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In this study, Laser-Induced Breakdown Spectroscopy (LIBS) technology has been applied to 

detect iodine, an essential element for human body. Iodine in buffer gases of N2 and air was 

detected using nanosecond and picosecond breakdowns of CH3I at reduced pressure. Compared 

with the conventional methods of iodine measurement, LIBS technology without the sample 

preparation shows the merits of fast response, real-time and enhanced detection limit. The 

measurement results of iodine demonstrated that low-pressure LIBS is the favourable method 

for trace species measurement in analytical application. The plasma generation process can be 

controlled by the pressure and laser pulse width for the larger ionization and excitation 

processes of iodine, which was discussed by the intensity ratio of iodine emission at 183 nm to 

nitrogen emission at 174.3 nm. The detection limit of iodine measurement in N2 was 60 ppb in 

nanosecond breakdown at 700 Pa. Iodine in the buffer gas of air was also detected using 

nanosecond and picosecond breakdowns to discuss the effect of oxygen. 

 

Introduction 

Iodine is a necessary element in the environment, contained in most 

materials, such as soil, rocks, ocean, food, and so on. Iodine is also 

one of the essential trace elements of the human body, called 

intellectual element. The total amount of iodine in healthy adult is 

about 20-50 mg, 70%-80% of which exist in the thyroid gland. The 

World Health Organization (WHO) recommends the intake of iodine 

should not exceed 300 µg a day. Nuclear accidents show that the 

radioactive iodine is the serious influencing factor for human health 

and environment. For example, in Japan, after the Fukushima 

nuclear power plant accident, the pollution of the radioactive 

materials becomes the focal issue and research point. Human and 

other organisms can take in the radioactive materials, such as iodine, 

Cs, Sr, Se and so on, which leads to severe disease. 

There are several papers proposing various methods for iodine 

detection in food, brine, air, etc. The technology of Gas 

Chromatography-Mass Spectrometry (GC-MS) was employed to 

determinate iodine in various applications.1, 2 The high mobility of 

iodine in aquatic systems has led to 129I contamination problems at 

sites where nuclear fuel has been reprocessed. In order to assess the 

distribution of 129I and stable 127I in environmental systems, a 

sensitive and rapid method was developed which enables 

determination of isotopic ratios of iodine. Iodide concentrations were 

quantified using Gas Chromatography-Mass Spectrometry (GC-

MS).3 A new approach of the combination with post derivatization 

and Gas Chromatography-Mass Spectrometry (GC-MS) for the 

quantification of gaseous molecular iodine (I2) was presented for 

laboratory- and field-based studies and its novel application for the 

measurement of radioactive molecular iodine.4 Inductively Coupled 

Plasma associated with Optical Emission Spectroscopy (ICP-OES) 

and Mass Spectrometry (ICP-MS) technologies have been 

successfully applied to analyze iodine in different kinds of samples.5-

7 Several sample preparation techniques have been evaluated for the 

determination of iodine using UV-photochemical generation-

quadrupole inductively coupled plasma mass spectrometry, which 

was applied to the analysis of real samples.8 However, sample 

preparation was required to utilize these technologies.  

Laser-Induced Breakdown Spectroscopy (LIBS) is an appealing 

detection technique compared with many other methods of elemental 

analysis because of the fast response, high sensitivity, real-time and 

non-contact features without any pre-preparation of samples. The 

technology has been widely used in gas,9-15 liquid16-18 and solid 

materials.19-24 With the development of the laser technology, short 

pulse width lasers, such as picosecond laser and femtosecond laser 

have been employed for LIBS technique. The utilization of short 

pulse laser for plasma generation has been extensively studied.25, 26 

Short pulse irradiation allowed for a specificity of excitation that 

could yield LIBS signals more tightly and showed significantly 

lower background emission.  

