
 

 
 

 

 
 
 

 

 

 

 

 

 

 

 

  

KINETIC STUDY OF THE REACTIONS OF CHLORINE ATOMS WITH 

FLUOROMETHANE AND FLUOROMETHANE-d3  

IN THE GAS PHASE 

Kejun Shao, B.S. 

Thesis Prepared for the Degree of 

MASTER OF SCIENCE 

UNIVERSITY OF NORTH TEXAS 

August 2017 

APPROVED: 
 
Paul Marshall, Major Professor 
Oliver M.R. Chyan, Committee Member 
Martin Schwartz, Committee Member 
Michael G. Richmond, Chair of the Department 

of Chemistry 
David Holdeman, Dean of the College of Arts 

and Sciences 
Victor Prybutok, Dean of the Toulouse 

Graduate School 



Shao, Kejun. Kinetic Study of the Reactions of Chlorine Atoms with Fluoromethane and 

Fluoromethane-d3 in the Gas Phase. Master of Science (Chemistry), August 2017, 50 pp, 7 

tables, 12 figures, 20 numbered references. 

The kinetics of the gas-phase reactions of chlorine atoms with fluoromethane (CH3F) and 

fluoromethane-d3 (CD3F) were tested experimentally. The relative rate method was applied by 

using CH4 as the reference compound for fluoromethane (CH3F) and CH4 and CH3F as the 

reference compound for fluoromethane-d3 (CD3F). The rate constants for H-abstraction from 

CH3F and D-abstraction from CD3F were measured at room temperature and a total pressure of 

920 Torr using Ar as a diluent. The rate constants are described by the expressions: kH= 

(3.50±0.52) x 10-13 cm3 molecule-1 s-1 and kD= (5.0±0.51) x 10-14 cm3 molecule-1 s-1. The kinetic 

isotope effect, equal to the ratio kH/kD, was found to be 7.0±1.2 at room temperature. 
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CHAPTER 1  

INTRODUCTION 

Throughout the Earth’s history, climate has played an important role in numerous cycles 

with successive fluctuations between colder and warmer periods. Even though the mean 

temperature of the Earth over the past geological periods has probably not varied by more than a 

few degrees Celsius, climate changes have produced dramatic variations: in the level of the 

oceans, in the geographical extent of the ice sheets, in water supply, and in the distribution of 

continental ecosystems and so on. Over the past centuries, the climate system was altered 

significantly by the perturbations associated with economic development driven by growing 

populations, and specifically with agricultural practices and industrial activities.1 

For example, the increasing quantities of carbon dioxide that release to the atmosphere 

lead to fossil fuel consumption and biomass burning. As noticed many years ago, increases in the 

concentration of this gas tend to enhance the absorption by the atmosphere of outgoing terrestrial 

radiation from the surface, and at the same time to enhance the infrared radiation emitted at 

higher altitudes and colder temperatures. The net effect, often called the “greenhouse effect” is a 

positive radiative forcing, which tends to warm the lower atmosphere and the surface. For the 

other radiatively active gases, such as methane (CH4), nitrous oxide (N2O), the 

chlorofluorocarbons (CFCs), and ozone (O3), the atmospheric abundance of these gases has 

changed as a result of human activities, to trap additional radiative energy in the Earth-

atmosphere system.  

A second example is called anthropogenic aerosols that present in the troposphere. These 

small airborne particles reflect and absorb solar radiation. They can alter cloud microphysical 
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properties through their effects on cloud properties, including cloud reflectivity. In most cases 

the net effect is a negative forcing, which tends to cool the Earth’s climate.  

The result of the Earth system to these changes in the radiative balance is difficult to 

estimate. Atmospheric and oceanic temperatures as well as associated weather patterns are 

expected to be altered. Meanwhile, changes in the hydrological cycle, and specifically 

modifications in the precipitation and evaporation regimes, and changes in cloudiness are also 

happened because of the modified radiative forcing.1 

Solar radiation is the primary source of energy for the Earth system.2  This energy is 

provided mostly in the form of ultraviolet, visible, and near-infrared radiation. At the top of the 

atmosphere, the shortwave energy flux intercepted by a surface normal to the direction of the 

Sun is approximately equal to 1370 W m-2, and is called the solar constant. The corresponding 

energy captured by the Earth’s system is on the average 342 W m-2. This energy is mainly 

absorbed in the atmosphere by molecular oxygen (O2), ozone (O3), and water vapor (H2O). The 

absorption of solar radiation by ozone provides the energy that heats the stratosphere and 

mesosphere. The portion of solar radiation that is not absorbed in the atmosphere or 

backscattered to space reaches the Earth’s surface. 

Human-induced effects on climate are reflected on natural climate variability. It is 

difficult to prove that the observed trend in the globally averaged temperature of the Earth is the 

result of anthropogenic activity. However, on the basis of the geographical, seasonal, and vertical 

patterns in the observed temperature changes, there is growing evidence of a human influence on 

the recent evolution of global and regional climate. 

Although large-scale environmental disruptions of human origin had already occurred 

more than 2000 years ago, in relation to massive deforestation as well as slash-and-burn 
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agriculture in several regions of Asia, North Africa, and Europe, it is primarily the industrial 

revolution in the past centuries that produced the most dramatic changes in the chemical 

composition of the atmosphere at the regional and global scales. High levels of pollutions are 

reported in the industrialized regions of North America, Europe, and Asia; in the past decades, 

developing countries have also contributed significantly to chemical perturbations in the 

atmosphere. The changing chemical composition of the troposphere and stratosphere is one of 

the most dramatic signals of global change.  

Several factors have played important roles in the recent atmospheric evolution. Over the 

past 100 years, the world’s industrial production has increased by two orders of magnitude, while 

the energy consumption is 80 times larger than 1850. Over the past 200 years, the global 

population has increased by a factor of eight; its absolute growth has been as large between 1950 

and 1990 as during the entire previous historical period.  

Currently, nearly 80 percent of the world’s primary energy is supplied by fossil fuel. 

Until 1975, coal was providing the largest contribution to anthropogenic CO2 sources. Currently, 

the dominant role is played by petroleum. 

Because of their potential environmental consequences, including their effects on the 

climate system and their impact on living organisms, perturbations in the chemical composition 

of the stratosphere and the troposphere have drawn the attention of the scientific community, of 

decision makers, and of the public all around the world.  

Climate forcing caused by increasing emissions of radiatively active gases such as CO2, 

CH4, N2O, chlorofluorocarbons, stratospheric and tropospheric ozone. The impact of human 

activities on atmospheric ozone is substantial as well. It is established that the observed depletion 
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in stratospheric ozone is caused primarily by the release into the atmosphere of manmade 

chlorofluorocarbons.2  

The negative trend in stratospheric ozone have affected the penetration of solar radiation 

in the atmosphere, and modified the climate forcing to some extent. Large increases in ultraviolet 

(UV) radiation have been observed in Antarctica in related with the ozone hole. Enhanced 

exposure of humans UV-B (280-315 nm) light is believed to generate a higher number of skin 

cancers. Calculations performed with general circulation models also suggest that the observed 

decrease in stratospheric ozone has reduced the calculated warming produced by well-mixed 

greenhouse gases such as carbon dioxide, methane, nitrous oxide, and the chlorofluorocarbons 

by approximately 20 percent. 

The increase in the abundance of tropospheric ozone reported over the past decades at 

several locations in industrialized regions of the Northern Hemisphere seems also to result from 

human activities. Ozone episodes observed in the boundary layer of Europe and North America 

in the summertime are accompanied by stagnant air masses rich in pollutants, including nitrogen 

oxides, hydrocarbons, and carbon monoxide. Pollution associated with fossil fuel and biomass 

combustion also affect the chemical composition of the free troposphere. Furthermore, the 

release of nitrogen oxides, and other chemical compounds at high altitudes from aircraft engines, 

has the potential to affect ozone near the tropopause, as well as the radiative forcing of the 

climate system.  

