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I. Introduction

~~r efforts under the auspices of this grant have been directed

along twe main lines. Fir st , we found that the phetoacoustic cell

design ~~s an Important considerat ion In any att pt to obtain

quant itat ive photoacoustic information, and so considerable time and

effort were spent during the fir st part of the grant constructing

and evaluating the performance of var ious photoacoust ic cells. After

settling on the best cell design, in which coherent background

signal s were minimized, we were able to ~*rmie the second line of

invest igat ion, that of quantitatively characterizing the Ix)nradiat ive

relaxat ion of excited electronic states In solids. It is ~~rth

stressing at the outset that in order to be miccessful in this

second endeavor, one imist be able to eliminate coherent background

signals and have a means of verifying that they have been elim inated .

In the follow ing report, then, we first discuss the most important cell
N

design considerat ions and secondly describe our progress toi~ rd the

quantitative application of ptE toacoustic spectroscopy to i~nradi ative

decay processes.

II. Phetoacoustic cell design

In our earliest phe~oacoustie cells , constructed froa aIi~ ia ,

we e~~oimtered large coherent signals which were Independent of the

s~~ le iaider Investigation. Thea. spurious sig nals were In large part

du. to scattered light striking the aicrophane diaphra~~, for upon

shielding the sicrophen. froa scattered light the effect w.s reck2ced
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considerably. The ramaining spurious signals could be due either to

a snall amount of multiply-scattered light still reaching the micro-

phone diaphragm, or to the absorption of scattered light at the cell

walls. To reduce both of these effects , a cell patterned after

McClelland1 was constructed, in which the gecmietry largely prevents

scattered light fran strik ing the microp hone diaphragm, and which is

made of clear plexiglas in order to reduce absorption and reflection

at the cell walls. We still saw sane spurious signal s in this cell ,

bit we were able to distinguish between the t~o sources of background

signal s by observing the t ime dev-elopnent of the background signal in

response to a short laser pulse.2 In order to furt lvr reduce the

scattered light (and for other reasons to be discussed later) we

modified the cell design such that the sample itself fonns the exit

window of the cell. This resul ts in much less scattered light

because the incident laser beau passes through only twe material s , the

entrance window (clear glass) and the exit window (the sample) , both

of which are of high optical quality. In this way we have been able

to eliminate coherent background signals for many samples of interest .

For sane samples , however (especially those with very snail

optical absorption coefficients), coherent baclcgrc*ind signals still

renain. It is Important, therefore, to have a techaique for deter-

mining whether and to what extent coherent background signals are present.

We have developed such a t.clmiqie, and it is quite simple: one simply

monitors the phas. of the pheto.coustic signal. The coherent background
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: due to scattered light enters at a different phase than the “real”

photoacoustic sig nal fran the sample of interest , so the twe signals ,

real and spurious , must be added vectora lly to obtain the resultant

magnitude and phase that is actually measured on the lockin detector .

It is clear then that the deviat ion in phase will be greater as the

relative anount of coherent background is increased. In fact it

is possible using vectoral subtraction to determine the magnitude

of the “real” signal even when a coherent background exist s , simply

by noting the deviation in phase fran that of a “real” signal .

Once the coherent backgrou nd probl en is solved , one is still

faced with the probl ea of incoherent background which limits the

S signal to noise ratio (S/N) ; in plvtoacoustic spectroscopy the noise

is generally due to electronic noise in the pre-anp or izzild ing

vibrations coupling to the microphone. One way of Increasing the

S/N is by utilizing an acoustical resonance. Of the twe types of

acoustical resonances (cavity resona nces and }Ielinhol tz reson ances),

we focused on the Helmhol tz resonance since it )*s the lowest

resonance freq uencies, where the non-resonant S/N is highest . We

constructed several resonant cells of varic*is dimensions, and found

resonant -enhancenent factor s (Q’ a) a~ iroacMng an order of magnitude

In sane cells. 2 This , as long as one is not Interested in aeamw lng

the dependence of the photoacoustic sIgnal on chopping freq uency, an

acoust ical resonance can be used to Increase the S/N ratio.
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III. ?bnradiative decay processes

With the problea of coherent background signals adequately

understood and controlled, we could finally proceed with the

quantitative investigation of nonradiative relaxation processes .

