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Abstract:

Measurements of methyl bromide in the atmosphere have been complicated by the uncertain stability
of methyl bromide in containers traditionally used for capture and storage of air samples. In addition,
with atmospheric concentrations of methyl bromide at 10 pptv, current detection techniques require
pre-concentration of large sample volumes. A method that provides a fast and simple measurement of
methyl bromide in small air samples without pre-concentration would prove useful in many field
applications. In this thesis, a technique is described which allows for the measurement of atmospheric
concentrations of methyl bromide in 45-mL air samples. This is accomplished by in situ conversion of
methyl bromide to the highly electron capture active methyl iodide with subsequent detection by
electron capture detector. Conversion is accomplished by exposure of the methyl bromide to zinc
iodide, which is contained in a heated in line column. Signal to noise ratios of better than 150:1 have
been observed and reproducibility is +/-10% based on the data collected thus far. This technique should
prove useful for the automated determination of methyl bromide in field applications.
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... but we rejoice in our sufferings, because we know that suffering produces perseverance;
perseverance, character; and character, hope...

Romans 5:3-4 (NIV) ~ -




Because without her great abilities as a wife, a mother and a friend, I would not have
made it this far. She has been my inspiration! '
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ABSTRACT

Measurements of methyl bromide in the atmosphere have been complicated by the
uncertain stability of methyl bromide in containers traditionally used for capture and
storage of air samples. In addition, with atmospheric concentrations of methyl bromide
at 10 pptv, current detection techniques require pre-concentration of large sample
volumes. A method that provides a fast and simple measurement of methyl bromide in
small air samples without pre-concentration would prove useful in many field
applications. In this thesis, a technique is described which allows for the measurement of
atmospheric concentrations of methyl bromide in 45-mL air samples. This is
accomplished by in situ conversion of methyl bromide to the highly electron capture
active methyl iodide with subsequent detection by electron capture detector. Conversion
is accomplished by exposure of the methyl bromide to zinc iodide, which is contained in
a heated in line column. Signal to noise ratios of better than 150:1 have been observed
and reproducibility is +/-10% based on the data collected thus far. This technique should
prove useful for the automated determination of methyl bromide in field applications.
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INTRODUCTION

Current Understanding of Stratosphe;ic'Ozone

The earth is protected from much of the sun’s UAV—B' radiation (290 nm-320 nm)
and UV-C radiation (175 nm-290 nmj by a layer of ozone (Os3) in the stratosphere, which
strongly absorbs in the 230 to 290nm regioni’z. This is critical to life on earth since short
Wavelength.UV of less than 290 nm can damage DNAZ Ozoﬁe 1s ubiquitous in the
atmosphere, but its concentration reaches a maximum in the stratosphere between 19 and
23 km above the surface of the earth’.

A two-step process in the upper stratosphere naturally generates a majority of
ozone”. First, molecular oxygen is photodissociated by the sun’s UV radiation
(<230 nm).

O:+hv—>0+0 (1)

This is then followed by a reaction of atomic oxygen with a molecule -of oxygen to form
ozone. There is a third body involved in the reaction, M, which absorbs the energy
produced by this reaction. M is usually a molecule of nitrogen, oxygen or an aerosol
particle.

0+0:+M — 0s+ M (2)

These reactions are most prevalent near the equator due to the intensity of the sun.
Currents in the atmosphere distribute the ozone with the general motion being toward the

poles.




Once formed, the ozone absorbs UV radiation, 230 to 290nm, which results in its -

destruction.

O3+hv —>0+0:2 (3)

Ozone can be further destroyed by reaction with atomic oxygen to give two oxygen

molecules.

O+03—20:2 (4)

This series of reactions was long thought to be the sole regulation mechanism for natural
ozone and is often referred to as the Chapman mechanism®. However, it proved to be
inadequate for explaining the steady state concentration of ozone in the stratosphere,
which is lower than the mechanism suggests. It should be noted here that the
stratosphere warms with altitude due in most part to the exothermicity (?f reaction (2)
and (4).

There must, therefore, be other sinks of ozone to account for the extra loss not
accounted for in the Chapman mechanism. Natural sinks for stratosphetic ozone are, in
fac.t, numerous. Only when these sinks are taken into account, does the mechanistic
theory of equilibrium for this system explain the observed concentration. The major
chemical pathways for destruction of ozone are a result of the catalytic interaction shown

below?.

X+0:— XO0+0: (5)
XO0+0—> X +0: (6)

net: 0+ 03— 20- ' (7)




where X = H, OH, NO, Cl or Br. The source of these raaicals ina pristine stratosphere
is from H,0, N,O, CH3Cl, CH;Br and other naturally occurring halocarbons’. These
radicals are formed as a result of reactions with light, atomic oxygen or other radicals.
The reactive species HOy, NOy, ClOy and BrOy, where x = 1 or 2, produced in reaction
( 5) become the path through which each radical participates in the catalytic destruction
of ozone. Note that the net effect of this cycle is the same as in (4 ) above.

These catalytic cycles are broken when the reactive compounds react with each
other or other species to produce “reservoir” species, which act to control the rate of
ozone destruction and to remove the radicals from the catalytic cycle and potentially the
atmosphere. Reservoir species are more stable and are less likely to participate in ozone

depleting reactions. Some of the major reactions that produce these species are:

NO:+ CIO — CIONO: (8)
OH + NO» — HNO- (9)
NO:2+ NOs — N:Os (10)

Cl+ HO2— HClL+ 03 | (11)

Nitrogen analogs provide the bulk of the chain termination reactions. These nitrogen
species are present in comparatively high concentrations, 10 ppb to 200 ppb, and in
effect provide a supply of reactants with which the radicals can react.’” Many of these
reactions also have fast réaction rates making their formatioﬁ even more probable. .In
fact, at any one time only a few percent of the chlorine species exist in their active,
ozone depleting, form. However, bromine compounds do not form reservoir species as
readily and over 50% of inorganic bromine in the stratosphere res;ides in its active, BrOx,

form.” The formation of reservoir species due to nitrogen compounds as well as the lack




of bromine containing reservoir species will become critical to understanding the unique
chemistry that takes place in the stfatosphere at the geographic poles, which will be

discussed shortly.

The “Ozone Hole”

The material presented above fepresents the bgsic chemistry of ozone in the
pristine stratosphere. In 1957, Dobson and others began taking routine measurements of
total column ozbne in the atmosphere over Antarctica.’ Total column ozone is measured
by a spectrophotometer in Dobson units, which répfesents the veﬁical thickness in cm of
oioné ‘(reﬁorted as times 1000) in the atmosbhere reduced to-a layer of pure gas at 0°C
and 760 mm Hg.ﬁ‘ Over the next two decades, periodic measurements of total column
ozone made at Yarious locations on the continent of Antarctica indicated that average
ozone levels were 350 Dobson units with seasonal variations of +/- 75 units’.

In the early 1970’s, Roland and Molina’ put forth a theofy about the potential of
man-made halogenated compounds to effect the natural balance of ozone in the
stratosphere. The source of these halogenated compounds was proposed to-be frqm
chloroﬂuorocarbons (Freons) and bromoﬂuorocarbdns (Halons). The specific chemistry
involved wﬂl be discussed below. Prior to this point Vefy little research had been
conducted on the trace gas make up of the atmosphere and more specifically the
stratosphere. There has siqce been, and continues to be, extensive study of atmospheﬂc

dynamics and chemistry at all altitudes.




Then in the early 1980s, it became very apparent that the levels of total column
ozoﬁe were changing drastically over Antarctica each spring (September, OctoBer)S. By
the middle 1980s, observations noted that total column ozone over the South Pole would
decrease by as much as 50 % each spring. Other experiments measuring the vertical
profile of ozone indicated that summer ozone concentrations reach a maximum at
approximately 20 km and that the spring time decrease was mostly a result of an extreme
loss of ozone at this :?ﬂtitude.g’m’11

The extreme thinning of the ozone 1ayer over Antarctica each spring has become
known as the “ozone hole”. Physically, the ozone hole is defineci as the area where
ozone levels drop to 220 DU or less'?. Depletion of 90% of the t.otal column ozone has
been recorded in portions of the hole and 100% depletion has been observed at altitudes
from 14 to 19 km. The spring ozone hole has been observed regularly over the entire
continent of Antarctica since the early 1980s. What is often overlooked is that
Antarctica is quite large, approximately 13 million square kilometers (the U.S. has 9.3
million square kilometers). Data from 1992 an(i 1993 show the hole to encompass an
area of over 24 million square kilometers.”> Calculations have indicated that springtime
ozone loss over Antarctica represents a loss of up to 3% of the global ozone in a one to
two month pc.:riod.14 Measurements have indicated negative decadal trends in ozone
over all areas of the globe with the exception of the tropics.’5 A3
Ozone loss over the Arctic has been observed in the spring as well.'*" Although

the depletion is not as extensive, concern has been high due to the additive effects of

another ozone sink and the relative proximity of the Arctic to major population centers




as compared to the Antarctic. Questions have been raised concerning the potential
effects of significant stratospheric ozone depletion over metropolitan areas even if for
short periods. Spring ozone loss within the Arctic vortex has been measured since the
middle 1970s. In the early 80s measurements indicated that maximurﬁ total column
ozone loss was 5 to 8%, which is within the expected annual varjability.’ By the mid
90s that level had only changed slightly and, unlike its Antarctic counterpart, was still
within expected annual variability.

As a result of the theories on the effects of halocarbons on ozoﬂe and subsequent
confirmation through the formation of the spring time ozoﬁe hole and the measurements
of decadal declines in ozone, Roland and Molina along with Crutzen, for his wofk on .
understanding atmospheric nitrogen chemistry, were awarded the 1995 Nobel Prize in
Cﬁemistry. Since this recognition, these theories have been widely accepted in the

scientific communities, although some disagreement remains.'®

Ozone Depletion Chemistry

The conditions that allow such severe ozone depletion to take place afe unique to
the geographic Polar Regions, although the severity in Antarctica is unrivaled.
Discussion here will focus on the chemistry in the stratosphere over Antarctica with
some discussion of ‘Ehé differences seen in the Arctic.

As winter develops in the Southern Hemisphere, a phenomenon known as the
polar vortex forms as a result of strong westerly winds. The vortex causes a méjor

portion of the Southern Hemisphere’s stratosphere to become isolated from the rest of




the global stratosphere. The vortex is generally centered over the South Pole and can
encompass latitudes to 50°S. Due to the lack of sunlighf and the isolation of the air
within the vortex from warmer, higher latitude air, temperatures within the vortex drop

to below -80°C during the winter. At this low temperature, clouds of nitric acid

trihydrate (NAT), sulfuric acid tetrahydrate (SAT) and water begin to form in the

Antarctic stratosphere. These clouds, known as polar stratospheric clouds, remove the
reactive nitrogen (NOy) species from the atmosphere by direct physical adsorption.. With
this nitrogen unavailable, C1O and BrO concentrations can then rise to as high as‘2 ppb
and 20 ppt, respectiyely, due to their inability to form reservoir species. As discussed
above, nitrogen compounds in the ‘stratosphf;re are critical to the formation of these
reservoir species and to the balanée of ozone concentration in the stratosphere. Reactive
nitrogen species are further removed from the atmosphere through heterogeneous

reactions of remaining reservoir species on these cloud surfaces.

CIONO(g) + HCl(g)M Cla(g) + HNOs(s) (12)
H20(g) + CIoN0»—NATE)_, proct + HNOs (13)

Sedimentation of these cloud particles is thought to worsen the problem because it
esse-ntially denitrifies the stratosphere. If sunlight were available, the NAT could
photochemically produce NOy’s, however, sedimentation minimizes this turn around and
allows the reactive chlorine to remain active. This buildup of active chlorine and
bromine in the stratosphere takes place throughout the winter. When the spring sun

returns to the polar region, the UV light quickly initiates reactions between this excess




reactive chlorine and bromine and ozone as shown in (5), (6) and (7). Ozone is
destroyed at a rate of 2-4% per day during the height of the ozone depleting proce:ss.m’19

As spring progresses, three factors control the end of the spring ozone hole.

First, there is a depletion of available reactants due to the extreme loss of ozone.

Second, as the stratosphere warms the PSCs sublime and reactive nitrogen becomes
available by the photolysis of HNO;. The reservoir species then begin to form and break
the chain reactions. As mentioned above there has been evidence of sedimentation of
the NAT which minimized this pathway. Third; the vortex begins to break up, which
allows mid-latitude air to once again mix with the polar ai‘r and replenish the ozone in
the polar stratosphere and bring in a supply of reactive nitrogen compounds to
reestablish the equilibrium.

The Arctic wintertime chémistry is similar except for two major factors. First,
the winter time vortex is weaker and not as clearly defined.’® Second, the temperatures
in tﬁe Arctic stratosphere do not get as low as they do in the Antarctic. The limited
vortex allows for more mixing with mid-latitude air and therefore the isolated ozone loss
is not observed. At these higher temperatures, PSCs do not form as readily and therefore

heterogeneous chemistry plays a much more limited role. The warmer temperatures also

support the existence of the reservoir species, which also limits the loss of ozone

Atmospheric Bromine

Up to this point three main factors concerning ozone have been covered. First, it

has been shown that a few basic reactions drive the overall steady-state system, which




acts to regulate the amount of ozone in the stratosphere. Second, it was shown that
under certain coﬂditions severe perturbation of the ozone equilibrium could be seen.
Third, it was suggested that bromine is at least a participant in the chemistry of
stratospheric ozone. There are, however, many indications bromine actually plays a
major role in the perturbation of atmospheric ozone levels that have been observed for
the past 20 to 25 ye,alrs.zo’m’z2 A brief overview, emphasizing the ozone/bromine related
interactions, will show, in fact, that bromine plays a critical role in the ozone cycle and
especially in the ozone depletion phenomenon. It is important to highlight what might
otherwise be perceived as an insignificant contribution to the make-up of the
atmosphere.