Laser-induced plasma process in gas phase is different from that 

in solid phase. One of the challenging targets of LIBS is the 

enhancement of detection limit of gas phase materials. In this paper, 

iodine in buffer gases of N2 and air was detected by LIBS 

technology using nanosecond and picosecond breakdowns of CH3I at 

reduced pressure. The laser-induced plasma process such as the 

electron impact ionization process can be controlled by reducing the 

pressure and employing short pulse laser. The method reported here 

can improve the detection ability of iodine measurement in practical 

applications. 
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Theory 

Creation and cooling processes of plasma in LIBS can be described 

as follows. In the generation of plasma, the core of plasma is firstly 

produced by the absorption of the incident laser energy, such as 

multi-photon ionization in solids, liquids, or gases. The creation of 

the plasma core induces the rapid growth of plasma through the 

absorption of the laser light by electrons and the electron impact 

ionization process in it, that is, the inverse bremsstrahlung process. 

After the termination of the laser pulse, the plasma continues 

expanding because of its high temperature and pressure gradients 

compared with ambient conditions. At the same time, recombination 

of electrons and ions proceeds due to the collision process and 

temperature decreases gradually compared with the plasma 

generation process. Therefore the continuum emission is released by 

bremsstrahlung and recombination processes in the optically thin 

plasma. LIBS signals of ions, atoms and molecules arise in the 

plasma cooling period.27 The continuum emission is considered as 

one of the interferences to LIBS signals. 

Despite the fact that the processes involved in LIBS are complex, 

the emission intensity from the optically thin plasma during the 

cooling process was mostly examined by the following equation 

with the assumption of a uniform plasma temperature and no self-

absorption:27 

( ) ( ) ( ) ( )
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= −      

∑                          (1) 

In the above expression, I(i) is the emission intensity of species i, 

n(i) is the concentration of species i, K(i),j is a variable that includes 

the Einstein A coefficient from the upper energy level j, g(i),j is the 

statistical weight of species i at the upper energy level j, E(i).j is the 

upper level energy of species i, kB is the Boltzmann constant and T is 

the plasma temperature.  Eq. (1) is applicable under the conditions of 

local thermodynamic equilibrium (LTE). 

There are several interferences with the target signals in LIBS 

process, generally including the continuum emission from plasma 

itself, coexisting molecular and atomic emissions, noise from 

detectors, and so on. At high pressure, the main interference is the 

continuum emission from plasma itself, the intensity of which is 

proportional to biquadratic temperature. The plasma temperature 

including the temperatures of electrons, ions and neutrals is also 

high. The generated plasma is dense and the electrons, ions and 

neutrals collide frequently with each other. The temperatures of 

electrons, ions and neutrals become approximately same through 

violent collision to transfer energy in high pressure plasma, generally 

called thermal plasma. At low pressure, however, the density of 

plasma is rather low and few opportunities of the collisions between 

electrons and other particles cause the large difference of kinetic 

energy. Once initial electrons and ions are produced, they are 

accelerated by absorbing laser energy intensely. Because of the mass 

difference between charged particles, the kinetic energy of electron 

is much higher.  Since the neutrals obtain the energy by the collision 

of particles, the kinetic energy of neutrals is lower compared with 

that of the charged particles. In this case these particles are not in 

local thermodynamic equilibrium (LTE) condition. Te, Ti and Tn are 

defined as the kinetic temperatures of electrons, ions and neutrals 

respectively and the temperatures are in the order Te>>Ti, Te>>Tn, 

which is called cold plasma. In this case, the departure from LTE 

produces a population of excited levels differing from Boltzmann 

distribution. Populations of ions and neutrals in upper energy levels 

are larger than that of the LTE condition.28 This phenomenon 

becomes eminent in the low pressure condition in which collisions 

are reduced and the expansion of plasma becomes faster. The 

interference of coexisting molecular and atomic emissions appears 

from the products of plasma generation process. At low pressure, the 

interference of the continuum emission from plasma itself decreases 

dramatically. Because the collisional and plasma quenching 

processes are not significant under reduced pressure conditions, 

stable and longer existing plasma is formed through the plasma 

expansion, which makes the signal detection much easier with low 

interference. 