Many of the global environmental changes forced by human activities are altered through 

the chemistry of the atmosphere.2 For example, the global spread of air pollution, increases in the 

concentration of tropospheric oxidants (including ozone), stratospheric ozone depletion, and 

global warming. Observed increases in the abundance of tropospheric ozone, which contribute to 
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deteriorating air quality, result from complex photochemical processes involving industrial and 

biological emissions of nitrogen oxides, hydrocarbons and certain other organic compounds. 

Ozone is a strong absorber of solar ultraviolet radiation. It also contributes to greenhouse forcing. 

Anthropogenic emissions of sulfur result from coal burning in highly populated and 

industrialized regions of the Northern Hemisphere, and the related increase in the aerosol load of 

the troposphere, have contributed to regional pollution and have probably produced a cooling of 

the surface in these regions by backscattering a fraction of the incoming solar energy. Finally, 

the rapid increase in the atmospheric abundance of industrially manufactured 

chlorofluorocarbons has produced the observed depletion in stratospheric ozone and the 

formation of the “ozone hole”.1  

Chlorine atoms are highly reactive atmospheric species, which play an important role in 

stratospheric chemistry 2 and are widely used in kinetic laboratory chemistry studies.3 

Furthermore, the study of reaction between chlorine and many organics is becoming emphasized 

because their reaction rate is faster than the corresponding reactions of OH radicals. In some 

polar regions or the marine boundary layer where the concentration of chlorine is significant, the 

Cl-initiated reactions may play a key role in the decay of many organic compounds in the 

troposphere. In polluted urban areas, the oxidation of organics by chlorine atoms will contribute 

to the oxidation of NO and NO2 and hence ultimately to ozone formation.2 

Hydrofluorocarbons (HFCs) are man-made organics, these compounds are being widely 

used as replacements for ozone damaging compounds in industrial, commercial, and consumer 

products. Despite the potential widespread use of HFCs, their environmental fate is not very well 

characterized. However, these compounds still possess some environmental hazard, including 

global warming, flammability hazard, adverse effect of exposure, and ecotoxicity.4 
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The hydrogen abstraction from hydrocarbons and halogenated hydrocarbons by chlorine 

atom attack in the gas phase plays an important role in atmospheric chemistry.5  

In marine areas, wave action generates airborne droplets of seawater from which the 

water can evaporate, leaving a suspended particle of the dissolved solids. Because this is mainly 

NaCl, the possibility exists for the generation of atomic chlorine via the reactions of NaCl with 

gaseous species such as N2O5 or ClONO2. 

N2O5 + NaCl → ClNO2 +NaNO3 

ClONO2 + NaCl → Cl2 + NaNO3 

These reactions also occur when NaCl is in the aqueous phase, in competition with the 

hydrolysis of N2O5 and ClONO2.  

Photolysis then generates chlorine atoms: 

ClNO2 + hv →Cl + NO2 

Cl2 + hv → 2Cl. 

Meanwhile, some aqueous phase reactions in the airborne seawater droplets that release 

photochemically labile chlorine gases. For example, Cl2 can form when sea salt aerosols above 

their deliquescence point are irradiated at 254 nm in the presence of O3, generating OH which 

initiates Cl- oxidation. 

Direct evidence for the potential importance of Cl as an organic oxidant comes from 

recent measurements of inorganic chlorine-containing species other than HCl in the marine 

troposphere in midlatitudes. Recently, Cl2 has been identified by using atmospheric pressure 

ionization mass spectrometry (API-MS) in a coastal region. The concentrations, up to 150 ppt, 

are much higher than can be explained by any known chemistry. During the day, any Cl2 formed 

will absorb strongly in the 300- to 400-nm region, and dissociate, generating atomic chlorine.  
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Indirect evidence for the involvement of atomic chlorine in the chemistry of marine 

atmospheres comes from the measurement of simple organics, where their relative rates of decay 

frequently cannot by matched assuming attach only by OH. Estimates of the peak concentrations 

of atomic chlorine range from about 103 to 106 radicals cm-3 in the marine boundary layer. 

Therefore, many ingenious methods have been developed over the past few years to 

measure rate coefficients of atmospheric reactions, and the increasingly common use of lasers to 

initiate reactions and to detect transient species has led to a revolution in the science. The time-

resolved experiments fall into two broad categories: flow experiments and pulsed experiments.1 

In flow experiments, the reactor is usually a long tube with a well-defined diameter, along which 

the gases are flowed at a known velocity. Concentration measurement is made at one end of the 

tube, and variation of the reaction time is accomplished by varying the addition point of one of 

the gases, usually through a movable inlet port. Since the flow velocity is known, conversion of 

distance into time is trivial. The method essentially “freezes” the profile of the reacting 

molecules in space along the tube, which has the advantage that detection methods with 

relatively long time constants can be used. Due to mass transport considerations, flow tubes are 

usually restricted to pressures of a few Torr, although recently developed systems have overcome 

this restriction. In pulsed methods, a flash of light from a laser or flashlamp is used to dissociate 

some precursor and thus initiate the reaction. These are true time-resolved experiments, and 

require fast detection electronics, which are often required to respond on a time scale of 

microseconds. The pressure range for photolysis experiments is not limited, and reactions have 

been carried out between a few Torr and hundreds of atmospheres. As well as providing a 

representation of the kinetics of a reaction, measurement of the temperature and pressure 

dependence of a reaction rate coefficient can also provide useful information about the 
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mechanism of a reaction. For example, the identification of a negative activation energy points to 

the intermediacy of an activated complex. When coupled with modern, sophisticated potential 

energy surface calculations, this enables the extrapolation of the rate coefficient outside the rage 

of the measurements, and also allows the prediction of as yet unknown rate coefficients. This is a 

field that is still in its infancy, but that promises to be very useful.1   

Recently there are four major experimental methods used to determine absolute rate 

constant for gas-phase reactions relevant to atmospheric chemistry. 

 

1.1 Fast-Flow Systems 

Fast-flow systems (FFS) consist of a flow tube typically 2- to 5-cm in diameter in which 

the reactants A and B are mixed in the presence of a large amount of an inert “bath gas” such as 

He or Ar. As the mixture travels down the flow tube at relatively high linear flow speeds 

(typically 1000 cm s-1), A and B react. The decay of A along the length of the flow tube, that is, 

with time, is followed and applied to obtain the rate constant of interest.  

The term fast flow comes from the high flow speeds. In most of these systems, discharges 

are used to generate A or another species that is a precursor to A; hence the term fast-flow 

discharge system (FFDS) is also commonly applied.  

Figure 1.1 is a schematic diagram of a typical fast-flow discharge system. The reactive 

species is generated in a microwave discharge and enters at the upstream end of the flow tube, 

and the second reactant is added through one port, a movable inlet. The detector is fixed at the 

downstream end of the flow tube and the reaction time is varied by moving the mixing point 

relative to the fixed detector. 
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Figure 1.1: Schematic diagram of a fast-flow discharge system 

 

Under conditions where the plug flow assumption is valid, that is, concentration gradients 

are negligible so that the linear flow velocity of the carrier gas is the same as that of the 

reactants, the time (t) for A and B to travel a distance d along the flow tube is given by t = d/v. 

Here v is the linear flow speed, which can be calculated from the cross-sectional area of the flow 

tube (Ar), the total pressure (p) in the flow tube, the temperature (T), and the molar flow rates 

(dn / dt) of the reactants and the diluent gas: 

V= *  

At typical linear flow speeds of 1000 cm s-1, 1 cm along the tube corresponds to ~ 1-ms 

reaction time. Thus a flow tube of length 1 m can be used to study reactions at reaction times up 

to 100 ms. 

Total pressures in most FFDS have typically been in the range 0.5-10 Torr where rapid 

diffusion across the flow tube ensures a relatively flat concentration profile of the reactants, so 
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that the equation t=d/v is valid. Maintaining the discharge used to generate atoms and free 

radicals is also difficult above a few Torr total pressure. The lower end of the pressure range is 

determined by the need to maintain viscous flow and to avoid significant axial concentration 

gradients. The latter may arise because of the lower concentrations of reactants at the 

downstream end of the flow tube; these can cause the true flow speed of the reactants to be 

greater than the calculated linear flow speed, due to their axial diffusion.  