Sources of Bromine in the Atmosphere

Vertical profiles indicate that there is little change in the concentration from
ground level to the tropopause of the most common alkyl bromides in the atmosphere.
Most recent measurements show that the total organic bromine ét the tropical tropopause
(~12km) has been measured to b 17.4 +/- 0.9 ppt.* Of this, methyl bromide, which has
both natural and anthropogenic sources, accounts for 54%. The specific sources of
methyl bromide will be discussed in a later section. Most of the remainder of the
organic bromine comes from Halons (38%), which are used as fire suppressants and are
of entirely anthropogenic origin, dibromomethane (6%), bromochloromethane and
dichlorobromomethane (0.8% combined) all are produced from natural sources. This
low concentration of bromine-related compounds pales in comparison to the 3.5 ppb of

chlorine containing species.24 As will be demonstrated shortly, however, bromine not




10

only plays a critical role in the equilibrium of ozone in the atmosphere as discussed

above but also the perturbation of atmospheric ozone.

Troposphere

Once released into the troposphere, the halocarbons mix rapidly and become
relatively evenly distributed. In the troposphere, for those compounds with a C-H bond,
25

the most common path of chemical destruction is reaction with the hydroxyl radical

Using methyl bromide as an example:

CH:3Br + OH — CH2Br+ H20 (14)

After formation of the radical, it subsequently reacts with a variety of other species, such
as Oy, to produce water-soluble products, which then are rained out of the troposphefe.
Fully halogenated chemicals such as the Halons do not react with the hydroxyl radical,

as shown in (14), and reach the stratospheré unchanged.5

Stratosphere

Onée in the stratosphere, organic bromine is photolyzed or reacts with OH or O
to produce free bromine. This bromine then reacts with a variety of species (OH, O, O,,
03, ClO, NO and NO,) to produce a variety of inorganic bromides such as BrO, HOBr,
HBr, BrCl and BrONO,.”

The formation of the reservoir species BrONO2, BrCl HOBr and HBr is much
less favored then those of its chlorinated counterparts. As such, only about one-half of
the inorganic bromine resides in these forms. The remainder of the bromine stays in the

reactive forms, Br and BrO.2%% Also, the brominated reservoir species are much more
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photochenﬁcally active, which allows them to be converted to reactive bromine much
more quickly than their chlorine counterparts.

Once formed, these inorganié bromides can react through a variety of pathways
with ozone. Wofsy and Watson first recognized the role of bromine in stratospheﬁc
chemistry in 1975 but their ideas were largely treated as a minor contender until 1980
when Yung®* expanded on their proposals. He showed that stratospheric bromine could
play a major role in ozone depletion in two ways. First, he reiteratea that bromide

analogs themselves are effective ozone sinks through similar reactions as shown above.

Br+ 03— BrO + 02 (15)
BrO+0 — Br+ 02 (16)
net: 0+0:—20- (17)

Second, he noted that-the bromine analogs could react with C1O, NO; and HO,
synergistically to remove ozone even more effectively. Yuﬁg indicated that the cycle
shown below is one of the most important due to its regeneration of the chlorine and

bromine radical.

ClO+BrO — Cl+Br+ 02 (18)

Br + 03— BrO + O (19)

Cl+ 03— CIO + 02 (20)

net: 203 — 302 N (21)

This regeneration process enables the bromine and chlorine to participate in more
reactions with ozone than they might otherwise. It is this synergistic éffect that makes
this path so critical. Prior to this understanding, models of ozone depletion were not
adequate to explain the losses being seen. When the bromine chemistry as discussed by

Yung was taken into account, a significant increase in model accuracy was observed
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when compared with field data. As a result of this understanding, it is now believed that
bromine may be responsible, either directly or indirectly, for approximately 25% of the
ozone loss in the stratosphere.s’5 However, during the unique conditions that bring about
the ozone hole, bromine may be responsible for as much as 50% of the depletion of
ozone. Utilizing the kinetics of the known bromine and chlorine containing reactions, it
" has been shown that bromine is 50 to 100 times more efficient than chlorine on a per
atom basis at destroying ozone.”®

As mentioned above the sources of bromine in the atmosphere are both
anthropogenic and natural. Because the Halons, which have nc_)t been made since 1993,
are not reactive in the troposphere their life times are exceedingly Jong.? Even if
emission from current feed stock were to cease today, their presence would Be evident
for many decades. However, methyl bromide, responsible for 54% of the organic
bromine in the atmosphere, readily reacts in the troposphere. There are predictions that
the elimination of anthropogenic sources of methyl bromide could have i)rofound impact
on the ozone hole in a very short time due to its reactivity in the troposphere and short

tropospheric Jifetime.*

Methyl Bromide

Methyl bromide is unique among the brominated compounds that are prevalent in
the atmosphere because it has both natural and anthropogenic origins. However, studies
on the sources of methyl bromide are limited and there has been no definitive agreement

regarding the output from all of the sources or even what the all of the sources are. This
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section will focus on what is known about the sources of methyl bromide in an attempt
to provide a clear understanding as to the implications regarding the depletion of ozone
and as to the potential implications and applications of this project.

Anthropogenic Methyl Bromide

In the middle 1930s, methyl bromide was determined to be an expel’lent anti-
fungal agent for horticulture produce.25 Over the next thirty years, it was discovered that
methyl bromide was also useful for structural fumigation and pest/disease fumigation in
soil. The popularity of methyl bromide grew due to its effectiveness and.its ability to
replace several pesticides and herbicides. The effectiveness of methyl bromide has been
unsurpassed by any single chemical or treatment process for control of pests and fungus.
Unlike many other treatments, no observed pest tolerance toward méthyl bromide has
ever been detected. As a volatile gas, it is quick to dissipate after application. The only
potential hazards to the consumer are consumption of inorganic bromides that were
created as a product of the methylation process or by direct exposﬁre to methyl-bromide
as a result of application processes. Consumption of inorganic bromides has been
determined to be inconsequential. However, illness and death have been r‘eported asa
result of direct exposure to methyl bromide. Farm workers and residents living near
fields where methyl bromide is applied are the most likely candidates for exposure.
Since methyl bromide is a gas and because of the nature of the fumigation process, it has
been estimated th'a'lt up to 60% of the methyl bromide applied ié released into the .

atmosphere and as such the potentiail for human exposure is high.30 This figure is highly
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variable as it is dependent on soil conditions, application technique, recovery technique
and in situ destruction. |

Atmospheric methyl bromide of anthropogenic origin has three main sources.
These include industrial use and production, leaded gasoline and bio-mass burning.
Industrial production is relatively well quantified in developed countries but production
in undeveloped couﬁtﬁes is diffiéult to monitor and of that which is produced, the
determination of the amount released into the atmosphere is highly speculative. Today,
worldwide industrial production of methyl bromide is approximately 76,000 tons
annually. Of this amount, more than 70% is applied annually in the U.S. for agricultural‘
soil fumigation, 24% is used for fumigation of structures, durables and perishables and
3% is used as chemical feedstock. Most recent numbers estimate that of this amount
41,000 tons aré released annually. While recent developments in plastics may é‘néble
farmers to release less methyl bromide into the atmosphere, mechanical constraints
dictate that loss to the atmosphere will never be eliminated.*

Another anthropogenic.source of methyl bromide comes as a result of a
byprodu;:t of the combustion of dibromoethane in leaded gasoline. Best estimates for
methyl bromide’s contribution to the atmosphere as a result of this process is 2500 tons
annually +/- 100%. This value is highly speculative because of a lack of data regarding
its use worldwide. Again, the measurements are poor and but levels should be dropping
with fewer and fewer autos using leaded gasoline.31

Biomass burning is known to produce methyl bromide but quantitation of this

effect has been difficult.*>** Most methyl bromidé from this source is thought to result
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from the large fires in South America, Indonesia and other tropical zones where forests
are burned to clear areas for agriculture. It has been estimated that nvatu;al fires account
for less than 10% of the biomass that is burned annually.” Best estimates indicate that -
fires contribute 25 ,OOd tons of methyl bromide to the atmosphere annually. This value
represents fires from both naturél and énthropogcnic causes.

Natural Methyl Bromide

The ocean is known to be both a source and a sink of methyl bromide. Recent
measurements indicate that the ocean produces 56,000 tons/y of methyl bromide.
However, tﬁe ocean also consumes about 77,000 tons/y of methyl bromide, mostly
through hydrolyéis. This data then indicates that the ocean is a net sink of 21,000 tons/y
of methyl bromide. !> # % Again, quantitating such a value is difficult and associated
uncertainties can have large implications with regard to the global budget of methyl
bromide. All of these values depend on the validity of the rates for loss, whfch are also
under constant scrutiny.

Soil has recently been realized as a viable sink for methyl bromide.*®?’
Calculations have indicated that the average annual loss to soil is on the order of 42,000
tlons/y. The mechanism by which this loss takes place is proposed to be a result of
biological oxidation. Proof of this is limited and the mechanisms up to this point are

only speculative. Due to the wide variability of soil types and transport mechanisms,

quantitating this sink has obvious hurdles to overcome.
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Global Budget of Methyl Bromide

The currently accepted concentrafion of methyi bromide in the troposphere is 10
ppt+/-1 ppt.15 Using this number the global burden, the amount in the atmosphere at
any one time, is calculated to be 150,000 tons.® This causes a dilemma since the above
numbers indicate that sources are only 60%. of sinks. This would naturally lead to the
conclusion that the concentration of methyl bromide in the atmosphere should either be
_declining or non-existent, which is not the case. Uncertainties in the sources and sinks
as well as the non-uniformity of these sources and sinks make reconciling a global
budget difficulﬁ. Most of the values presented above for natural sources and sinks have
variability of at least 100%. Numbers for anthropogenic sources range in Variabﬂity
~ from 50% to 100%. Nevertheless, it has still been shown that methyl bromide has a
siéniﬁcant anthropo genié element.

Consequences of Anthropogenic Methyl
Bromide

Bromine, as mentioned, is responsible for 30 to 50% of the ozone depletion seen
at the poles each spring both directly and iﬁdirectly. Also discussed is the fact that
methyl bromide accounts for 55% of troposphéric bromine and is responsible for an
equal portion of the stratospheric inorganic bromine. Since approximately 50% of
methyl bromide is of anthropogenic origin, anthropogenic methyl bromide may be
responsible for 8 - 12% of the Antarctic ozone hole. Research has shown that
elimination of anthropogenic sources of methyl bromide could be equivalent to moving

the phase out date of CFCs up 3years.25 Only through a better understanding of the




17

methyl bromide budget and sources will better estimates of the overall effects of methyl

bromide be determined.

Current Methods of Detecting Methyl Bromide

The most common techniques used for the detection of halogenated compounds,
and more specifically of concern here, methyl bromide, in air are the GC/ECD, the
oxygen doped GC/ECD and GC/MS. 224373940 A]] of these techniques are widely used
and accepted in the field of atmospheric chemustry. |

In order to detect atmospheric levels of methyl bromide it is often necessary to
preconcentrate large volumes of safnple with subsequent separation and detection by the
GC/ECD or by GC/MS techniques mentioned above. Pre-concentration of samples is
accomplished by the cryogenic focusing or adsorptive trapping of large sample volumes
in a pre-column prior to chromato graphic separation. Sample volumes are typically 0.5
to 2 L. Cryogenic methods rely on liquefied permanent gas temperatures to freeze out
the constituents of a samﬁle. After the desired volume is captured, the pre-column is
heated, allowing the sarﬁpl‘e to enter the chromatographic column. Adsorbent trapping
relies on the sample chemically adsorbing té a substrate packed into a pre-column. As
before, once the desired volume of sample is trapped, the column is heated and the
sample is desorbed and allowed to enter the chromatographic column. Detection by
ECD can also be enhanced by using the oxygen-doped technique.*" Here, a known
amount of oxygen is allowed to enter the ECD. The characteristics of the ECD

chemistry are changed and signal enhancement is observed for selected compounds.
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All of the methods mentioned have drawbacks when used for the determination
of atmospheric methyl bromide on a routine basis. Cryofocusing samples requires the
use of relatively large volumes of liquefied gases. This tends to be impractical in field
applications. Cryfocusiné might also require the collection of samples in the field for
later analysis, which could lead to sample degradation, small sample numbers per
location and elevated costs. Adsorbent traps rely on the chemical interaction of the
species of interest and the adsorbent. If trapping is too efficient the compound of
interest may be irreversibley trapped on the column. If the trapping in not efficient, the
compound of interest might be unretained and lost out of the trap effluent. The Oxygen-
doped ECD has limited versatility and tends to negatively effect the signal-to-noise ratio
for response to methyl bromide. Methods, such as mass spectrometry, that do have good
sensitivity are typically not field portable and as with cryofocusing discussed above, this
then requires that the sample of interest be collected in a container and transported to the
lab. Although sample containers exist that have been shown to not appreciably effect
sample integrity, it becomes prohibitively expensive to collect a large number of

samples.
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STATEMENT OF PROBLEM

Motivation for Continued Investigation of Atmospheric Methyl Bromide

From the 'backgréuﬁd that has been given on the basic chemistry of the
atmosphere, it is clear that methyl bromide is a major contributor to processes involving
atmospheric ozone. As seen above, the catalytic and synergistic effects of bromine on the
destruction of ozone can be profound. Several groups and organizations have stated that
the global levels of methyl bromide are still not completely characterized and that the
sources and sinks as well as the source and sink mechanisms are not well
understood.>**#® Determination of such values would allow for better estimates of
atmospheric lifetime, ozone depletion potentials and overall atmospheric makeup.25
Current techniques for the detection of methyl bromide rely on collecting samples in a
container for later testing, thereby poténtially affecting sample integrity, or pre-
concentrating large sample volumes, which then requires equipment that may not be
practical in many field settings. Investigation of the ability to increase the detectability of
methyl bromide in small volume whole air samples is the primary goal of this thesis. A
technique that relies on standard GC instrumentation but eliminates the need for pre-
concentration would be of great interest to the atmospheric science community.

