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ABSTRACT

Relative Responses and Calibration Factors were
devel oped for several volatile organic (mostly chlorinated)
priority pollutant species in order to use one single stable
compound (e.g.Benzene) for daily instrument calibration. This
would replace the procedure of using & standard mixture of
target compounds (25-35). This is of particular advantage
because the standard mixture may not have all species stable
or may show loss of some components relative to others due to
wall adsorption in the standard (compressed gas) stainless
steel cvylinder.

The use of a single standard species was made possible
by developing "accurate" relative response and calibration
factors of all target compounds relative to Bencene in this
CaEe. The response and calibration factors were obtained by
injecting the targeted compounds for both vapor and liguid
standards into the GC and then analysing and comparing the
Fesults for acouracy and precision.

Results from this analysis showed that this is a viable
and even preferential way to standardize the GC for routine
quantitative analysis of a number of organic species. Ligquid
injection is the most acceptable method for determining
relative response factors and calibration factors of compounds
with boiling temperature above &0 C. Results from gaseous
mixture of species shows low accuracy for compounds with

boiling temperature above 110 C. These results for high



boiling point vapors were all low and probably due to &
combination of wall absorption, reactiorn with stainless steel
tubing and cylinder and incomplete transfer of compounds into
the vapor standard cylinder.

When developing calibration factors we obtained a
linearity for the RRF's of these compounds with positive slope
showing response enhancement for chlorine substituted
compounds on FI detector at standard conditions. This is in
contrast with previous investigators studies which emploved
older detector designs. Recent engineering improvement (1970
to present) in FI detector design and geometry with optimized
combustion, flow velocities, improved electrodes (for ion

collection) may account for the differences.
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T--INTRODUCTION:

Two mathods are used to perform the calibration of a BGas
Chromatograph(GC) in air analvysis for gaseous samples of
volatile halocarbon peollutants at the parts per billion level
and below. The first method uses a gas mixture standard, where
a gravimetric mixture of liguid standards is prepared at room
temperatuwre and is injected by way of a syringe, into an
evacuated stainless steel cylinder. Additional gaseous
components, if required, are added by a gastight syringe, and
the cylinder then pressurized with an inert gas. This vapor
mixture (future vapor standard) can be standardized against a
primary standard mixtuwre containing a single reference vapor,
when used for quantitative measurements. The relative
concentirations of each species in the vapor mi#ture (in the
cylinder) may be calculated by their known mole fractions
through comparison of a single compound®s peak area to that of
a reference compound (both species the same). This leads to
generation of relative response factors for each species in
the standard with respect to the stable reference compound
standard. The possible disadvantages of this method are 1-
Adsorption on the cylinder'walls which can be prevented to
some extent by heating the tank. 2~Incomplete transfer of
materials into cylinder. 3—~ Reaction and subsequent loss of

the species on the walls of the cvylinder.

The second method is injection of a liguid standard into



the G0 and generation of relative response factors from these.
Here, the compounds are dissolved in a high boiling solvent
e.0.hexadecane, in order to allow the peaks of interest to
elute before the solvent peak. The high boiling solvent is
used in place of a low boiling one to reduce errors from
wverlap and co-elution for light species in the liguid
analysis and solvent impurities. An internal standard is used
to eliminate imprecise injection volumes and differing
standards dilution by providing a known amount of a reference
that can be used to compensate for changing chromatographic

conditions.

A dynamic system, utilizing permeation tubes combined
with gas blending may alsc be used to generate individual or
mixes of a few standards of organic vapors. In these systems,
each target compound is placed in a permeation £uba and a
standard gas mixture blended from the effluent of each tube
purge gas stream. The major drawback to this system is that
data on the permeation rates of each species must be obtalined.
This requires weighing the tubes at short intervals on a
microbalance in addition to & rather complex apparatus for gas
mixing, flow monitoring, and constant temperature maintenance

and recording.

The goal in the development of the two calibration
procedures investigated in this project is to use the response

of a standard compound (e.g.Benzene), which is very stable,



and compare this response to peak areas of species eluting at
known retention times where their response relative to this
benzene standard is accurately krown. This is in place of
neaeding to inject a standard for each species as is often
presently done. We also wish to provide a technigue that is
strraightforward and readily adoptable by most laboratories.
Therefore we have developed this methodology along with
accurate relative response factors for halocarbons on the
Flame Ianization Detector (FID). A mathematical formula to
describe responses e.g. formula relating response to #C "s and

Cl's is also attempted.

The reasons for developing GC Calibration methods for
halogenated organic species ares
1~ These are common pollutants and the demand for their
analysis is currently dramatically increasing in varied
environmental media such aslwater, air, soil, and stack
effluent.
2= Many are on list of U.S.EPA priority pollutants.
3~ The present method for guantitative analysis requires GC/MS
which is more complex and often very expensive compared to the
cost of more straightforward and instrumentally reliable GC )
analysis,
4- Other calibration technigues are employeﬁ for these
compounds which are often complex and not readily available to

a typical analytical laboratory. These in addition, often

require purchase of expensive squipment or processes such as



the use of permeation tubes or/and permeation systems and/or
gas miMes . Analysis of halogenated species may still not
give reliable or accurate vapor concentration data to the
analyst when put into use.

G- Possible acceptance of a determination method using dual
detection GC-Electron Capture Detector (ECD) and FID. Dual .
detection on two very differently responding detectors does
allow positive gualitative identification because of the
significant variation in responses. Thus accurate FID
response factors would allow highly quantitative
determinations for many compounds, with gualitative
identification made possible using easily found reference
retention times from the selective parallel ECD analysis.

b~ Response factors published previously for chlorinated
hydrocarbons show discrepencies and it is hoped this study
will help to clarify responses and effects of hélocompaunds an

the FID.

Frevious studies:

Studies of response factors are reported by a number of
authors. 8Sternberg et al. (1) in 1941 measwed the response
of number of compounds using a gaseous solution continuous
flow procedure. Linearity was checked for oxvgenated
hydrocarbons like acetone and alcohols and also several
aromatics like benzene and toluene in addition to methyl

iodide and carbon tetrachloride. These results show a



Lixearrty TesT ror HyproeeN FLame DeTeEcTOR REsronse as A FuNcTION
oF SamrLE INTRODUCTION RATE

Sample introduction rate Sample signal Response
(gm atoms C/sec X 107) (coulomb/sec X 109) (coulomb/gm atom C)
0.075 0.0181 0.242
0.752 0.184 0.244
1.96 0.475 0.243
7.28 1.798 0.247
680.5 168.6 0.248

TABLE~2A (From ref.1)
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FIGURE-A (From ref.1)



linearity of FID response based on measwements at the
indicated high and low sample introduction rates. The linear
range of the hydrogen flame ionization detector was found to
be in excess of 16;“fold, extending from beyond the highest
sample introduction rate emploved here to the detectable

-4

limit, taken as a signal equal to twice the noise level (2x10

amps) . These results were shown in table-A and Figure-A.