Another important strategy of this study is the control of the 

electron impact ionization process by the laser pulse width. Once 

charged particles are produced by multi-photon ionization, laser 

energy will be absorbed by the inverse bremsstrahlung intensively 

and plasma grows rapidly by electron impact ionization. This plasma 

growth process can be controlled using short pulse width lasers, such 

as picosecond laser. To investigate the phenomena described above, 

the theoretical model using the lattice Boltzmann method (LBM) 

was applied and the gas plasma generation processes were analysed 

using LBM. Maxwell equations, which were used to model the 

propagation of laser, were calculated by the finite difference time 

domain (FDTD) method. Employing coefficients of distribution 

functions, processes of inverse bremsstrahlung, multi-photon 

ionization, electron impact ionization and three-body recombination 

were included in Boltzmann equations. Creation and evolution 

processes of particles (electron, ion, and neutral) in plasma were 

clarified using LBM to solve the continuous Boltzmann equations 

used to simulate the generation of plasma. The summery of this 

theoretical model is described and it is also discussed in detail 

elsewhere.29 

LIBS signals arising in plasma cooling period are determined by 

the initial plasma creation process including multi-photon ionization 

and electron impact ionization that can be controlled by pressure, 

laser pulse width, and wavelength. Because the difference of multi-

photon ionization rates between N2 and CH3I is large and CH3I is 

largely dissociated by the laser irradiation,30 the features of emission 

signal will also change, which is the study in this paper. At high 

pressure, electron impact ionization is the major source of plasma 

generation. Multi-photon ionization becomes the dominant process 

in plasma generation when reducing the pressure. In this study, low 

pressure and short pulse laser breakdown was employed to the iodine 

detection of CH3I in buffer gases of N2 and air. The upper level 

energy of detection species is listed in Table 1.31 Iodine wavelength 

at 183 nm (I-3) was the representative signal in this study according 

to the upper level energy. 

 

Table 1 Upper level energy of detection species 

Species 
Upper energy 

(cm-1) 

Lower energy 

(cm-1) 

Wavelength 

(nm) 

I-1 56092.88 0 178.3 

I-2 63186.76 7602.97 179.9 

I-3 54633.46 0 183 

I-4 56092.88 7602.97 206.2 

C 61981.82 10192.63 193 

N-1 86220.51 28839.31 174.3 

 
Experimental Apparatus 

Fig. 1 illustrates the experimental apparatus used in this study. The 

apparatus fundamentally consisted of lasers, vacuum chamber, lens, 

detectors and so on. Three different pulse width lasers were 

employed to measure iodine. Nanosecond laser employed was pulse 

Nd:YAG laser (Quanta-Ray Pro-230, 6-12 ns, 10 Hz, beam 
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diameter: 9 mm) operated at fundamental radiation 1064 nm and 

second harmonic 532 nm with different pulse energy, respectively. 

The output parameters of picosecond laser 1 (EKSPLA SL312, 150 

ps, 10 Hz, beam diameter: 10 mm) were: 1064 nm and 150 mJ/p. 

The output parameters of picosecond laser 2 (Quantel YG901C-10, 

35 ps, 10 Hz, beam diameter: 9.5 mm) were: 1064 nm and 64 mJ/p. 

The output laser beam was focused into the measurement area using 

the lens with focal length of 80 mm. The measurement chamber was 

a vacuum cell with four quartz windows and its internal volume was 

about 200 cm3. The path length from the center of chamber to the 

quartz windows was 65 mm. Perpendicular to laser propagation 

direction, emission from another window of the chamber was 

focused onto the spectrometer slit. The focal length of the lens 

between vacuum chamber and spectrometer was 60 mm. Emission 

signals were finally detected by combination of a spectrometer 

(JASCOCT-10S), an ICCD camera (Princeton Instruments Inc., 

Model ITEA/CCD-576-S/RB-E) and auxiliary equipment. The 

signal of 100 shots (10 s) was measured three times at each condition. 

The detection limit was estimated by accumulating signals of 600 

shots (1 min). The gate width was set to 30 µs in this study. In the 

measurement of iodine, the iodine signal was located at vacuum UV 

region such as 183 nm, in which there was the effect of O2 

absorption. Therefore N2 was purged along the detection path from 

the vacuum chamber to the spectrometer, which is shown as the 

dashed range in Fig. 1.  

