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FLUORESCENCE QUANTllM EFFICIENCY OF TERBIUM CHELATES 

V. A. Mode and D. H. Sisson 

Lawrence Livermore Laboratory 
Livermore, Cal i fornia  94550 

INTRODUCTION 

A number of rare ea r th  chelates show b r igh t  l i n e  emissions. 

emissions usually r e s u l t  from the absorption of energy i n  the broad 

absorption band of the chelat ing agent followed by t r ans fe r  of t h i s  

energy t o  an excited s t a t e  of t he  cen t r a l  r a r e  ea r th  metal ion. 

t r ans fe r  i s  followed by emission from one or more of  these excited 

s t a t e s .  The emission spectrum i s  cha rac t e r i s t i c  of the rare ea r th  ion - 
discrete ,  narrow l ines  - showing no band cha rac t e r i s t i c  of t he  chelating 

agent. To understand the absorption, t r ans fe r ,  and emission of l i g h t  

energy i n  these materials,  the eff ic iency of energy t r ans fe r  and the 

quenching processes involved must be determined. A knowledge of t h e  

fluorescence quantum eff ic iency is e s sen t i a l .  

These 

This 

A number of methods f o r  measuring the eff ic iency of fluorescence 

1 have been summarized i n  a review a r t i c l e  . Of the several  methods pro- 

posed, one of the simplest techniques employs a Rhodamine-B fluorescent 

screen as a guantum counter . 
material i s  independent of the wavelength of exci ta t ion over the range 

220-600 nm. 

sample by absorption and then emitts 

2 “he fluorescence eff ic iency of t h i s  

Rhodamine-B e f f ec t ive ly  integrates  the emission of the 

t h i s  energy with a constant 

9 
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MODE AND SISSON 

eff ic iency a t  -610 nm. 

quantum eff ic iencies  r e l a t i v e l y  straightforward i f  su i t ab le  standards 

can be found. 

This technique has made the measurement of 

3 

of rare  ear th  chelates i n  non-aqueous solutions.  The e f f i c i enc ie s  ob- 

served ranged from 0.1% up t o  47%. 

eff ic iencies  were strongly dependent upon the solvent employed. A num- 

ber of have proposed tha t  the fluorescence i s  quenched by 

energy t r ans fe r  t o  high energy vibrat ions of the solvent.  We have con- 

tinued t h i s  invest igat ion i n  our laboratory with the hope of understand- 

ing the solvent-chelate interact ion and the intermolecular energy t rans-  

fer processes leading t o  solvent quenching. We report  here on the mea- 

surement of the fluorescence quantum e f f i c i enc ie s  of several  terbium 

f3-diketone chelates i n  nonaqueous solvents. 

Bhaumik and Telk have reported the quantum eff ic iency fo r  a number 

It was observed t h a t  the quantum 

EXPERIMENTAL 

Equipment 

A modified Aminco-Bowman SPF spectrophotoflometer lo’ll with a f ront  

surface attachment was 

use of t h i s  attachment 

published . The c e l l  

a r e  shown i n  Figure 1. 

12 

used f o r  

with the 

assembly 

a l l  measurements. 

Rhodamine-B quantum counter has been 

and f i l t e r s  used fo r  our measurements 

A description of the 

Quinine su l f a t e  was used as the quantum standard of known efficiency. 

A 5 x M quinine su l f a t e  solut ion i n  1.0 N sulf’uric acid was assumed 

t o  have a standard quantum eff ic iency of 0.508 13 . 
Because the luminescent volume of the standard and sample solutions 

were not i den t i ca l ,  it was necessary t o  correct  a l l  data f o r  i n n e r - f i l t e r  

e f f ec t s .  

used has been published14. 

A description of t h i s  e f f ec t  and the correction f ac to r s  t o  be 

10 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE QUANTUM EFFICIENCY 

EXC I TAT I ON -+ 
MONOCHROMATOR 

FRONT SURFACE MIRROR 
E X C I T A T I O N  F I L T E R  
QUANTUM COUNTER 
E M I S S I O N  F I L T E R  

EMISSION MONOCHROMATOR 

FIG. 1 

Front Surface Attachment For Use In An 
Aminco SPF Spectrophotofluorometer 

Sample Preparation 

The terbium chelates of 2,2,6,6-tetramethylheptane-3,5 dione (thd) 

and acetylacetone (AA) were prepared using published techniques and were 

characterized by elemental analyses and determination of melting points 

l5-l7. All solvents were MCB "fluorescent grade" reagents, redistilled 

in our laboratory prior to use. 

3 Previous work has shown that the quantum efficiency of these 

chelates is not particularly susceptible to quenching by oxygen. We 

prepared several oxygen-free samples and confirmed this observation, 
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MODE AND SISSON 

A l l  other samples were prepared without taking pa r t i cu la r  e f f o r t s  t o  

exclude oxygen. 

RESULTS AND DISCUSSION 

The fluorescence quantum e f f i c i enc ie s  of the terbium chelates i n  

selected solvents are shown i n  Table 1. The highest eff ic iency mea- 

sured was approximately 3;46. 

previously observed by Bhaumik . O f  pa r t i cu la r  note is the marked de- 

We confirmed the marked solvent dependence 

3 

crease i n  quantum eff ic iency with increasing 

TABLE 1 

Quantum Efficiency of Terbium Chelates 

(4.00 2 0.10) 

Ethanol Ethanol 
Ethanol Methanol Methanol 

1 - 3 - 
1 9 

Tb(thdl3 23.3 20.1 16.1 

Tb ( thd ) * DMF 19.9 17.6 - 
Tb(AA)3* x H20 19.5 19.3 - 

* 
Tb(AA)3*2 H20 20.0 

methanol concentration. 

i n  Selected Solvents 

M 

EPA 

29.2 

26.0 

23.2 

14.0* 

Hexane Cyclohexane 

13.8 

11.1 

36.7 

25. Ox 

18.8 

- 
- 

* 
From reference 3. 

Chrysochoos has shown i n  a number of t h a t  the presence 

of higher order vibrat ional  modes may provide a route f o r  the de- 

exc i t a t ion  of excited states i n  a number of r a r e  ea r th  ions. He has 

observed marked quenching of i n  aqueous solutions.  He proposes 

t h a t  higher order 0-H vibrat ional  bands overlap with the lowest lying 

t r i p l e t  s t a t e  of terbium ion t o  provide a non-radiative pathway f o r  

re laxat  ion. 
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FLUORESCENCE QUANTUM EFFICIENCY 

We have m a d e  a preliminary study of the e f f e c t  of deuteration on 

the terbium quantum efficiency. These r e s u l t s  indicate an enhancement 

of the quantum dff ic iency only i n  the deuterated 9:1 methano1:ethanol 

solvent (Table 2) .  

i n  alcohol solutions,  it i s  not c l ea r  whether the important mechanism i s  

t h a t  of deuteration of the solvent or  exchange of the deuterium with the 

a-hydrogen of the p-diketone. 

Because of the rapid exchange of hydroxyl deuterium 

TABLE 2 

Quantum Efficiency of Terbium Chelates i n  Selected Solvents 

(4.00 2 0.10) x M 

Ethanol Ethanol 
Ethanol Me thano 1 Met hano 1 

- 3 
1 

1 
9 
- 

Tb(thdI3 

Tb ( thd ) * DMF 

Tb(AA)3. x H20 

-OH -OD -OH -OD -OH -OD 

23.3 -10 20.1 -10 16.1 -20 

19.9 -10 17.6 -10 0 -15 

19.5 < 1 19.3 - 3 0 -20 
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