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INTRODUCTION 

Laser induced fluorescence (LIF)





Bismuth 

Health effects of bismuth: 



Environmental effects of bismuth: 
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Health and environmental effects of germanium: 
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Principle of hydride generation 
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INSTRUMENTATION 

Principle

Laser induced fluorescence  

Figure 1 Schematic diagram of laser induced fluorescence 
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Nd:YAG laser 

Figure 2 Schematic diagram of Nd:YAG laser 



Table 1 Wavelengths of Nd:YAG laser 



Table 2 Energy of fundamental and harmonic wavelengths of Nd:YAG laser 

Table 3 Specifications of laboratory Nd:YAG laser (Surelite Laser) 

Tunable dye lasers 



Frequency doubling crystal

Non-linear Crystal

Fundamental 

Wavelength (1064 nm)

Second Harmonic 

Wavelength (532 nm)

Figure 3 Configuration of frequency doubling crystal



Raman shift cell 

Optical systems

Hydrogen (H2) flame 



Hydride generation system 

Table 4 Operating conditions for the hydride generation system



Monochromator 

Table 5 Specifications of laboratory Czerny Turner monochromator 



Photomultiplier tube 

Boxcar integrator/ Gated integrator 



Oscilloscope



Figure 4 Schematic diagram of HG-LIF Bi 
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Figure 5 Schematic diagram of HG-LIF Ge 

Nd:YAG LASER DYE LASER

Frequency Doubling 
Crystal

Raman Shift Cell

Oscilloscope

PMT

Monochromator

H2 FLAME

Peristaltic Pump 
System

B
O
X
C
A
R

Acidified
Sample

NaBH4



EXPERIMENTAL SECTION 

Reagents and standards



Certified reference material and samples 

Sample preparation HG-LIF Bi 

Sample preparation HG-LIF Ge 



Experimental setup for HG-LIF Bi 



Table 6 Experimental conditions used for HG-LIF Bi 
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Experimental set up for HG-LIF Ge 



Table 7 Experimental Conditions used for HG-LIF Ge 
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RESULTS AND DISCUSSON 

Bismuth 

Fluorescence intensity scans 

Figure 6 Fluorescence intensity scans
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Influence of hydrochloric acid concentration on fluorescence intensity of Bi

Figure 7 Influence of hydrochloric acid concentration on fluorescence intensity of Bi
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Influence of sodium tetrahydroborate concentration on fluorescence intensity of Bi

Figure 8 Influence of sodium borohydride concentration on fluorescence intensity of 
Bi
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Influence of peristaltic pump flow rates on fluorescence intensity of Bi

Figure 9 Influence of peristaltic pump flow rates on fluorescence intensity of Bi 

In
te

ns
ity

 (V
)

Peristalitic pump speed (rpm)



Table 8 Peristaltic pump flow rates of acid/sample and NaBH4

Pump Flow rate

(rpm)

Acid/Sample

(mL/min)

NaBH4

(mL/min)



Influence of monochromator slit width on fluorescence intensity of Bi

Figure 10 Influence of monochromator slit width on fluorescence intensity of Bi 
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Influence of masking reagent concentration on fluorescence intensity of Bi

Figure 11 Influence of masking reagent concentration on fluorescence intensity of Bi 
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Table 9 Optimal conditions for HG-LIF Bi 

Parameters Bi

Calibration and analytical figures of merit 

LOD    =    3σ/m



Figure 12 Calibration curve HGL-LIF Bi 

Figure 13 Calibration curve HG-LIF Bi 
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Table 10 Filter factors of the ND filters at different wavelengths 

Wavelength 

(nm)

ND 0.3 filter ND 0.5 filter ND 0.6 filter ND 2 filter

Table 11 Analytical figures of merit for HG-LIF Bi 

Analytical Figures Bi



Analysis of a multielement standard and a standard reference material 

Analysis of real samples 



Determination of Bi in different kinds of tea leaves 

Table 12 Bismuth contents of different kinds of tea leaves 



Germanium 

Effect of acidity on fluorescence signals of Ge

Influence of O-phosphoric acid concentration on fluorescence intensity of Ge 



Figure 14 Influence of O-phosphoric acid concentration on fluorescence intensity of 
Ge

Influence of hydrochloric acid concentration on fluorescence intensity of Ge 
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Figure 15 Influence of hydrochloric acid concentration on fluorescence intensity of 
Ge

Influence of sodium tetrahydroborate concentration on fluorescence intensity of Ge 
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Figure 16 Influence of tetrahydroborate concentration on fluorescence intensity of 
Ge
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Influence of peristaltic pump flow rate on fluorescence intensity of Ge 

Figure 17 Influence of peristaltic pump flow rate on fluorescence intensity of Ge 
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Influence of masking reagent concentration on fluorescence intensity of Ge 

Figure 18 Influence of masking reagent concentration on fluorescence intensity of 
Ge
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Table 13 Optimal conditions for HG-LIF Ge 

Parameters Ge

Calibration and analytical figures of merit 

LOD    =    3σ/m



Figure 19 Calibration curve plot 1 HG-LIF Ge 

Figure 20 Calibration curve plot 2 HG-LIF Ge 
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Table 14 Analytical figures of merit for HG-LIF Ge 

Analytical Figures Ge

Analysis a certified reference material and multielement standards 



1643e NIST SRM recovery study 

Figure 21 NIST 1643e SRM recovery study 
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ICP SRM 51844 recovery study 

Figure 22 ICP SRM IV recovery study 

Germanium supplement capsule analysis 
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Table 15 Germanium contents of supplement capsules from different vendors 



CONCLUSIONS AND FUTURE DIRECTIONS 
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