Watson and co-workers** investigated a technique involving the in situ conversion
of methyl chloride to methyl iodide, which is EC active, by exposure of the methyl

chloride to a heated in-line sodium iodide column in order to enhance the detectability of
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methyl chloride by electron capture detecti‘on.' The first goél of this thesis is to |
investigate the potential conversion of methyl bronﬁde to methyl iodide using a similar
sodium iodide column along With electron capture detection. The second objective is to
determine if this converéion reaction is restricted to sodium iodide or are other metal
iodide salts also capable of facilitating the conversion of methyl bromide to methyl
iodide. Third, can the coﬁversion be made efficient enough without detrimentally
effecting the ECD and yet still be able to enhanee the response of methyl bromide? The
fourth objective is to determine Whét effect the conversion column may have on the more
abundant chloroearbqns_that will be present in real air. Lastly, using the information |
from the first four steps, feal air ‘s;‘amples' will be teslted ;co determine if ‘the iﬁproved

detection of atmospheric concentrations of methyl bromide can be realized.

!
i
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EXPERIMENTAL

In Situ Conversion of Methyl Bromide to Methyl Iodide

Tnstrument Desi on

A schematic of the instrument is shown in Figure 1. The base chromatograph was
a Varian 3700. Standard grade nitrogen was used as the carrier gas at a flow rate of 35
ml/min except as noted in the section below detailing other system setups and

optimization. Oxygen and water were removed from the carrier gas nitrogen by in-line
Oxy-trap(Alltech) and Drierite / 5A molecular sieve filters. Samples were introduced

into the carrier gas stream via a 6-port valve, V1, (Carle Instruments, OK) fitted with a
sample loop. Tﬁe 2-ml sample loop was constructed of 3-mm o.d. stainless tubing.
Two, three-meter 10% SF-96 on Chromasorb-W columns constructed of 3-mm o.d.
stainless steel tubing were used for chromatographic separation. The chromatographic
columns were used at ambient temperature. The first column provided initial separation
of the sample prior to the metal iodide conversion column. The second column provided
post conversion column separatiofl of products and reactants that resulted from reactions
within the metal iodide conversion column. The conversion column could be switched
into or out of the flow path between the two chromatographic columns by a second 6-poxt
valve, V2.(Valco Instruments). This valve allowed the effluent from the first
chromatographic colﬁmn to bypass, BP mode, the conversion column or be dir'ecte.d onto

the conversion column, TC mode. A separate nitrogen source is used to maintain
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Figure 1. Schematic of instrument used to investigate the in situ conversion of methyl bromide to methyl iodide using a variety of
metal iodide salts.
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nitrogen flow through the conversion column when the option of bypassing the reaction
column is utilized. The temperature of the conversion column was controlled by use of
the Varian 3700 oven and associated controls. Effluent from the chromatographic

columns was directed into an electron capture detector. The detector was operated at

250°C.

Metal Iodide Conversion Columns

Conversion columns were constructed of 6-mm o.d. copper or stainless steel
tubing packed with a mixture of Chromasorb-W and metal iodide salt. A list of the metal
iodide salts tested is given in Table 1. All chemicals were used as received.

Table 1. Metal iodide salts used to facilitate the conversion of alkyl bromides to alkyl
halides.

Agly Csl Mnl, Rbl
Bal, Cul Nal SIIIQ
Bil3 | KI | NH4I Snly
| Cal, Lil Nilp ' Srl,
CCHZ MgIZ PbIz ZIIIZ
COIz

Conversion columns were prepared according to the following procedure. The
metal iodide salt was ground to a fine powder using a mortar and pestle and then
combined with an equal volume of Chromasorb-W in a graduated cylinder. The piece of
tubing was plﬁgged on one end with a small piece of glass wool. The mixture was then
poured, with tﬁe aid of a funnel, into the oth¢f end of the tube with light tapping of the
tube on the bench to ensure even filling and to minimize air pockets. The tube was filled

to within 6 mm of the end of the tube. Typically, 1.5 — 2.0 g of the mixture was put into
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each 15-cm length of 6-mm o.d. tubing. A glass wool plug was used to {ill the rest of the
tube. Ends of the column were fitted with Swagelok fittings to allow installation on to
the instrument. All stages of column preparation were done in a fume hood except when
using compounds with extreme air sensitivity. These columns were prepared in a
nitrogen filled glove bag. Methodology for preparing conversion column materials, as
described by Ooman,46 where the metal iodide is dissolved in a solvent and mixed with
the support followed by removal of the solvent under vacuum was attempted but results .
were poor. After each column was prepared, it was baked out at 250 °C for 24 to 72
hours under a flow of 30 ml/min nitrogen. After bakeout, the column was either installed
or capped for future use. After installation the column was heated to 150°C and allowed
to equilibrate for at Jeast two hours.

Metal Iodide/Phase Transfer Catalyst
Conversion Columns

These columns contained a mixture of phase transfer catalyét (PTC), metal iodide
salt and support media. Support media was either Chromasorb-W (Alltech or Supelco) or
silica gel. Table 2 shows the PTCs used in this study. Methodology for the preparation
of the contents of PTC columns was followed as described in the literature.” This
basically involved adding the three comﬁonents mentioned above to a mixture of
water/methanol (7/3) with stirring. After 10 minutes of stirring the water/methanol
mixture was removed under aspirator vacuum using a rotary evaporator. The mixture

was then baked in a 110°C oven overnight and subsequently stored in an airtight
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Table 2. Phase transfer catalyst and metal iodide salt mixtures used to promote low
temperature conversion of alkyl bromides. to alkyl iodides.

Phase Transfer Catalyst -| Metal Iodide Salt | Mixture in gram ratios of
Support : Phase Transfer
. Catalyst : Metal Iodide
- | Salt
Tetrabutylammonium Iodide Potassium Iodide | Silica Gel:PTC:KI
| 5.58:0.48:3.94
Tetrabutylammonium Jodide Zinc Todide { Silica gel:PTC:Znl,
5.58:0.48:3.94
Tetrabutylammonium Jodide Zinc Todide ChromasorbW:PTC:Znl,
| 2.65:0.48:3.94
Tetraethylammonium Iodide | Zinc Todide | ChromasorbW:PTC:Znl,
3.6:0.50:6.24 Dry prep
Tetraethylammonium Iodide Zinc Iodide ChromasorbW:PTC:Znl,
, | 4.0:0.50:6.24 Wet prep
Tetraethylphosphonium Iodide Zinc Iodide ChromasorbW:PTC:Znl,
4.0:0.50:5.82
Tetraphenylphosphonium Zinc Todide ChromasorbW:PTC:Znl,
Todide - 2.0:0.50:3.42
Tetrabutylammonium Jodide Zinc Jodide ChromasorbW:PTC:Znl,
2.67:0.48:3.96 Wet prep
Tetrabutylammonium Iodide | Lead Iodide ChromasorbW:PTC:Pbl,
3.25:0.50:6.24
Tetrabutylphosphonium Iodide Zinc Iodide | ChromasorbW:PTC:Znl,
: | 4.15:0.50:2.72 Wet prep

container until needed. The columns themselves were then constructed as described
previously.

Sample Makeup

Compounds used in this study were purchased from a variety of commercial
vendors. All of the compounds purchased were used as received. Samples of each
compound to be tested were made by standard dilution into airtight glass carboys, which

were maintained at above-ambient pressure. Carboy volumes were either 20 L or 4.5 L.
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Nitrogen was used as the dilutent gas and was checked for the presence of electron
capturing impurities prior to sample preparation. Initial dilution was performed by
injecting'a small aliquot of either a neat liquid (0.5 to 100 ul) or gas (0.5 to 5 ml) into a
carboy that was subsequently pressurizéd to between 1 and 10 psi, depending on the
desired concentration. Subsequent dilution was performed by transferring a sample from
this initial carboy using a 10 ml gas tight syringe for sample transfer and a second carboy,
which was subsequently pressurized to between 1 and 10psi. On occasion this second
carboy was used to make a third carboy of even 1.0\.?VCI‘ concentfation. However, final
dilutions and sample transfer were usually accomplished using a 100-ml or a 250-ml gas-
tight syringe equipped with a Hamilton HV Plug Valve.

Evaluation of Conversion Column
Efficiency ’

After construction, conditioning and installation of a metal—iodide conversion
column, samples of methyl bromide or methyl chloride were introduced into the system
via the sampling loop. Each metal iodide listed in Table 1was evaluated for its efficiency
of converting 1-ppm methyl bromide and 1-ppm methyl chloride to methyl iodide. The
reaction column temperature was varied from 50°C to 150°C in 25°C increments for each
metal iodide salt. After adjusting the column temperature, the system was allowed to
equilibrate for 1 hour. A strip-chart recorder was used to monitor the output signal of the
ECD. This procedﬁre was repeated for each metal iodide. Each salt was evaluated for

conversion efficiency by monitoring the peak height of the product methyl iodide.




27

Investigation of the Conversion Products of Selected Halogenated Organic Compounds

Instrument Design and Conversion
Evaluation

For these ekperiments an identical instrument to that described above except was .
used except that a FID detector was utilized. Tﬁe flow rates of air and h'ydrogen were
300 and 30 ml/min, respectively? for the FID. The cietecior was operated at 250°C.

Table 3 provides a list of .compounds that were analyzed for their possible
transformation to an alkyl iodide product using a zinc iodide conversion column and the
conditions under which they were tested. All of these chemicalé were used as received
and prepared in carboys as previously described. Sampies from carboys were introduced
into the system via the sampling loop. Selected compounds were tested at concentrations
ranging from 0.1 ppb to 100 ppm although most were only tested at 10 ppm. Most
compounds were tested at two convérsion column temperatures, typically 50°C and
150°C. Different concentration and temperature regimes were used when unique results
prompted further iﬁvesﬁgation, as will be discussed below. A computer with a data
acquisition card was used to monitor the output signal of the FID. The extent of
conversion was determined by monitoring the peak areas of products prqduced. Because
the response of the FID is approximately equal for compounds of equal carbon chgin
length and similar substitution pattern, peak éreas were based on the following formula:

(peak area for compound of interest) 100

Yconversion =
(sum of peak areas for all products)
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Table 3. Thirty five alkyl halides that were tested for conversion to alkyl iodides with
conversion column temperatures and concentration of alkyl halide tested.

Compound Concentrations of Alkyl Halide | Conversion Column
Brominated Compounds Tested Temperatures
CH;Br 100 ppm to 100 ppt 30°C to 200°C
CH,Br, 10 ppm 50°C, 100°C, 200°C
C,H;sBr 0.1 ppm to 10 ppm 50°C to 150°C

{ 1,2 — dibromoethane 10 ppm 50°C, 100°C, 150°C

n — bromompropane

0.1 ppm to 10 ppm

| 50°C to 150°C in 25°C inc.

2 —bromopropane

1 0.1 ppm to 10 ppm

50°C to 150°C in 25°C inc.

1,2 — dibromopropane

0.3 ppm to 10 ppm

100°C and 150°C

1,3 — dibromopropane 10 ppm 50°C, 80°C, 100°C,
105°C,150°C

2,2 ~ dibromopropane 1 ppm and 10 ppm 30°C, 50°C, 100°C,
. 150°C,180°C

2 —bromobutane 10 ppm 50°C, 100°C, 150°C

iso — butylbromide 0.3 ppm to 10 ppm 50°C, 80°C, 150°C

t — butylbromide 10 ppm 50°C, 80°C, 150°C

Chlorinated Compounds

CH;C1 1 0.3 ppm to 100 ppm 30°C to 200°C

CHCl; 10 ppm 50°C and 150°C

CCl, 10 ppm 50°C, 100°C, 150°C

CH;3(ClL 10 ppm 50°C and 150°C

CHsClI 10 ppm 50°C and 150°C

1,1 — dichloroethane 10 ppm 150°C

1,1,1 — trichloroethane 10 ppm 50°C and 150°C

1 — chloropropane 10 ppm 50°C, 100°C, 150°C

2 — chloropropane 0.3 ppm to 100 ppm 50°C and 150°C

2 — chlorobutane 10 ppm 50°C, 100°C, 150°C

t — butylchloride 10 ppm 50°C, 100°C, 150°C

Bromo-chloro Compounds

CCl3Br 10 ppm 150°C

CHCIBr, 10 ppm 150°C

C,H.CIBr 10 ppm 150°C

Bromofluoro, chlorofluoro and bromochlorofluoro Compounds

CFsBr 10 ppm 150°C

CE;Br, 10 ppm 150°C

CFBI'3 ? ?

