
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Spectroscopy and Kinetics of HgBr (B-X) Formation Due to Collisions of
Helium Ions with Methyl Mercury Bromide Molecules
M. F. Mahmooda

a Department of Electrical Engineering Howard University, Washington, DC, USA

To cite this Article Mahmood, M. F.(1990) 'Spectroscopy and Kinetics of HgBr (B-X) Formation Due to Collisions of
Helium Ions with Methyl Mercury Bromide Molecules', Spectroscopy Letters, 23: 3, 379 — 390
To link to this Article: DOI: 10.1080/00387019008054421
URL: http://dx.doi.org/10.1080/00387019008054421

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019008054421
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 23(3), 379-390 (1990) 

Spectroscopy and Kinetics of HqBr (B-X) Formation 
due to collisions of Helium Ions w i t h  Methyl 

Mercury Bromide Molecules 
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Abatract 

Emission resulting from collisions of 100-1000 eV He'/He,' 

ions with CH,HgBr molecules has been characterized in the 

244-500 run region. Emission bands due to HgBr (B-X). 

CH(A-X), and CH(B-X) transitions were observed besides 

atomic mercury lines. Emission crose-sections as a function 

of energy of helium ions for the strongest band of HgBr 

radical at 502 nm corresponding to the transition (v' = 0 - 

v" = 22) were determined. 

INTRODUCTION 

Laser action has been demonstrated from low-lying vibra- 

tional levels of the electronically excited B-state to the 
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380 MAHMOOD 

high vibrational levels of ground state of the HgBr radical, 

i.e. (B. v' = 0 - X. v" = 22) by using different excitation 

techniques."' The efficiency of mercury bromide lasers has 

been observed to improve significantly in the presence of 

buffer gases such as N,, Ar. He, etc. in the discharge 

medium.' In a discharge medium containing these gases with 

HgBr, vapor, a number of processes such as excitation. ioni- 

zation, dissociation. etc. may take place giving rise to the 

formation of excited as well as ionized species. Based on 

this information, a large number of He' and He,* ions are 

expected to be produced in a discharge medium containing He 

gas with HgBr, vapor.9 The formation of excited states of 

mercury atom has been observed in the past" during col- 

lisions involving He ( 2 % )  and HgBr, molecules with no 

emission from the HgBr (B-X) transition. Also, formation of 

ionized species such as Hg' and HgBr' has been observed by 

Johnsen and Biondi" during dissociative charge transfer 

processes involving collisions of He' ions with HgBr, mole- 

cules at thermal energy. In this paper. observations are 

reported. for the first time. on the formation of excited 

state species such as HgBr (8). CH(A), CH(B) and Hg* during 

collisions of He' and He,' ions with CH,HgBr molecules at 

various laboratory kinetic energies of the projectile ions. 

It is advantageous that CH,HgBr has a much higher vapor 

pressure than HgBr, at low temperatures. Emission cross- 

sections have also been determined of the strongest band of 

the HgBr (B-X) transition corresponding to 502 nm at various 

kinetic energies of He' and He,' ions. 
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COLLISIONS OF HELIUM IONS 
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P A  ACQUIS IT ION 

Fig. 1 Schematic diagram of the experimental setup. 

EXPERIMENTAL 

The experimental results reported here are obtained by 

directing a mass selected ion beam of He'/He, at a desired 

kinetic energy into a collision cell containing CH,HgBr 

vapor. Fig. 1 shows the schematic diagram of the experimen- 

tal setup used in the present study. The He' and He,' ions 

were generated in a low voltage d.c. discharge by flowing He 

gas through it controlled by a precision leak valve (Grain-. 

ville Philips model 328). extracted from a hole in the anode 

and then accelerated to an energy of about 1 keV before 

entering into a high resolution Wien velocity filterl2 

(Resolution: M/AM = 400). The desired mass-selected ions 
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382 MIMOOD 

were deaccelerated by a set of electrostatic lenses into the 

collision cell which was made of copper. The collision cell 

has a slot (2 cm x 2 mm) parallel to the ion beam for moni- 

toring the light resulting from the ion-molecule reactions. 

The methyl mercury bromide vapor was generated by heating 

CH,HgBr salt kept in a container underneath collision cell. 