However, flow tube systems for use at much higher pressures, up to several hundred 

Torr, have also been designed and applied to reactions of atmospheric interest. At these higher 

pressures, the velocity and radical axial and radial concentration profiles are experimentally 

determined and the full continuity equation describing the concentration profiles is solved. 

A major factor in many FFDS studies is diffusion of the reactive species accompanied by 

their loss at the walls of the flow tube. While the mechanism and products of these wall reactions 

are unknown, it has been established that the rate of loss at the walls can be minimized by using 

various flow tube wall coatings or treatments. These include substances such as teflon or 

halocarbon waxes, which simply cover the entire surface so the incoming reactive species are 

only exposed to relatively unreactive carbon-halogen bonds, or treatment with boric or 

phosphoric acids. While such treatments have been shown to lower the rates of removal at the 

walls, why they do so is not clear. 

Fortunately, the kinetics of the wall loss, measured from the decay of the reactive species 

in the absence of added reactant, are generally observed to be first order, so that corrections for 

these processes can be readily incorporated into the kinetic analyses. When these wall losses are 

significant, the integrated form of the rate expression for reaction (1) of A + B becomes: 

ln ([A]/ [A]0) = -(k1[B]0 + kw)t        
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where kw is the observed first-order loss of A at the walls of the flow tube in the absence of B. 

The rate constant k1 can then be extracted from the slopes of plots of the pseudo-first-order rates 

of decay, R = (k1[B]0 + kw), against [B]0 

Flow tubes have also been used in combination with such techniques as mass 

spectrometry and FTIR for product studies. For example, high-pressure flow tubes with a White 

cell and FTIR at the downstream end have been used with modulation of the reactants to obtain 

mechanistic information. In this approach, the radical source is modulated, and changes in the 

spectra with the source on and off are used to identify and quantify products. 

 

1.2 Flash Photolysis Systems 

As the name implies, this technique relies on flash photolysis to generate the reactive 

species A. In one of the most common configurations, resonance or induced fluorescence is used 

to monitor the decay of A—hence the name flash photolysis-resonance fluorescence (FP-RF). 

Figure 1.2 is a schematic diagram of a typical FP-RF apparatus used to study chlorine 

atom reactions. For example, the fourth harmonic at 266 nm from an Nd:YAG laser can be used 

to generate chlorine atoms from the dissociation of phosgene, COCl2. After a preset time 

following the photolytic flash, the time decay of the reactive species is monitored using the 

fluorescence excited by a resonance lamp. Since B is present in concentrations in great excess 

compared to A, care must be taken to avoid impurities that may react with A or photolyze to 

produce reactive species that do. A restriction on the nature of B is that it must not photolyze 

significantly itself; reactions of such species as NO2 and O3, which dissociate to produce highly 

reactive oxygen atoms, are often difficult to study with this technique. In addition, care must be 

taken to avoid the buildup of reaction products or of photolysis products in the photolysis cell, 
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since some of these can photolyze and produce interfering secondary reactions. This is usually 

accomplished by using a slow flow of gas through the cell. 

 
Figure 1.2: Laser photolysis resonance fluorescence apparatus 

The limitations on the total pressure in the FP-RF cell are far less severe than those for 

FFDS. The lower end of the pressure range that can be used is determined by the need to 

minimize diffusion of the reactants out of the viewing zone. The upper end is determined 

primarily by the need to minimize both the absorption of the flash lamp radiation by the carrier 

gas and the quenching of the excited species being monitored by RF. In practice, pressures of ~ 5 

Torr up to several atmospheres are used. The kinetic analysis is again typically pseudo-first-order 

with the "stable" reactant molecule B in great excess over the reactive species as outlined earlier. 

 

1.3 Cavity Ring Down Method 

The cavity ring down method was first described by O'Keefe and Deacon (1988) and has 
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been reviewed by Paul and Saykally (1997) and Scherer et al. (1997). This technique is based on 

the sequential loss of light intensity as a light pulse repeatedly traverses the length of a cell 

during multiple reflections between two mirrors. Loss of intensity occurs both during reflection 

at the mirrors and, if an absorbing gas is present, by its absorption as well. As will be seen 

shortly, the change in the time profile of the light transmitted through mirror B when an absorber 

is present can be used to follow the concentration of the absorber and hence to carry out kinetic 

studies. 

Figure 1.3 is a schematic diagram of a typical cavity ring down apparatus. A laser pulse 

enters a reaction cell that has two highly reflecting mirrors. The distance between the mirrors, L, 

must be large compared to the pulse width to avoid multibeam interference in the cell. After 

traveling through the length of the cell the first time, the laser pulse strikes mirror B. If the 

reflectivity of the mirrors is R (defined as the fraction of light reflected), then (1 - R) is the 

fraction of light lost by reflection at this surface. If the incident light intensity is I', then the 

intensity of light lost by the reflection is (1- R)I'. Assuming that both mirrors A and B have the 

same reflectivity, then in one round trip in the cell, from mirror B to mirror A and back, the lost 

intensity is dl ~ 2(1-R)I'. The time to make this one round trip is tr (where tr = 2L /c, and c is the 

speed of light). 

dI/dt ≈ -2(1-R)I’/tr = -(1-R)I’/(tr/2)     

I/I0 = exp[-t*(1-R)/(tr/2)]= exp[-t/(L/[c(1-R)]] = exp[-t/ґ0] 

A= tr/2[1/ґ - 1/ґ0] 

where ґ0 is a constant known as the cavity ring down time in the absence of an absorbing gas. 

Thus measurement of the cavity ring down times in the presence and absence of the 

absorbing gas allows the absorption of the gas to be obtained, and from A = (1-e-σNL) ~ σNL, the 
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concentration of the gas determined. These concentrations as a function of time therefore allow 

the reaction kinetics of the absorbing species to be determined. 

 
Figure 1.3: Schematic diagram of a cavity ring down apparatus 

The advantages of the cavity ring down technique are its high sensitivity (fractional 

absorptions per pass of ~10-6) and good time resolution (~10-5 s). In addition, it has the usual 

advantages associated with absorption spectrometry such as wide application range and is 

experimentally relatively simple to carry out. 

 

1.4 Static Techniques 

Some reactive species of atmospheric interest such as O3 are not so highly reactive that 

they must be generated and studied on subsecond time scales, as is true for atoms and free 

radicals. In these cases, where the reactions are generally much slower than those of atoms and 

free radicals such as OH, the experimental techniques used for determining absolute rate 

constants are often static in nature and do not require in situ generation of the reactive species. 
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For O3, mixtures of O3 in O2 can be generated using commercial ozonizers, which are either 

electrical discharges or UV lights. This mixture is injected into a cell or chamber with the 

reactant of interest, and its decay followed. Monitoring O3 accurately and inexpensively in situ is 

reasonably straightforward because it absorbs strongly at 253.7 nm, a stable, inexpensive, and 

readily available mercury resonance line. Alternatively, samples of the reaction mixture can be 

withdrawn and the O3 analyzed with a commercial O3 monitoring instrument. 

Ozone decomposes on surfaces, the rate depending on the nature of the particular surface 

and whether it has been previously "conditioned" by exposure to O3. While this heterogeneous 

decomposition is much slower than the wall loss of OH, the homogeneous gas-phase reactions of 

O3 of interest are also slower than those of OH. However, the kinetics are essentially the same. 

Such experiments can also be carried out with O3 in great excess; however, a technique 

must be available for following the concentration of the reactant X with time, and corrections 

may have to be made for changing ozone concentrations due to wall losses during the 

experiment. In addition, interferences from secondary reactions are more likely under these 

conditions.   

However, many of the rate constant for gas-phase reactions of atmospheric interest 

reported in the literature were actually determined not as absolute values but rather as a ratio of 

rate constant. 