Perking et al. (2) also found esxcellent limearity in 1942
with the FID faor a variety of organic compound groups,
including alkanes, alkenes, aromatics, alcohols, al dehydes,
acids, esters, glycols and amines, when relative response per
mole is plotted against carbon number. A graphical
presentation of these data shown in Figure-B and Figure—(C. It
can be noted that the response (per carbon number), within
experimental error, is linear, and that & single curve
represents the data for alkanés, alkenes, and aromatics.
Another conclusion was that the response of FID varies with
class (type) of Drgaﬁic compounds: e.g.. the response of the
alecohols is equal to the response of the corresponding
hydrocarbons of one-half less carbon. At the time this
suggested that the FID should be generally applicable to
gquantitative analysis, if appropriate calibration factors are

used.

Ackman (4,11) studied the FID response of oxvgenatead

aliphatic hydrocarbons. His results in 1944 were not entirely
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in agreement with those predicted by the conclusions of
Perking et al (2). The examination of the relative molar
responses for a large number of oxygenated aliphatic
hydrocarbons, he suggested that these responses can in many
cases be correlated through the weight per cent carbon content
of fundamental "groups'. He also sugested that the formation
of particular groups from classes of chemical comnpounds
probably is due to the initial thermal breakdown or cracking
of the molecule in the flame, influenced by the strength of
the appropriate bonds and governed by neighbouring

constituents.

W. A. Dietz (8), in 1947 found that for hydrocarbons,
with two exceptions, the normalized values of FID response per
carbon are all approximately 1.0. The two exceptions are
benzene 1.12, and toluene 1.07. The relative values for other
campounds such as odMygenated species can, however, vary
appreciably. Alcohols, for example, vary from 0.23% to 0.85
per carbon; acids on the other hand from Q.01 to O.65, etc.

The relative response of the FID has been the subject of
considerable discussion. The response per unit weight of the
individual compounds, for hydrocarbons (above C9) differ only
slightly from each other and the relative molar responses seem
directly proportional to the carbon number of the molecule.
It was demonstrated by Etrre (1962) however that this rule is
valid only in the first approximation; actually, some isomers

with the same carbon number have different relative molar



responses, but the relative molar responses of a homologous

series (e.g.normal paraffins, substituted cyclopentanes or
substituted benzenes) do follow a linear relationship with the
carbon number, It was also known that the relative molar
responses of organic substances containing other elements
besides carbon and hydrogen in the molecule differ from that
of the corresponding normal paraffin with the same carbon

numb e,

Relatively few studies have reported response data for
such substituted arganic compounds and even where auch data
are given, few conclusions have been offered regarding their
relationships within the homologous series. The few previous
data sets we have found for halogenated hydrocarbons show in
addition, significant differences in responses, For example,
the previously described Ackman results did not agree with the
Ferkins results with respect to the response of alcohols were
Perkins found it to be equivalent the hydrocarbon with
one-halt carbon atom less but Ackman found it to be less than
one-quarter carbon less.

Sternberg et al. (1,17) reported the responses of Carbon
tetraChloride to be about ane~half of the response of Methane.
Perking et al.(2) reported the value of methylene chloride,
chloroform and carbon tetrachloride to be only 2/3 of the
response of methane. Etrre(3) reported the value of response
of methylene chloride to be about 3% less than of methane,

chloroform™s response about JI2% less than that of methane and

carbon tetrachloride’™s respdnse at 874 less than of methane.
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Etrre also reported that perchlorcethylene’s response was 207%
Righer than of Ethame and trichlorecethylene’s response was
about 18% higher tharn of Ethane. This was in agreement with
our results. Ackman(d4,11) reported the response of carbon
tetrachloride to be 12% higher tham of metharme. MNMote that
this is in contrast with the reduced response of Sternberg,
Ferkins and Etrre, but in agreement with our data for this
compound (see results and discussion section). These
investigators based their results on & value of 7.0 for the
primary reference material, N-Heptane, and we take Methane and
Ethane response to be 1/7 and 2/7 of the C7 value

respectively.

Dietz (8) reported that the normalized value of ethylbenzene
(Response ethylbenzene x'b/B) was about 974 lower than of
normalized value of benzene, in contrast to the results of
Sternberg and FPerkins and the concept of FID linearity

response with number of carbons.

kFaragozler(7,.9) reported with an optimized flow (473 ml/min.
air and 32 ml/min. hydrogen), for conventional FID, & response
to chlorobenzeneAabDut 457% lower than of benzene and a
response of 1,3~dichlorobenzene to be about 304 lower than of
benzene and 3774 lower than the response of chlorobenzene.
Maggs(13) in a second study again with optimized FID gas flows
(500 ml/min. Air and 30 ml/min. hydrogen) reported the

response of chlorobenzene to be about 49% lower than of



benzene and the response of 1,3-dichlorobenzeneg to be about
H52%  lower than the response of benzene and 394 lower than of
chlorobenzene. The finding that chlorine on an aromatic ring
decreases the FID response is in agreement with ouwr results

{as will be discussed later), but by 33% magnitude.

Gough et al.(8) repoarted the response of chlorobenzene to be
T4 lower than of benzene and ortho-dichlorobenzene’s response
was 1&6% lower than of benzene. This is about 13% lower than
the response of chlorobenzene which is in agreement with our
data and also in agreement with previous studies of Karagozler
and Maggs. More variation can be clearly geen in the studies

af Karagozler and Maggs than in Gough and this study.

Hainova et. al. (19) reported the response of CCl4 to be about
107 lower than of methane (where methane response was assumed

to 1/6 of benzene’s responée).

Guillemin et al.(lé) have tried to calibrate FID for some
chlorinated hydrocarbons, relative to Trichloroethylene. A
comparison of his results with ocurs will be discussed in
result and discussion section. Table-35 shows the list of all
these discrepancies. The purpose of this study is to claritfy

and amplify these results.