CHFBr; 10 ppm { 150°C

CE:Cl, 10 ppm 50°C and 150°C

CFCls 10 ppm and 110 ppm 50°C and 150°C

CE,CIBr 10 ppm 150°C

CFECIBr, 10 ppm 150°C
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Determination of Methyl Bromide in Whole Air

Instrument Design

For these experiments an instrument similar to that initially describcd above was
used except for the changes noted below. A schematic of this instrument is shown in
Figure 2. Samples were introduced through a 6-way valve fitted with a sample loop. The
sample loop size was varied and the details will be coivered in the results and discussion.
The carrier gas was dried beyond that described above and all samples were dried by use
of an inline water trap. This trép was located between the outlet of valve V1 and the inlet
of the main chromatography column and was constructed of 10 cm of 6-mm o.d. (5.33-
mm i.d.) stainless steel tubing packed with ground magnesium perchlorate (Fisher
Scientific). Initial chromatography was performed on a 30-m long by 0.53-mm i.d.
mega-bore J&W Scientific GS-Q capillary column. The oven of the Varian 3700 and its
associated controls were used to control the temperature of this column. This column
was chosen over the SF-96 column due to its ability to separate oxygen from the
rémaining components of whole air. Post conversion column chromatography was
achieved using a 1-m by 3-mm o.d 10% SF-96 on Chromasorb-W column. The
temperature of the conversion column was controlled by wrapping the column with a heat
tape. The heat tape was controlled by a variac and the temperature was monitored by
thermometer. The temperature was kept stable by wrapping the heated column with

fiberglass insulation.
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Figure 2. Schematic of instrument used to investigate the detection of methyl bromide in small volume whole air samples.
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In order to minimize lab air intrusion into the sample introduction valve and
bypass valves, they were each housed in a cardboard box enclosure that was purged with
nitrogen. Effluent from the chromatographic columns was directed into either a ®Ni or a
H electron capture detector. Two commercial O3Nj detectors, Hewlett Packard and
Varian, were utilized as well as a home-built >H detector.

The home-built tritium detector shéwn in Figure 3 was constructed as follows.
The ECD cell was constructed from a Cajon brand VCR metal gasket face seal fitting to
Swagelok tubing adapter(Idaho Valve #SS-4-VCR-6-400). Two modifications were
made to the fitting. First, a hole was drilled into the center hex flat into which a 3-mm
stainless steel tube was silver-soldered to provide the gas outlet and seéond, the metal
gasket end of the fitting was bored out to 6.3-mmi.d. x 1 cm deep to provide a secure
aréa for the foil. The Swagelok end of the fitting was fitted with a 60%/40%
graphite/vespel ferrule. A pin was inserted through a hole in the center of the ferrule and
served as the ECD anode, which was connected to the electrometer. The fixed frequency
electrometer used to control the ECD was designed and constructed by John Bognar, a
former undergraduate researcher in the Grimsrud lab. The foil was titanium-tritide on.a 1
cm x 2 cm piece of .005” thick stainless steel (Safetylight Corp.). The foil has an aéti{/ity
of 350mCi. Cartier gas from the SF-96 column effluent was introduced into the cell via

the gland fitting, which is part of the VCR unit.
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Figure 3. Schematic of a home built tritium BCD.
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Figure 4. Schematic of heater block for tritium BCD.
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The temperature of the tritium ECD was controlled and maintained by use of a
heater block and cartridge heater. The cartridge heater was taken from an injection port -
heater on the Varian 3700. The controls for the heater were utilized to set the
temperature of the ECD. A schematic of the heater block is shown in Figure 4. A 195°C
thermal snap switch was moupted on the heater block in order keep the tempeérature of
the ECD from going above this temperature. At temperatures above approximately
210°C the titanium tritide complex becomes volatile and represents a radiation hazard.

The commercial *Ni detectors were operated at 300°C and controlled with the
commercial electronics. Both of these detectors are designed to operafe in constant-
current mode. The HP ECD and associated controls were part of a HP 5890 GC and the
Varian ECD and associated controls were part of a Varian 3700 GC. Only the ECD and
its controls were utﬂized on the HP instrument. This was accomplished by extending the
1-m SF-96 column from the port of Valco valve (V2) that was mounted to the Varian

3700 to the ECD inlet on the HP 5890.

Sample Preparation, Collection and Testing

Samples of compounds to be tested or used as spikes were made in carboys as
above. Air samples were collected for testing in two manners. Grab samples were taken
from inside the building and from the Montana State University grounds in 100-ml or
250-ml all-glass syringes (Poppgr & Sons, inc., New York) equipped with a Hamilton
HV Plug Valve and were used immediately. Samples from off campus were collected for
later use in. a 500-ml or 4000-mli stainless steel canister. These canisters were iﬁternally

treated with the SUMMA process. A Metal bellows valve (Nupro corp.) was fitted to the
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opening on each end of the canister. A DC-powered diaphragm pump (KNF Neuberger,
model NOSSVI) was used toipurge and fill these canisters. Canisters were filled to above
ambient pfessure. Samples from the stainless containers were removed by syringe

through a port with septum that had been fitted onto one of the valve outlets after the

filling process.
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RESULTS AND DISCUSSION

In Situ Conversion of Methyl Bromide to Methyl Iodide

Interconversion of Alkyl Halides

Shortly after the development of the electron capture detector™, interest in the
possibility of derivatizing compounds that normally would not respond in an ECD with
substituants that had EC active characteristics began to emerge.” Given that the electron
capture detector is extremely sensitive and yet highly selective has made the ECD the
detector of choice in applications where interference and/or sensitivity problems were an
issue. In 1981, Watson, Ball and Stedman demonstrated that improved electron capture
sensitivity to methyl chleride could be achieved by the in situ conversion of methyl
chloride to methyl iodide.* This was accomplished by passing a chromatographed
sample through a secondary column containing sodium iodide. Upon exposure of the
methyl chloride to sodium iodide at 350°C, Wat‘son reported 80% of the methyl chloride
was converted to methyl iodide. They reported the ability to detect 31 fg of converted
methyl chloride in a 5-ml sample corresponding to a detection limit of 3 ppt which is an
increase in detectability of 10%,

Then in 1984 Oomens .and Noten reexamined the conversion of methyl chloride
with an in-situ sodium iodide column.*® They indicated that Watson’s experiments were
difficult to reproduce, that they had attempted to refihe the conditions and subéequenﬂy
detected only pg levels of methyl chloride. This corresponds to a detection limit

equivalent to approximatel-y 7 ppb, which is an order of magnitude above ambient levels.
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This would seem to indicate that the technique would not be useful for the detection of
methyl chloride in ambient air.

The desire to interconvert halides is not unique to this issue. As indicated in
Larock treatise on organic transformations*, there are many reactions in the organic
synthesis realm that have been used to investigate the interconversion of halocarbons.
Most of these, however, take place in the solution phase with one notable exception. 'Ivn
1979, Tundo*® showed that the conversion of bulk quantities of n-butyl bromide to n-
buty.l iodide was possible by pumping the liquid bromide into a heated in line column
containing sodium iodide and a tetrabutyl phosphonium iodide phase transfer catalyst.
As the vaporized n-butylbromide traversed the column, conversion efficiencies of 93%
crude and 83% after purification were achieved with column temperatures of 160°C. He
indicated that the transformation did not take place without the use of the PTC. Detection
was by GC and NMR but was only used for the confirmation of product purity.

The mechanism by which this reaction takes place is generaily believed to be
Sn2*, although neither Waston*? nor Oomans*® mention this possiioility. Tundo® has a
limited discussion on this but indicates that these types of reactions can be assumed to be
Sx2.® Experiments performed in this study will take a cursory look at this issue.

Electron Capture Processes Involving
Methyl Iodide

It is well established that the electron capture detector is more sensitive to methyl
iodide than to methyl bromide.® The increased sensitivity to methyl iodide can be
attributed to two factors. First, the electron capture rate constant for methyl iodide is

much greater than it is for methyl bromide. This translates to a more efficient capture of
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electrons within the cell and hence a greater response. This difference alone can account
for an increase in sensitivity on the order of 10° over methyl bromide. Second, Grimsrud
and Knighton50 showed that, at low concentrations and relatively low temperatures, the
response of an electron capture detector to methyl iodide appeared to have a response that
was disproportionately large relative to the concentration that had been introduced into

the system. Upon further study, it was proposed that this effect was a result of

recombination of I with a proton to form HI, which then captures an electron. The
iodide ion is essentially recycled, allowing for multiple electron capture eveﬁts for each
initial molecule of methyl iodide introduced into the ECD cell. This translates into a
response that has stoichiometry greater than one.

There are two types of [ sources, 3H and ®*Nj, that have historically been utilized
by the Grimsrud research group for electron capture detectors. The tﬁtium ECD has a
higher activity, 350-800mCi, than the %3Ni ECD, 15mCli, which translates to higher ion

density within the ECD cell. It was postulated that this increased ion density might

maximize the reactions due to I” recycling and further increase the response due to

methyl iodide. A comparison of the response of these two detectors to methyl iodide will

be investigated.

Detection of Converted Methyl Bromide by
Electron Capture GC

Given the preliminary findings of Watson42, Oomans*® and Tundo48, itis
proposed that a similar method for the conversion of methyl bromide to methyl iodide

could enhance its detectability and aid in the investigation of atmospheric methyl
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Figure 5. Chromatograms for the conversion of methyl bromide to methyl iodide
utilizing a sodium iodide column at 150°C. (A) 1-ppm sample of methyl bromide that
was not exposed to the sodium iodide (B) 1-ppm sample of methyl bromide that was run
through the in-line sodium iodide conversion column. ’
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bromide. Investigation of the conversion of methyl bromide to methyl iodide with the
assistance of sodium iodide is a logical step toward the determination of the practicality
of this procedure.

The two chromatograms shown Figure 5 in represent two 1-ppm samples of -
methyl bromide, one with and one without exposure to a 15-cm x 6-cm sodium iodide
conversion column operated at 75°C. These chromatograms blearly indicate that
conversion of methyl bromide to methyl iodide is pés:sible 'alth,ough the édncehtfation of
~ the sample was quite hi gﬁ. The limited decrease in the methyl brorrﬁde peak and the Vef_y
promment methyl iodide peak demonstrates the sens1t1v1ty bias of the ECD toward
methyl 1od1de Smce it was determmed that conversmn does in fact, occur- a variety of
metal iodide salts were ‘evalua‘ted'm an attempt to improve the_convers@n _e_fflclency and

the detection limit.

Conversion Efficiencies of Metal Iodide
Salts '

Nineteen metal iodide salts and ammonium iodide were examined in order to
determine their ability to facilitate this conversion. Table 4 provides a list of the
conversion efficiencies observed for a sample containing 1 ppm methyl chloride and
methyl bromide using a 15-cm x 6-mm column operated at 150°C and a Varian ECD
detector operated at 25_O°C. For ease of comparison, the conversion _effiéiencies reported
for each salt are relative to the conversion efficiency of methyl bromide using the zinc
iodide column, which exhibited the most efficient conversion.

As seen in Table 4, methyl bromide was converted more effici_ently than methyl

chloride in every case. Seventeen of the salts displayed conversion activity toward
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methyl bromide while only 12 showed measurable conversion activity toward methyl
.chloride. Three salts, Snl,, Snly and NH4I, could not be tested for their ability to convert
due to thelr volatility at the test temperature. All three of these salts exhibited extreme
column bleed followed by sublimation, which eventually plugged the tubing followmg
the reaction column.

Zinc iodide and lithium iodide were found to be the most effieieht at converting
methyl brormde to methyl 1od1de while 11th1um 1ed1de and magnesium iodide were
observed to be the best at convertmg methyl chloride to methyl jodide. Lead iodide
showed the best specificity toward the conversion of methyl bromlde over methyl
' chlonde ‘At 150°C, sod1um 1od1de showed little act1v1ty toward methyl chlonde or
-methyl brormde when compared to the results obtamed at 350°C. by Watson

During this early phase of determination, the selectivity characteristics of the
conversion salt toward methyl bromide were consideréd to be very important due to the
potential interference of conversion products from the more abundant chlorocarbons in
the atmosphere. As such, zinc iodide was considered to be the bestvcoll_lmn material on
the basis of maximum overall conversion efficiency of methyl bromide and gfeater
discrimination against methyl chloride. However, lead iodide was also tested further
because of its greater selectivity.

Phase Transfer Catalyst Experiments

Based on previous work by Tundo, it had been surmised that the addition of a
phase transfer catalyst (PTC) might assist in the conversion of methyl bromide to methyl

jodide. Tt was also hoped that by utilizing the phase transfer catalyst, it might be possible
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Table 4. Relative conversion efficiencies of methyl chloride and methyl bromide to
methyl iodide by 20 different metal iodide salts. Values are normalized to the conversion

of methyl bromide by zinc iodide at 150°C

Conversion Column | Normalized conversion efficiencies of CHzCl and CH3Br to CHl
Compound CHsCl CH;Br
Znl, 0.28 1.00
Lil 0.53 ~ 0.96
Mgl, 0.50 0.81
Nil, ' 0.27 ' 0.64
Col; 0.18 0.38
Mnl, 1032 . 0.37
Pbl, + 1 <0.01 ' 0.35
Agl, 0.01 . : 0.24
Cul 0.02- ‘ 0.20
Bal, 0.10 0.18
. | Csl <0.01 0.18

| RbI . - <001 ‘ 0.15
Nal 0.01 : 0.13

| KI _ <0.01 0.11
Srtl, - 0.07 - ) : : 0.09 -
CdlL, 0.01 0.06 .
Bil; ‘ <0.01 : 0.05
NH4I No Conversion No Conversion
Snl, No Conversion No Conversion
Snly No Conversion No Conversion

to operate at a lower conversion column temperature and that the phase transfer catalyst

might work in a general sense for the conversion of a variety of bromides to iodides.

Tundo had used a variety of PTCs to promote the bulk synthesis of iodides from

bromides.*> * Based on his work a number of systems were formulated and constructed,

which included five common PTCs, tetrabutylammonium iodide, tetraethylammonium

iodide, tetraethylphosphonium iodide, tetraphenylphosphonium iodide and

- tetrabutylphosphonium iodide and 2 column supports, Chromasorb-W ar';d- silica gel.