Relative rate techniques have the advantage that such relative measurements can be made 

with greater precision than absolute rate constant measurements because only relative, not 

absolute, concentrations of reference and reactant need be measured. Precisions of 5% or better 

are common using these techniques. 
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Another advantage is that the species A, which is frequently a highly reactive free radical 

such as OH which is difficult to measure, need not be monitored in such experiments; only 

reference and reactant, which are usually stable and easily measured molecules, such as 

hydrocarbons, are followed. Finally, relative rate experiments can often be carried out under 

conditions directly relevant to the atmosphere. 

Accurate results depends critically on knowing enough of the mechanistic details of the 

reaction system to be sure that the kinetic analysis, which is not always straightforward in 

complex systems. Furthermore, obtaining an accurate rate constant from the rate constant ratio 

(k1/k2) requires accurate knowledge of the second, reference rate constant.  

Historically, atmospheric compounds were measured using wet chemical techniques. For 

example, ozone was measured by bubbling air through a solution containing iodide, and the I2 

formed was measured using wet chemical techniques. Such methods were used as early as the 

mid-1800s to measure ozone. 

However, wet chemical methods are frequently subject to a number of potential 

interferences, both positive and negative. In the case of ozone measured using iodide oxidation, 

for example, SO2 gives a 1:1 negative interference, whereas NO2 gives a positive interference 

with a response that is equivalent to about 5-10% that of ozone on a molecular basis. In addition, 

calibrations can be sensitive to the exact procedure used.  

As a result, while such methods have been very useful in the past and continue to be 

applied for initial surveys of air quality in areas in which measurements have not been made in 

the past, they have generally been abandoned in favor of instrumental methods of analysis. 

Recently, there are several methods to measure a variety of trace gases in the atmosphere. 
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1.4.1 Fluorescence 

Fluorescence is the basis of a number of measurement methods for atmospheric gases. In 

the case of SO2, for example, a Zn (213.8 nm) or Cd (228.8 nm) lamp is used to excite the SO2 

and the fluorescence in the 200- to 400-nm region is monitored. It works for those species whose 

excited states are sufficiently short-lived that quenching does not totally dominate. 

 

1.4.2 Infrared Spectroscopy (IR) 

Infrared spectroscopy has been applied to air measurements since the mid-1950s and 

PAN was first identified in laboratory system by its infrared absorptions and dubbed “compound 

X” because its identity was not known. It was subsequently measured in ambient air. Since then, 

IR has been applied in many areas and has provided unequivocal and artifact-free measurements 

of a number of compounds. Because of its specificity, it has often been used as a “ standard” for 

intercomparision studies. 

Other infrared aborption techniques are also used in ambient air measurements, including 

tunable diode laser spectroscopy (TDLS), nondispersive infrared (NDIR) spectroscopy, and 

matrix isolation spectroscopy.  

A major advantage of infrared absorption spectroscopy derives from the characteristic 

“fingerprints” associated with infrared-active molecules. On the other hand, interferences from 

common atmospheric components such as CO2 and H2O are significant, so that the sensitivity 

and detection limits that can be obtained are useful primarily for polluted urban air situations.  

 

1.4.3 DOAS (UV-Visible Absorption Spectroscopy) 

Because of the relatively large absorption cross sections in the UV and visible for many 
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gases of atmospheric interest, use of absorption spectroscopy in this region presents an obvious 

analytical approach. In the case of laboratory studies, measurement of the light intensity in the 

absence (I0) and presence (I) of the species of interest is readily applied to obtain concentration 

using the Beer-Lambert law 

A=log10(I0/ I)=σNL/ln10 

where σ is the absorption cross section, N is the concentration , and L is the path length. 

However, the fact that so many species in air absorb in this region presents a limitation in 

that one must be able to distinguish various species from each other as well as from background 

broad absorption and Rayleigh and Mie scattering of light by gases and particles. Because of 

these factors, UV-visible spectroscopy is applied in air only to those species with banded 

structures. 

A major advantage of DOAS is its high sensitivity for species that meet the requirement 

of having narrow absorption bands in the UV-visible. Furthermore, because the differential 

optical absorption coefficients are fundamental spectroscopic properties of the molecule, the 

measurements need not be calibrated in the field. 

 

1.4.4 Mass Spectrometry 

Mass spectrometry has the potential for being a very powerful analytical technique for 

atmospheric measurements, and it has been used for a number of decades in upper atmosphere 

measurements of ions and neutrals. Viggiano (1993) has reviewed ion chemistry and the 

application of mass spectrometry to tropospheric and stratospheric measurements through 1993. 

The first mass spectrometric measurements were made in the upper atmosphere from 64 to 112 

km in 1963. 
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Mass spectrometric measurements require four components: (1) an inlet to introduce the 

sample; (2) a means of ionizing the species of interest; (3) mass filtering/separation; (4) detection 

of the ions. Accomplishing this under atmospheric conditions is difficult due to the high sample 

pressure, which is incompatible with the high voltages used in the ion acceleration region and 

mass analyzers, and to the complexity of the mixtures found in air. However, it’s still a powerful 

analytical tool that has been successfully for a number of years at high altitudes and is now 

seeing increasing use in the troposphere, including at the earth’s surface. A number of different 

approaches have been developed, including systems that are designed to measure species such as 

OH, NO, and HNO3.  

A rate constant is a quantitative measure of how fast reactions proceed and therefore is an 

indicator of how long a given set of reactants will survive in the atmosphere under a particular 

set of reactant concentrations. However, the rate constant per se is not a parameter that by itself 

is readily related to the average length of time a species will survive in the atmosphere before 

reacting. More intuitively meaningful parameters are the half-life (t1/2) or the natural lifetime (T), 

the latter usually referred to simply as “lifetime,” of a pollutant with respect to reaction with a 

labile species such as OH or NO3 radicals. 

The half-life (t1/2) is defined as the time required for the concentration of a reactant to fall 

to one-half of its initial value, whereas the lifetime is defined as the time it takes for the reactant 

concentration to fall to 1/e of its initial value. Both t1/2 and T are directly related to the rate 

constant and to the concentrations of any other reactants involved in the reactions. Furthermore, 

there are two points should be made about tropospheric lifetimes. First, they are valid only for 

the specified reaction; if there are other competing loss processes such as photolysis, the actual 

overall lifetime will be shortened accordingly. Second, in bi- and termolecular reactions, t1/2 and 
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T depend on the concentration of other reactants because the actual concentration of Cl at 

different geographical locations are highly variable. 

The radiative forcing provides an estimate of the change in the radiative flux (W m-2) at 

the tropopause in response to changes in the concentration of greenhouse gases. In order to take 

into account the lifetime of the gases in the atmosphere, and hence the period of time over which 

the climatic effect of a perturbation in their concentration is expected to be significant, an index 

called the Global Warming Potential (GWP) was defined. It is used to evaluate options to 

regulate future emissions of various greenhouse gases without having to perform complex model 

calculations 

 

 

CO2 82%

fluorinated 3%

N2O 5%

CH4 10%

US Greenhouse Gas Emissions in 2015
             total of 6.6 x 109 tons CO2 equivalent

 
Figure 1.4: Emission in terms of CO2 equivalent (mass x GWP) 

The GWP of a well-mixed gas is defined as the time-integrated change in the radiative 

forcing (the resulting flux imbalance in the radiative budget for the Earth system in units of watts 
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per square meter of the Earth's surface) due to the instantaneous release of 1kg of a trace gas i 

expressed relative to that from the release of 1kg of CO2. 

Figure 1.4 is the chart for the greenhouse gas emissions in 2015.6 In this Emission all 

greenhouse gas (GHG) emissions are converted into CO2 equivalents so they can be compared. 

