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PHOTOACOUSTIC PHASE STUDY ON THE RELAXATION 

PROCESSES OF Nd@BM)3 
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Hefei. Anhui 230026. P.R. China 

ABSTRACT 

Measurement are reported on the phase of the photoacoustic signal of Nd- 

Dibenzoylmethide (Nd(DBM)3) sample for a range of chopping frequencies between 56HZ- 

722HZ. Bv applying to theoretical models, the utility of phase data to evaluate the optical 

absorption coefficient and nonradiative relaxation time of solid state complexes are discussed. 

And m d f i e d  theoretical models have been established. 

INTRODUCTION 

The investigation of luminescence prop-hes of rare earth complexes is always an 

interesting project in the field of chemistry,physics and materials science1’-’’. The photoacoustic 

(PA) spectroscopy is currently being explored as a tool in this investigation because of its 
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224 SU, WANG, AND NI 

ability to measure solid state samples which is difficult for conventional techniques. It is 

capable of providing information about the nonradiative relaxation processes that occur after a 

sample has been 

An important characteristic of PAS is that it provides information about both the 

amplitude and phase of the response of a sample. The phase data contains contributions from a 

number of sources associated with the system under study. These include the relaxation time 

associated with the nonradiative decay paths, the optical absorption coefficient of the sample, 

the interaction between the sample and its backmg and the dimension of the PA cell. In a PA 

measurement of microcrystalline metal complexes, the sample and cell dimensions are long 

enough compared with the thermal &ion length in the sample. So the phase of the PA 

response will be hectly related to the relaxation time and optical absorption coefficient. 

In the recent papers, we have studied the absorption properties and relaxation processes 

of rare earth P-diketonate We found out that the PA amplitude spectra could 

reveal the typical absorption of both the ligands and the raie earth ions in the different regons. 

Because the relaxation processes of the ligands and the rare earth ions are signrfcantly 

different. how to use the PA phase spectra to reveal these processes comes to great interest . 

We detect the dependence of phase signal of rare earth 0-diketonate, Nd(DBM)3. on the light 

chopping frequencies in the range of 56-722 HZ. From the 4 -a curve. we discuss the 

relationship between the phase signal and the optical absorption coeficient(p) and the 

relaxation time(r) of rare earth complexes. And established a m d e d  phase model of the 

relaxation processes of rare earth complexes. 

THEORY 

The Photoacoustic data contains contributions h m  many factors. In an actual PA 

measurement, many of the nonsample related parameters may be maintained constant and the 

phase data may therefore be used to provide information about the optical and ther~~al  

properhes of the sample. 

In Rosencwaig and Gersho’s(R-G) one dimensional theoretical mode1 of the PA 

response of solid state samples[61, the nowdative relaxation processes are supposed to occur 

instantaneously. So the PA signal can be given as: 

?T PPS + *)]) exp{ j [  w - - - tar-’ (- APP, AP( t )  = 
w[(pp, + 1)2 + l]i’2 4 m s  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
3
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



RELAXATION PROCESSES OF Nd( DBM)3 225 

with a, the chopping frequency; 0, the optical absorption coefficient of the sample; j.i, , the 

thermal diffusion length, and q,(p are the amplitude and the phase of the PA signal. 

The fvst use of PA phase signal to measure the nonradiative relaxation time was 

employed by Merkle and Powell[''1. Then Mandelis made extensions of the R-G PA model to 

include the relaxation time of nonradiative processes"21. The PA signal thus has the form: 

15 
exp[i(wt - -)] 

AP( l ,U)  = (--- por"'?B)Re[( 11 2K,T,L JZog(1+J~r)(p2 -ox2) 

)I (r - I)(b + l)exp(o,J) - (r + I)(b - I)exp(-o,l) + 2(b - r)exp(-PI) 
(b  + l)exp(o,l) + (b  - l)exp(-o,l) 4 

= q explifot - - q)] (3 ) 
4 

For an optically opaque and thermally thick sample, the most useful case in experiment, 

both the optical absorption depth,&, and the thermal diffusion length, H, are much less than the 

sample thickness. Under these conditions exp(-pl)zO and exp(-o,l)=O. So that the variable 

component of the PA phase is given by: 

where rp=l/PZa. is a characteristic relaxation time for the system corresponding to the thermal 

transit time h m  a depth ~(=l/P)within the solid. 

