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Investigation of HgBr(B'T') excitation 
due to collislona of Kr' ions w i t h  

HgBr, molecules 

MOHAMMAD F. MAHMOOD 
DEPARTMENT OF ELECTRICAL ENGINEERING 

HOWARD UNIVERSITY, WASHINGTON, DC 20059. USA 

Abstract. - Electronic excitation of Hg and the HgBr radi- 
cal has been observed in the present studies during col- 

lisions of HgBr, with Kr' ions at different laboratory 

kinetic energies. Emission cross-sections for excitation of 

the most intense band of the HgBr(B'1'. v' = 0 + X'Z', v" = 

2 2 )  transition at 502 nm have been measured in the kinetic 

energy range of 1CO-1000 eV. 

1. Introduction 

There has been a considerable interest in developing 

highly efficient lasers for use in ocean optics, especially 

for transmitting communication signals to submarines and for 

the measurement of ocean depth near the coastal lines 111. 

HgBr lasers meet most of the requirements needed for ocean 

optics. These lasers have been observed to lase in HgBr 

radical involving low lying vibrational levels of the elect- 

ronically excited B'X' state and high vibrational levels of 
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MAHMOOD 1184 

the ground X 'E 

of HgBr, vapor 

state during electrical or optical pumping 

2 - 9 1 .  Since the laser transitions terminate 

to the high vibrational levels of the. ground state, 

collisional quenching of these levels by gases such as N,. 

Ar, Kr. etc. has been proposed to improve the performance of 

HgBr lasers [lo, 111. In a discharge medium containing 

these gases along with HgBr, vapor, a variety of processes 

such as excitation, ionization, dissociation, etc. take 

place leading to the formation of excited as well as ionized 

species. In a discharge medium containing Kr, a large 

number of Kr' ions are expected to be produced due to 

collisions with electrons. These Kr' ions when collide with 

HgBr, molecules present in the discharge medium, they 

contribute to the formation of the HgBr(B'L') state and 

atomic mercury lines during collision induced dissociative 

excitation processes. The HgBr(B2E'-X2E') emission intensity 

was observed [12] to be weak during dissociative excitation 

of HgBr, by Kr('P,). In this communication, observations are 

reported on the formation of HgBr(B2E'-X2E') band system and 

atomic mercury lines during collisions of HgBr, with Kr' 

ions at different laboratory kinetic energies. Emission 

cross sections have also been measured of the most intense 

band of the HgBr(B2E'-X'E') transition corresponding to 502 

nm at different laboratory kinetic energies of the projec- 

tile ions. This information may be useful in theoretical 

modeling and proper understanding of the kinetics of dis- 

charge pumped mercury bromide lasers. 
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EXCITATION OF Hg AND THE HgBr RADICAL 1185 

2 .  Experiment 

The experiment was performed by directing a mass selected 

ion beam of Kr' in a collision cell containing HgBr, vapor. 

The ions were produced by electron impact on flowing krypton 

gas through a dc discharge operating at low voltage. The 

ions were extracted from a small hole in the anode, accele- 

rated to an energy of about 1 keV and focused into a high 

resolution Wien velocity filter I131 by means of a set of 

Einzel lenses. The desired mass-selected Kr' ions were then 

de-accelerated by using another set of electrostatic lenses 

into the collision cell (Fig. 1). The collision cell has a 

slot (2cm x 2mm) parallel to the ion beam and equipped with 

a sliding suprasil window for monitoring the emitted phot'ons 

due to the ion-molecule reactions inside the collision cell. 

This cell has two apertures for entrance and exit of the ion 

beam. The mercury bromide vapor was generated by heating 

HgBr, salt in a container underneath collision cell. The 

container was made of copper and wrapped with a band heater. 

The temperature of the mercury bromide vapor was measured by 

a calibrated thermocouple (k-type. Keithley Insturments) and 

was displayed on a digital thermometer. This temperature 

was then used to calculate the vapor density of HgBr,. Ions 

were collected on a Faraday cup connected to a sensitive 

electrometer to measure ion currents. The Kr' ion current 

was observed to be in the range of 1nA to 1 HA in the kinet- 

ic energy range of 100 - 1000 eV. The ion source, Wien 

velocity filter, collision cell, HgBr, vapor generator, and 

ion collector (Faraday cup) were all housed in a stainless 
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1186 MAHMOOD 

steel chamber. This chamber was evacuated by two mechanical 

pumps and a cryogenic pump (CTI model Cryo-Torr-8 to a base 

pressure of about lo-' Torr. The chamber pressure was 

monitored by a calibrated Bayer-Lampert ionization gauge. 

The resulting atomic and molecular emission photons were 

monitored in a direction perpendicular to the ion beam. The 

light emitted from the collision cell due to ion-molecule 

reactions involving Kr' and HgBr, molecules was dispersed by 

a 0.2m scanning monochromator (McPherson model 275 attached 

to a scanner model 789) and detected by a cooled (-25°C) 

photomultiplier tube (PMT) (EM1 GenCom model 9863 QB/5). 

The output of the PMT was amplified and displayed on a 

photon counter (EM1 Gen Com model AD-100 amplifier and C-10 

counter). The output signal from the photon counter was 

sent to a multichannel analyzer (MCA) (Norland Corporation 

model 5680) for storage and plotting data. 

