 1).
metals as candidates for exchange into P’ Crystals were either immersed in molten halide
alumina. Several ijons within this series exhi- salts of appropriate compositions or placed in
bit broadband, vidbronic fluorescent transitions the proximity of heated, but unmelted, salts for
due to the interaction of their incomplete 3d varying times. In this latter case the salt
electron ahells with local orystal fields. This exhibited a sufficiently high vapor pressurs
phenomenod allows for the development of tumable such that ion exchange ocourred from exposure to
5014d state lasers uwsing various oxide and non- the vapor phase. For all samples, careful
oxide host materials. Relatively little work atmospheric ocontrol was required to prevent oxi-~

bas been done, however, with p’-alumina systess dation of the bhalide salts as well as to prevent
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TABLE 1: Ion Exchange Conditions for Transition-Metal-p'-Aluminas

08 EXCHANGE MEDIUM TEMPERATURE(®C) TIME(br) PERCENT EXCHANGED
o’ Liquid: $1CrC1,/69MaCl 700 1 30
Vapor: c:-cx, 12 90
2+
C.owd Ltquiar mee, . _ .. 680 .. as. _ .. ._100 ..
2+
Co?  Liquid: cocl, 750 2 100
82" Liquid: S2NLCL, /68HaC 700 12.8 2s
Vapor: NiCl 35 90

tormation of multiple valence states of the
cations.

Results indicate that substantial or oom-
plete exchange was attained for c:-”. Iln”.
Co>*, and N12* using both the 11quid and vapor
phase techniques. The orystals possess good
mechanical integrity and x-ray diffraction indi-
cates that the p’-alumina structure was retained
without modification, despite the amall size of
the substitutional ions. The extent of the
exchange reactions wvas sonitored by both gra-
vimetric means and Energy Dispersive X-ray (EDX)
analysis, the latter alsc being used to identify
impurities and inhomogeneities in the corystal.

The vapor phase exchanges, achieved by
either burying the orystal in an excess of the
balide powders or by suspending it above the
powder source, required longer reaction times
than oorresponding melt exchanges. This method,
however, enadbles one to obtain complete exchange
at such lower temperatures than those required
for the melt phase. In general, the resulting
nilder synthesis conditions prevent detrimental
offects to the orystal. For example, complete
exchange of N1>* 1ons from a melt of NiCL, would
require melting the salt in excess of 1100°C,
while the vapor phase exchange was possidle at
700°C. This temperature reduction is oritiocal,
for it has been shown that several of the

exchanged p’'-aluminas are prone to decomposition
when heated to temperatures of above moc.‘

S. OPTICAL PROPERTIES

Although most lasers operate at single
wavelengths, the success of the room temperature
operation of the Cr:hnzo‘ (alexandrite) tun-
able laser, operational over the range for 7300
to 8000A, has spurred muoh interest in the util-
ization of broad bend vibronic transitionms.

Most radiative transitions within the 3d transi-
tion metal ions take place via such brosd bands,
and thus, there is the potential for a whole
series of solid state lasers that are tunadle
over large wavelength regions. MNumerous studies
of transition metal ions in various orystal
hosts have taken place. Although there iz a
wealth of spectroscopic information, there are
relatively few effective laser hosts available.
Our initial experiments were performed with the
intent of determining the applicadbility of p’'-
aluaina as & bost for tunable solid state
lasers, in that it has already demonstrated suc-
cess as & laser host for ¥a®* sons.

Adbsorption and fluoresoence spectra for
several single orystals of ion exchanged p'-
alumina with various Cr” ooncentrations (the
dalance being residual Na' ions within the con-

duction plane) were performed. The absorption
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figure 1. Absorption Spectrum of Cr’*-ﬂ"-

alumine.

spectra were obtained using a Cary Model 14
3pectrophotometer. Cr’*-p"-d\-:lu was found to
1ave strong absorption peaks centered at 42004
wnd 6400A (Fig. 1), giving the orystals a deep
tresn oolor. Fluorescent emission (induced by
weping with a Spectra-Physics argon ion laser
it 4880A) was observed from 6900A to 5000A.
hese values are quite typioal of Cr’* optical
ipectra in a variety of other hosts, represent-
ng interaction between the T (at 42000)

nd 47, (at 64008) states with the vibronically
roadened ground state “2‘ No evidence of the
arity and spin forbidden *Bé—*s, transition
s observed, probably dus to overlap of the 2E
tate with the ‘Tz. The placement of these
ransitions suggests that the local orystal

ield enviromment of the cr” dons within the

" '-alumina oonduction plane is octahedral, which

ould place thes within the mid-oxygen (m0)

" osition of the orystal.