The point is since the GWP of fluorocarbons is high, they can be substituted by other compound 

and decrease the emission. However, it’s hard to decrease the emission of CO2 by 3%. 
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CHAPTER 2 

METHODOLOGY 

In this graduation thesis I present measurements of the rate constant for the hydrogen 

abstraction reaction form CH3F by Cl atoms using the relative rate technique. The experiments 

were performed in the room temperature to examine the the rate constant kH. Upon absorption of 

a UV or visible photon, the absorbing species is, in general, promoted to an excited electronic 

state. Once in this excited state, any of a number of processes can occur. The excited species can 

re-emit the photon and return to a lower electronic state; it can collide with another gas, and 

transfer energy to the collision partner. For example, photolysis of Cl2 in the near UV condition 

yields Cl atoms, which can react with added CH3F: 

CH3F+ Cl →products                                                                                            (1) 

The rate constant of the reaction between deuterated fluoromethane and chlorine was also 

studied at the room temperature.  

CD3F+ Cl →products                                                                                            (2) 

The independent measurements of the rate constant kD for reaction (2) allowed us to 

determine values of the kinetic isotope effect (KIE), described by the ratio kH/ kD. Measurements 

of isotopes (different forms of the same element caused by different numbers of neutrons in the 

nucleus) have been exploited in atmospheric chemistry, because they can give information as to 

the source of the atmospheric emission. The reaction rates of isotopically different forms can 

vary significantly, both in the atmosphere and within the source. Kinetic isotope effects arise 

because otherwise identical species with different mass have different energy levels, leading to 

differences in spectra and bond strengths. Kinetic isotope effects are found in both primary and 

secondary forms.7 In the primary isotope effect the isotopically labeled atom is involved directly 
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in the reaction. For example, for the reaction between OH and CH4 & CH3D, the deuterated form 

is about 15% slower than the normal form. Most of this reduction is due to reaction at the C-D 

bond, since the C-D bond is somewhat stronger than the C-H bond and consequently less 

reactive.  

In the case of secondary isotope effects, the isotopically labeled atoms are remote from 

the reaction site and exert an effect only through the dependence of the overall energy levels on 

mass. In this case, the isotope effects are much smaller.  

The range of observed isotope effects is thus very wide, and current computational 

methods are not able to reproduce the observed magnitudes of kinetic isotope effects, due to 

difficulties in defining the exact energetics of the transition state and the effects of quantum 

mechanical tunneling.2 Furthermore, some reactions that apparently proceed without a barrier 

exhibit primary isotope effects. Subtle energetic effects at the transition state thus play a role in 

determining the magnitudes of rate coefficients, and make exact calculation difficult, even at the 

10% level. It’s the ratio of rate constant between the light (kL) and the heavy (kH) isotopically 

substituted reactants. Values of KIE and its dependence on temperature can provide useful 

information for interpreting the stable isotope composition of the organic compounds in the 

atmosphere. 

Commercial samples of methane (MG, 99.9%), fluoromethane (Synquest, 99%), and 

fluoromethane-d3 (Medical Isotopes, 99%) were used. These reagents, and chlorine (Matheson, 

99.9%), were purified by repeated freeze-pump-thaw cycles with liquid nitrogen. Figure 2.1 

presents the structure of the gas handling line. In order to purify the gas mixture, turn off the 

main valve control (C) and put liquid nitrogen under an empty trap (B). Wait for 2-3 minute 

before turning on the valve filled with unpurified gas trap (A) and then wait for another 2-3 
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minutes before opening the main valve until the pressure is stable. Turn off the main valve, 

transfer the liquid nitrogen immediately to a water-bath solution whose temperature is higher 

than the freezing point the gas compound but lower than the freezing point of CO2 under trap (B) 

and then put liquid nitrogen under trap (A). Wait for 5 minutes before closing the valve for trap 

(A) and opening the main valve until the pressure is stable. Repeat the same process for three to 

four times. 

 
Figure 2.1:Structure of the gas chamber instrument 

 
The general principle of relative rate measurements is to photolysis the compound in the 

presence of the molecular chlorine, reactant and a reference compound by using a mercury lamp. 

The rate constant of the reference compound was already known. Consumption of the reactant 

and reference was monitored and recorded by infrared spectroscopy, and the relative loss rate 

was determined to obtain the ratio constants for reaction with Cl.  
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All experiments were carried out at room temperature within a Pyrex multipass cell with 

a 2.4 m path length (IR Analysis 2.4-PA). The volume is 100 cm3. Prior to each experiment, the 

cell was evacuated to about 60 mbar and a mixture of typically around 0.1 mbar of reactant, 

around 0.1 mbar of reference compound, 0.2-1 mbar of Cl2, and 910 mbar of Ar (Air Liquide, 

99.9995%) was manometrically prepared in reaction chamber cell. The cell was mounted inside 

of a Fourier Transform IR spectromer (Nicolet iS50) with a path length 160 cm and a mercury 

cadmium telluride detector cooled with liquid nitrogen, and the UV source was a Pen-Ray 11SC-

2.12 lamp with a quartz envelope, supported 2.5 cm from one side of the infrared cell. This lamp 

has strong emission in the regions of 184, 254, and 365 nm; the Pyrex walls of the cell are 

expected to block the first two regions. Before each measurement, double click the software 

Ominc, set up the experimental mode to transmission E.S.P (Inversion of NH3 EXP) and the 

scans resolution to aperture 32. Switch the detector to MCT/A and the reaction time to 30 

minutes. Unique distinctive peaks in the infrared spectra of the reactant and reference were 

selected according to their character that does not interfere with each other. The coincide point of 

the concentration prior to the experiment and after the experiment were chosen and recorded by 

excel. Integrated absorbance over the band was evaluated by clicking the peak area tool onto the 

two coincide points. The concentrations employed correspond to absorbances (base 10) below 

1.0 so that Beer−Lambert behavior is expected and the absorbance is proportional to 

concentration. 

With the important assumption that the dominant loss mechanism for both the reactant 

and the reference is reaction with atomic chlorine, the following reaction scheme can be 

analyzed: 

Cl2+ hv →2Cl                                                                                                              (3) 
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Cl +reactant → products   rate constant  kR                                                  (4) 

Cl +reference → products               rate constant  kref                                                                          (5) 

Cl → loss                                                                                                                     (6) 

The rate of step 5 is kR[Cl][reactant] so that we may write 

− d ln[reactant]/dt= kR [Cl]                                                                                          (7) 

Similarly for step 6 

− d ln[reference]/dt=kref [Cl ]                                                                                      (8) 

Integration of the ratio of expressions 7 and 8 yields the standard result3 (where the subscript 0 

refers to the initial value and t to a later time) 

  =                                                                           (9) 

The concentration is given by:  

C=(n/v) x (NA/106)=P/RT x (NA/106)  in molecule cm-3                                                (10) 

The relative rate constant ratio kR/kref can be derived from the slope of the plot 

ln([reactant]0/[reactant]t) vs. ln([reference]0/[reference]t). This enables a determination of kR 

when kref is known with sufficient accuracy. CH4 was used as the reference compound. The most 

recent IUPAC and NASA evaluations of the kinetic data recommend the value of the rate 

constant, kref = (1.00±0.05) x 10-13 cm3 molecule-1 s-1. 

Other different reference compounds such as CH2Cl2, CHCl3 and formic acid (CH2O2) 

were tried. However, these reference compounds such as CH2Cl2, CHCl3 are not good because 

according to the IR chart, their unique peaks of frequency overlapped with the peaks of CH3F. 

For CH2O2, the sample spectrum of the mixture could not stay constant even before I turned on 

the UV light.  
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CHAPTER 3 

RESULTS AND DISCUSSION 

Figure 3.1 shows example plots of ln([reactant]0/[reactant]t) vs. 

ln([reference]0/[reference]t), whose slope is kR/kref for the system R= CH4 & CD3F.  