The standard gas of CH3I in N2 with concentration of 101 ppm 

(Taiyo Nippon Sanso) was used and diluted by the buffer gases of N2 

and air to reduce the concentration around few ppm levels due to the 
high sensitivity of LIBS technology. The pressure was measured by 

a pressure gauge (Tem-Tech Lab. SE1000-SNV-420T1) installed at 

the evacuation port of the chamber. 

 
Fig. 1 Schematic diagram of the experimental apparatus 

Results and Discussion 

There are several interferences with the target signals in LIBS 

process, generally including the continuum emission from plasma 

itself, coexisting molecular and atomic emissions, noise from 

detectors, and so on. Iodine signal in N2 was measured at the 

pressure of 30 kPa using ns 1064 nm breakdown. It was difficult to 

distinguish the signals of iodine and C in short delay time because of 

the strong interference of the continuum emission from plasma itself. 

In long delay time of 30 µs and 50 µs, there were discriminable 

signals of iodine emission, as shown in Fig. 2. In order to confirm 

the different emission signals, the pure gas of N2 was also detected 

under the same conditions, such as N emissions at 174.3 nm (N-1), 

184.6 nm, 188.5 nm and 213 nm. The intensity ratio of I-3 to C is 

much higher in the delay time of 50 µs compared with that in the 

delay time of 30 µs due to the fact that there is the difference of the 

upper level energies between C (61981.82 cm-1) and I-3 (54633.46 

cm-1). At this range of pressure, the electron impact ionization 

process becomes the major process to raise the temperature of 

plasma and the emission signals tended to follow Eq. (1) limiting the 

improvement of signal to noise ratio.  

 
(a) Delay time 30 µs 

 
(b) Delay time 50 µs 

Fig. 2 LIBS spectra of iodine signal at high pressure. Conditions: ns 

1064 nm, power 400 mJ/p, pressure 30 kPa, gate width 30 µs, buffer 

gas N2. The signal was normalized by C signal intensity. 

 

Nanosecond breakdown of CH3I in N2 under different 

conditions  

Under reduced pressure condition, iodine in buffer gas of N2 

was detected using nanosecond breakdown. Fig. 3 shows the 

measurement results of iodine signal at low pressure of 1300 Pa 

using 1064 nm and 532 nm breakdowns with laser power of 

400 mJ/p. The obvious iodine signal can be distinguished from 

the spectra in both cases. These spectra were not detected at 30 

kPa by adjusting the delay time. At low pressure, the particles, 

such as electrons, ions and neutrals, in cold plasma were not in 

LTE condition. The temperature of plasma mainly referred to 

the neutrals of excited iodine at low pressure, which was also 

lower compared with that at higher pressure because of the 

limited electron impact ionization process. The interference of 

the continuum emission from plasma itself was reduced when 

the pressure decreased and iodine emissions became eminent 

compared with other emission signals. It is also recognized that 

the iodine emission at 183 nm (I-3) became eminent compared 

with other emission signals such as N-1 at 174.3 nm using 532 

nm breakdown. This effect was also recognized by the laser 

breakdown time-of-flight mass spectrometry (LB-TOFMS) and 

it was observed that 532 nm can dissociate CH3I much more 

efficiently compared to N2.
30 It is also worth noting that the 

lower electron density produced by 532 nm breakdown reduced  
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(a) ns 1064 nm breakdown 

 
(b) ns 532 nm breakdown 

Fig. 3 LIBS spectra of iodine signal at low pressure using 

nanosecond breakdown. Conditions: power 400 mJ/p, pressure 

1300 Pa, delay time 1060 ns, gate width 30 µs, buffer gas N2. 

The signal was normalized by iodine signal of I-3. 

 

the effect of electron impact ionization because of the lower 

efficiency of inverse bremsstrahlung process, which is 

approximately proportional to wavelength square.32 

Employing ns 1064 nm breakdown with laser power of 400 

mJ/p and 1000 mJ/p, iodine signal was measured under 

different pressure and delay time conditions. Nanosecond laser 

operated at 532 nm with power of 400 mJ/p was also employed 

to measure iodine under different conditions. When the 

pressure decreased, the effect of electron impact ionization can 

be reduced. As N2 was the buffer gas, N emission at 174.3 nm 

(N-1) was determined as the coexisting atomic emissions to 

clarify the plasma generation process including the multi-

photon ionization and electron impact ionization processes. 