The temperatures of the collision cell and the container 

were measured by a calibrated thermocouple (k-type. Keithley 

Instruments) and displayed on a digital thermometer. Ions 

were collected on a Faraday cup connected to a very sensi- 

tive electrometer (Keithley Instruments Model 610C) to 

measure ion currents. These ion currents were observed to 

be in the range of 1nA to 1pA in the kinetic energy range of 

100 - 1000 eV. The ion source, Wien velocity filter, col- 

lision cell, CH,HgBr vapor generator, and Faraday cup were 

all housed in a stainless steel chamber. The chamber was 

evacuated by two mechanical pumps (Edwards Model E2M12. 30 

CFM) and a cryo pump (CTI model Cry0 Torr - 8) to a base 

pressure of lo-’ Torr. The light emitted from the collision 

cell as a result of ion-molecule reactions involving col- 

lisions of helium ions with CH,HgBr molecules was dispersed 

by a 0.2m scanning monochromator with 1200 lines/mm grating 

(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 ampli- 

fied and displayed on a photon counter (EM1 GenCom model AD- 

100 amplifier and C-10 counter). The output signal from the 

photon counter was fed to a multichannel analyzer (MCA) 
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COLLISIONS OF HELIUM IONS 383 

(Norland Corporation model 5608) for storage and plotting 

data on a printer (Epson mode'l LX-800). 

RESULTS AND DISCUSSION 

The emission bands due to HgBr (B-X). CH(A-X) (Q heads of 

( 0 , O )  and (0, 1) bands at 431.4 and 489.0 nm, respectively). 

CH(B-X) (Q head of (0, 0) band at 388.9 nm) transitions and 

atomic mercury lines at 546, 435.8. 404.6, 365 and 312.56 nm 

due to the transitions Hg(7'Sl-6'P,, ,, 
6,P,, ,) according to the electric dipole selection rule A J 

= 0, 5 1 were observed during collisions of He' and He,' ions 

with CH,HgBr molecules. These observations were, however, 

limited in the kinetic energy range of 100 -1000 eV because 

of low ion currents at energies below 100 eV and high vapor 

pressure of CH,HgBr causes severe attenuation of the ion 

beam when passed through the vapor. Fig. 2 shows the emis- 

sion spectra observed during collisions of He' and He,' ions 

with CH'HgBr molecules at a kinetic energy (lab.) of 700 eV. 

It is known that the ionization potential" of CH,HgBr (10.16 

eV) is lower than that of HgBr, (10.62 eV) and, therefore. a 

large number of ionized species such as CH,HgBr'. HgBr', Hg', 

CH,*, CH,*, CH'. etc. are expected to be formed during col- 

and Hg(6*D1, ,, , - 

lisions of He' and He,' ions with CH,HgBr molecules. Based 

on expected ionized and emitted species observed in the 

present study. the following set of reactions may be respon- 

sible for the observation of emission bands of HgBr radical 

and atomic mercury lines. 
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304 MAHMOOD 

B D 

Fig. 2 Emiseion spectra observed due to collisions of 

(a) He,’ and (b) He’ ions with CH’HgBr ( E  0.15 

Torr) molecules at a laboratory kinetic energy of 

700 eV. 

A = Hg( 7’S1-6’P, ) ,  

C = Hg( 7’S1-6’P,) ,  

E = Hg( 73D,-6’P1) .  

B = Hg( 7’S1-6’P, ) ,  

D = Hg( 7’D,-6’P2) ,  
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COLLISIONS OF HELIUM IONS 305 

A .  Collision-induced dissociative charge transfer processes: 

He-/He,'+CH,HgBr+CH,HgBr'+He/He/He2+ AE ( 14.43/12.06 eV) (1) 

He'/He,'+CH,HgBr+CH,+HgBr'+He/He2 + A E (9.84/7.47 eV) (2 1 

He'/He,'+CH,HgBr+CH,*+HgBr+He/He2 + A E ( 12.13/9.76 eV) (3 ) 

He'/He,'+CH,HgBr+CH,'+H+ HgBr+He/He,+ AE (6.63/4.26 eV) (4) 

He*/He,'+CH,HgBr+CH*+HgBr+HgBr+He/He2 + A E ( 6.39/4.02 eV) (5 ) 

He'/He,'+HgBr + HgBr'+He/He, + A E ( 12.50/10.13 eV) (6) 

He'/He,'+HgBr + Hg+Br'+He/He,+ AE ( 12.07/9.70 eV) (7) 

He'/He,'+HgBr + Hg'+Br+He/He,+ A E (13.44/11.07 eV) ( 8 )  

He'/He,'+Hg -+ Hg'+He/He,+ A E ( 14.15/11.78 eV) (9) 

B. Collision-induced dissociative excitation processes. 

He'/He,'+CH,HgBr -+ CH,HgBr'+He'/He,'+ A E ( =  -6.70 eV) (10) 

He'/He,'+CH,HgBr -+ CH,+HgBr'+He'/He,'+ A E ( -5.58 eV) (11) 

He'/He,'+HgBr + HgBr'+He'/He,'+ A E (-2.92 eV) (12) 

He'/He,'+HgBr + Hg+Br+He'/He,'+ A E (-0.71 eV) (13) 

He*/He,'+CH, + CH+H,+He'/He,'+ A E (-4.9 eV) (14) 

He'/He,'+CH + CH'+He'/He,'+ A E ( = - 3  .O ev) (15 )  

He'/He,'+Hg + Hg*+He'/He,'+ AE (-4.86 eV) (16) 

He'/He,'+Hg* + Hg**+He'/He,'+ AE (-2.78 eV) (17) 

Here CH,HgBr' is a repulsive state similar to HgBr,'. HgBr' 

= HgBr (B), CH' = CH(A. B). Hg' = HI~(~~P,, ,), Hg"' = 

Hg(7'S,) and A E  is the exothermicity or endothermicity of 

the reaction. 