3 .Rssu l t s  and discussion 

Emission spectra of the (B'Z' - X'Z') transition of HgBr 

radical as well as mercury atomic lines from energy levels 

as high as Hg(6 ID) to various lower energy levels, 

according to the electric dipole selection rule b J  = 0, 5 

1. were observed in the wavelength range 580 - 300 nm during 

collisions involving Kr' ions at various kinetic energies 

(lab.) and HgBr, molecules. In the case of Ar' and HgBr, 

collisiciia. it was possible to observe HgBr(B'Z' - X'Z') 

emission bands and atomic mercury lines at kenetic energies 

as low as 10 eV, whereas with Kr' and HgBr, collisions, 

these emissions were not observed below 100 eV under similar 
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Figure 1 Experimental setup used in the present study 

experimental conditions Figure 2 shows the emission spect- 

ra of the HgBr (BzZ'-XaE*) band system and atomic mercury 

lines which were observed during collisions of Ar' and Kr' 

ions at a laboratory kinetic energy of 700 eV with HgBr, 

molecules at a vapor density of about 0.15 Torr. 

The following set of collision-induced dissociative 

excitation processes may be proposed to explain the observa- 

tion of HgBr(B22'-XZX') band system and highly-excited states 

of atomic mercury transitions during collisions of Kr' ions 

with HgBr, molecules. 

Kr'+HgBr, + HgBr,(b"'E )+Kr' + A E (-6.30 eV) 

Kr'+HgBr, -+ HgBr(B'E')+Br+Kr' + AE (-6.07 eV) 
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Figure 2 Emission spectra observed during c o l l i s i o n s  of 

HgBr, molecules ( =  0.15 Torr) and Ar'/Kr' ions a t  a 

laboratory k ine t i c  energy of 700 eV. 

A = Hg(7 'SI-6'P,) B = Hg(7 'S,-6'Pl), 

C = Hg(7 'S1-6'P,) D = Hg(7 'Dl-6'P,), 

E = Hg(7'D,-6'P1) 

a :  Ar' + HgBr, b :  Kr' + HgBr, 
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EXCITATION OF Hg AND THE HgBr RADICAL 1189 

Kr-+HgBr, -* Hg*+Br,+Kr'+ A E ( - 6 . 7 8  eV) ( 3 )  

Kr'+HgBr + HgBr(B'Z')+Kr' + AE ( - 2 . 9 2  eV) ( 4 )  

Kr'+Hg + Hg*+Kr'+ AE ( - 4 . 9  eV) (5) 

Kr'+Hg* + Hg**+ Kr'+ aE ( -2 .86  eV) ( 6 )  

where Hg* = Hg(6 'PI) and Hg" = Hg(7'S,) or Hg('D). These 

aE values were calculated by using the ground state dis- 

sociation energies [ 141  for the processes HgBr, + HgBr+Br 

( 3 . 1 2  eV) , HgBr, -* Hg + Br, ( 1 . 6 8  eV) , and HgBr -* Hg + Br 

( 0 . 7 1  eV). It is because of the low dissociation energies 

of these ground state species, collision induced 

dissociative processes will occur before the excitation 

proczsses as indicated [see reactions (1) - ( 6 ) ] .  The 

observation of HgBr(B2Z') state and atomic mercury lines at 

540, 435.8,  404.6. 365 and 312.56 nm from highly excited 

states of atomic mercury may then be due to the efficient 

conversion of kinetic energies of Kr' ions into the internal 

energies of the by product species through the processes ( 4 )  

- ( 6 ) ,  mainly because of their low endothermicities. Such 

conversions have been observed in the past in other ion- 

molecules reactions [ 1 5 ] .  

By using the integrated intensities of the most intense 

band head of HgBr(B'Z'-X'Z') transition at 502 nm 

corresponding to (v' = 0 - v" = 2 2 ) ,  emission cross-sections 

have been measured at different laboratory kinetic energies 

of the Kr' ions (see Table I). These cross-sections were 

calculated by using the following relation: 

a = I,/(IpnL), 

where o is the cross-section in cm'. I, is the number of 
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Table 1 
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Measured emission cross-sections of HgBr(B'E', v' = 0 - 

X'E', v" = 2 2 )  formation due to Kr' and HgBr, collisions at 

different laboratory kinetic energies of the projectile 

ions. 

Kinetic energy (eV) Cross section (xlO-"crn') 

1000 

900 

700 

500 

300 

100 

0.12 

0.61 

1.91 

1.65 

0.98 

0.31 

photons/sec. I, is the number of primary ions/sec. n is the 

number density of HgBr, molecules in cm", and L is the 

interaction length ( 2  cms) of the ion beam with HgBr, vapor 

inside the collision cell. It is to be noted here that I, 

is the number of photons/sec corrected for the detection 

efficiency of the optical system including the solid angle 

of light collection. I, is the absolute ion current measur- 

ed at the Faraday cup. The vapor density of HgBr, molecules 

at a particular temperature was calculated by using the 
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EXCITATION OF Hg AND THE HgBr RADICAL 1191 

thermodynamical constants [16]. The accuracy of these 

measured cross-sections depends upon the accuracy of 

measurement of I, and n. The optical system was calibrated 

using calibrated lamp traceable to NBS in the wavelength 

range of 300-800 nm and rechecked by measuring the emission 

cross-sections of the hydrogen atomic lines observed in 

charge transfer reactions involving He' and H, gas at labor- 

atory kinetic energies of 100 and 700 eV. These cross- 

sections were about 20% higher than those measured in the 

past [17]. The emission cross-sections of the most intense 

band of the HgBr(B'E', v' = 0 + X'E', v" = 2 2 )  transition at 

502 nm have been calculated in the laboratory kinetic energy 

range 100 - 1000 eV of the projectile ions with an estimated 

accuracy of 20 to 30%. 

4 .  Conclusion 

In conclusion, ion-molecule reactions involving col- 

lisions of HgBr, and Kr' ions have been studied and have 

measured the emission cross-sections of HgBr(B'Z'. v *  = 0 - 
X'Z', v" = 2 2 )  formation at different kinetic energies. 

Collision-induced dissociative excitation processes seem to 

be the dominant mechanism in producing these emissions. 
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