Sane attenpts have been made by other researchers 3 at the quant-

itative characterization of nonradiative decay processes in solids.

All these investigations involve taking a spectrun of the photo-

acoustic signal vs. the wavele ngth of exciting light , and then taking

the ratio of peak heights to obtain quantitative information. The

S/N is often quite poor for such a procedure, however , due to the

limited optical power obtainab le fran lampinonochraneter canbin-

ations. We have enployed an entirely differen t technique for

obtaining quantitative photoac oustic information. Ikie to our special

cell design, it is possible to accurately canpare sig nals fran

different samples at the sane wavele ngth. This enables us to use a

high power laser as the source, with the resulti ng Increase in S/N.

We will here describe twe techniq ues we have developed for measuring

radiative quantu efficiencie s (QE) in solids which take advantage

of this proce dure.
• - The first technique for measuring QE In solid s is what we have

called the Bla(± Film Reference techr1q~. (WR). A preliminary account

has already appeared,4 
and a full description and evaluation of the

technique will be published shortly. kief ly, the procedure is to

-I— . 
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compare t~~ photoac oustic signals , one fran the sample itself and the

other fran a thin~layer of gold black deposited on the sane sample.

Most of the thermal properties and cell dimensi ons are the sane

in the t~~ measurements , and therefore cancel cut when the ratio

of the t~~ signal s is taken. The only exception is that the thermal

dif fusivity of the sample must be Ia~own. In this way one can determine

r~, the thermal conversion efficiency , which is the fraction of the

absorbed light energy that is converted into heat . In sane syst ems

(such as the ion doped into variou s solids ) there is a simple

relat ionshi p between the quantity n and the QE of a parti cular tran-

sition . If all other parameter s descr ibing relaxation are Iaioiai, such

as energy levels and branching ratios , then the QE can be determined

• directly by a measurement of n.

The second technique for measuring QE in solids , the Concentration

Quenching technique (CQ), is more restricted in the range of systems

to which it is applicable, hit it has the advantage that one need

not know the sample’s thermal diffusivity. This technique is 
S

applicable to those systens in which the fluorescence is quenched as

the concentration of optical ly active ions increase s, a fairly

common occurrence in rare earth syste ms . The procedure is simple,

Involving only the measurement of relat ive photoaccust ic signals,

relative fluorescent lifet imes, and relative concentrat ions. Although

only relative measurement s are required, one is able to obtain by

the CQ technique the absolute QE of a fluorescing transition . We

have demonstrated the utility of the CQ technique by measuring the

QE of Nd3 In~~ 2 glass, an Important ca.iercia l laser glass , and- we
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obtained values of the QE r ang ing from .65 to .75 depending on the

excitation wavelength. These results, along with an interpretation

of the results involving site selection by the spectrally narrow

laser lines, have been published.5 The CQ technique seems to us to

be an especially useful and convenient tool, and we are employing

S 
it in the course of our present investigation of the system

Fluoro-phosphate glass.6

IV. Conclusion

In san, we have made significant progress during the period of

this grant, first in the understanding and improvement of photo-

acoustic cell performance, and secondly in utilizing the photoacoustic

effect in the quantitative characterization of nonradiative relaxation

processes in solids. C)ir present i~rk is concentrated on this

second endeavor, and we feel that photoacoustic spectroscopy will

contiime to be a useful tool in the Investigation of nonradiative

S relaxation processes in solids.

— 
• • - • 5 5~ 

~~ ~~~~~~~~~~~ ~ •.
~ ~~~~~~~~~~~~~~~~~~~~~ ~



— -— - -5-— - - - -~~ 
__ __s. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ — S

• 7

~~

‘

I References

I

1. J. F. McClelland and R. N. I(nieley, App. Opt. 15, 2967 (1977)

2. R. S. Quimby, P. M. Seizer and W. M. Yen, App. Optics ~~, 2630 (1977)

3. J. C. Murphy and C. Aanodt, J. App. Phys. ~j , 3502 (1977)

4. R. S. Quimby and W. M. Yen, &ill. Am. Phys~ Soc. 11-23, 388 (1978)

5. R. S. Quimby and W . M. Yen, Optics Letters 3, 181, (1978)

6. R. S. Quimby and W. M. Yen, tal k to be given at the March meeting

of the APS (1979)