The exothermicities and endothermicities. A E  of the 

collision-induced dissociative charge transfer processes (1) 

- (9) were calculated by using the ground state ionization 

potentials'" of He (24.58 eV). He, (22.22 eV), CH,HgBr 
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386 MAHMOOD 

(10.16 eV). HgBr (12.09 eV), Br (11.81 eV). CH (10.64 eV), 

CH, (10.40 eV). CH, (9.84 eV). Hg (10.44 eV) and dissocia- 

tion energies" - '' of CH,HgBr -+ CH, + HgBr (2.66 eV). HgBr -+ 

Hg + Br (0.71 eV), CH (3.47 eV). CH, -+ CH + H (4.2 eV). CH, 

-+ CH, + H (4.9 eV). These values of A E indicate that a 

large number of ionized species such as CH,HgBr', HgBr', Br', 

CH,*. etc. are expected to be produced directly or indirect- 

ly during collisions of He' and He,' ions with CH,HgBr mole- 

cules. The AE values for the collision-induced dis- 

sociative excitation processes (10) - (17) indicate that 

these processes are endothermic. The formation of HgBr (B- 

state), highly excited states of atomic mercury and CH ( A ,  

B) states may be due to the efficient conversion of kinetic 

energy of the projectile species into the internal energy of 

the target species through the processes (12). (15). (16). 

and (17) mainly because of their low endothermicities. Such 

a conversion of kinetic energy into the internal energy of 

the product species has been observed in the past" in many 

other ion-molecule reactions. The process (11) may also 

contribute to the formation of HgBr (B-state). however, 

observation of the highly excited atates of atomic mercury 

and CH ( A ,  B) cannot be explained by this process. 

The emission cross-sections of the strongest band of the 

(B-X) system of HgBr at 532 nm due to collisions of He' and 

He,' ions with CH,HgBr at various kinetic energies (lab.) of 

the projectile ions were calculated (See Table I)  by using 

the expression": o = I J ( I p  n L), where I, is the number of 

photons emitted per second and corrected for the detection 
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COLLISIONS OF HELIUM IONS 

TABLE 1 

Measured cross-sections of HgBr (B) formation due to col- 

lisions of He* and He,' ions with CH,HgBr molecules. 

Kinetic energy (eV) Cross-section ( xlo-'ocm') 

He' +CH,HgBr He,' +CH,HgBr 

1000 

900 

700 

5 0 0  

3 00 

100 

0.21 

2.31 

2.95 

1.81 

1.00 

0.13 

0.38 

2.46 

3.79 

2.10 

1.18 

0.37 

efficiency of the optical system, I, i e  the number of ions 

per recond taking part in the reaction at a particular 

energy of the ion, n is the number deneity of CH,HgBr vapor 

and L is the interaction length (2 cms) of ions with vapor 

inride the collision cell. There are no experimental or 

theoretical data available for the vapor density of CH,HgBr 

at different temperaturer. 

about 35°C is approximately the same ( +  30%) as that of 

HqBr, at 1OO'C. 

The vapor density" of CH,HgBr at 

The vapor density of HgBr, wan calculated by 
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3 88 MAHMOOD 

using the thermochemical data reported by Kubaschewski and 

Alcock." 

depends upon the accuracy of estimates for the absolute 

number density of photons emitted and CH,HgBr molecules 

taking part in the ion-molecule reactions. The optical 

system was calibrated by using calibrated lamp traceable to 

the U.S. National Bureau of Standards in the wavelength 

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

sion cross sections of the hydrogen atomic lines observed in 

charge transfer reactions involving He' and Ha gas at labo- 

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

sections were found to be about 20% higher than those mea- 

eured' by Ialer and Nathan." 

CONCLUSIONS 

The accuracy of the measured cross-sections 

Ion-molecule reactions have been studied involving col- 

lisions of He'/He,' ions with CH,HgBr molecules and emission 

cross-sections have been measured of the HgBr (8-X) forma- 

tion corresponding to (0, 22) band at different kinetic 

energies of the projectile ions in the energy range of 100 - 

1000 0V. The efficiency of HgBr (B) formation with He,' 

ion8 was observed to be higher than He' ions during col- 

lisions with CH,HgBr molecules. Collisions-induced dia- 

sociative excitation processes seem to be the dominant 

mechanism in producing these emissions. 
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