Since these reactions were performed on the instrument utilizing the FID, percent
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conversions were based on the peak areas of the observed produc‘:ts and residual starting
material as discussed previously in the experimental section. |
Table 5 shows the PTC columns screened, the reaction conditioﬁs used and the
actual conversion percentages ‘of methyl chloride and methyl bromidé that were achieved.
The results for zinc iodide without a PTC are also included for a point'of reference. The

two columns that used silica gel as the support medium, which was specifically

Table 5 Convers1on eff101en01es (%) of methyl bromide and methyl chloride to methyl
iodide by phase transfer catalyst/metal iodide columns.

Phase Transfer Catalyst, Associated Column Conversion eff1c1enc1es (%) of
Contents and Their Weight Ratio CH;Cl and CH;Br to CHs!
- ' CHsCl | CH;Br | Reaction
' | Conditions

Tetrabutylammonium Jodide : See

Silica Gel:PTC:KI 5.58:0.48:3.94 ) Text

Tetrabutylammonium Jodide ' -See

Silica gel:PTC:Znl, 5.58:0.48:3.94 ) Text

Tetraethylammonium Iodide 1 13.6 125°C, 10
| ChromasorbW:PTC:Znl, 3.6:0.50:6.24 Dry prep ppm

Tetracthylammonium Jodide 1 17 125°C, 10

ChromasorbW:PTC:Znl, 4.0:0.50:6.24 Wet prep ppm

Tetraethylphosphonium Iodide 1.5 31.6 125°C, 10

ChromasorbW:PTC:Znl, 4.0:0.50:5.82 ppm

Tetrabutylammonium Jodide 49 91 -105°C, 10

ChromasorbW:PTC:Znl, 2.65:0.48:3.94 -~ | ppm

Tetrabutylammonium Jodide 19 1100 | 125°C, 10

ChromasorbW:PTC:Znl, 2.67:0.48:3.96 Wet prep ppm

Tetrabutylammonium Jodide 1 22 125°C, 10

ChromasorbW:PTC:Pbl, 3.25:0.50:6.24 ppm

Tetrabutylphosphonium Iodide 23 " 1.100 125°C, 10

ChromasorbW:PTC:Znl; 4.15:0.50:2.72 Wet prep ppm

Tetraphenylphosphonium Iodide 3 42 125°C, 10

ChromasorbW:PTC:Znl, 2.0:0.50:3.42 ppm

Zinc Iodide with Chromasorb -W 23 82 150°C, 10

- ppm




‘43
recommended in the literature by Tundo, adversely affected the chromatography by
producing broad tailing peaks in even the simplest systems.

The columns containing the tetracthyl PTCs did not effectively convert methyl
chloride or methyl bromide. Conversion percentages ranged from approximately 13 to
40% for methyl bromide and 1 to 3% for methyl chloride. One column utilized lead
jodide as the metal iodide salt in conjunction witﬁ fetrabutylammonium iodide and
Chromasorb-W. Conversion efficicncy of me_th'y'l b_rbmide was 22%, and th§ converéiqr_l _
of methyl c.:hloride wés apprp'ximatel'y 1%. - |

Columns with tetrabutylammonium iodide and tetrabutylphosphonium iodide,
Chromasorb-W as the support and zinc iodide as the ‘source of iodide perfofmed
exceptionall&, achieving 160% conversion of ﬁethyl brc.>mic_le- ét 125°C corﬂpared to the
zinc iodide and Chromasorb-W only system,- Whi(.:h showed 82% conversion »ét 150°C.

While these two systems resulted in excellent conversion rates, their use was not
extensively pursued for two reasons. First, in these experiments column bleed was
evident at temperatures above 125°C, on the FID system and as such, these systems were
not tested on the system with the ECD. It is not known whether these columns would
have been impractical to use with the ECD due to bleed but given the nature of the ECD,
it was surmised that bleed would have been a problem. Sécondly, since the column still
needed to be heated there was no real advantage gained with respect to minimizing |
instrumental requirements. Since high conversion rates could not be achieved at or near

_ room temperature, no further work with the PTC columns was performed.
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" Investigation of Conversion of Halogenated Orgainc Compounds to Iodinated Products

The obvious questions that now need to be addressed are: do other halogenated
organics convert under these conditions, to what.extent do they convert, and will any of
these products interfere with the detection methyl bromide? |

A list of 35 compounds was chosen based on atmospheric significance and
ava.ilabili.ty in the lab. Table 6 shovys a list of conversion efficiencies for a 10-ppm
sample usin;g,y a 15-cm x 6-mm Znl, cohimn operéfod at -150°C: Aloo shown is the .pe‘rce‘nt'
iodo product produ.ced, the percent other compounds produced and the numbef of
compounds produced.

Conversion of Selected Halogenated .
Organic Compounds by Zinc Iodlde )

Of most s1gn1flcant 1mportance is that multlply halo genated compounds do not
convert to iodinated products, which means that the Freons and Halons will not further
compliclate the detection of methyl bromide due to the presence of multiple conversion
products. It is rather unfor_tunate however that some of theso compounds, such a$ HCFC- |
134a or dichloromethane; do not convert as an increase in their detoctability could have
been 'of benefit to the scientific community.

All primary haloalkanes tested converted to an iodoalkano, except n-
'chloropropane. The n-bromoalkanes all converted with greater efficiency than the
corresponding n-chloroalkane. With respect to chain length, no specific trend was
observed for the n—bromoalkanes. Methyl bromide, at 82%, converted better than ethyl

bromide, 64%, but n-propyl bromide converted as well as methyl bromide, 82%.
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1-bromo 2-methylpropane did not convert cleanly as evidencgd by 21% iodo product and
51% of another product. Speculation concerning the identity of this product will be
discussed in the next section. N-butyl bromide and longer chain hydrocarbons were not
tested. The alkyl chlorides did follow a trend of decreasing conversion efficiéncy with
increasing carbon chain length. Methyl chloride, at 23%, converted better than ethyl
c;hloride, 7%, and n-propyl chloride did not produce any conversion products.

Wheﬂ bromo and chloro corﬁpounds sub's'lcitute,d in the secondary E?r tertiary
position were exposed to the heafed reaétion colurﬁn two productg were observed. One ‘
product has a retention time longer than the starting material, which is cén‘sistent Wi;ch the *
formaﬁc’m of the iodo cor.lv'ersid-ril p-roduct.‘ The secémd product has a.l.retent‘ioh time that is
,shor?er than the starting fnateriél, which would r.equir'_e the elimiﬁation of the halogen 1n
order to explain the shorte'—r retention t'ime. rI;he early'eluting éroduct was pfesent in
increasing amounts at highér temperatures. For instance, 2-bromopropane, utiliziﬁg a
150°C conversion column, gave 72% 2-iodopropane but also gave; 28% of an earlier
eluting product and'no starting fnaten'al. Howevér, utilizing a 100°C conversion column,
2-bromopropane was converted to 83% 2-iodopropane and 5% of the early eluter with the
remainder being starting material. These two conditions are shown in Figure 6..In |
addition to 2-bromopropane, three other seconde'uy compounds were testeci for
conversion to alkyl iodides at a column temperature of 150°C. 2-bromobutane converted
to give 1% 2-iodobutane, 2-chloropropane gave 60% iodo product and 2-chlorobutane

converted to give 3% 2-iodobutane.
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Table 6. Percent conversion of alkyl halides upon exposure to zinc iodide.

CFCl;

- Compound I Total Percent Iodo Product Other Products | Total Number |
Conversion (%) | (%) (%) | of Products

Brominated compounds
CH;Br 82 82 1
C,HsBr 64 64 1
n — bromompropane 82 82 1
1-bromo 2-methylpropane 72 21 51 2
2 — bromopropane 100 72 28 2
2 — bromobutane 100 1 99 2
2-bromo 2-methylpropane " Inconclusive
CHgBrz 0 0
1,2 — dibromoethane - 21 21 1
1,2 — dibromopropane Inconclusive

- 1,3 — dibromopropane 53 28/25 2

| 2,2 — dibromopropane 100 100 14
Chlorinated compounds :
CH,Cl 23 23 1
C,H;Cl 7 17 1

- CH,Cl 0 0 -
1 — chloropropane 10 0
2 — chloropropane 74 60 14 . 2
2-chloropent-1-ene 0 ) 0
2 — chlorobutane 99 3 96 2
2 — chloro 2 — methylpropane | 100 | 100 1
CHCl; 0 - 0
CCly 0 0
1,1 — dichloroethane 0 0
1,1,1 — trichloroethane 28 5 23 2
Bromo-chloro compounds
CCl3Br No recovery
CHCIBr3 0 0
1-bromo- 2-chloroethane 6 6 1
Bromofluoro, chlorofluoro and bromochlorofluoro compounds
CF;Br 10 ' 0
CE;Br; 0 0
CFBr3 0 0
CHFBr, 0 0
CECIBr 0 0
CF,CiBr - 0 0
CECl, 0 0

0 0
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Figure 6. Chromatograms for 2-bromopropane. (A) Bypass mode, Through column mode with the reaction column at (B)ISOOC,
(C) 1000C; (D) 50°C.
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‘With respect to the identity of the early eluting peak, there are two likley pI'Odl.JCtS
that would give such a result. First, the halogen might be substituted with a proton,
producing the unsubstituted alkane, or second, the halogen might be eliminated,
producing an alkene product. The system i$ very dry, howe;/er, and the only apparent
source of a proton would be from water. We therefore concluded that the product is a
result ‘of‘the elimination of a halogen and a hydrogen atom.

Only two tertiary al.kyll halides were test‘c’a,cll. Thg:- data for 2-bromo 2-
methylpropane was inconclusive with regafd to whether the main peak. wa;s an early
eluter or starting material. The starting material was also confaminated as evidenced by
multipie 'peak:s 'in- the chromatogfam. 2-chloro 2—methylprdpéne gave 100% éarly eluter
at all :teﬁperatures tested between 50?C and. 150°;_C. |

Twenty of the compouﬂds tested were substituted <with twé or mofe halogens.
Addition 6f multiple halogens disabled the production of iodo products except in limited
cases. 1,1,1-trichloroethane appa;ently produced. 5% of an iodo product. Only one
compound, 1,3-dibromopropane, was tested where an unsubstituted carbon separated two
carbon atoms that Qere each substituted with a halogen. Th? increase in retention time
observed in the chromatogram, shown in Figure 7 is consistent with the formation pf the
jodobromo and the diiodo product. As indicated in Table 6, 1,3-dibromopropané was
converted to 28% iodobromopropane and 25% diiodopropane with the balance being
starting material. It would appear thét the separation of the bromines by the
unsubstituted carbon allows each one to act independently and thus the formation of the

diiodo product is possible. The multiply substituted compounds that did not convert
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include many of the anthropogenic compounds that are a significant source of the
chlorine and bromine in the atmosphere. The non-conversion of these compounds means
that they will not interfere with the determination of methyl bromide in whole air samples
and that the response due to them may be used as an internal standard.

One particular result that was found to be unique V\;as the conversion of 2,2~
dibromopropane. Figure 8 shows that on exposure to the heated teaction column, 4
- products were formed, Wthh all had earlier elut1on times than the startmg material.
Speculatlvely, there are several ot)t1ons Wthh might explain this observatlon
Elimination of one or both bromines might lead to 2-bromopropene, propyne or ahene.
Some combmatlon of ehrmnatlon and hydratlon might g1ve propane propene or 2-
bromopropane. Although interesting, the identity of the products has not been e1u01dated
since it was not paramount to this project. Future research may look into this issue |
further.

Of all the compounds examined that showed any cohversion activity, only methyl
bromide, methyl chloride and 1,1,1—trich1oroethy1ene are expected to be present in whole
air. As such, the criteria by which the metal iodide was chosen heeded only to be based
on conversion efficiency. As evidenced by this work, zinc iodide was therefore chosen

as the conversion compound for use in the remainder of the study.

Optimization and Characterization of Conversion Column

After zinc iodide had been chosen for the conversion compound, it was necessary

to optimize the parameters of the column to maximize conversion efficiency. A series of
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Figure 7. Chromatograms of 1,3-dibromopropane. (A) Bypass mode; (B) Through column mode with the reaction column at 1ISO0C
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Figure 8. Chromatograms of 2,2-dibromopropane. (A) Bypass mode; Through column mode with reaction column at (B) 150°C;
(C) 1000C.
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experiments helped to determine the optimum column temperature, column configuration
and carrier gas flow rate. Also investigated was the ability of zinc iodide to convert
methyl bromide to methyl iodide at a variety of concentrations and the stability of the
methyl iodide that was created in order to ensure that it was not degraded in the heated
reaction column.

Effect of Conversion Column Temperature
on Conversion Efficiencies

In erder to determine the effect of tempefetiire on-the conversion precess, samples of
methyl bromide wefe intro&ueed into the systerﬁ Witi’l conversion column temperatures
ranging from 50°C to 150°C in 25°C 1ncrements Flgure 9 shows a compllatlon of
chromatograms for the eonvers1on of five saﬁlples of 10—ppm methyl bromide using a 15-
cm X 6-mm anz column at each of the temperatures hsted above using the FID for
detection. The chromatograms show that as temperature increases, the conversion of
rriethyl bromide also increases as evidericed by the increase in the methyl iodide product
peak. Later in the study it was determined that at temperatures higher than 150°C, a
decrease in etanding current of the ECD and loss of sensitivity was observed as a result of
column bleed. Studies for this thesis involving the FID did show some improvement of
conversion at 200°C but again this temperature was not practical on the ECD systems. A
150°C conversion column temperature was therefore chosen as the optimum temperature

to operate the conversion column.
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Figure 9. Chromatograms for 10 ppm samples of methyl bromide that were introduced into the instrument, which was in through

column mode, with the conversion column at 50°C, 75°C, 100°C, 125°C and 150°C. (A) Unconverted methyl bromide; (B) Methyl
lodide Product.
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Effect of Conversion Column Configuration
on Conversion Efficiency

Several conversion column configuratioﬁs, which differed in length and diameter,
were investigated in order to determine if there was an optimum configuration and to
determine if contact time with the metal iodide or volume of metal iodide was more .
important. These included a 5-cm x 12.5-mm o.d. column, a 15-cm x 6-mm o.d.
column, a 38-cm x 6-mm o.d. column and a 135-cm X 3-mm o.d. column. All of these
wefe pa‘cked with zjnc iodide énd condit_ionea as 'a-boi/e _ekcept'the 135-mm x 3-mm o.d.
column, which required a vacuum on one end to facilitate fﬂling. Columns were
evglugted bgsed on the maxim_lim response and impact on chromatography of methyi
iodide resulting from C(;nversibn of ¥nethy'1 Bromide. | .