The rate law for a simple molecular reaction like (1) is : 

-d[A]/dt = k1*[A]*[B]                                                                                         (11) 

If a small concentration of A is generated in a great excess of B, then even if (1) is 

allowed to go to completion, the concentration of B will remain essentially constant at its initial 

concentration [B]0. Integrating (11) and treating [B]0 as constant, one obtains  

ln ([A]/ [A]0) = -k1[B]0t                                                                                       (12) 

It means that if A decays exponentially with time determined by (k1[B]0), as if it were a 

first-order reaction. Thus under these so-called pseudo-first-order conditions, a plot of ln[A] 

against time for a given value of [B]0 should be linear with a slope equal to (-k1[B]0). These plots 

are carried out for a series of concentration of [B]0 and the values of the corresponding decays 

determined. Finally, the absolute rate constant of interest, k1, is the slope of a plot of the absolute 

values of these decay rates against the corresponding values of [B]0. For example, the slope R of 

figure 6 is the ratio betweem kR and kref. Since kref is known, kR could be obtained by timing R 

and kref together. 

This technique of using pseudo-first-order conditions is by far the most common 

technique for determining rate constant. Not only does it require monitoring only one species, A, 

as a function of time, but even absolute concentrations of A need not be measured. Because the 

ratio [A]/[A]0  appears in Eq. (12), the measurement of any parameter that is proportional to the 
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concentration of A will suffice in determining k1, since the proportionality constant between the 

parameter and [A] cancels out in Eq. (12). 

This ability to monitor a parameter that is proportional to concentration, rather than the 

absolute concentration itself, affords a substantial experimental advantage in most kinetic 

studies, since determining absolute concentrations of atoms and free radicals is often difficult.  

 

3.1 Kinetic Measurements 

Figures 3.4 and 3.5 show the IR absorbance spectrum of CH3F and CD3F. The IR 

spectrum of CH3F has strong peaks at 1481 cm-1 and 1050 cm-1 and CD3F has strong peaks at 

2091 cm-1, 1160 cm-1, 1116 cm-1, 1134 cm-1 and 988 cm-1.  Table 3.4 and Table 3.5 reveal 

vibrational energy assignments of CH3F8 and CD3F.9 Table 3.1 and 3.2 list the experimental 

conditions for determinations of kR via eq 10, including the initial concentrations of the reactant 

and reference, the spectral regions used to assess concentration, and the observed slope of a plot 

like Figure 3.1 together with its statistical uncertainty. Table 3.3 summarizes absolute values of 

kR obtained by multiplying kR/kref by the value of kref derived above. Each experiment was 

repeated, and the final result for each reactant was obtained as a mean of the measurements. 
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Figure 3.1: Absorbance ratios of reactions vs the reference compound ln([CH4]0/[ CH4]t) vs. 

ln([CH3F]0/[ CH3F]t) 
 

 
Figure 3.2: Absorbance ratios of reactions vs the reference compound ln([CH4]0/[ CH4]t) vs. 

ln([CD3F]0/[ CD3F]t) 
 



30 

 
Figure 3.3: Absorbance ratios of reactions vs the reference compound ln([CH3F]0/[ CH3F]t) vs. 

ln([CD3F]0/[ CD3F]t) 
 

 
Figure 3.4:Infrared absorbance of the compound CH3F 
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Figure 3.5:Infrared absorbance of the compound CD3F 
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Table 3.1: Initial Concentration of the Reactants, Integrated Spectral Regions, and Rate Coefficient Ratios (kR/kref) for the Reactions 
of Cl Radicals with Reactants CH3F R Relative to the Reference CH4 at 297 K 
 

Reactant [R]0/1015 molecule cm-3 integrated range/cm-1 [ref]0/1015 molecule cm-3 integrated range/cm-1 (kR/kref)±σ 

CH3F 3.44 1476.989-1472.891 3.03 1307.522-1301.013 3.2 ± 0.18 

 3.58 1049.103-1045.728 3.08 1306.799-1301.495 3.3 ± 0.19 

 3.66 1048.139-1046.934 2.96 1307.522-1301.978 3.64±0.20 

 3.89 2863.820-2859.481 3.08 3019.064-3015.448 3.85±0.21 

 
 
Table 3.2: Initial Concentration of the Reactants, Integrated Spectral Regions, and Rate Coefficient Ratios (kR/kref) for the Reactions 
of Cl Radicals with Reactants CH3F R Relative to the Reference CH4 & CH3Fat 297 K 
 

Reactant [R]0/1015 molecule cm-3 integrated range/cm-1 [ref]0/1015 molecule cm-3 integrated range/cm-1 (kR/kref)±σ 

CD3F 3.76 1136.127-1134.439 3.04 3019.787-3014.966 0.130± 0.007 

 3.73 1136.127-1134.439 2.90 3019.787-3014.966 0.140±0.008 

 3.80 1136.127-1134.439 2.96 3019.787-3014.966 0.144±0.006 

 4.04 1138.055-1132.993 3.13 1049.826-1044.282 0.145±0.029 

 4.03 1138.055-1132.993 3.20 1049.826-1044.282 0.148±0.025 

 4.06 1138.055-1132.993 3.18 1049.826-1044.282 0.150±0.028 
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Table 3.3: Summary of the Absolute Rate Constant for Fluorocarbon Reactions with Cl Atoms 
(reference: CH4 & CH3F) at Room Temperature 
 

Fluorocarbon  k/10-13 cm3 molecule-1 s-1 

CH3F  3.20 ± 0.18 

  3.30 ± 0.19 

  3.64 ± 0.20 

  3.85 ± 0.21 

Mean value (3.20+3.30+3.64+3.85)/4 = 3.4975 

Standard deviation (3.20-3.4975)2+(3.30-3.4975)2+(3.64-3.49)2+(3.85-3.4975)2 = 0.27 

 0.27/4=0.069  

 (0.069)1/2=0.26  

2* Standard deviation 0.26*2=0.52  

Fluorocarbon  k/10-14 cm3 molecule-1 s-1 

CD3F  4.49 ± 0.36 

  4.90 ± 0.47 

  5.03 ± 0.31 

  5.08 ± 0.55 

  5.18 ± 0.46 

  5.28 ± 0.51 

Mean value (4.49+4.90+5.03+5.08+5.18+5.28)/6 = 5.0 

Standard deviation (4.49-5)2+(4.9-5)2+(5.03-5)2+(5.18-5)2++(5.28-5)2 = 0.3818 

 0.3818/6=0.064  

 (0.064)1/2=0.25  

2* Standard deviation 0.25*2=0.50  

 
Table 3.4: Vibrational energy levels of CH3F 
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Sym. No Approximate 
type of mode 

Infrared 
Value/cm-1 

a1 1 CH3 s-stra 2964 

a1 1 CH3 s-stra 2863 

a1 2 CH3 s-deform 1464 

a1 3 CF str  1048.6 

e 4 CH3 d-str 3005.8 

e 5 CH3 d-deform 1466.5 

e 6 CH3 rock 1182.4 
aSplit into 2 by Fermi resonance with 2ν5 

 

Table 3.5: Vibrational energy levels of CD3F 

Sym. No Approximate 
type of mode 

Infrared 
Value/cm-1 

a1 1 CD3 s-stra 2090 

a1 1 CD3 s-stra 2150 

a1 2 CD3 s-deform 1136 

a1 3 CF str 991 

e 4 CD3 d-str 2258 

e 5 CD3 d-deform 1072 

e 6 CD3 rock 903 
aSplit into 2 by Fermi resonance with 2ν5 

 

 

Table 3.6 shows the rate constant of the reaction between Cl2 and CH3F since 1994. The 

most recent IUPAC and NASA evaluations of the kinetic data recommend the value of the rate 
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constant, kref = (3.50±0.05) x 10-13 cm3 molecule-1 s-1.20 Meanwhile, the rate constant of CH3F 

determined by Dariusz and Agnieszka10 is (3.50 ±0.40) x  10-13 cm3 molecule-1 s-1, the method 

they used is similar to us, the only difference is they use chromatograph with thermal 

conductivity detector instead of FTIR. The rate constant of CH3F determined by Nielsen7 is 

(3.24±0.51) x 10-13 cm3 molecule-1 s-1. The method they use is called Pulse Radiolysis System. 