TABLE-25

12

reference meterial, n-Heptane

Compound E (1)* | (2)*  (3)*1 (4)*, (11)* (5) !
Eveluated i |
( ! - ! 5
MeCl, | I .66 87 ! |
CHC1, .66 | 68 |
ccl, | .120 | .66 | 48 100 |

i :
Perc 225 o
TRIC ; 213

: _—
CL-g |

’ H s A
Bt~ i 1.03

; e b
PDR | ; f

3 { ‘

; “‘V
0B | |

j L i .
Benz 1,44 ! 600 1.12
_ F ——— | |

Hex. 596 | 598 1.03
Methene | .245 1 90 g2 .27
*Results besed on a value of 7.00 for the primery




13

TABLL-35 "Continued"
Compounds (7) (13) (8) (19) TEIS
C/g C/e C/mole STUD
MeC12 18.3
CHCl5 22.0
CCl4 .10 23.6
PERC 39.9
TRIC 39.5
Cl-¢ .69 .67 .96 135.1
Et-¢ 157.5
PDR .50 .48 131.3
ODB .50 .48 .85 132, 1
Benz 1.0 1.0 .99 .66 100.0
Hex. 1.00 7.5
Methane .18
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The FID Detector is highly sensitive to organic
compounds and permits analysis of components in the nanogram
(qu ) range (22). This detector is insensitive to most
inurganié compounds and relatively insensitive to temperature
changes. As shown in Figure-III (FID Cross— Sectional View),
the detector consiste of a flame tip assembly attached to the
detector base. Located above the flame tip is the collector
(sigrnal) tube. Attached to the flame tip assembly is the
polarizer clip with digrnitor coil. The flame is ignited by
applying & current to the platimuam ignitor coil. Heating it
causes emiswlion of electromns. JTonization voltage ie applied
via the cathode probe.

Three gas flows are reguired for operation of the
detectwr:;carrier gas, plus hydrogen, and air for the f1lame.
The column effluent mixes with hydrogen and is burned in an
oxidizer rich atmosphere of air. When organic matter is
burned in the hydrogen +tlame, positive and negative lons are
generated. Positive ionsg are collected on the collector
producing an electrical current in proportion Lo the amount of
material buwrned. This current is amplified by an electrometer
which produces an output signal capable of driving a

strip-chart recorder, integrator, or computer.
Detector Selectivity

The detector responds to most compounds with the

esception of those listed in table-IIl. The lack of responase
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COMPOUNDS GIVING MINIMAL OR NO
RESPONSE WITH THE FID

He Cs, NH,
Ar cos co

Kr H,S CO,
Ne S0, H,0
Xe NO SiCl,
0, N,O SiHCL,
N, NO, SiF,
HCHO HCOOH

TABLE-II (From ref,22)

demonstrates the relationship between
detector sensitivity and hydrogen flow rate. Using a
30 mi/min flow of carrier gas and 300 mi/min flow of
air, the detector’'s response for propane reaches a
maximum at 30 mi/min of hydrogen.

£5 .02
2 & -
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FID SENSITIVITY VERSUS
HYDROGEM FLOW RATE

FIGURE-IV (From ref.22)
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to H20 makes the detector especially suitable for analysis of
agueous samples of biological materials while the lack of
response to air makes the detector suitable for analysis of

air pollutants.

Detector Response vs., Flow Rate

Detector performance depends on the proper choice of gas flow
rates {(i.e. carrier gas, hydrogen, and air). In general, good
sensitivity and stability can be obtained with a mixture ratio
of 30 ml/min. carrier gas, 30 ml/min. hydrogen and 300 ml/min.

air.

Figure— IV demonstrates the relationship between detector
sensgitivity and hydrogen flow rate using & J0 mi/min. flow of
carrier gas and I00 ml/min. of air, the detector response for
propane reaches a maximum at 30 ml/min. hydrogen. As shown in
Figure— V, air flow rates also atfect detector sensitivity.
Generally, a flow rate of 300 ml/min. is satisfactory for

sample concentrations up to several hundred micrograms.

The flame ionization efficiency is generally a complex
function of the flow rates of carrier gas, combustible gas,

and the auxiliary air stream.

Subseqguently, the gensitivity of this detector has been

increased by designing efficient electron and collector
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glectrodes, wsing high pwity gases, stability and optimizing
the gas flow rates, and by using low-noise electrometers (14)

and very low bleed colummn packings.

Factors influencing the guantitative performance of the
hydrogen flame detector have been studied. The role of gach
of the following variables must be considered in gquantitative
application of thisg instrument for analytical or theoretical

purposes (17),

1y The ion collection system -~ It is essential that the
electrode geometry and applied voltage gradient be such as to
insure operation on the plateauw portion of the current voltage
curvey with either incomplete collection or ion
multiplication, response becomes subject to space charge

effects which produce nonlinearity.

2)  The external atmosphere — The atmosphere flow rate must be
such that the maximum diffusion-limited rate of transport of
oxygen to the reaction zone ococurs, and the flow pattern must
not lead to turbulence even at highér air flows. The rate af
axygen transport and amount of diluent introduced into the
reaction zone are then determined by the oxygen concentration

and the ditfusion properties of the atmosphere.

3)  The fuel mixture -~ For a given carrier gas flow there is &

hydrogen flow which results in maximum average molecul ar
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energy in the reaction zone and in optimum response.
Diffusion, thermal conductivity, and heat capacity of the
carrier gas influence the hydrogen requirement and the

response level.

4) internal oxygen — Addition of oxvygen to the fuel or sample
increases the extent of cracking reactions occwring, buk

leads to pre-oxidation of sample molecules. The magnitude and
direction of the effect depend upon the ﬁature of both carrier
gas and sample. Less uniform response per gram atom of carbon

is obtained in premixed flames than in pure diffusion flames.

5y The jet diameter -~ The jet diameter determines the linear
velocity of the Jjet gases and the mean diffusion distance for
sample molecules to reach the reaction zone. Higher linear
velocities place greater demands upon the ion collection
system, and lower diffusion distances lead to enhanced
rFESPONSes, Flame-out occurs when the linear velocity edceeds
the buwrning velocityy since high levels of hydrocarbon

—~

samples, and somewhat lower levels of halogenated compounds
suppress the burning velocity of the hydrogen f1lame, the jet
diameter must be so chosen that flame-out does not occur for

standard sample sizes.

6)  Jet temperature response —~ Response increases with jet
temperature, which is influenced by fuel and atmosphere

composition and flow rates, thermal mass and conductivity of
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the jet, position of electrical contact on the jet, and

thermostat temperature for the burner chamber.

7))  The sample concentration — In a flame provided with an
acdequate supply of air, the ion formation processes are linear
for sample induction rates ranging +rom zero to as great as
three percent of the hydrogen flow. Froper design and
operation of the ion collection system allows this entire

linear range to be usable.

