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Introduction

Phosphorescent substances are frequently used as the luminescent layer in organic 
electroluminescent devices since the radiative decay from both the triplet and 
singlet states of phosphorescent material increases its quantum e�  ciency, 
compared to materials where only the singlet states contribute to light emission. 
These phosphorescent materials must have certain quantum e�  ciencies in order 
to be used for practical purposes. Quantum e�  ciency is defi ned as the ratio of 
the number of photons absorbed by sample to the number of photons emitted by 
sample

To measure phosphorescent materials such as fi lms, an integrating sphere is used. An integrating sphere collects the 
light that scatters o�  a surface in di� erent directions and focuses that light to the detector, as shown in Figure 1. While 
conventional integrating spheres can only measure certain sample spectra at room temperature, the phosphorescence of 
numerous samples can be observed if the relaxation process is slowed down by cooling samples to 77 Kelvin.

This application note demonstrates the new dedicated system developed for calculating quantum e�  ciency from the 
measured phosphorescence spectra at 77 Kelvin. 
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Experimental

To obtain phosphorescence data with an integrating sphere a Dewar vessel, fi lled with coolant such as liquid nitrogen, is 
placed in the sphere and the spectrum of the incident light is measured as illustrated in Figure 1.

The incident photon (S0) peak area appears in the excitation spectrum, illustrated in blue in Figure 2. The sample is then 
placed inside the Dewar vessel in the integrating sphere (Figure 1, right) and the sample’s excitation and emission spectra 
are measured. Figure 2 shows the excitation and emission of the scattering incident light. The excitation and emission 
peaks indicate the number of photons unabsorbed (S1) and emitted (S2) by the sample, respectively. The quantum 
e�  ciency is calculated using the following equation:

Figure 3. Maximum fl uorescence intensity ratio (340/348 nm) as a function of temperature.

placed in the sphere and the spectrum of the incident light is measured as illustrated in Figure 1.

Figure 1. (Left) Dewar position and (right) sample position in integrating sphere. 
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Figure 2. Excitation and emission spectra of incident (blue) and scattered (red) photons.Figure 2. Excitation and emission spectra of incident (blue) and scattered (red) photons.
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Measurement Conditions

Excitation Bandwidth 5 nm Excitation Wavelength 350 (Quinine Sulfate), 
335 (Benzophenone) nm

Emission Bandwidth 5 nm Data Interval 1 nm

Response Time 0.5 sec Scanning Speed 1000 nm/min

Results

To confi rm whether placing the Dewar vessel1 and coolant in the integrating sphere has any e� ect on the measurement 
results, the fl uorescence spectrum of a sample with a known quantum e�  ciency was measured. Figure 3 illustrates the 
measured fl uorescence spectrum and Table 1 shows the calculated quantum e�  ciencies (Φ). The calculated fl uorescence 
quantum e�  ciency was 0.56 while the literature value was 0.5462. These results indicate no substantial e� ects when 
placing a dewar inside the integrating sphere.

Table 1. Fluorescence intensity and quantum 
e�  ciency values of quinine sulfate.

Intensity

S0 4954.3

S1 4074.0

S2 819.3

ΦMeasured 0.93

ΦLiterature3 0.90

Figure 3. Fluorescence spectrum of the incident light (green), quinine sulfate (blue), and a 
25x more concentrated quinine sulfate (red) sample.

placing a dewar inside the integrating sphere.
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A sample of benzophenone was cooled by liquid nitrogen and placed in the integrating sphere. Figure 4 illustrates 
the measured fl uorescence spectrum and Table 2 shows the calculated quantum e�  ciencies (Φ). The calculated 
phosphorescence quantum e�  ciency was 0.93 while the literature value was 0.903.

Conclusion

The quantum e�  ciency of phosphorescent materials at low temperatures can reliably be obtained using an 
FP-6500 and a dedicated quantum e�  ciency system.
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Table 2. Fluorescence intensity and quantum 
e�  ciency values of benzophenone.

Intensity

S0 4954.3

S1 4074.0

S2 819.3

ΦMeasured 0.93

ΦLiterature3 0.90
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Figure 4. Fluorescence spectrum of the incident light (green), benzophenone (blue), 
and a 25x more concentrated benzophenone (red) sample.


