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FOR SENSITIVE OPTICBL ABSORPTION COEFFICIENT 
AND TBeWAL DIPP[ISIVITY HEAS- 
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ABSTRACT 
A novel spectroscopic method for the measurement of small 

relative changes of the optical absorption coefficiect or thermal 

diffusfvity is demonstrated, based on a sharp signal phase 

variation in PPE experiments, under well defined circumstances. 

INTRODUCTION 
The pho topyroe l  ctric (PPE) spectroscopy is an optical 

calorimetric technique1 from the group of the photothermal methods 

for the optical acd thennophysical caracterizatioc of materials. fc 

principle, it is based on the measurement of the sample temperature 

increase due to absorption of radiation, by using a pyroelectric 

sensor placed in thermal coctact with the sample. &st of the 

spectroscopic applications of the PPE method with periodic 

excitation are based on the signal amplitude monitoring, but the 

signal phase contains usefd spectroscopic illfornation as we13 2*3, 
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1156 FRANDAS, CHIRTOC, AND CANDEA 

due to  the  s p e c i f i c  propagation character of t h e  thermal wave. I n  

ac i n f i n i t e  and homogeceous medium, i t  is descr ibed  by a complex 

propagation opera tor  wi th  t h e  r e a l  acd imaginary p a r t s  accounting 

f o r  t h e  a t t e n u a t i o n  a n d  d e p b a s i n g  of t h e  thermal  wave, 

respective1 y. 

While i n v e s t i g a t i n g  t h e  s p e c t r a l  p r o p e r t i e s  o f  a p ro ton ic  

conductor, H( U02)P04.4B20, (HUP) , we observed an u rusua l ly  1 a r g e  

PPE s igna l  phase varatior? €E t h e  r a n g e  0.4-0.6pm. where t h i s  

aaterial presents  a s i g n i f i c a n t  change of the o p t i c a l  abso rp t ion  

coe f f i c i en t .  According to the PPE theory4, such an e f f e c t  is t h e  

consequence of t he  c b g e  of t he  o p t i c a l  or thermal p r o p e r t i e s  of 

t h e  sample  and nay  o c c u r  o n l y  u n d e r  p a r t i c u l a r  experkuta l  

c o n d i t i o n s .  The pape r  p r e s e n t s  a s e n s i t i v e  method f o r  the 

measurement of tvo sample - re l a t ed  p a r a m e t e r s ,  based  on this 

a~omalous  PPE phase spectrum. 

TEEOBETICAL BACKGROUND 

The ge re ra l  expressioo of t he  PPE s i p 1 4  depends on s e v e r a l  

optical and rhewctphysical sample prope r t i e s ,  bu t  t w o  independent 

parameters, t h e  thermal th ickness  aL ar,d t h e  o p t i c a l  th ickness  fiL 

are s u f f i c i e c t  t o  de f i ce  t h e  s p e c i f i c  experimental  conf igu ra t ioc ,  

described by a spec ia l  case of t h e  general  express ion ,  o u t  of six 

p o s s i b i l i t i e s 5 ,  deno ted  la-lc, 2a-2c. Here L i s  t h e  sample  

t ihckness ,  p is  the  optical abso rp t ioc  c o e f f i c i e o t ,  and: 

is t h e  d i f fus ior :  Jecgth  of t h e  thermal wave, w i th  a t h e  thermal 

d i f f u s i v i t y  a n d  f t h e  modulation frequency of t h e  e x c i t i n g  l i g h t .  A 

convenient way of v i s u a l i z i n g  the  behavior of t h e  PPE signdl is the 

r ep resen ta t ion  of t he  amplitude a d  phase su r faces  as a func t ion  of 

the dimecsionless parameters a L  and fit. Fig.1. Our experiments on 

Hup w e r e  s i t u a t e d  ir the  s p e c i a l  c a s e s  l b  and lc. The respective 

s i g n a l s  a r e  propor t iona l  t o  t h e  f a c t o r  F: 

P = exp[-(l+i)aL] if l<aL<pL (case Ib) ,  

P = exp(-pL) i f  1<pL<aL (case lc). 
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The i n t e r p r e t a t i o c  of Eqs.(2,3) is  t h e  fo l lov ing:  i n  case Ib  the  

o p t i c a l  t h i c k o e s s  i s  l a r g e r  t h a n  t h e  thermal  t h i c k c e s s .  