Figure-VII shows results from a study of the flame jet on FID
performance (20). As shown in this figure &) the smaller jet
diameter (031 to Q19 inches) gives better responses and the
response drops sharply by increasing the internal diameter by
4% per cent to 0.031~in.  The best response is when the jet
diameter is 0.019 inch. This better response of the 0.01%9-in.
is shown again in the calibration curves in Figure-VII b),
where, the greater the slope, the better response. Another
important result, however, is that the upper limit of
linearity was found to be 200 microgram for 0.019-in. tip
whereas the 0.031-in. tip gave linear results up to 540

micrograms.

The influence of the geometry of the lon Collector on FID
performance is shown in Figure-~VIII using the 0.019 in. tip

cylindrical collectors of various diameters and heights were
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compared. The smallest diameter electrode(S mm) gave a 24 per
cent greater response thanthe larger diameter electrode(l3 mm)
as shown in figure-a. Also illustrated here is the influence
ot cylinder height on response. For practical considerations,
a 1é mm electrode was chosen, but there ig little difference
in response from 16 to 24 mm. The calibration curve in
figure~b shows that not only is the longer electroded(lds mm)
more sensitive but it is also linear to a larger sample
waeight., The detector was also operated at three elevated
temperaturengOQ,.SOO and 320 G, with the resulting composite
calibration curve as shown in Figure-VI. The points all fall
on the same straight line illustrating the independence of

response on temperature.

It was found from the results in this study that
efficient ionization happens within the flame for chlorinated
hydrocarbons contradicting literature published (prior to
1970) which reporting lower response due to chlorine. This
may be due to changes (1mprovements) in combustion geometry
and design of this FID detector. The relative increase in
sensitivity of this detector is aism due to: improved
electron and ion collector electrodes, use of high purity
gases, stabilizing and optimizing the gas—~flow rates and by
using stable low-noise electronics (14).

This data strongly indicates that vapor standards are

unacceptable for most compounds with boiling point above 110?L
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LI-EXFERIMENTAL:

Liguid Standardsg-

Standard mixtures of the compounds in table-I were made
gravimetriclly at room temperature. Fach mix had 10 to 13 of
the compounds in table-I. The specific group of compounds in
each standard was selected on the basis of their known
retention times so they wodld bhe clearly separated in the
capillary column chromatogram. The compounds were
chiromatographed individualiy to determine their retention
times and purity. These c;mpounds were halogenated
hydrocarbons which were included in the list of recent EPA
Priority Pollutants for water. These liguids were purchased
from J.T.Baker (ACS certified research grade) and Supelco
(certified research grade). They were chosen and added to the
sample vial such that no interferences between peak
resulted(i.e.well seperated-on the chromatogram). This made
the qualitative identification easier . These standards were
made by adding gravimetrically the ones with higher boiling
temperature first into a small bottle which was sealed with a
teflon septum. They were added to the bottle using a 200
microliter syringe to minimize loss by evaporation
respectively progressing toward lower Roiling Foint. The

volume of this bottle was 10 milliliter. Each compound was



Halo~Carbons of Interests

Tabhle-I

I-Methyl Chloride
2=-Dichloro Difluoro Methane
I-Mathylene Chloride

4-1,1 Dichloroethylene
S-Chloroform

&6&~1,2 Dichloroethane
7-1,1,1 Trichloroethane
g-Henzene

F-Carbon Tetrachloride
10~1,2 Dichloro FPropane
11-Trichloroethylene
12~1,1,2 Trichloroethane
1%2-3,4 Dichlorobutene
14-Tetrachloroethylerne
15-Chl oroRBenzene

lé-Ethyl Benzene
17-Bromoform
18~1,1,2,2-TetraChloroethane

19~-Big(2-chloroethyl)ether

20=-ParaDichloroRenzene
21=-0rthoDichl oroBenzene

22-2-Chloroethylvinylether

0

Abreviated Name

Me(l
Freomn—-12
Me(l,
1,1-DCEt
CHClS
1,2-DCE
1,1,1-Et
Ben=
CCly
1,2~Prop
TRIC
1,1,2-Et
3. 4-Rut
FPerc
ci1-¢4
Et-@
CH%&

TCE

Big~Ether

FDR

ODE

Cl-Ether

CH3C1
CeL, F,
CH,CL,

CH,=CCl,

CH,C1CH,C1
CC15CH3

CH,C1CHCLCH g
CHC1CC,
01, HEC1H,
CHZCH=CE1 CHEL
CC1,CCL,
C1CqHg

CoHsC, Hs

CHCIECHCII

1 CH—CH~D—CH£ CH-cl
2 PR A

CJ‘I_CGH‘-}

CgPLHq

Cl1CH=-CH-Q-CHEH
2 2 2
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weitghed to 0.1 milligram accuracy with a Mettler 1000 balance
when weighing standards-1 thru 4, and Mettler model-51 when
weighing standards ~5 thru 14, A 10% solution of each standard
was then made by diluting it with heradecane, a high boiling
point solvent which eluted at the end of chromatogram. A 0,035
microliter aliquot of the standard solution was injected into
the GL. This was repeated until at least & consistent sets of
output data were obtained for each standard. Consistency was
determined by gualitative amalysis of the chromatogram and
mathematical comparison with bencerne ratios. The precision

was about +3% or better.

Vapor Standard-

In preparing the vapor standards, 200 microliter of each
of the standard mixtures was injected by way of a syringe into
an stainless steel cylinder which had previously been
conditioned and evacuated under elevated temperature for about
12 hours. Additional gaseous materials, Qhem required, were
added by way of a gas—tight syringe. A 10 milliliter aliguot
of the selected gas was injected into the cylinder. The two
gaseous compounds present in the mixture were methyl chloride
and Freon 12 and these were analysed first. The cylinder was
then pressurized with an inert gas (helium) to 300-500 PFSI.
These standards were added into the GC through the sampling
valve, a heated pressure regulator, and stainless steel line.
The cylinder temperatuwre was kept constant dwing the

injection at 40 C by & Variac controlled heater. All the
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lines from the cylinder through the sampling valve were heated
ard kept at 40 C. The vapor standards were then injected into
the GC by way of a heated sampling valve (200 C) and loop (2
ml). First the area of benzene in the prepared standard was
compared with the area of known concentration of standard
bernzene. This comparison was done to determine the quantity
of benzene in the cylinder from the benzerne in the absolute
standard. It showed that the concentration of benzene in the
prepared standard was about half that in the absolute standard
and also that the standard vapor preparation technique was
working well. About 5 FSI of the standard mix was repeatedly
injected into the 6C, until 6-8 reproducible results was
obtained. This was decided by comparison between the ratios
of compound areas to b?nzene area in the prepared standard in
order to determine precision in injection. This ratio was
found by dividing areas of the peak reported by the integrator
(5F 4000) by the area under the peak for benzene in that

particul ar standard. The precision was determined to be +5%.
A schematic diagram of the entire system is showed in
figure—I. A schematic diagram of the injection process is

shown in figure-II.