Iodine emission at 183 nm (I-3) was set as a representative 

signal. Compared with the iodine signal at 183 nm (I-3), the N 

signal was mainly produced by the electron impact ionization 

process due to the higher upper level energy of N-1 emission. 

The intensity ratio of I-3 at 183 nm to N-1 at 174.3 nm was 

chosen to compare the breakdown characteristics. 

Figs. 4(a), 4(b) and 4(c) show the delay time dependence of 

II-3/IN-1 under different conditions. When the pressure reduced 

at low pressure area (less than 3000 Pa), the intensity ratio of I-

3 to N-1 increased, which also demonstrated the satisfied 

results using low pressure LIBS. The intensity ratio of I-3 to N-

1 also increased with an increase in delay time due to the lower 

upper level energy of iodine compared with that of N, as shown 

in Table 1. 

Comparing the results using 1064 nm breakdown at different 

power, the intensity ratio of I-3 to N-1 using 400 mJ/p was 

better than that using 1000 mJ/p, as Fig. 4(a) and Fig. 4(b) 

show. The increased laser power strengthened the electron 

impact ionization process, which resulted in the significant 

increase of N signal intensity. In the case of ns 532 nm 

 
(a) Delay time dependence of II-3/IN-1 using ns 1064 nm 

breakdown at 400 mJ/p 

 
(b) Delay time dependence of II-3/IN-1 using ns 1064 nm 

breakdown at 1000 mJ/p 

 
(c) Delay time dependence of II-3/IN-1 using ns 532 nm 

breakdown at 400 mJ/p 

 
(d) Delay time dependence of II-3/II-2 using ns 532 nm 

breakdown at 400 mJ/p 

Fig. 4 Delay time dependence of iodine signal at different 

pressure. Conditions: gate width 30 µs, buffer gas N2.   

 

breakdown, at low pressure of 700 Pa and 900 Pa, there was 

clear I-3 signal without N-1 signal at 174.3 nm because of the 

larger ionization and excitation processes. Compared Fig. 4(a) 
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with Fig. 4(c), the intensity ratio of I-3 to N-1 was much higher 

in the case of 532 nm breakdown. This was occurred because of 

the different photon energy leading to the dissociation of CH3I. 

The photon energy of 532 nm is double compared with that of 

1064 nm. Employing 532 nm breakdown, the multi-photon 

ionization process is much more efficient due to the higher 

photon energy,33 leading to the eminent iodine signal intensity 

at the same condition. Another reason was the efficient electron 

impact ionization by 1064 nm, resulting in the increase of 

signal intensity especially the N signal. All these two causes led 

to the higher intensity ratio of I-3 to N-1 using 532 nm 

breakdown. 

As is known from these results, the plasma temperature 

reduced when the pressure decreased because the effect of 

electron impact ionization was reduced in these three cases. The 

intensity ratio of I-3 to N-1 increased at reduced pressure. 

Especially the large increase appeared at the lower pressure, 

such as 700 Pa using 1064 nm breakdown and 1300 Pa using 

532 nm breakdown. The finding was explained by the 

comparison of delay time dependence of II-3/IN-1 and II-3/II-2 at 

different pressure, as shown in Fig. 4(c) and Fig. 4(d). The 

intensity ratio of the emission pair of iodine atom can be used 

as an indicator of iodine temperature. Among iodine emission 

lines II-3/II-2 was used as this indicator in this study, because 

there is enough difference of the upper level energies between 

I-2 and I-3. It is also mentioned that despite the upper level 

energy of I-4, the behavior of I-4 showed almost the same 

tendency as that of I-2 and I-4 is not suitable as an indicator in 

this study. We assume that there is a mixing of different 

emission lines at 206.2 nm or other effects such as resonant 

phenomena. 

The increase of II-3/II-2 means the decrease of temperature. 