The simplified theoretical model is still complicated, and because of the lack of 

experimental results, this model can not directly reveal the optical and thermal properties of 

rare earth complexes. In h s  paper, we choose Nd(DBM)3, which has its typical absorption and 

relaxation properties, to be the sample. Based on the theoretical model and expenmental data, 

to reveal the relaxahon processes of rare earth complexes. 

EXPERIMENTAL 

In recent work of our laboratory, we had already carefully studxd the nonradiative 

relaxation processes of rare earth complexes in difFerent absorption regons. Now we use the 
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226 SU, WANG, AND NI 

microcrystalline Nd(DBM)3 as solid state sample, to measure the variation of PA phase signal 

under different chopping frequency, in the region of ligand and rare earth ion absorption, 

respectively. 

1. ReDaration of Nd (DBML 

The Ndz03 was converted to NdCI, by treatment with concertrated HCI. A solution of the 

chloride in absolute ethanol was added to a solution of DBM ligand in the same solvent. The 

precipitation was accomplished by the addition of pipendine. The complex was recrystallized 

and air bed.  The elemental analyses and lnfrared spectra were performed and were consistent 

with the expected formulae. 

2. Detection of PA Phase Sienal 

The PA spectra were measured on a single-beam spectrometer constructed in our lab[”’. 

A 500w xenon lamp was employed. The light beam passed a CT-30F monochromator with 

computer scanned wavelength and was modulated by mechanical chopper. The PA cell was 

fitted with an ERM 10 electret microphone. The output signal of microphone was fed to a lock- 

in-amplifier(L1-547A) with a reference signal inputted h m  the chopper. 

The PA amplitude spectrum of Nd(DBM)I was recorded against the wavelength of light 

rn the range of 350-7OOnm. The measurement of PA phase signal is taken within chopping 

frequency range of 56-722 HZ. In order to avoid the interference of electric power, the 

chopping frequency is moderated not to be the multiple of 50 HZ. The powder sample was 

compacted in the cell to obtain thermally thck sample with reduced porosity. 

RESULTS AND DISCUSSION 

1. Dewndence of the PA uhase b urn n chouDinn freauencv Q 

FIG.1 is the PA amplitude spechum of Nd(DBM)3 in the range of 350-7OOnm. The 

strong and broad band in the region of 4 14nm represents the absorption of DBM. In the region 

of 536 and 586nm are the characteristic absorption bands of Nd” ion. We also choose the 
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wavelength (nm) 

FIG. 1. PA amplitude spechum of Nd(DBM)3 

signal in 500 and 566~11,which have no PA response at all, to be the reference signals. In the 

chopping frequency range of 56-722H2, the PA phase signal of 414,536,586,500 and 566nm 

were measured, respectively(TABLE I). The phase signal change versus chopping hquency 

curves are shown in RG.2. 
In FIG.2, we find out that the phase signals in the 500 and 566nm region change 

irregularly as the chopping frequency increases. In the region of ligaud and ion absorption(414, 

536 and 586nm). the phase shift increases as the hquency increases, and it begm to saturate 

at the hgh frequency region. 

RG.2 also shows the contributions of the optical absorption coefficient and relaxation 

time to the PA phase sh&. In order to get further information of the dependence of PA phase 

(4) on optical absorption coefficient(p) and relaxation time(7). The tgcp versus chopping 

frequency o and curves are shown in FIG3.4, respeztively. 

2. Exulanation of relationshius between CD and B.T bv using theoretical models 

The PA signal in the region of 414nm represents the relaxahon processes of DBM 
ligand after excitation. Because of the paramagnetic effect of rare earth ions to the ligand, part 

of the energy absorbed by DBM can be transferred to Nd* through triplet energy level of the 
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TABLE I : PA phase data of Nd@BMh 

&o(Hz) 56 64 68 72 78 84 108 144 168 204 
............................................................................................................ 