Gas Chromatograph Configuration-

The GC used was a Varian 3700 equipped with Flame

Ionization Detector and Electron Capture Detector. The column
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was a &0 meter S5F 2100 Scientific Glass Engineering wall
coated glass capillary. The column is rated at 150, 000
effective plates. The helium carrier gas was kept at constant
pressure (30 PSIG) on head of the column with & pressure
controller. The purity of the carrier gas was zero grade
MG-Scientific., This flow rate through the column was 9 ml/min
as measuwred with a bubble +low meter, and each detector is
supplied with make—-up gas at the end of the calumn. The FID
flow was 30 ml/min. nitrogen (make-up), 30 ml/min. hydrogen
and 300ml/min. compressed air. The ratio of air to hydrogen
flow was 10, ECD total flow was 30 ml/min. from nitrogen
(make-up). The gas and liguid injector temperatures were kept
at 200 C and the detector temperature was at 300 C for both
liguid and vapor analyss. The temperature program was as
follows during both analvses:

Isothermal at 40 C far Smin.

Frogram at 5 C/min. to 200 C

Isothermal at 200 C for Smin.

The chromatograpbic data wouwld then be analyvsed with an
bpectra FPhysics 4000 integrator system. The parameters to
optimize the peak detection were 1- peak width (PW = 3, which
ig related to peak detection sensitivity. Integration is
optimized when FW value is width of peak at half height in
seconds. 2— peak threshold (PT) = 35, the slope value above
which peaks are detected, which is the value of the slope
calculation at which 8P~4000 jidentifies & peak. PBRecause the

value of & slope is determined by the frequency at which slope
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calculations are made, and the frequency is determined by FW
parameters, the threshold at which a peal is detected is

determined by & combination PT and PW values.

Standard Analysig—

Calculation uf Relative Response Factor)-

Knowing the weight of each compound in each of the
standards and their respective molecular weight, allows
calculation of the number of moles of each compound in the
standard. The area of each peak from tﬁe GC~FID analvyais of
the standard divided by the number of moles of that species
will yield the response of each compound (area/mole). The
area under the peak was determined from the BF-4000 integrator
output. Determinatioﬁ of a compound’s relative molar response

factor to Benzene is as follows:

RRF (Relative Response Factor) =
(area/mole)cmpd/ (area/mole) benz.

This is the relative response factor for both vapor and liguid

standards.

RRC# (Rel ative Response by Carbon#) =
#Carbons in Cmpd »x 100/6
Assuming benzene response is 100(e.g. RRCH# Fropane = 50).

This is the value used later in discussion for compariseon of



RERF of our compounds.
Calibration Factar (CF) = 1/RRF

A calibration procedure is performed twice each day within or
during the analysis period: once at the beginning of the
sample analysis period time, and once at the end of the
period. It consists of measwing the area of the stable
compound (e.q. benzene) which is in the "Absolute Stanaard“ by
injection of a known constant volume (volume of loop) and
pressure into the GC. This Absolute Calibration Response is

plotted to insuwre continued proper operation of FID.

Benzene Calibration Factor =

{(Concentration Benz. in Absolute standard Benz. Cylinder/Area
Benz. in Absolute std. Henz.) » (Area Benz. from mix Std.

Injection) » Dilution Factor

Dilution Factor = #moles in sampling Cylinder/#moles in

sampling loop

Define concentration of all the species in the sample by:

Conc. (1) Sample(PPE by volume) =

(Area(l)Sample/Calib.Factor(l)) x (Benz. Daily Calib. Factor)

In guantitative air analysis of organic substances the goal
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was to develop two calibration procedures (vapor and liguid
atandard injection methods) to determine RRF s to Benzense and
thus to use the response from this one standard compound,
abwolute standard (e.g. benzene) from its daily calibration
analysis. That is only one primary standard{(dbsolute
Standard), would need to be run for quantitation of the
signiticant number of species in the air-sample. Compare this
response to peak areas of species eluting at known retention
times{identification also verified by Mass Spectrometer) and
those compounds response relative to benzene (RRFTE). This is
in place of needing to inject a standard for each species,

daily.
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I11- RESULT AND DISCUSSION:

Tables-1 thru 8 show the results obtained from the vapor
standards #i thru 4. Seven to eight reproducible runs were
obtained for esach of these standards to insure reproducibility
and good statistical averages. Standard-1 was made of 20
compounds with 12, 12 and 13 compounds in standards 2, 4 and 3
respectively. A listing of compounds in each respective
standard is given in tables-1,3,% and 7. Tahle-9A (derived
from earlier tables) shows the overall results which were used
in vapor discussion. Table-9B shows the average of these
relative responses and the error-limits. Also listed in these
tables are the weight of each compound in each liquid
concentrate, the molecul ar weight, boiling point, the ratio of
peak area of the compound to Benzene, Relative Response Factor
{(RRF), MNormalized value of RRF = RRF x &/#0), Relative
Response by Carbon Number (RRC#) and number of carbons in each
compound.

Tables~10 thru 29 show the results from liguid standards
#5 thru 14. Standards 59 were made of 9 compounds each with
8, 10, 3, 2, 2, 3, 4 and & compounds in standards &, 7, 8,

10, 11, 12, 13 and 14 respectively. A listing of compounds in
each of these standards is given in each of the tables- 10,
12, 14, 16, 18, 20, 22, 24, 26 and 28. Table-30 shows the
summary of the results of normalized relati?e responses in the
liquid standards (Normalized with their number of their carbons

in the compounds) and Table—-3lA shows the average values of



TAELE-1 "Standsrd-1" Vapor Date

Names of Compounds ‘fi?éik)lt [Eqé\g?mole) %&% ?Dlégc)
1,1-DCEL 0.2984 | 122.9 0. 301 57
MeC12 0.3214 | 84.9 0.507 40
CHC1 73 0.3690 | 119.5 0.793 62
1,2-DCE 0.3243 | 9.9 0.549 8%
1,1,1-Et 0.3157 | 133.3 0.499 74
ocy, 0.%968 | 153.8 0.170 76
Benz 0.2119 |  78.1 1.00 80
TRTC 0.7583 | 131.3 0.419 27
1,2-Prop 0.2957 | 112.9 0.6%8 96
1,1,2=-E% 0.3%696 1334 0.3%62 114
Perc 0.4112 | 1€5.8 0.254 121
%, 4-But 0.3094 | 124.9 0.078 130
01-¢ 0.2794 | 112.6 o:;}g 152
Et-¢f 0.2140 | 106.2 0.754 136
TCE 0.40%5 | 167.8 0.133 146




TABLE-1 "Continued" Stendard-1 Vapor
] .