Cocsequently, t h e  l i g h t  w i l l  be r a t h e r  absorbed wi th in  t h e  sample 

than  t ransmi t ted  t o  the  p y r o e l c t r i c  sensor. The absorbed f r a c t i o c  

is convrted i n t o  thermal waves vhich eventua l ly  reach t h e  sensor  

w i t h  a phase  l a g  o f  V=aL rad acd an  a t t e c u a t i o n  of em(-aL), 

Eq.(2). I n  case l c ,  t h e  thermal thickress is l a r g e r  than  t h e  

o p t i c a l  thickness acd t h e  i n f o r m a t i o n  r e a c h i c g  t h e  sensor is  

dominated by t h e  f r a c t i o n  of l i g h t  exp(-pL), t ransmi t ted  through 

t h e  sample wi th  co dephasing, Eq.(3). It f o l l o w s  t h a t  a t  t h e  

boundary between the  l b / l c  cases, defined by aG-pL oc t h e  phase 

sur face ,  t h e r e  i s  a phase jump o f  AY'=aL rad, This e f f e c t  is 

i l l u s t r a t e d  in Pig.1, which i s  a cumeric s imula t ion  of t n e  signal 

phase based oc the exac t  expression for t h e  PPE signal 4. 
The acomalous phase behavior, no t  pred ic ted  by the  special 

cases, c o n s i s t s  i n  the  local hump of this su r face ,  centered a t  

aIipG-6.27. The ar?omaly is present  a l s o  on t h e  amplitude su r face  as 

a d i p  loca l i zed  a t  aL.=pL=5.28 and cocfirmed experimentally6, 

The regular phase jump  combined v i t h  t h e  anomalous phase  

overshoot shown i n  Pig.i, y ie lds  a sharp total phase change of 

nea r ly  270deg upon the  v a r i a t i o n  o f  e i t h e r  t h e  a L  or I)L parameter 

about t he  value 6.27, 

EXPERZHENTBL 

After chemical preparation, t he  Aup substance i n  the  form of a 

yellow powder was pressed t o  a s l a b  wi th  a th ickness  of 0.35m. 

The e x p e r i m e n t a l  s e t u p  is c o m o c  f o r  PPE s p e c t r o s c o p i c  

inves t iga t ions  and was described in o t h e r  works7. The source is a 

12V/lOOW tungsten-halogen lamp, The r a d i a t i o c  i s  modulated wi th  a 

mechanical chopper driver. by a synchronous motor and then focused 

with a qua r t z  leos onto t h e  4xO.Sm2 ent racce  slit of a Carl Zeiss 

Jena monochromator type SPH-2. The PPE cell a t t ached  t o  t h e  e x i t  

s l i t  c o n s i s t s  of a 4x3x0.2mm3 PZT pyroe lec t r i c  ceramic sensor 

provided wi th  gold e lec t rodes .  Oce of i ts  s i d e s  is blackened with 

china i n k  and is placed ic thermal contac t  wi th  t h e  back of t h e  
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1158 FRANDAS, CHIRTOC, AND CANDEA 

FIG.1, PPE s i g n a l  phase s u r f a c e  vs .  t h e  o p t i c a l  and thermal 
thicknesses of t he  sample, (theory). Note t h e  anomalous phase 
i n c r e a s e  between log10(aL)=Iog10((3L)=O.75-0.85 superposed on t h e  
general  phase decrease i n  case lb. 

sample s l ab ,  via a small quac t i ty  of s i l i c o n e  grease. The r ad ia t ion  

having a spec t r a l  v id th  of 0.005,m impinges on t h e  sample f r o n t  

side. The signal frm the  de t ec to r  having a capaci ty  of 175pP is 

fed i n t o  an 1OOMohm low noise preamplifier type Unipan 233.7 acd 

then is processed by two lock-in a m p l i f i e r s  t y p e  Ucipan 232 

( P o l a n d )  i n  p a r a l l e l ,  w i t h  t h e  phase s e t t i r g s  a d j u s t e d  i n  

quadrature one t o  t h e  other. The spectral range 0.4-0.6p was swept 

at t h e  chopping frequencies f=2, 4, 8 ,  16 and 32tiz. The angle of 

t he  colnplex s j p l  vector recorded on a X-Y p l o t t e r  cocnected v i t h  
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PIG.2. O p t i c a l  a b s o r p t i o n  spectrum of H(U02)P0&.4H20 ca lcu la t ed  
from the experimental transmittance data. 

t he  t w o  lock-in instruments,  y ie lded  d i r e c t l y  the  phase spectrum 

which was subsequently c o r r e c t e d  for t h e  f r e q u e n c y  dependent  

Cont r ibu t ion  of t h e  electronics to t h e  total phase. 