The absence of the zl 1ine suggests that
be magnitude of the corystal field enviromment
o cr¥*prcalumine 1s similar to that of cr’* in
%06 [0d,(30,0a),08,0,,], which bas an
stahedrally symmetric Cr’* site with a crystal
leld of Dq = 1450 o * and s Racah parameter
= 658 o} (Dg/B = 2.20).% s produces

" times of ssveral milliseconds, and the T

a direct overlap of the 2 and ‘1, 1evers.

However, the observed room tespsrature
fluoresoent lifetimes of the p'“alumina corystals
is much greater than that observed in GSGG (650
versus 115 microseconds). This trend usually
suggests that there 1is a greater separation
between the 2 level, which typically has life-
2
level, whose lifetime is measured in the tens of
microseconds. Given that we observe a lifetime
greater even than that of alexandrite (262
microseconds at room tuponturc)‘. it would
suggest a larger crystal field than concluded
above, more on the order of Dg/B = 3.5.7

The temperature dependent behavior of the
fluorescent lifetime of Cr”-l"-lluiu fails to
provide any explanation for these ocontradictory
observations. The lifetimes are found to
decrease exponentially with increasing tempera-
ture, inferring the presence of some ocompeting
non-radiative process. A plot of the non-
radiative decay rate versus inverse teaperature
(Fig. 2) indicates that the process has an
activation energy of 0.16 eV, which is of the
same order of that for sodium ion motion in this
temperature nm.‘ While it is teapting to
associste the non-radiative processes with la’

10

Activation Energy ©0.18 o

2 e 24 25 23 29 29 31
1000/¥(x)
Pigure 2. lo,;uulun decay rate in
Cr” -p'“alumina versus temaperature.




don motion, there may be other competing non-
radiative processes, such as multi-phonon decay.
and partitioning via Boltsmannn distributions
between the closely lying g and ‘1, 1evels.’
More detailed optical and fon transport studies
are necessary in order to understand the non-
radiative mechanisms ocourring in this solid
electrolyte. - cT o T T T

In addition to the above effects there
also seea to be other processes which ocontribute
to the observed values of fluoresoent lifetimes
in theses crystals. Concentration quenching has
been observed, as increasing amounts of c:-”
dons within the oonduction plane have been found
to reduce the lifetime by more than an order of
magnitude (Fig. 3). Another quenching effect on
the fluorescent lifetime occurs from the expo-
sure of the crystals to ambient environmments
over long periods of time. For example, a ory-
stal whose lifetime immediately after exchange
was as high as 2 msec was found to degrads to
300 microseconds after prolonged ambient expo-
sure (i.e., months). The process was found to
be at least somewhat reversible. Heating the
crystal to 350°C for 48 hours raised the life-
time to 650 microseconds.

Elevated heating was also found to affect
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Mgure 3. TFluorescent lifetime of Cr-p'-

alumina versus Cr oonosntration in
hydrated and dried states.

the size of the c-axis lattiocs parameter of the
crystals. In the unheated (short lifetime)
state, a oc-axis valus of 33.666A was measured,
whereas after 48 hours of heating. the value was
33.547A. The ability of water molecules to dif-
fuse into p'-alumina and alter their lattioce
paraneters is well utabluhcd.’ In addition,
‘water is well known for its ability to quench
fluorescence over a wide variety of energies due
to its many vibrational and bending modes. The
present results indicate that ocertain optical
properties may be sensitive to moisture. A more
controlled study of this behavior is necessary
to identify and characterise these effects.

The absorption apectra for °°2+ ion
exchanged p’-alumina was also measured (Fig. 4),
revealing strong peaks at 5500, 5825, and 62004,
and lesser, but still strong, absorptions at
12,500, 13,625 and 15,250A. The poaition of
these peaks is in excellent agreement with the
results reported for Coz* in various oxide hosts
containing tetrahedral utu.m This indicates
that the prisary location of the 002* ions is
the tetrahedral Beevers-Ross type aite (6c),
deapite the fact that most divalent ions in p'-
alumina exhibit significant population of both
the BR and mid-oxygen sites.!?
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Pigure 4. Absorption Spectrum of Col'-pre

alumina.
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The excellent agreement with the theoreti- &.tudiod. and the vast benefits of ion exchange

cal line positions, as well as the absence of
any unidentified lines helps to verify that all
the oodbalt ions present in the orystal are in
the 2+ state, and that mo Co>* ions were formed
during the exchange process.

Absorption spectra for li”-"‘-duiu
(Fig. S) produces peaks at 3760, 6000, 6375,
7200 and 21,500A. This latter absorption is
positioned similarly to the absorption due to
the first excited state of u” in uo.” How-
ever, the ocomplexity of the spectra and the sen-
sitivity of the N13* ion to erystal fields
prevents the identification of the other lines
in the spectrum. Low tespsrature measurements
will be necessary to resolve scee of the over-
lapping and determine orystal field strength and
site symmetry.