Names of Compoundsf Weight} M.W, Area CmpdiB.P,

(gr (gr/mole)l Erea Benz}l ()
CHBr3 L1375 F252.7 0.03%61 149.5
PDB .0%50 | 147.0 .0360 174.0
Big-Ether .321% 1143.0 0.185 178.0
ODB . 3309 1147.0 0.3%18 180.5
HQX. .1824 84"0 - 68.9
Benz = Benzene
M,%, = Molecular Weight
gr = gram
B.P. = Boiling Point

a- Abbreviations defined in Table-1
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TABLE-?2 "Standard-1" Vapor Data
Nemes of Cmpds. | No.of RRC# |RRF*¥100|RRF 4100
Carbons RRCH#
T, 1= DCET 2 23,3 1337 TOT.0
MeCl, 1 16.6 56.4  |218.2
CHCly 1 16.6 |87.9 527.4
Hex 6 100 —_ S
1,1,1=Et 2 3%.3 |57.2 171.4
CCl, 1 16.6 |18.0 108,73
Benz. 6 100 100 100
1,2-DCE 2 33,3 |45.4 1%6.3
TRIC 2 33.3 |41.6 124.9
1,2=-Prop. 3 50.0 [66.6 1%3,%
1,1,2-Et. 2 33.3 135.7 107.1
Perc. 2 3%.% (27.7 8%.3%
3, 4-But. 4 66.6 18.6 12.9
C1-¢ 6 100 [62.5 62.5
Et-¢ 8 133,3{102.0 |76.5
TCE 2 2%.3 11541 45.4
CHBr 1 16,6 |3.30 20.1
PDE 6 100.0140.8 40.8
Big~Ether 4 66.6 [22.2 33,3
ODE 6 100.0|38.5 38.5

*This value was dropped.

RRC# =
RRY =

enalyesis)
* = times
Cmpd =

Compound

Releative Resvonse by carbon number
Relstive Response Factor(Defined in standzrd
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TABLE-7% "Standard-2" Vapor Data
Names of Cmpds.] Weight|M.W. Area Cmpd. | B.P.
(gr% (gr/mole)} Area Benz. | (°C)

1,1=-Et L0725 1122.9 0.%29 37.0
CHCl3 L0799 1119.5 0.180 61.7
1,1,1-Et L0727 1133.3 0.144 74 .1
Beng. .0592 178.1 1.00 80.1
TRIC .0916 [131.7% 0.408 87.0
1,1,2-E% L1112 {13%3.,4 0.3%15 113.7
PERC 1241 165.8 0.270 121.0
Cl-¢ L0346 [112.6 0.462 132.0
CHBr3 .1181 |252.7 0.134 149.5
Bis-Ether .1139 1144.0 0.512 178.0
ODB L1472 |147.0 0.904 174.0
FDB L017% 1147.0 0.105 180.5
TABLE-4 "Standard-2" Vapor Data

Names of Cmpds. | {'of RRC# | RRF*¥100 | RRF o,

Carbons RRC#

1,1-Et 3%.3 1 42.4 127.4

OHOL 16.6 | 20.4 122.6
1,1,;—Et 2 33,3 | 20,1 €0.3

Benz. 6 100.0] 100.0 100.0

TRIC 2 33.% 1 44.4 1%%.1
1,1,2-Et 2 33,3 | 28,7 85,9

Perc 2 33,3 | 27.4 ez.1

cl-¢ 6 100.0] 141.1 141.1

CHBI‘3 1 16.6121.5 129.7%
Bis-Ether 4 66.6 48,8 73.2

0DD 6 100, 0ffa. = A,

PDE 6 100.0}€7.5 7.5
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Table-5 "Standard-3" Vapor Data

Rames of Cupds. Y;%%ht %é¥7moles) %%%%-%%ﬁ%: 5.
Freon(CClez) gas* 120.9 0.947 -29.8
CHC1, .07738 |119.5 0.655 61.7
Ether .0%3736 1106.5 0.144 108.0
1,2-DCE .03504 | 98.9 0.373 83.5
Benz. .01613 8.1 1.00 80.1
CCl4 .08194 153.8 0.488- 76.5
1,2-Prop. .089352 112.9 0.926 96.4
3,4-But. . 11003 124.9 0.335 130.5
Perc . 1045 165.8 0.506 121.0
CHBr3 .26487 252,77 0.134 149.5
Et-¢ .09359 106,2 1.140 136.2
TCE . 16482 167.8 0.329 146.2
ODB . 18449 147.0 1.690 . 180.5

*PY=nRT

T=Room Temperature
P=1 atm.Pressure

V=24,19 lit/mole

So 10ml Freon,

10 ml Freon

for n=1 mole

24.19 * 103ml/moles

_ 413 107> moles
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TABLE-6 "Standard-3" Vapor Data
Names of Cmpds. lgo.of RRC# [RRF,10Q | RRF 100
arbons RRC#
Freon 12 1 16.6 | 4.73 | 28.3
CHC1, 1 16.6 | 2097 | 12535
&l1-Ether 4 66.6 [ 180 | 27.0 -
1,2-DCE 2 33.3 | 2.8 65,4
Benz 6 100.0| 100.0 | 100.0
cc1, 1 16.6 | 19:3 | t15¢7
1,2-Prop 3 50.0 | 2%.1 46.2
3, 4-But 4 66.6 | 7.85 |11.8
Perc 2 33.3 | 16.6 | 49.7
CHBr, 1 16.6 | 2.6% 15.8
Et-¢ 6 133.,3] 26.7 |20.0
TCE 2 33.% | 6.9% 20.8
ODB 6 100,01} 27.8 27.8
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TABLE-7 "Standard-4" Vapor Data
- 3 e Y

Names of Cmpds. W?éf?t ¥é¥7moles) %%%%‘%%%% ?685
MeCl gas* 50.4 0.552 -24.2
MeCl2 .11276 | 84.9 0.181 40.0
Hex. .04560{ 84.0 1.259 68.9
1,2-DCE .10%290| 98.9 0.687 85.5
1,1,1-Et <13320| 133.3 0.967 74 .1
Benz. 04570} 78.1 1.0 80.1
1,2=-Prop .05826| 112.9 .522 96.4
TRIC 07080 | 131.3 172 87.0
1,1,2=-Et .15020 | 133.4 0.192 113.7
Cl-¢ .078801| 112.6 0.192 132.0
CHBr3 .2923%2| 252.7 0.13%1 149.5
TCE .03252| 167.8 0.102 146.2

*At room temperature and 1 atm. pressure, 1 mole of

Methyl Chloride is 24.19 liter,

of Methyl Chloride is 4.13 4 10  -moles.