- As reported above the conversion percentage for zinc iodide in the 15-cm X 6-mm
o.d. column was 82%. The 38-cm X 6-mm o.d. column contained approximately 2.5
times the volume of zinc iodide as thé 15-cm column and conversion efficiency for this
column i'rllcreas'ed 59 relative to the 15-cm column. Although greater efficiency was
achieved with the 38-cm column, flow restriction as a result of the longer colﬁmn caused
detrimental flow rate changes when switching between bypass and thr.ough column mode.
The 5-cm x 12.5-mm o.d. column contained approximately 1.5 times the volume of zinc
iodide as tﬁe 15-cm column but it showe_d a decrease in conversion efficiency of
approximately 10%, when compared to the 15cm cqlumn. The 135-cm long by 3-mm
o.d. column, similar to that used by Watson*? and Oomans46, was found to be
unacceptable due to extreme flow restriction. I‘; was hoped that this column would allow

for better chromatography due to the minimization of different tubing sizes. The 15-cm x
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6-mm o.d. column proved to be the best compromise between conversion percentage and
flow restriction. As such this column was used throughout the remainder of this thesis.

Effect of Carrier Gas Flow Rate on
Conversion Efficiency

The change in conversion efficiency based on residence time in the conversion
column was tested by running a series of experiments in which samples were introduced
into the system at a variety of carrier gas flow rates ranging from 25 to 51 ml/min. The
ECD itself is stéble only over a limited range of flow values dﬁe to the chemistry thét
must take place in the cell. Itis important to understand that -by adjusting'the carrier gas
flow, a ghange in signal may be due to a change in th'e. ECD characteristics as well as a
change 1n the conversion column efficiency. Traditionally, in c-hrc;mato éraphy, a fas'.ter.
flow rate gives a narrower, taller peak for a given c'ompbimd.‘ -

Figure 10 shows chromatograms for samples containing methyl bromide at the flow rates
of 51, 47, 35,30 and 25 ml/min. The peak shape did not improve as flow increased from
25 to 50 ml/min whereas signal intensity actually decreased. Maximum signal was
realized at the lower flows with no degradation of peak shape. This would seem to be
indicative of a change in reaction column efficiency based on residence time in the
column since the flow rate changes tested here should not have so drastically effected

ECD response. Based on these results a flow rate of 25 to 30 ml/mim was considered

optimal.
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Figure 10. Chromatograms for the conversion of (A)methyl chloride and (B)methyl bromide to methyl iodide for earner gas flow
rates of 51,47, 35, 30 and 25 ml/min.
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Concentration Effects on Conversion
Efficiency

A series of 2-ml methyl bromide samples ranging in concentration from 1000
ppm to 60 ppt were introduced into the system, which was fitted with a 15-cm x 6-mm
i.d. zinc iodide reaction column to examine what effect if any sample concentration
might have on the observéd conversion efficiency. High concentrations were tested on
the FID since the ECD -response is non-linear at high corice__nt.rati.o_ns. The convgrsion
efficiencies reported using the FID Qere based on peak areas as previously _diécué's_ed in’
the experime‘ntall section while the ECD values were based on a calibration curve for
methyl iodide. - |

‘Téble 7 shows a list of obsered convefsion percenfages of metﬁyi bromide in
order of decreasing conce’ntrati:on. The FID data shows a weak treﬁd that is probably |
real, indicating the inability of the selected column to convert at high concentrations. No
trend with ECD data is observed which is taken to indicate uniform conversion with low
sample concentration. Greater variability in the ECD data anq the difference between the
FID and ECD is due to the difficulty associated with calibrating the ECD response.

A

Determination of Potential Product Loss or
Degradation

Two tests were performed to ensure that products being formed in the reaction
column was not being lost as a result of the heat of the column or other interactions
within the conversion column. In an attempt do determine the stability of methyl iodide

within the heated reaction column a 2-1il sample of 10-ppm methyl iodide was
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Table 7. Percent conversion efficiency of methyl bromide to methyl iodide as a function

of concentration.

Concentration of methyl bromide

Percent conversion of methyl bromide to

2-ml CH;Br sample on Varian FID methyl iodide
1000 ppm 74
750 ppm 74
500 ppm 75
250 ppm 74
100 ppm 76
70 ppm 76
50 ppm 78
30 ppm 78 -
10 ppm 78
2-ml CH3Br sample on Varian ECD

620 ppt 83
558 ppt 87
496 ppt &9
434 ppt- 87
372 ppt &7
310 ppt’ 86
248 ppt 90
186 ppt 93
124 ppt 88
62 ppt 63

introduced into the system, which was in the through reaction column mode and utilized

the FID detector. A second identical sample was then introduced with the system in

bypass mode. The resulting peak heights were monitored and compared. This would

assure that the methyl iodide produced within the column during a normal run is

notthermally degraded. Results shoWed that there was minimal loss of methyl iodide as a

result of exposure to the heated metal iodide column which would indicate that any

methyl iodide produced as a result of methyl bromide conversion was available for

detection. -
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To ensure that by-products within the conversion column that resulted from the

use of the column, possibly ZnBr,, were not effecting the conversion process, a reverse
experiment was performed. A ZnBr; reacﬁon column was made and conditioned
utilizing the same protocol as described in the experimental sec,tioﬁ. This 'coluﬁﬁ was
then used as the others except that an attempt was made to convert methyl iodide to
methyl bromide. A 2-ml sample of 10-ppm metHyl iodide was introduced iﬁto the system
: fitted-with_'the conversion columI:; at 150°C. Sa;r'lples: Were 1'1,'11_‘1 in both BP and TC mode. .
By comparing the peak areas of BP and TC runs, it was §hown that the reverse £eaction

did not take place as no product peak was detected and no decrease in fhe methyl iodide

peak was observed.

' .D-etermination of Méthvl Bromide in Whole Air

After experimental conditions and instrumental confi guration regarding the
conversion process had been determined, the next step is to ascertain whether this process
" can be used to aid in the detection of methyl bromide in whole air. Based on the findings
of the work conducted up to this point the following experimental setup was constructed.

o Sample introduction — 2 ml gas sample loop

o Chromatographic column #1 — 1m 10% SF-96 on Chromasorb-W at ambient

temperature

o Conversion column — Znl, with Chromasorb W at 150°C

o Cﬁromatographic column #2 — 1 m.l(-)% SF-96 on Chromasorb-W at ambient

temperature
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° ]jetector — Tritium (3H) — fixed frequency ECD at 100°C

The first experiment performed to test for the detectability of methyl bror?nide in
whole air involved introducing a 2 ml whole air sample, taken from the lab-window, into
the system that was in TC mode and checking for methyl bromide baeed on previousiy
determined retention tirnes.

The result of this expenment was d1sapp01nt1ng The standing current was
1mmed1ate1y lost as the oxygen entered the detector and remained that way for several -
hours. In addition, the total standing current was not recovered for nearly one week.
When the same experlment was run with a reactlon column at 50°C the ECD was not
adversely affected but no rnethyl bronnde wes observed |

In \order to determine the cause of th1s effect, experiments reverted back to the use
of the FID. The FID essent1a11y does not respond to oxygen and as such, it was poss1b1e
to determine if a compound in real air was generating a new product in the reaction
column or causing extreme column bleed. The only difference between this system and

_the one _used previous, is the use of the FID.

Over the course of several days, 20 samples of 14 ppm methyl bromide in
instrument grade air (Air Liquide Inc.) were introduced into the instrument via the
sampling loop with the instrument in TC mode and the zinc iodide reaction column at
150°C. These samples were not pre-treated or cleaned in any way. Column stability was
evaluated by monitoring the peak area of the methyl iodide product.

These experiments indicated that no si gnificant degradation of signal took place

as a result of exposure to real air samples. Rather it was speculated that oxygen produced
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a product within the heated reaction column that was detrimental to the ECD. No
unforeseen peaks or column bleed were observed when using the FID with whole air
samples. |

Based on these findings anew stfategy was adopted. The bypass valve, usually
reserved for changing the flow path from bypass mode fo through column mode between
runs would be used in rrﬁd run. Initially a run would start with the system in bypass -

-mode in order to direct the oxygen éontained in .tklle sample around the reaction column.
Then, after the of(ygen ﬁad el_u‘@d, the éystem would bé éwitched into through column
mode thereby éllqwiﬁg only the components that elﬁfe after oxygen to traverse the |
reaction cqlur-nn. This techn'iql'le provec—l‘to be successful on the FID systém in that it did
not perturb the ' de;ector outpu"; except for a shqrt pe_rioc‘l_,”most l-ikelydue -t'o pfe_ssure
Changés Wifhin the system. Based on this, th¢ same experimental protocol was attempted
on the system fitted with the ECD.

Injtially, a 2-ml sample of whole air was introduced into the system with the
system in the bypass mode. The enhanced sensitivity of the ECD to oxygen with respect
to the FID immediately became apparent. The oxygen peak was very large, the tailing
end of which eluted for several minutes. If sufficient time was allowed for the oxygen to
clear the system, as evidenced by the return of the chromatographic trace to baseline,
methyl bromide was also bypassed from the reaction column. It became evident based on
this that the SF-96 column could not effectively separate oxygen from methyl bromide
and that a different chromatographic column, which could provide more efficient

separation of 0xygen and methyl bromide would be needed.




62

Another packed column containing 25% OV-101 on Chromasorb-W was tried in
place of the initial SF-96 chromatography column with similar results. Ipsp’ection of the
commercial literature showed that the J&W GS-Q capillary column was very effective at
separating halocarbons. However, it was not clear as to its ability to separate these
products from atmospheric concentrations of oxygen. There was also a concern that this
capillary column masl not have the ability to handle the relatively large 2-ml sample used
in these experiments. However, the Mass Spectrc.>metry Facility at Montana State
University had a _3-m x .53-mm GS-Q column and made it available to this project for ‘
testing pﬁrposes. It was inétalled onto tﬁe instrument in place of the initial SF-96
colﬁmn. The second SF-§6 Golumn was fétaiﬁed to assist in the s'eparatiori'lof conversion
‘column products and to act 2.13 a gua.rd columr.llfqr the ECD. “The GS-Q commr_l was inot
designed to operate'at: ambient temperature and at this point it was necesséry to remo-ve
the conversion colﬁmn from the GC oven so that the oven could be used to heat the GS-Q
column. The conversion column was subsequently heated by a heat tape, as described in
the experimental section. It was also at this point that a MgClO4 drying tube was
installed, as described in the experimental section, in order té remove the water from
whole air samples. The GS-Q column provicied the required separation of oxygen from
methyl bromide and Figure 11 shows a chromatogram of a 2-ml sample of whole air with
a methyl bromide spike thét was run in bypass mode. In this run, the starting temperature

was 60°C. The temperature was immediately ramped at 5°C/min to a final temperature

of 100°C. The final temperature was held for 15min.
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Figure 11. Chromatogram of whole air with a methyl bromide spike in bypass mode and through column mode utilizing the GS-Q
capillary column.(A) Methyl iodide peak due to conversion of methyl chloride; (B) Methyl iodide peak due to conversion of methyl
bromide.
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Study of Tritium ECD and Electrometer
Behavior ‘

Based on the success of separating methyl bromide from oxygen in whole air, a GS-Q
column was purchased and installed. However, with the current setup, the response due
to atmospheric concentrations of methyl bromide was still insufficient to enable reliable
detection and it became necessary to explore other areas of ooptimization, one of which
.included the use of a tritium detector. The *H ECD cell used in this study was designed ‘
a and cbﬁstfuétéd in ordér to invésii.géte thei effect of th’is type of ECD on the detection of
methyl iodide. “This ECD was 6perate'd in the fixed-frequency mode. By‘operélt@n;g m the
‘fixgd-frequency mo_de, the elgc_:trons wit_hin.the cell are collected af the pos_itiyely pulsed
anode pin ata fixéd time inter;/al. A basé current re.:.sulitiﬁ'g from tﬁé ionization of aﬁfnall
portion of the carrier gag is established as the standing current. Any change iﬁ'the
standing current is a result of a loss of electrons due to electron c'apt.ure reactions taking
place §vithin the cell and is proportional to the amount of analyte present.

It was necessary to characterize several parametérs of this ECD that can effect
response. These includé tﬁe anode pin thickness and position within the detector, the
pulse period and the temperature at which it is operated. Due to the nature of the
chemistry within the ECD, simply adjusting each parameter to maximizé the standing -
current does not necessarily produce the maximum response. As such, the response of
methyl iodide was monitored as each of the different parameters was varied.

Anode pins were constructed from 316 stainless steel rod .stock and were cut to a
length of approximately 80 mm Each i)in wals washed wi‘;h detergent.aﬁd water, rinsed

with hexane, acetone and ethanol and allowed to air dry. Pin diameters of 1.57 mm, 1.14




Relative Peak Area of Methyl lodide

Pin Diameter (mm)

Figure 12. Plot of tritium ECD cell response to methyl iodide and standing current vs. ECD anode pin diameter.