The trammittace spectrum of t he  EUP sample was obtained with 

t h e  same setup, wi th  the d i f f e rence  t h a t  i t  w a s  placed i n  f r o n t  of 

t h e  sensor ,  at a d i s t a n c e  of 2mm. I n  t h i s  way the  sample is 

t h e r m a l l y  decoup led  from t he  sensor  and t h e  signal amplitude, 

normalized t o  the spectrum of t h e  bare d e t e c t o r ,  is proportional 

only to t h e  f r a c t i o n  of t h e  t raosmi t ted  light. Due t o  t h e  f a c t  t h a t  

t h e  sample-sensor d i s t ance  I s  small, t h e  p a r t i a l  d i f f u s i o n  of l i g h t  

by t h e  pressed powder does not  a f f e c t  the  r e s u l t s .  

RESULTS ANJI DISCUSSION 

The o p t i c a l  t r ansmi t t acce  d a t a  were used for t h e  ca l cu la t ion  

of t h z  absorp t ion  coefficiect spectrum presented in Pig.2, showing 
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PIG.3. Same as i n  Fig.1, (experimental results). 

a sharp increase below 0 . 5 ~  due to  t h e  s t rong  absorptioc b a d  of 

the uranyl ioc. 

The t w o  parameters of the  phase measurements, t he  radiat ion 

vavelength and the  modulatioll frequency, bad t o  be transformed i n t o  

the coordinates aL and (IL t o  allow f o r  comparison with the theory. 

The da ta  in Pig.2 w e r e  used f o r  t h e  t r a n s f o r m a t i o n  from t h e  

radiat ion wavelength t o  PL. The transformatioc from f t o  aL is 

based on Eq. ( l )  and on the  assumption t h a t  t h e  highest  experimer.tal 

phase value corresponds t o  t h e  t h e o r e t i c a l  peak anomaly s i tua t ed  a t  

ab6.27. 

The Fig.3 shows the experimental phase surface,  plot ted versus 

the dimensionless coordinates. Obviously, t h e  r i g h t  corner of the  

theoret ical  surface i n  Pig.1 is c lose ly  reproduced experimentally, 

with an even g rea t e r  anomalous hump. The c ross  sec t ions  along t h e  

two coordinates i n  the  region with the s t eepes t  slope,  a r e  given i n  

Fig.4. The r e l a t i v e  phase s e n s i t i v i t i e s  S, and S are:  P 
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In the absence of the phase a~omaly ,  t he  two s e n s i t i v i t i e s  

would be on ly  of t h e  o r d e r  of  1Xldeg. Assuming t h e  phase 

measurersent i s  performed w i t  a r e so lu t ion  of ldeg, the f i g u r e  f o r  

S is better than t h e  c a p a b i l i t y  of standard spectrophotometry, 

whereas S, represents a f a r  better performance than o the r  thermal 

methods f o r  t h e  neasu re rnec t  o f  t h e  t h e r m a l  d i f f u s i v i t y .  

Additionally, the condition ali6.27 o f f e r s  an i n d i r e c t  estimation 

based only on op t i ca l  measurements for t h e  absolute  value of the 

thermal d i f fus iv i ty  c t=6.05~10-%~.~-~-  

P 

CQ:%CSZOF 

A novel method is  presented for t he  determination of small 

r e l a t i v e  var ia t ions of a sample's op t i ca l  absorption coe f f i c i en t  o r  

thermal d i f  f u s i v i t y ,  surpassing the r e so lu t ion  of conventional 

methods. The p o s s i b l e  a p p l i c a t i o n s  are: e v i n c i n g  t h e  phase 

t r a n s i t i o n s  with small s p e c i f i c  heat d i scon t inu i ty ,  temperature 

c o e f f i c i e n t  measurement of  t h e  thermal  c o n d u c t i v i t y ,  of t h e  

absorption coe f f i c i en t  and of t h e  r e f r a c t i v e  index, etc. The nethod 

has a l l  t h e  advantages of the p h o t o p y r o e l e c t r i c  t e c h n i q u e  

concerning the sample, i.e. small quant i ty ,  m i n i m u m  preparation 

required, no need f o r  op t i ca l  qua l i t y ,  small cell with i n  s i t u  

measurement capabili ty.  However, t h e  method is f e a s i b l e  only under 

r e s t r i c t i v e  experimental conditions,  f o r  o p t i c a l l y  and thermally 

thick samples with I i aL  i n  the range 5-7. This condition can be 

m e t  experimentally to some ex ten t  by choosing an appropriate value 

f o r  the sample thickness L. 
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