P;TABLE—B "Standard-4" Vapor Data
Names of Cmpds.| #of RRC# |RRF,100| RRF ¥-4-$
Carbons RRC# 100
MeCl 1 16.6 | 7.83 46,9
MeCl, 1 16.6 | 7.98 47.9
Hex, 6 100. | 99.6 99.6
1,2-DCE 2 1 33.3 ] 38.3 115.0
1,1,1-Et 2 33.3 | 56.7 170.1
Benz. 6 100. | 100. 100.0
1,2-Prop. 3 50.0{ 59.3 118.5
TRIC 2 33,3 18.7 | 56.1
1,1,2=-E% 2 33.3] 9.99 29.9
cl-¢ 6 100. | 16.1 16.1
CHBry 1 16.6| 6.63 39.8
TCE 2 33,3| 33.2 99.6

Therefore, 10 ml
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TABLE-GA "{EAPOR DATAY
Compounds Value of Relétive*Responsé(RRF X 100)‘
MeCl - . _ 7.83
MeCl, 36.4 - - 7.98
Freon-12 - o 4.73 —_
CHCL . 20.4 20.9 _
CHBr3 3.35 21.5 2.63 6.63
ccl, 18.0 _ 19.3% —
1,2-DCE 45.4 _ 21.8 38.3
1,1-DCEt 33.7 42.4 _ —
1,1,1-Et 57.2 20.1 ___ 56.7
1,1,2-E% 35.7 28.7 — 9.99
TRIC 41.6 44.4 _ 18.7
PERC 27.7 27.4 16.6 _
TCE 15.1 — 6.93 3%.2
1,2=-Prop. 66.6 . 23.1 59.3
3,4-But. 8.60 — 7.85 _
Bis-Ether 22.2 48.8 — —
Cl-Ether . _ 18.0 .
C1-¢ 62.5 141.1 _ 16.1
Et-¢ 102.0 | 26.7 _
PDB 40.8 67.5 - _
ODB 38.5 68.5 27.8 _
Hex, - - 99.6

¥Relative to Benzene = 100.



TABLE-9B "VAPOR DATA"

Coggounds Average of Relative Response Error
MeCl T.83 —
Me012 22.2 +14.21
Freon-12 4,73 .
CHCl3 20.6 +0.5.
CHBr3 8.50 +9.4
0014 18.6 +1.3
1,2-DCE 35.2 +11.8
1,1-DCEt 38.0 +4.3
1,1,1-Et 44,6 +18.5
1,1,2-E¢ 24.8 +12.8
TRIC 34.9 +12.8
PERC 23.9 +5.5
TCE 18.4 +13.1
1,2-Prop. 49.7 +21.7
3,4~But, 8.2 +0.37
Bis-Ether 35.5 +13.3
Cl-Ether 18.0 —
C1-¢ 73.2 +62.5
Et-¢ 64.3 +37.6
PDB 54,1 413.3
0DB 44.9 20.3%
Hex. 99.6




44

TABLE-QC " VA.'_EOR DAT AW
Compounds RRF x 6/#C
MeCT 716.5
MeCl, 133,2
Freon-12 28.2
CHC1 123.6
CHBI‘3 51.0
CCl4 , 111.6
1,2-DCE 105.6
1,1-DCEL 114.0
1,1,1-Et 133.8
1,1,2-Et 74.8
TRIC 104,7
PERC T1.7
TCE 55.2
1,2-Prop. 98.4
3,4-But. 12.3
Bis-Ether 53.2
Cl-Ether 27.0
Cl-¢ 73.2
Et-¢ 48.2
PDB 54.1
ODB 44.9
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TABLE- 410 "Standard-5" Ligquid Data

Names of Cmpds. Y§;§ht ¥é¥7mole) %%%%f%%%% %ggs
MeCl2 0.0716 | 84.9 0.0929 40
CHC1, 0.1394 | 119.5 jO.1986 61.7
1,1,1=-Et 0.093%2 | 133.3 0.1774 4.1
Benz 0.1007 | 78.1 1.0 80.1
1,2-Prop 0.0820 | 112.9 0.2924 96.4
1,1,2-Et 0.1042 | 133.4 0.2103 113.8
Perc 0.1138 | 165.8 0.1992 121.0
CHBr3 0.2011} 252.7 0.1148 149.5
Bis-Ether 0.1289{ 143.0 0.4118 178.0
TABLE~11 "Standard-5" Liquid Data
fenes of Cmpds. igﬁbons RRC# | RRFy100 %§%¥*1OO
MeCl, 1 16.6 | 14.2 85.3

CHCl3 1 16.6 | 21.9 . 331.6
1,1,1=-E% 2 33.3 | 32.7 98,2

Benz. 6 100. | 100, 100.0
1,2-Prop. 3 50.0 | 51.9 103.8
1,1,2-Et 2 33.3 | 34.7 104 .1

Perc 2 33.3 | 37.4 112.2

CHBr3 1 16.6 | 18.6 111.5
Bis-Ether 4 66.6 | 58.9 88.4

* = times

RRC# = Relative Response by Carbon number
RRF = Relative Response Factor(Defined in standard

analysis)
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TABLE-12 "Standard-6" Liquid Data
Names of Cmpds.|Weight|M.W. Area Cmpd
(gr (gr/mole) |krea Benz ?553

Hex., . 6587 84.0 0.5656 68.9
1,2-DCE .0895 198,9 0.5037 83.5
Benz .0644 178.1 1.0 80.1
0014 .1124 [15%.8 0.2099 76.5
TRIC 1035 1131.3 0.3892 87.0
Cl-Ether 1427 |106.5 0.5636 108.0
3,4=-But. .0968 }124.,9 0.6868 1%20.5
TCE .1296 [167.8 0.4464 146.2
TABiE-13 "Standard-g" Liquid Data
Names of Cmpds.| #of RRC# RRF