Standing Current (nA)



66

mm, 1.01 mm, 0.89, 0.76 mm and 0.38 mm were examined and each pin was mounted
into the ECD such that they were centered in the cell both radially and longitudinally
with respect to the tritium foil. The response of methyl iodide was monitored for each
pin size. The response and standing current was .plotted vs. the pin diameter and is shown
in Figure 12 and revels that both the standing current and response generally increase as
pin diameter decreases. The 0.38-mm pin showed nearly ic.lenticall behavior as the 0.76
mm pin. The 0.76-mm pin was chosen as the op.timufr; pin since it was slightly rﬁore
robust than the 0.38-mm pin. |

The position of the 0.76-mm anode pin within the ECD cell was adjusted
' long1tud1nally along the center rad1a1 axis of the ECD cell over d 9-mm range wh11e the -
" response of methyl iodide was momtored The posmon Values were normahzed such that
0 would represent the pin fully withdrawn from the cell and 1 would represent fully
inserted into the cell with respect to the tritium foil. For this experiment the normalized
pin positions ranged from -0.1 to +0.8. The system was allowed to stabilize after each
adjustment and prior to the introduction of a new sample. Figure 13 shows the peak area
of methyl jodide from the conversion of methyl chloride in whole air verses the
normalized pin position. Inspection of this figure shows that the optimum response is
achieved when the tip of the pin is inserted approximately to the center of the tritium foil.

The pulse period, the rate at which the cell contents are sampled, was adjusted
from 150ms to 350ms in 50-ms increments, while the response due to methyl iodide was

monitored. The system was allowed to stabilize prior to running each sample. Figure 14
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Figure 13. Graph of tritium ECD response to methyl iodide vs. ECD anode pin position laterally within the cell
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shows alplot of peak area and standing current vs. pulse period. A pulse period of 200 ms
was found to produce the greatest response to methyl jodide.

With the mechanical features of the tritium ECD optimized, further enhancement
of the methyl iodide signal was explored by investigating the temperature dependence of
the ECD response to methyl iodide. To investigate this, samples of whole air were
introduced into the system with the ECD cell at a variety of detector temperatures and the
response of methyl iodide was monitored. Figure 15 shows a plot of response vs.
temperature over the temperature range of 50 — 120°C. This figure indicates that methyl
iodide displayed a sligﬁt, 10%, positive temperature dependence up to 100°C with a
decrease at 120°C. Grimsrud and Kni ghton50 reported that the ECD reponse to methyl
iodide at 75°C and 150°C displayed a small negative temperature dependence. Itis
posgible that the same trend is seen here, however- the limited data does not allow for a
éoﬁplete anaiysis'. | |

It was noted that each time the internal area of the ECD was exposed to ambient
_ room air as é result of column chapges, there was a noticeable i»ncr.ease in the standing
cur.rent and an increase in the response to methyl iodide by a factér of abproxi-mately 2.5.
This “enhancement” degraded in 24 to 36 hours after the cell was résealed if the cell
temperature was kept below 100°C. If the temperature was 120°C to 140°C, the
enhanced response of methyl iodide and the increase in standi'ng current would degrade
in a matter of a few hours. It was speculated that the contact of the internal cell surface
with water vapor might be the cause of the enhancement. To investigate the potential ‘

effect of water vapor on the tritium cell, a separate source of wet nitrogen was introduced
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Figure 15. Plot of tritium ECD response to methyl iodide vs. ECD cell temperature.
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directly into the ECD as make-up gas. Oxygen was removed from this nitrogen by an in-
line Oxsltrap. Wet nitrogen was generated by installing a T, which was fitted with a 6-
mm o.d. glass tube filled with water, into the makeup nitrogen line after the oxygen trap.
The water-filled tube was wrapped with a heat tape and heated to approximately 40°C.
This water-saturated nitrogen was directed into the ECD cell via a T fitting, which was
installed onto the inlet of the cell. An immediate imprdvement in methyl iodide signal
was observed. The graph in Figure 16 shows a plot of response of methyl iodide product
vs. temperature for cell temperatures of 32°C, 70°C, 100°C, 120°C and 140°C along with
the data from the temperature study above, which did not utilize the makeup gas. This
figure indicates that with the wet makeup gas, methyl'iodide displays a substantial
_ improvement in response and a'slight 5% positive temperature dependenee from 32°C to
100°C and a shght negatlve temperature dependence from 100°C to 140°C Ten samples
* were run over the course of several days with the detector at 100°C to conﬁrm that the
enhancement of the si gnal was reproducible and did not diminish with time. The ECD
’ response to methyl iodide was reasonably cons1stent with a standard deviation of
T, 5% Removing the source of wet nitrogen caused the system to slowly reestablish

the lesser response for methyl iodide similar to that shown above.

Sample Size

Reliable responses for background levels of methyl bromide continued to be
troublesome to attain, eventhough the separation of real air components had been

achieved and the response of the tritium ECD had been optimized. Several methods of
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Figure 16. Plot of tritium ECD cell response to methyl iodide vs. temperature, with and without the addition of wet nitrogen makeup
gas.
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improving S/N were considered including cryfocusing, vyhich admittedly was the very
techniciue tha-t this\ project was try'ing to overcome. Though expeétations were low, it was
decided that the sample size would be increased. The sample size was increased from 2
ml to 5 ml and the observed response increased from essentially undetectable to an
identifiable peak. The response, however; was still insufficient to enable reliable
quantitative detection. The sample size was increased to 20 ml and, quite surprisingly,
the observed response increased without degradation of peak shape. In one final attempt
t(; increase the S/N ratio, the sample size was increased to 45 ml. The observed response
for the 45-ml sample increased by a factor of 2.3 over the 20-ml sample and 6.6 times
over the 5-ml sample, again without significant peak distortion as shown in Figure 17.
Conventional wisdom would have suggested that such large sample volumes woqld not
_be feasible on a capillary c'olumn. Itis unqléarx why .this aqt'ﬁally./ \-;voﬂ(ed, other than fo '
" suggest that 'a_ very crude form of cr_'yofocusing takes place by holding the tempe;atqré at
20°C prior to starting the temperature program and holding it there for a sufficient time to
eﬁsure that the 45 ml volume from the sample loop has been flushed oﬁto the head of thé: ;
(‘;olumn. It- has beeﬁ defnonétrated that thfough thé conversion of methyl bronﬁde 1?0 .- Y
methyl iodide and utilizing an ECD detector, atmospheric concentrations of methyl
bromide are easily detectable in 45 ml samples without the use of traditiopal cryfocusing

or adsorbent trapping techniques.

Comparison of N and *H ECD Detectors

Now that adequate signal due to the conversion of methyl bromide had been

achieved, it seemed appropriate to compare the éensitivity of the Ni ECD for methyl
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Figure 17. Chromatograms of methyl iodide product response in whole air vs sample
size for 5,20 and 45 ml sample sizes
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iodide to that of the tritium ECD. It was necessary to determine if the tritium was indeed
the best detector for this applieation based on the reasons discossed above. The ®Ni
detector afforded the opportunity to test the response due to methyl iodide over a broader
temperature range and it was hoped that the commercial electronics mi ghp lead to
improved signal to noise ratios. The response due to methyl iodide was screened with the
3Ni detector at temperatures of 1‘OO°C and 300°C with and without the use of the wet
nitrogen makeup gas. The instrumental set-up was identical to the system used above
except that the output of the SF-96 guard column and the wet makeup gas were plumbed
into a HP5890 ECD (ﬁewlett Packard). Performance was evaluated by introducing
samples of whole air into the system fitted with the Ni detector, monitoring the
response due to methyl iodide and comparing the observed responses with those that
,.were obtained by using the tritium detector at 100°C while utilizing v_\}et rpake—up gas..

: -In orde; to compare the tho detectors, the 3N detectopIWas ini'tially tested. at
100°C with wet nitrogen makeup gas. A sample of whole air was introduced into the
system apd the response of methyl 1od1de product was monitored. The observed peak

. he1ght response of the methyl iodide product was 93% less than the sesponse that was
observed utilizing the tritium ECD under similar conditions. The wet makeup gas was
then removed and another sample of whole air was iptroduced into the system. The peak
height response due to methyl iodide product was 90% less than the response that was
observed utilizing the tritium system with wet nitrogen makeup gas. The temperature of
the *Ni ECD was then raised to 300°C, a more traditional operating temperature fora

5Ni ECD, and the flow of wet makeup nitrogen was reestablished. A sample of whole
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, _air was introduced into the system and the response due to the methyl iodide product was
monitored. The peak height observed was approximately 89% less than the response that .
was observed when utilizing the tritium ECD at 100°C with wet nitrogen makeup gas.
The flow of makeup gas was again removed and a sample of whole air was introduced
into the system.- The. peak height due to the methyl iodide product observed was 85%
yless fhan the peak height observed when utilizing the tritium detector. '];‘WO ;
chromatograms of whole air, which demonstrate this effect, are shown in Figure 18.
Chromatogram A shows the response due to whole air utilizing the tritium cell and
chromatogram B shows the response due to whole air utilizing the 3Ni detector. Note
that the peak due to Freon —il is almost identical in both chromatograms, thereby
demonstrating the si gnificanf[ enhancefnent of the methyl iodide product due to the tritium .
cell. As discussed in the; introauction, this ehhaﬁcement is-m(;st _likely due to the o
r.ec-ycl'in g of I” within the ECD lcell.as was put forthby Gﬁ.rﬁsijud ot al’®st,
The raw sensitivity of the tri_tium ECD is und(‘)_ub'tedly greater, however, as further
: signal_‘ enhance_fnent was attempfe_d throuéh_ .th.e decrease of signal atte'nuatiqn,' it bécame
- apparént that the response of the- S3Nji ECD cell showed a better signal to noise ré‘t-io. .‘
When the attenuation was adjusted to give full scale pen deflection on the chart recorder
the S/N ratio Waé approximately 55 . When the attenuation was similarly adjusted for the
S3Nii ECD the S/N ratio was better than 150:1 for which the noise measurement was
limited to measuring t‘he ;Vidth of the pen trace. Because of these resuits, the ®Ni ECD

was utilized throughout the rest of this study.




77

Converted
CH3CI
Converted
CHZXCI
Converted Ereon-I |
CH®Br Freon-1 |
Converted
CH3Br

Time ->

Figure 18. Chromatograms of whole air on the (A) 1000C tritium detector with wet
nitrogen makeup gas and the (B) 300°C 63Ni detector with no makeup gas. Both
chromatograms were run in through-column mode with the conversion column at 150°C
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Final Optimization of Chromato oraphic
- Parameters -

With the signal maximized through the use of the 45-ml sample and the 300°C 3Ni EéD
it was necessary to optimize chromatographic separation of the methyl iodide product
from closely eluting atmospheric components that were not observable prior to these
improvements. Several different column temperature programs were tested in an attempt
to maximize separation and minimize elution time. Isothermal runs from 40°C t0.90°C
were tried, but at lower temperatures run-times were exceedingly long and peaks were
excessively broadened and at high temperatures many peaks, including the product peak
methyl iodide, coeluted with other atmospheric constituents. It was apparent that a
temperature program would be necessary to get good separation of the methyl iodide
product from other atmospheric constituents. Temperature pro gram-van'ables including - -
" 1n1t1al temperature 1n1t1al hold time, ramp rate and final temperature were adJusted in an
attempt to optimize the separation of methyl iodide product peak from other atmospheric
Acomponents Initial starting temperatures greater than 35°C produced poor results
presumably due to the 1nab111ty of the sample contents to collect at the head of the column
before starting the chromatogram Hold times were Vaned from O to 12mln 1n.an attempt
to ensure that the contents of the sample loop had time to flush onto the head of the
column and to investigate the effect of minimizing this time. A hold time of 5 min
proved to be adequate for allowing the contents of the sample loop to ﬂush onto the
column. Ramp rates effected the degree to which the components of the sample were
separated, but as with the isothermal runs, slow ramps, 10°C/min, produced long elution

times and broad peaks. Fast ramp rates, 80°C/min, proved to be effective at minimizing
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Figure 19. Chromatograms of whole air utilizing optimized conditions. (A) Bypass
mode; (B) Through column mode
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elution times without sacrifi_cing peak separation. The final temperature had significant
impact on separation especially in conjuhction with féét ramp rates. Final .temperatures
below 70°C produced elution times that were exceedir_lgly long. Final temperatures
above 150°C lead to coelution problems. A final temperature of 80°C gave adequate
separation and reasonable elution times for the methyl iodide product. It was noticed,
however, that several peaks that eluted after methyl iodide had very long elution times at
final temperatures this low. Since these peaks were not of primary concern, a second
ramp of 80°C/min to a final temperature of 150°C was utilized to minimize the their
elution times and to shorten the overall analysis time. The final temperature program,
which gave good methyl bromide separation from surrounding'elutants as well as a
reasonable run time is as follows:,

— Starting Temperature - +20°C

— Hold at 20<->C>f"or Z-’;.S.min,' switéh bypass Vaivé to through colul.'nn :mode; '

continue to h(.)'ld at 20°C for another 1.5min;

— Ramp from 20°,Q to 80°C at BO?C{_min; Hold fo_r Tmin; _

- Ramp from 80°C to 150°C at é'O°C; Hold for 20ﬂﬁn.
" Figure 19 shows an example of the chromatography achieved for a 45 ml whole air
sample utilizing the above temperature program.

Determination of Peaks of Atmospheric
Significance

The chromatogram of whole air shown in Figure 19 illustrates the fact that there

are many EC active compounds in the atmosphere. An attempt to identify several




halogenated compounds that are knqwn to have relatively high background
concentrations such as Freon-11 and Freon-12 was performed. By identifying the peaks
of some of the major halocarbons it may be possible to use these peaks as internal
standards and gauges of general system performance because these compounds have well
established atmospheric concentrations and are not effected by the conversion process.
Peaks that had elution times similar to that of methyl iodide were also scrut,iriized.in an
attempt to determine if they might be potential interference problems.