First the ultraviolet absorption spectrum of the radicals was determined by observing the 

maximum in the transient UV absorption at short times and then a longer time scale was used to 

determine the kinetics of the self-reaction of fluoromethyl peroxy radicals. The rate constant of 

CH3F determined by Ernesto and Roger8 is (3.40±0.70) x 10-13 cm3 molecule-1 s-1. The method 

they use is exactly same as us. The rate constant of CH3F determined by E. Tschuikow Roux and 

T.Yano9 is (4.22±1.27) x 10-13 cm3 molecule-1 s-1. The method they use is called the flash 

photolysis-resonance fluorescence technique, it’s a pump-probe laboratory technique, in which a 

sample is firstly excited by a strong pulse (called pump pulse) of light from a laser of 

nanosecond, picosecond, or femtosecond pulse width or by a short-pulse light source such as a 

flash lamp. My rate constant (3.50±0.52) x 10-13 cm3 molecule-1 s-1 is compatible with this 

number.  

Furthermore, the rate constant for the reaction between Cl and fluoromethane-d3 has 

been determined by Dariusz and Agnieszka10 previously to be (5.8±0.7) x 10-14 cm3 molecule-1 s-

1, and our result of (5.0±0.5) x 10-14 cm3 molecule-1 s-1 is comparable to this number, too. 

Therefore, the values of the kinetic isotope effect (KIE), which is described by the ratio kH/ kD, is 

(3.50±0.52) x 10-13 /(5.0±0.50) x 10-14= 7.0± 1.2. 

Table 3.6: Summary of the Absolute Rate Constant for Fluorocarbon Reactions with Cl Atoms at 
Room Temperature 

 

Fluorocarbon  k/10-13 cm3 molecule-1 s-1 
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CH3F NASA JPL evaluation20 3.50±0.05 

 Dariusz Sarzyński et al.10 3.50 ±0.40 

 Wallington et al.17 3.24 ±0.51 

 Tuazon et al.18 3.40±0.70 

 Tschuikow‐Roux et al.19 4.21±1.27 

 Present work 3.50±0.20 

 
 
 
3.2 Atmospheric Implications 

For a tropospheric daily average [Cl] of 3 x 104 molecule cm-3 11, the lifetime of CH3F 

with respect to reaction with Cl is about 1102 days or 3.0 years.  

(3 x 104) x (3.5 x 10-13) = 1.05 x 10-8 s-1 

1/1.05 x 10-8s-1 = 9.5*107 s = 1102 days 

An average tropospheric OH concentration is about 3 × 105 cm−3 and the rate constant for 

hydroxyl and CH3F is 2.01 x 10-14 cm3 molecule-1 s-1. 12 Hydroxyl is 17.4 (3.5 x 10-13/ 2.01 x 10-

14 =17.4) times less reactive toward CH3F but about 10 times (3 × 105/ 3 x 104 =10) more 

abundant, consumption by OH will be about 0.57 (10/17.4=0.57) times faster. The lifetime of 

CH3F with respect to reaction with OH is about 1933 days (1102/0.57= 1933).The lifetime value 

of CH3F estimated by Michael and Christopher is 3.7 years13, so my value 3.0 is compatible to 

this number. The result implies that CH3F has a long lifetime in the troposphere. This is a 

consequence of the fact that it does not absorb light of wavelengths above 290 nm and does not 

react at significant rates with O3, OH, or NO3.
7 In addition to the lack of chemical sinks, there do 

not appear to be substantial physical sinks; thus CH3F not very soluble in water and hence is not 

removed rapidly by rainout.7 Although laboratory studies have shown that CH3F decompose on 
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exposure to visible and near-UV present in the troposphere when the compound is adsorbed on 

siliceous materials such as sand, an observed thermal decomposition when adsorbed on sand 

appears to be an insignificant loss process under atmospheric conditions. As a result, CH3F 

resides in the troposphere for years and is slowly transported up across the tropopause into the 

stratosphere, primarily in the tropics. 

Compared to an increase of the CO2 ambient concentration by 25%, the GWP values of 

CH3F are 1057, 307 and 109 for the integrated time horizons commonly adopted of 20, 100 and 

500 years. When the increase of the CO2 ambient concentration is 100%, the GWP values of 

CH3F are 1016, 283 and 101 for the integrated time horizons of 20, 100 and 500 years. How to 

calculate GWP14 

Absorbance = Log10(Io/Itr) 

Itr = Io* exp(-p*σ*l) 

Io/Itr=10Absorbance 

Itr/Io= 1/10Absorbance = exp(-p*σ*l) 

Ln (1/10Absorbance) = - p*σ*l 

σ =(-1)* Ln (1/10Absorbance)/(p*l) 

where  

• A is absorbance (no units, since A = log10 (Io / Itr ) 

• p is the pressure of the compound with units of atm 

• l is the path length of the sample - that is, the path length of the cuvette in which the 
sample is contained. I express this measurement in centimeters. 

• σ is the Absorption Cross-Sections of the compound, expressed in cm-1atm-1 
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For small concentration of a compound, the band conversion factors for each individual 

intervals are independent. Therefore, the equilibrium surface temperature response ΔT can be 

calculated by adding the product of the average cross-sections and band conversion factors. 

ΔT = Σ BCF* < σ> 

The GWP of a well-mixed gas is defined as the time-integrated change in the radiative 

forcing due to the instantaneous release of 1kg of a trace gas i expressed relative to that from the 

release of 1kg of CO2. Therefore, in order to calculate the global warming potential of a 

compound relative to carbon dioxide, an expression for the concentration of CO2 in the 

atmosphere has to be chosen. Table 7 shows the atmospheric parameters for carbon dioxide, 

where β0, βi are coefficients and τi are the lifetimes. 

The expression of the GWP:   

GWP=  

where ITH is the integration time horizon, τx is the atmospheric lifetime of compound X and μx is 

the molecular weight. The values for the integrated time horizon commonly chosen are 20, 100 

and 500 years. 

For reaction (1), the likely initial products of the reaction between CH3F and Cl are HCl 

and CH2F. The CH2F can react with O2 to form HCOF and react with Cl2 to form CH2FCl. 

CH2F +O2 → CH2FO2 

2CH2FO2   → 2H2COF + O2  

H2COF     → HCOF +H 

CH2F+Cl2 → CH2FCl +Cl 
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According to Morgan et al.15, the IR spectrum of HCOF has strong peaks at 1050 cm-1 

and 1850 cm-1 and CH2ClF has a peak of ~750 cm-1
.
15 Figure 11 and 12 show the absorbance of 

the compound CH3F with Cl2 in low O2 condition and an extra 20 Torr oxygen condition after 

irradiation for 30 minutes. The presence of significant absorption bands at 1050 cm-1 and 1850 

cm-1 correspond to the IR spectrum of formyl fluoride HCOF.15 The result reveal the area of the 

CH2ClF peak decreased from 0.8139 to 0.3336 but the area of HCOF stays the same. Edney and 

Driscoll16 point out the concentration of HFCO first increases, reaches a maximum and then 

decreases over time, which implies that HFCO was both produced and consumed during the 

irradiation. Meanwhile, the decrease of HFCO matches the significant reaction of HFCO with Cl.  