I
r

:.~ ~~~
‘

• -
~~~ 

.
~~5-

~~ -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • -

--
~~ 

- 

- - S
.~~~~~

-
~~

- •, - ; 
~~~~ 1 i . 5  ~~~~ ~~~~~~~~~~~~~~~~ I-



- — -~~~~~~~~~~~~~ -- —.—.-- - -—- - -.. -, - —  - - ~~~~~~~~~~~~~~~~~~~~~ -
- -  , . . •. ... S? 1S” ‘ - .1 • _._~ S - -

8
I

Personne l on this Grant :

1. W. M. Yen Principal Invest igator

2. P. M. Seizer Assistant Scientist 11/75 - 6/77

3. R. S. Quimby Research Assistant 11/75 - 11/78

4. B. Strauss Research Associate 7/77 - 11/78

- Theses - ~)NE

Publications - as previously submitted

I

:

~

‘ ‘~~~~~~~~ - 

~~~~~~~~~~~~ 
- ~~P ’ ‘

~~~~~~‘~~~~~~~ • ‘  “

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~
• •

~~~~~~~~~~~~~~~~~~~~~~

‘ ‘  

—



• - .5. ‘
~~~ 

.5 —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~

REPORT DOCUMENTATION PAGE 
~~roma’c~~ Ea~~io ~omsi -

I~ REPORT NUMSEN 2. 3OVT ACCESSION NO S. RECIPICNT S CATALOG NUMBER

£~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ft55

• - - 4. PE~ FOAMING ORG. REPORT NUMBER

7. AuT I4OR(•) flBA w T NUNUR(.

S 

W~~~~~~~ / 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

VDAAG 9-76- G —fl,d01

S. PER ,~,_ ~~~

_ — 10. PROG~ AM ELEM~ NT.PNOJECT . TASK 
-

University of Wisconsin~Madison -1 
Departn~nt of Physics / l i-I ~V ‘ /“
Madison, WI S3706 - • 5 • —

II. CONTROLLING OFFICE NAME AN D ADDRESS 12. REPORT DATE

U. S. Army Research Office ‘
~~~P. 0. Box 12211 Is . NUMSER OP PAGES

Research Triangle Park , ~C 27709 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

14. MONITORING AOIN& NAME S AODRESS(lt dUl.,.nt Sin.. ContrnltIn~ OtfSc•) IS. SECURITY CLASS. (of SAl. ,iporl)

Unclassi tied
ISa. OECLASSIFICATIONIOOWNORAOING

SCHEDULE

IS. DISTRISUTION STATEMENT (.1 SAl. R.port)

Approved for public release; distribution unlimited .

I?. DISTRIBUTION STATEMENT (of VA. .bif t.cS snS•i .d In Stock 20. IV dlff.,n.S fin., RiporV~

IS. SUPPL EM(NTA~ Y NOTES $
The view, opinions , and/or findings contained in this report are those of the
author(s) and should not be construe d as an official Department of the Armyposition , policy , or decision, unless so designated by other documentation .

IS. KEY WORDS (CcnISnn. on r•v•,a• aid. St n•c•a. y a.d ld.ntli~ by bS.ck nn.ib r)

Photoacoustic Spectroscopy; Cell Desi~~; Quantum Efficiency

20. ABSTRACT (ConSMu .. , ,.vi,i. .Sd. It n•e...~~p n.d 1*01St, by bI.ck m b a )

Progress attained during grant period is reported.

.J~ . DO ~~~~~~~~ 
1413 EDITION OF I NOV SI IS O•SOI.ETE Unclassif ied

f
~~
f

~
) €::7
,~ .~,/ ~;2 ~cr~sNi?y rI A~ * IF$I~ ATIf l w t~ r T W I ~ PAGE (ISbn. SM. R.w.,.d ~

— .-~ — — ~~~~
- ,, . - 

~~ i .. ‘ ¶ i ) ~~~’ ~
-~__ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~ ~~ - - -