Sont &
4. _CONCLUSION

e preparation of a new family dko\
aluminas by the substitution of 3d traasition
setal ions for l#&im bhas enabled us to begin
investigating a new series of materials with
potential as solid state tunable lasers. The
optical properties of these materials ocompare
favorably with those of materials previously
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Absorption Spectrum of NiZ*-pre
alumina.
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as a preparation technique permit the synthesis
of many samples covering a wide variety of
active ion oongentrations. Initial results with
(::-(’,h;é exchanged umine indicate that hydra-
tion effects may influence the optical proper-
ties 9r ‘Q_il nu;-;n.

ACKNOWLEDGEMENTS

The research was supported in part by the
U.S. Office of Naval Research. We appreciate
the experimental assistance of D. L. Yang, T.
Alfrey, H. Dai, and P. Nelson. Thanks also go
to L. Salmon and B. Schwarz for their work in
preparing the lu’-"'-almn orystals.

1. G. C. Farrington, B. Dunn and J. 0. Tho-
mas, Apl. Phys. A. 32, (1983) 159,

. G. C. Farrington and B. Dunn, Solid State
Jonica 7, (1982) 267.

3. A. J. Alfrey, O. M. Stafsudd, B. Dunn, D.
L. Yang and L. Salmon, sudbmitted for pub-
liocation.

4. D. L. Yang, unpublished results.

s. G. Budber and X. Petermann, in Solid State
Tunable Lasers, (Springer-Verlag) 1985.

6. J. C. Walling, ot al., IEEE Jourmal of
Quantua Klectronios, QE-16, (1980) 1302.

7. G. 6. Imbusch in Spectrosoopy of Solid-
State Laser-Type Materials, B, DiBartolo,
ed., in press.

8. J. B. Bates, et al., Solid State Ionics §
(1981) 159.

9. J. B. Bates, ot al., Solid State Ionics,
9/10, (1983) 237.

10. P. Cossee and A. . Vanirkel, J. Phys.
Chem. Solids 15 (1960) 1-6.

11. J. O. Thomas, et al., Solid State Ionics
9/10 (1983) s01.

12. W, Low, Phys. Rev. 109 (1958) 247.

- g T

i e -

I B e

g

R S v

R AT K R

e e

-

e - e o

LRV VLW RN R 2

i g e A2




v T

0L/413/83/01 ‘

Dr. William Tolles

Superintendent 1
Chemistry Division, Code 6100

Naval Research Laboratory

Washington, D.C. 20375

GEN/413-2
TECHNICAL REPORT DISTRIBUTION LIST, GEN
No. No.
.- Copies . . i i e e Copies
Office of Naval Research 2 Dr. David Young 1
Attn: Code 413 Code 334
800 N. Quincy Street NORDA
Arlington, Virginia 22217 . NSTL, Mississippf 39529
Dr. Bernard Dauda 1 Naval Weapons Center 1
Naval Weapons Support Center Attn: Dr. Ron Atkins
Code 5042 Chemistry Division
Crane, Indiana 47522 China Lake, California 93555 %
Commander, Naval Afr Systems 1 Scientific Advisor 1 ¥
Command Commandant of the Marine Corps :
Attn: Code 310C (H. Rosenwasser) Code RD-1 .
Washington, D.C. 20360 Washington, D.C. 20380 .
£
Naval Civil Engineering Laboratory 1 U.S. Army Research Office 1 §
Attn: ODr. R. W. Drisko Attn: CRD-AA-1P b
Port Hweneme, California 93401 P.0. Box 12211 %
Research Tmangle Park, NC 27709 |
Defense Technical Information Center 12 Mr. John Boyle 1 &
Building 5, Caneron Station Materfals Branch o,
Alexandria, Virginia 22314 Naval Ship Engineering Center e
: Philadelphia, Pennsylvania 19112 3
B
DTNSROC 1 Naval Ocean Systems Center 1 A
Attn: Dr. G. Bosmajian Attn: DOr. S. Yamamoto &
Applied Chemistry Division Marine Sciences Division §
Annapolis, Maryland 21401 San Diego, Californfa 91232 5e
b"
. o
¥

i
0

[
B

oLl il

WP“"”"‘?"T‘P’; 24

et
-,

.

i P

vl
B L3
>

S



T R T T T S T N T SN AL )
ERNMENT EXPENSE :

1

= un g, i e g, 3

¢

RS

Ll

. por S g

ey

L

T

e

O
-
T

Ry