 
Figure 3.6: Absorbance of the compound CH3F with Cl2 (Low O2) after 30 mins under UV 

irradiation. 
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Figure 3.7: Absorbance of the compound CH3F with Cl2 (20 Torr extra oxygen) after 30 mins 
under UV irradiation. 
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Table 3.7: Atmospheric Parameters for Carbon Dioxide 

1   CO2 Decay constants:        

 β0 β1 τ1 β2 τ2 β3 τ3 β4 τ4 

1.25 x 0.131 0.201 362.9 0.321 73.6 0.249 17.3 0.098 1.9 

2.00 x 0.142 0.241 313.8 0.323 79.8 0.206 18.8 0.088 1.7 

2    Direct, Equilibrium Surface Temperature Response    1.18E-5 K/ppbv 

3    Molecular Weight     44 g mol-1 
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CHAPTER 4 

CONCLUSION 

In brief, the rate constants of kH & kD are kH = (3.50 ± 0.52) x 10-13 cm3 molecule-1 s-1 

and kD = (5.0 ± 0.51) x 10-14 cm3 molecule-1 s-1. The kinetic isotope effect, the ratio kH/kD, was 

found to be 7.0 ± 1.2 at room temperature. The lifetime of CH3F is 3.0 years. Meanwhile, 

Compared to an increase of the CO2 ambient concentration by 25%, the GWP values of CH3F 

are 1057, 307 and 109 for the integrated time horizons commonly adopted of 20, 100 and 500 

years. When the increase of the CO2 ambient concentration is 100%, the GWP values of CH3F 

are 1016, 283 and 101 for the integrated time horizons of 20, 100 and 500 years. 
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APPENDIX  

OBSERVED RELATIVE CONCENTRATION PROPORTIONAL TO ABSORBANCE IN 

KINETIC EXPERIMENTS.
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CH3F vs CH4 

Integrated absorbance: 

Run 01: 
Reference 

(CH4) 
Reactant 
(CH3F) 

Ln(Reactant 0/ 
Reactant t) 

Ln(Reference 0/ 
Reference t) 

0.243 0.257 0 0 
0.242 0.255 0.00781 0.00412 
0.241 0.251 0.0236 0.00826 
0.240 0.248 0.0356 0.0124 
0.239 0.245 0.0478 0.0166 
0.238 0.242 0.0601 0.0208 
0.238 0.240 0.0684 0.0208 
0.237 0.237 0.0810 0.0250 
0.236 0.235 0.0895 0.0292 
0.235 0.233 0.0980 0.0335 
0.235 0.230 0.111 0.0335 
0.234 0.229 0.115 0.0377 

Run 02: 
Reference 

(CH4) 
Reactant 
(CH3F) 

Ln(Reactant 0/ 
Reactant t) 

Ln(Reference 0/ 
Reference t) 

0.330 0.0361 0 0 
0.326 0.0352 0.0252 0.0122 
0.323 0.0337 0.0688 0.0214 
0.320 0.0330 0.0898 0.0308 
0.318 0.0323 0.111 0.0370 
0.314 0.0314 0.139 0.0497 
0.313 0.0304 0.172 0.0529 
0.310 0.0302 0.178 0.0625 
0.308 0.0290 0.219 0.0690 
0.306 0.0286 0.233 0.0755 
0.303 0.0283 0.243 0.0854 

Run 03: 
Reference 

(CH4) 
Reactant 
(CH3F) 

Ln(Reactant 0/ 
Reactant t) 

Ln(Reference 0/ 
Reference t) 

0.1259 0.0378 0 0 
0.1257 0.0373 0.0133 0.00159 
0.1247 0.0364 0.0377 0.00958 
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0.1239 0.0353 0.0684 0.0160 
0.1229 0.0346 0.0885 0.0241 
0.1223 0.0338 0.112 0.0290 
0.1216 0.0332 0.130 0.0348 
0.1207 0.0327 0.145 0.0422 
0.1202 0.0325 0.151 0.0463 
0.1192 0.0319 0.170 0.0547 
0.1190 0.0312 0.192 0.0564 

Run 04: 
Reference 

(CH4) 
Reactant 
(CH3F) 

Ln(Reactant 0/ 
Reactant t) 

Ln(Reference 0/ 
Reference t) 

0.173 0.263 0 0 
0.172 0.258 0.0192 0.00580 
0.171 0.252 0.0427 0.0116 
0.170 0.246 0.0668 0.0175 
0.169 0.241 0.0874 0.0234 
0.168 0.236 0.108 0.0293 
0.167 0.231 0.130 0.0353 
0.166 0.227 0.147 0.0413 
0.165 0.223 0.165 0.0473 
0.165 0.219 0.183 0.0473 
0.164 0.215 0.202 0.0534 

CD3F vs CH4 

Integrated absorbance: 

Run 01: 
Reference 

(CH4) 
Reactant 
(CD3F) 

Ln(Reactant 0/ 
Reactant t) 

Ln(Reference 0/ 
Reference t) 

0.412 0.0308 0 0 
0.410 0.0307 0.00325 0.00487 
0.406 0.0307 0.00325 0.0147 
0.404 0.0306 0.00651 0.0196 
0.401 0.0304 0.0131 0.0271 
0.399 0.0304 0.0131 0.0321 
0.397 0.0304 0.0131 0.0371 
0.394 0.0302 0.0197 0.0447 
0.392 0.0301 0.0230 0.0498 
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0.390 0.0301 0.0230 0.0549 
0.389 0.0300 0.0263 0.0574 
 

Run 02: 
Reference 

(CH4) 
Reactant 
(CD3F) 

Ln(Reactant 0/ 
Reactant t) 

Ln(Reference 0/ 
Reference t) 

0.442 0.151 0 0 
0.440 0.150 0.00399 0.00454 
0.438 0.149 0.00868 0.00909 
0.435 0.149 0.00868 0.0160 
0.433 0.149 0.0100 0.0206 
0.431 0.149 0.0127 0.0252 
0.429 0.148 0.0141 0.0299 
0.427 0.148 0.0147 0.0345 
0.425 0.148 0.0168 0.0392 
0.425 0.147 0.0215 0.0392 
0.422 0.1480 0.0174 0.0463 

 

Run 03: 
Reference 

(CH4) 
Reactant 
(CD3F) 

Ln(Reactant 0/ 
Reactant t) 

Ln(Reference 0/ 
Reference t) 

0.510 0.111 0 0 
0.506 0.110 0.00727 0.00787 
0.501 0.109 0.0128 0.0178 
0.497 0.109 0.0137 0.0258 
0.493 0.109 0.0155 0.0339 
0.490 0.108 0.0201 0.0400 
0.487 0.108 0.0238 0.0461 
0.484 0.108 0.0229 0.0523 
0.482 0.108 0.0257 0.0565 
0.479 0.107 0.0285 0.0627 
0.477 0.107 0.0303 0.0669 
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CD3F vs CH3F 

Integrated absorbance: 

Run 01: 
Reference 

(CH3F) 
Reactant 
(CD3F) 

Ln(Reactant 0/ 
Reactant t) 

Ln(Reference 0/ 
Reference t) 

0.463 0.193 0 0 
0.461 0.192 0.00260 0.00433 
0.455 0.193 0.00156 0.0174 
0.450 0.192 0.00676 0.0285 
0.444 0.192 0.00312 0.0419 
0.440 0.192 0.00728 0.0510 
0.435 0.192 0.00728 0.0624 
0.432 0.191 0.0109 0.0693 
0.427 0.191 0.0115 0.0809 
0.424 0.191 0.0115 0.0880 
0.419 0.190 0.0130 0.100 

 

Run 02: 
Reference 

(CH3F) 
Reactant 
(CD3F) 

Ln(Reactant 0/ 
Reactant t) 

Ln(Reference 0/ 
Reference t) 

0.473 0.154 0 0 
0.469 0.153 0.00130 0.00849 
0.464 0.153 0.00326 0.0192 
0.459 0.153 0.00457 0.0300 
0.454 0.153 0.00457 0.0410 
0.448 0.153 0.00457 0.0543 
0.444 0.152 0.00851 0.0633 
0.440 0.152 0.00916 0.0723 
0.435 0.152 0.0118 0.0837 
0.432 0.151 0.0144 0.0907 
0.428 0.151 0.0144 0.100 
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Run 03: 
Reference 

(CH3F) 
Reactant 
(CD3F) 

Ln(Reactant 0/ 
Reactant t) 

Ln(Reference 0/ 
Reference t) 

0.427 0.187 0 0 
0.424 0.187 0.00107 0.00705 
0.420 0.187 0.00160 0.0165 
0.415 0.187 0.00267 0.0285 
0.410 0.187 0.00374 0.0406 
0.407 0.186 0.00804 0.0480 
0.402 0.186 0.00966 0.0603 
0.399 0.185 0.0124 0.0678 
0.395 0.185 0.0113 0.0779 
0.392 0.185 0.0145 0.0855 
0.389 0.184 0.0161 0.0932 
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