A 4.5-L sample carboy of nitrogen Wa;c, made up and 100ul headspace vapor for
each of the compounds CH,C12, CFzélz, CFCI;, CHj3lI, CHF,Cl, CFsBr, CZHSCI, CH3C1»
and CF,CIBr was successively added to the cérboy. After each compound was
introduced, the carboy was' allowgzd to equilibrate for 15 minutes. A sample from the

_ cérﬁoy was dih'lt-ed v;/ifh r-1itrogen and intrc')_dl_lced into ;hé_ system. As each -sar_n-ple .w_as;
fun, the peaks were identified and their rgtention times recorded: Samples were run in.
both bypass and through column mode to ensure that .r'etention times for both starting
‘material and product were dbtaiﬁ'ed. Whole éir__samples wefe spikeci with the prepared' ‘
samplé for final confirma;tion of f[hé identity: of peaks.. 131 guré 20 Shov;/s a chromato gram
of whole air with the peaks due to these compbunds identified. The order of elution the;t
was observed for the peaks in Figure 20 is CF3Br, CF.Cly, CH;3Cl, CF,CIBr, C;HsCl,
CFCl;, CH3l and CH,Cl,. It was. determined that CF,Cl, and CH;3Cl coelute when using
the above temperature program. Attempts to separate these two peaks met with limited

success. The peak corresponding to CHF,Cl was not identified. C,H;sBr, not listed

above, was tested separately and it produced multiple peaks in both bypass and through
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Figure 20. Chromatogram of whole air with some of the major peaks identified.
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column mode. No attempt was made to remedy this problem and therefore CoHsBr’s
retention time was not definitively identified.

Conditions for Optimum Response

The conditions in the table listed below were determined based on the research
presented. These conditions were used for the remainder of the study as they provided
adequate separation of the methyl iodide product from other atmospheric corhponents and

“allowed for a reasonable run time.

Table 8. Instrumental conditions for optimum conversion of atmospheric methyl brormide
to methyl iodide with subsequent separat1or1 from atmospheric components

Carrier Gas o : Standard Grade Nitrogen dried with .
: : o o ' moleculdr sieve, Drierite, MgClOy4 -
Flow rate of carrier gas . 25 to 30 ml/min
1 Sample size 45ml .
Conversion Column Temperature . = | 150°C
Oven Temperature Program 20°C Start; Hold for 3.5min; Sw1tch

Bypass valve to Through column mode;
Hold for 1.5min; Ramp from 20°C to
80°C at 80°C/min; Hold for 8min; Ramp
from 80°C to 150°C at 80°C; Hold for

20min.
Detector HP 5890 *Ni ECD
Detector Temperature - 300°C
Chromatographic Column . 30m GS-Q
Secondary Separation/Guard Column 1m 10%SF-96 on Chromasorb-W

Reproducibility and Quantitation

This technique for the determination of atmospheric levels of methyl bromide is a
" unique method for the qualitative determination of methyl bromide, however, many of
the techniques discussed in the introduction would work equally well in this capacity.

The true value of this technique is its potential to enable quantitative determination of
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atmospheric concentrations of methy! bromide on a real time scale, in field locations and
over long periods of time.

Reproducibility of the Conversion of Methyl
Bromide to Methvl Iodide in Whole Air

Reproducibility was evaluated by repeatedly monitoring the_ methyl bromide
response from a single sample. Figure 21 shows the peak height response observed,
reprgsented by “0” in the figure, for methyl bromide_over a 20 day pefiod. The sample
was collected in a 4.5-L stainless steel container at a location a].pproximate'ly 2.5 miles
f'rom Bozeman. The mean peak height, 79.8 mm, and standard deviation, +/— 3.5%, for
* this data are also shown and are represented in the figure the horizontal linées (- ) and *
(---) respectively.

Figure 21 aléo shows the methyl bromide f-esponse obtained for atv.;mnety of -air
samples that were collected and analyzed both before and after the above experiment.
Indoor air samples; indicated By “X” in the figure, were collected from within the
laboratory. Outdoor air.samples were collected through a third floor window in the
chemistry building, indicated by “0”, and from approximately 75 yards east of the
chemistry building, indicated by “Af". The observed response due to methyl bromide in
samples that were collected from the winciow and from outside of the chemistry building
showed reasonable similarity to the response observed 'from the remote sample discussed
above ihdicating that the response due to methyl bromide in a single outdoor air éamplgs

can be expected to represent background levels of methyl bromide. However, the
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Figure 21. Methyl iodide product response vs. Sample Day. (O) Repeated testing of a sample taken in a 4-L stainless steel container,
filled 4/28/98 at a rural location approximately 2.5 miles from Bozeman, MT ; (se=*) and (—!represent the mean and standard

deviation for this data; (X) Separate indoor air samples taken in the lab by syringe; (a) Separate outdoor air samples taken by syringe
on MSU campus (0) Separate outdoor air samples taken by syringe through a 3™floor window, Gaines Hall MSU.
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response due to methyl bromide that was observed for samples taken from within the
laboratory showed a somewhat elevated response. This response was anticipated due to
the use of methyl bromide within the chemistry building.

Verification and Calibration

It has been shown that the conversion of methyl bromide to methyl iodide is
reproducible. As such, an attempt to determine absolute atmospheric concentrations of
methyl bromide :utilialng the conversion techniqu-e was undertaken but pro‘ved to be ‘
difficult due to the 1nstab111ty of rnethyl bromide standards in the low ppt range. 52 In an_ |
attempt to c1rcurnvent this problem, Dr. John Culbertson, a postdoctoral fellow in the
Gnmsrud group; constructed an apparatus that would enable the generat1on of low
* concentrations of volat11e cornpounds Essent1ally al. 8 m X 3 6 m rnetal p1pe is capped ’
on both ends thereby rnal_dng a 9600-L carboy. Through the use of this apparatus and
standard addition techniques, a determination of atmospheric concentrations is possible
by using the following procedure. A standard of the compound of interest is made at the
part per million in a 20-L carboy as described in the experimental section. Standards
prepared at this level of concentration do not exhibit the instability problerns associated
with low concentration standards: A sample of the air inside and outside of the 9600-L
carboy is taken in separate sampling canisters. A volume from the 20-L carboy is
injected into the 9600-L carboy. The volume is mixed for 10 min. utilizing a large hand
crank fan that is inserted into the side of the metal pipe. The system is then allowed to
rest for 40 min. After the rest period, a sample from inside the carboy is taken and

another sample from the 20-L carboy is 1nJected into the pipe. Th1s process is repeated

until a total of 3 to 5 additions have been made into the 9600-L volume. Samiples are
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then taken back to the lab and analyzed. The resultant peék heights for the compound of
intefest are measured for each of the samples. A plot of addeci concentration, based on
the concentration of the standard in the 20-L carboy, verses peak height is plotted and
provided a linear calibration curve is obtained, the x-intercept provides the atmospheric
concentration. This system was not developed for use on this project and was in constant
use by Dr. Culbertson during the duration of this project. However,-one opportunity to
use this 'app'aratus was made available. |
A 20-L carboy.was'_ made up to a concentration of 139 ppm. A total of three, 1-ml

volumes were injected into the 9600-L volurﬁe using the protocol described above. A "

' s'amp_le from the sﬁmpling ca‘nister. was introduced into th-e'systefn, the response due to -
. the methyl iodide product was monitored, and the peak height was recorded. Eéch of j[h_e
five canisters wés tested tﬁree times. Figure 22 shows the blot 6f methyl iociiae pfoduct
response vs. concentration for this experiment. Data from this experiment indicates that
the concentration of methyl bromide in rural Montana air is 16 ppfv, compared to the
accepte;,d global average of 10 pptv. One known error was made during the sampling
process, the sampling port waé left open between the first and second sampling, which
allowed spiked air from within the 9600-L volume to exchange with outside air. This
invalidates the data with regard to its use as a quantitative calibration but is does
demonstrate that the peak in question is unddubtedly methyl iodide and that this
technique holds promise for future calibration attempts. Note also that by lowering the

concentration in the 9600-L carboy, it would be anticipated that the value obtained for the
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" atmospheric concentration would be high. Calibration of the system appears to be

possible but the opportunity to reproduce this experiment has not been afforded.
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Figure 22. Plot of methyl iodide product response vs. concentration for 3 1-mI samples (139 ppm) that were successively added to a
9600-L volume of whole air.
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CONCLUSION

It has been demonstrated that conversion of methyl chloride to methyl iodide
utilizing an inline sodium iodide column, as described by Watson and Ooman, was
reproducible. Although we were unsuccessful at operating the conversion column at the
high temperatures utilized by the other authors, conversion using a sodium iodide column
was clearly eviden§ at 150°_C7 but was quite jneffi'cieﬁt. It was found that several other
metai iodide salts provided much better conversion of methyl chloride to methyl iodide
than sodiﬁm jodide did at these lower conversion column temperatures. Most notable of
these are lithium jodide and magnesium iodide; :which at 150°C were 53 and 50 times
bette;r than: sodipﬁ iédide at converting n'ﬁ.athylv ch}oride té methyl iodide, respectively.

The conversion of méthyl bromidé to methyl iodide was dem;)nstrafed for the first
time and wés observed to be more efficient than the methyl chloride ;:onversion for. all of
the salts tested. Zinc iodide at 150°C was shown to be the metal jodide of choice in that
it promoted an 82% cbnversion of methyl bromide to methyl iodide. Use of 150°C )
column temperatures minimized column bleed and ensured that the use of the ECD
would be possible. Lithium iodide also converted methyl bromide to methyl iodide
,efficiently, 78%, but was not as selective for the conversion of methyl bromide as zinc
iodide. This was shown later in the study to not be of great concern and as such, lithium
jodide might be considered in future studies.

_ A number of phase traﬂsfer catalysts were used.in conjunction with zinc iodide in

an attempt to improve the conversion efficiency and lower the conversion column
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| operating temperature. The results showed that 100% conversion of meth};l bromide to
methyl iodide could be achieved at 125°C with the use of a column containing
tetrabutylammonium iodide or tetrabutylphosﬁhonium jodide mixed with zinc iodide and
Chromasorb-W. ‘However, the use of temperatures over 125°C indicated that column
bleed would likely have been problematic and temperatures of at least 100°C were
necessary to achieve results similar to those utilizjng the zinc iodide only column. Since -
_Iﬁodest _temperatu;e gain aﬁd in‘créaSed éolumn} bleec'l in'd.i.cated thaF no signific.ant benefit - -
would be achiévéd through the use of the these columns, further study waé not pursued.
V’.Fhifty-four halogenated organic compounds were tested to determiné if they

“could i)e conveftéd to ipdinated ahalogs utiiiéing a zinc-ic;dide coqvérsior.l co.iumn.'
However, fhe only compouncis of significant atmospheric interest that converted were,
methyl chloride aﬁd methyl Bromidq and 1,1,1-trichloroethylene. All of the: priméry alkyl
halides tested converted to the corresponding alkyi iodide. Two conversion products
were observed for secondary alkyl halides. One product was deduced to be an alkene due
to halide elimination and the other product was presumably the alkyl iodide. Compounds.
with multiple halogens did not convert to iodo compounds except in limited cases and
those that contained fluorine, most noticeably the Freons, did ﬁot convert at-all. This may
prove to be useful if these unconverted compounds can be utilized as internal standards in
the determination of methyl bromicie in whole air. Also, since compounds such as the
Freons do not convert, there are fewer conversion products to interfere with the detection
of methyl bromide. However, it would have been sci‘entifically beneficial to increase the

detection limit of some of the halogenated hydrocarbons in order to track the changesin
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concentration as new governmental policies dictate their use and to possibly improve the
detection of some of the new refrigerants that are replacing Freon-11 and Freon-12.

The use of the trititum ECD was studied in the hope that significant improvement
due to the response of methyl iodide woul.d be observed. The .presence of water vapor in
the ECD cell proved to Be necessary in order to obtain the maximum response to methyl
iodide. A make up gas of wet nitrogen was used to deliver water vapor to the cell. For

-any give'ri éonééntration of Iﬁefhyl iodjde, the re_si)onse of tritium ECD outperformed the
Nj By 85%. However, better sj gnal tonoise was achiéved on the HP5890 *Ni F;CD
most likelly due to more refined commercial electronics.
Detectlon of methyl broﬁude in 45- ml whole air samples has been ach1eved The ‘
. use of a45-ml sample although unconventlonal When us1ﬁg a caplllary cc;lumn pro-ved
to be an 1mportant key to the enhancerﬂent of the converted methyl t bromlde However,
the increased sensitivity gained by converting methyl bromide to methyl iodide is what
really made this technique viable. By converting methyl bromide to methyl iodide, it has
been demonstrated that responses for the converted methyl bromide can have S/N ratios
of better than 150:1. C

The reproducibility of this technique was demonstrated by gathering data from .
several locations over a two month period. ’fhirty-five samples were compareci and 95%
o'f the data showed a standard deviation of +/-11%. It is believed that several of these
samples showed elevated values due to the location or condition of sampling. If this data

is discounted 26 samples show a standard deviation of +/-6%.
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Quantitation of atmospheric levels of methyl bromide was only attempted once
utilizing standard addition techniques and a unique 9600-L vessel in conjunction with the
conversion process. A concentration of 16 pptv methyl bromide in rural Montana air was
detemﬁned. However, the integrity of this data i;% in question due to a mistake made
during the standard addition procedure. The average concentration of methy! bromide is
accepted to be 10 ppt. The standard addition pr.o.cedure did demonstrate, however, the
viability,of quantitating a,tinospher_ic éonccntratigns of methyl bromi‘dé thré‘ugh :che

utilization of the rhethods described in this thesis. .
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