These results confirmed the decrease of temperature with the 

increase of delay time and decrease of pressure. The difference 

of II-3/II-2 between each presssure in same delay time was not 

similar to that of II-3/IN-1. Therefore, the decrease of plasma 

temperature was not the only cause to increase the intensity 

ratio of I-3 to N-1 at reduced pressure and the discrepancy from 

the LTE condition at reduced pressure produced more 

population of iodine at excited levels. Even more important, the 

iodine can be ionized and excited largely at low pressure 

compared with the coexisting atom of N. The consistent results 

can also be clarified in the cases of ns 1064 nm breakdown. 

However, the more significant larger ionization and excitation 

appeared when using 532 nm breakdown. 

 

Picosecond breakdown of CH3I in N2 under different 

conditions 

The laser-induced plasma process can be controlled by pressure 

and laser pulse width. Short pulse laser irradiation allowed for a 

specificity of excitation that could yield LIBS signals more 

tightly correlated to particular chemical species and showed 

significantly lower background emission. Short pulse lasers 

with pulse widths of 150 ps and 35 ps were employed to discuss 

the plasma generation process. Fig. 5 shows the measurement 

results of iodine emissions in N2 using 150 ps and 35 ps lasers 

operated at 1064 nm, which indicates that the signal of I-3 was 

the main spectral line. Compared with Fig. 3(a), the iodine 

signal (I-3) became clearer using short pulse width breakdown. 

The coexisting atom emissions and the continuum emission 

from plasma itself were reduced when employing short pulse 

breakdown, especially 35 ps breakdown.  

 
(a) 150 ps 1064 nm breakdown 

 
(b) 35 ps 1064 nm breakdown 

 

Fig. 5 LIBS spectra of iodine signal at low pressure using 

picosecond breakdown. Conditions: 150 ps laser at 1064 nm 

with power 150 mJ/p, 35 ps laser at 1064 nm with power 64 

mJ/p, pressure 1300 Pa, delay time 1060 ns, gate width 30 µs, 

buffer gas N2. The signal was normalized by iodine signal of I-

3. 

 
Fig. 6 Pressure dependence of II-3/IN-1 in N2. Conditions: delay 

time 1060 ns, gate width 30 µs. 

 

Under different pressure and delay time conditions, iodine 

signal was detected using these two short pulse width lasers. 

Fig. 6 shows the pressure dependence of II-3/IN-1 under different 

breakdown conditions. When reducing the pressure, the 

intensity ratio of I-3 to N-1 increased in all cases. Short pulse 

width and short wavelength breakdown performed the 

improved intensity ratio of I-3 to N-1. Nanosecond breakdown 

at different power and wavelength has been already discussed 

in the previous section. Taking all the conditions into 

consideration, the reasons for the improved results were the 

control of the laser-induced plasma process, especially electron 

impact ionization process, and the larger ionization and 

excitation of iodine. The coexisting molecular and atomic 

emissions usually appear during the electron impact ionization 

process. The interference of coexisting atomic emission, i.e. N 
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emission, was diminished employing short pulse width and 

short wavelength breakdown. 

 

Detection limit of iodine in buffer gases of N2 and air 

Fig. 7 shows the concentration dependence of iodine signal intensity 

in buffer gas of N2 using ns 1064 nm, ns 532 nm and 35 ps 1064 nm 

breakdowns. The results suggest the linear growth of the intensity of 

I-3 signal.  

 
(a) ns 1064 nm breakdown  

 
(b) ns 532 nm breakdown 

 
(c) 35 ps 1064 nm breakdown 

Fig. 7 Concentration dependence of iodine signal intensity in N2. (a) 

ns 1064 nm breakdown. Conditions: power 400 mJ/p, pressure 700 

Pa, delay time 1060 ns. (b) ns 532 nm breakdown. Conditions: 

power 400 mJ/p, pressure 1300 Pa, delay time 260 ns. (c) 35 ps 1064 

nm breakdown. Conditions: power 64 mJ/p, pressure 1300 Pa, delay 

time 260 ns. Gate width 30 µs, buffer gas N2. The error bar was 

denoted using the standard deviation of three times measurements.  