4 1 4 ~  0 -I5 -20 -25 -32 -40 -50 -62 -67 -75 

50Onm 0 -5 -7 -12 / -7 -12 -15 -17 -15 

5 3 6 m  0 / -13 -20 -28 -40 -48 -53 -55 -55 

5 6 6 m  0 -5 -10 -10 -12 -2 -14 -14 -17 -19 

5 8 6 ~  0 -I5 -20 -25 -32 -40 -48 -58 -63 -68 

$\o(HZ) 233 272 332 384 428 484 532 636 722 
.............................................................................................................................................................. 

4 1 4 ~  -80 -82 -85 -85 -87 -85 -85 -80 -75 

5 0 0 ~  -17 -17 -12 -10 -12 -10 -7 -10 -10 

5 3 6 ~  -60 -58 -58 -55 -53 -53 -53 -53 -48 

5 6 6 m  -22 -24 -22 -22 -22 -22 -22 -22 -17 

5 8 6 ~  -68 -70 -70 -68 -68 -63 -60 -50 -40 

-80 

-60 

-40 

-20 

414m 

586m 

536nm 

1.8 2.2 2.6 

h30 

FIG. 2. PA phase shift versus chopping &equency 
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FIG.3. tg4 versus chopping frequency o 
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FIG.4 tg4 versus 0’’’ 
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ligand. Since the Metime of triplet state is about 10” s, the relaxation time T is a factor that can 

not be neglected for the PA phase signal of 414nm. We can learn &om FIG3 that tgpko (k is 

a constant). This is a special wndition of Mandelis model when arg+O. So we use the 

Mandelis model to explain the relaxation processes in the 414nm regon. 

Because of its conjugated II - II structure, the absorption coeficient p of Nd(DRM), 

in the region of ligand absorption is very high (p - 10’cm.’). So ~ g = I / p ~ a , + O .  Under h s  

condition and when the chopping frequency o is not hgh enough, the oq+O. So that the 

Mandelis model can be given by: 

( 5 )  
15 

p =  tan-’(ur)+- 
4 

In the experimental PAS measurement, there is an instrumental contribution $v, whch is 

independent of P,t, and a. Then 

15 6 = tan-‘ (or) + - + b0 = tan-’ ( W T )  + #o I 

4 

In order to eliminate the instrumental effect, we choose the relative signal $ ( 4 = 4’- 40’) 
to be the phase signal (see TABLE I). So that 

4 = 6-4 0 I- - tan-’( o r >  

tg4 = mr (7) 

In a given absorption region, the relaxation time t is constant. Then tg4 has a lineary 

relationshp with o(0-4OOHZ). As the chopping frequency increases, the contribution of otg 

can not be neglected. So that the lineary relationship can no longer exist. All these conditions 

are shown in FIG.3. 

In the region of Nd3’ absorption (536 and 586nm), the absorption coefficient are lower 

than that of the 414nm. As we know, the energy level of Nd3+ are often intermixed and the 

relaxation processes undergoes a nonrahative channel most readdy. So the rela..ahon time of 

Nd3’ IS essentially instantaneous. In ttus case, we can use the R-G model 
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FIG.4. show that in a d range of chopping kequmcy( for 5861~1, 0-2OOHZ; fix 

5 3 6 q  0-12OHZ ), this lineary relationship can be demonstrated. But for a wide rauge of 

choppins -, the following is more rcasoaabie*14! 

2 4 = tan-'(or) + tan-'(1+-) 
PPS 

= tan-' (or)  + tan-' (1 + 
o 

when B - lo5 cm" and T is long enou&, the second item can be neglected, then 

4 = tan-'(or), the PA phase signal is directty related to the reiaxation time. 

When or-d , the first item can be neglected.This is consistent with the R-G model. 

But when p is not high enough and the second item is comparable to the fmt  item, none 

of the two items can be neglected. The PA signal is related to both the relaxation time and 

optical absorption coefiicient. 

We use the modified theoretical model, through controlling the chopping fkequency, to 

reveal the relaxation processes of rare earth complexes. And the result is satisfvmg. 
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