Iodine was also measured in buffer gas of air to evaluate the 

buffer gas effect at reduced pressure conditions. Fig. 8 shows the 

measurement results of iodine in air at 700 Pa using nanosecond and 

35 picosecond lasers operated at 1064 nm. O2 absorption around 183 

nm was not significant at such low pressure of 700 Pa inside the 

chamber because the absorption cross section of O2 at 183 nm is 

around 10-21 cm2 34 and its effect is less than 1% according to the 

Beer-Lambert law. The LIBS spectra in buffer gas of air were 

different from that in buffer gas of N2 because of the reduction of 

iodine signal by the effect of oxygen. The iodine signal (I-3) at 183 

nm was reduced markedly due to the high quenching rate of excited 

iodine in buffer gas of air. According to the comparison of Fig. 8(a) 

and Fig. 8(b), the continuum emission from plasma itself was 

reduced when employing 35 ps breakdown, which led to the increase 

of signal to background ratio in the case of short pulse laser 

breakdown. These measurement results were consistent with those in 

buffer gas of N2. 

 
(a) ns 1064 nm breakdown 

 
(b) 35 ps 1064 nm breakdown 

Fig. 8 LIBS spectra of iodine signal in air. (a) ns 1064 nm 

breakdown. Conditions: power 1000 mJ/p, pressure 700 Pa, delay 

time 260 ns, gate width 30 µs, CH3I 500 ml/min, air 2.0 l/min. (b) 35 

ps 1064 nm breakdown. Conditions: power 64 mJ/p, pressure 700 Pa, 

delay time 60 ns, gate width 30 µs, CH3I 500 ml/min, air 2.0 l/min. 

The signal was normalized by the maximum. 

According the measurement results, the detection limit can be 

enhanced using low pressure LIBS. As for the measurement of 

iodine in N2 at low pressure, the iodine detection limit of 600 shots 

(1 min) in buffer gas of N2 was estimated by evaluating the ratio of 

the slope of the iodine signal calibration curve (ms) to the 

background noise (standard deviation: σ). The iodine detection limit 

was 60 ppb (3σ/ms) in nanosecond breakdown at pressure of 700 Pa. 

The background emission around I-3 at 183 nm was not eminent and 

the iodine detection limit was mainly determined by the detector 

noise in buffer gas of N2. Therefore, there was not evident 

enhancement of iodine detection limit employing short pulse width 

breakdowns. The detection limit of iodine in air became worse due 

to the high quenching rate of excited iodine in buffer gas of air.  

Conclusion 

This study focused on the trace species of iodine measurement. 

Iodine in buffer gases of N2 and air was measured using low 

pressure LIBS under different experimental conditions, i.e. 
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pressure, delay time, pulse width, buffer gas etc. when 

employing standard gas of CH3I to detect iodine signal. 

1) Under low pressure conditions, the obvious iodine 

signals, especially I-3 at 183 nm, were distinguished compared 

with that at higher pressure. The interference of the continuum 

emission from plasma itself reduced when the pressure 

decreased. 

2) Nanosecond laser was employed to measure iodine signal 

under different pressure and delay time conditions. The 

intensity ratio of I-3 to N-1 was improved when reducing the 

pressure and increasing the delay time. Low laser power at 

1064 nm breakdown and short wavelength of 532 nm 

breakdown performed the improved intensity ratio of I-3 to N-1 

due to the control of the electron impact ionization process and 

the efficiently larger ionization and excitation of iodine. 

3) The plasma generation process was controlled by the 

pulse width except for the pressure. Short pulse width lasers 

including 150 ps and 35 ps lasers were employed to measure 

iodine signal. The intensity ratio of I-3 to N-1 was enhanced 

using short pulse width lasers, especially 35 ps laser. 

4) The spectra in air were different from that in N2 due to the 

high quenching rate of excited iodine in buffer gas of air. Using 

low pressure LIBS, it is feasible to measure iodine in air, 

especially short pulse laser breakdown. The detection limit of 

iodine in N2 was 60 ppb (3σ/ms) in nanosecond breakdown at 

pressure of 700 Pa. 
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Iodine in buffer gases of air and N2 was measured under various conditions including different 

wavelength, laser power, pulse width and pressure to compare the detection characteristics of 

low pressure and short pulse LIBS. 
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