P Carbons RRFy 1001 7R *100
Hex. 6 100. 's6.7 66.7
1,2-DCE 2 33,3 | 46,7 138.6
Beng 6 100, { 100. 100.0
0014 1 16.6 | 23.9 143%.2
TRIC 2 33.3~ 41 .1 123.2
Cl-Ether 4 66.6 | 34,8 52.2
3, 4-But 4 66.6 | 73.7 110.5
TCE 2 3%3.% | 48.1 144.2
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TABLE- 14 "Standard-T7" Liquid Data
raner o8 Gonie] g U o] BEEREEE] 155
Me012 .1311 | 84.9 0.2462 40.0
1,2-DCE .0874 | 98.9 0.3650 83.5
Bengz .0665 | 78.1 1.0 80.1
0014 .1073 1 153.8 0.1920 76.5
Cl-¢ .0751 1112.6 0.7947 132.0
Et-¢ L0687 [106.2 1.1647 1%6.,2
CHBr3 L1877 1252.7 0.1485 149.5
TCE .1183 |167.8 0.3173 146,2
PDB" .0710 }147.0 0.7021 174.0
ODB .0929 1147.0 0.9178 180.5
TABLE-15 "Standard-7" Liquid Data
Names of Cmpds égibons RRC# RRF, 100 %%%#*100
Me012 1 16.6 | 13.9 . | 83.5
1,2-DCE 2 32.3 | 35.7 107.2
Beng 6 100. | 100. 100.0
CCl4 1 16.6 ] 23,2 139.1
Cl-¢ 6 100. | 105.6 105.6
Et-¢ 8 133,73 162.3 | 121.7
CHBr 1 16.6 | 17.7 106.%
TCE 2 33.3 | 29.6 118.9
PDB 6 100, | 1%2.2 1%2.2
ODB 6 100. | 136.7 | 136.7




TABLE-16 "Standard-8" Liquid Data
Names of Cmpds W?;%?t ¥é¥7mole) %%gg_%%%% ?;gs
M8012 . 12326 84.93% 0.1615 40,0
CHOL, .13109 | 119.5 0.1520 |61.7
Benz . 12855 78.11 1.0 80.1
TABLE-17 "Standard-8" Liquid Data
Names of Cmpdsj #0f RRC# | RRF,100] RRE
Carbons RRC#*- "
M9012 1 16.6 | 18.3 109.9
CHCl 1 16.6 1 22.8 136.8
Benz -6 100, | 100. 100.0
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TABLE-18 "Standard-9" Liquid Data
vanes of Cnpds| VTR | (ex/more) | Tres Boms | B2
Hex -13638184.0 .8732 68.9
1,2~DCE .10645|98.9 .4793 83.5
1,1,1-Et .12928|133.3 .3185 74,1
Benz .08292}78.1 1.0 80.1
Perc .17595}1165.8 .4248 121.0
Et-@ .08156}106.2 1.1068 136.2
CHBI‘3 .275641252.7 2184 149.5
PDB .126291147.0 1.0565 174.0
ODB .118951147.0 .9719 180.5
TABLE-19 "Standard-9" Liquid Data

Names of Cmpds| #0f RRC# |RRF100| RRE .

Carbons RRC#*

Hex 6 100. (57?5; 57.0 "

1,2-DCE 2 33.3 | 47.3 |141.8+%

1,1,1-Et 2 33.3 | 34.8 [104.5

Benz 6 100. 100. 100.0

Perc 2 33.5 42,5 127.4

Et-¢ 8 [133.3] 152.7 |114.5

CHBI'3 1 16.6 | 21,2 127.4

PDB 6 100. 130.4 1130.4

0ODB 6 100. 127.5 |127.5

¥These values were dropped.
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TABLE-20 "Standard-10" Ligquid Data
Names of Cmpds} Weight | M.W. Area Cmpd B.P
(gr (gr/mole)7 Area Benz ('.CS
Hex .07706 | 84.0 .0.43%69 68.9
Benz 16779 | 78.1 1.0 80.1
|-
TABLE-21 "Standard-10" Liquid Data
Names of Cmpds #of RRC# RRF},100| RRF 100
Carbons - RRC#
Hex 6 100.0} 102,32} 102.3
Benz. 6 100.0} 100. 100.0
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TABLE=-22 -"Standard-11" Liquid Data
Names of Cmpds. | Weight
M.W, Area Cmpd {B.P.

(gr (gr/mole)| Area Benz(( C)
cc1, .19162 [153.8 0.2196 |[76.5
Benz 10599 [78.1 1.0 80.1
TABLE~-23 "Standard-11" Liquid Data
Names oI Cmpds. [f#el ] RRC# RR¥, 100 |KRY¥ *

Carbons RRo# 100
CC].4 1 16.6 |23.9 143.5
Benz 6 100. {100. 100.0
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TABLE-24 "Standard-12" Liquid Data
Names of Cmpds Weight [M.W. Area Cmpd

(gr (gr/mole) KEEE—EEEE ?555
CHC1, .19273] 119.5 <2324 - 61.7
Beng . 1161 T78.1 1.0 80.1
1,1,2-Et . 148731 133.4 . 3087 113.8
Cl-@. .1321 | 112.6 1.300 132.0
Bis-Ether .14368 143.0 .6319 178.0
TABLE-25 "Standard-12" Liquid Data
Names of Cmpds ggéggns RRC# RRf*1OO %%%#*100
CHCl3 1 16.6 2%.4 128%56.
Benz 2 100, 100. 100.0
1,1,2-Et 2 3%.3 | 41.1 123.4
Cl-¢@ 6 100. 164.7 164.7
Bis-Ether 4 66.6 93.5 140.3
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TABLE-26 "Standard-13%" Liquid Data
Names of Cmpds | Weight M. W
W, Area Cmpd [B.P.
(gr (gr/mole)|Area Benz [( °C)

Hex .09099 | 84.0 L7747 68.9
Benz 10137} 78.1 1.0° ~© 80.0
1,2-Prop L1446 | 112.9 .5429 96.0
CHBr3 .23824 ) 252.7 13172 149.5
TABLE=-27 "Standard-13" Ligquid Data
Names of Cmpds]|#of RRC# | RRF,100]RRE.-. i

Carbons ¥ RRCA 100
Hex 6 100, ]192.8 92.8"
Beng 6 100, | 100. 100.0
1,2=-Prop 3 50. | 55.0 110.0
CHBr3 1 16.6 | 18.0 108.73%
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TABLE-28 "Standard-14" Liquid Data
Names of Cmpds ?§;§ht %éﬁ}mole) ii:: CZEd %5g3
MeCl, .16513184.9 0.2748 61.7
Hex .0847 {84.0 0.0847 68.9
TRIC .188991131.3 0.5406 87.0
Cl-Ether .109841106.5 0.1450° 108,0
3, 4-But .13194 |124.9 .7072 130.5
TCE .188391167.8 0.6771 146.2

?%ABLg;g%ﬁc — ;§ggggard-14" Liquid Data
SmeS ob Bmpast o0 sons| RRO# | RRF,100 BRE,1 00

WeCT, 7 6.6 | 14.2 85,5

Hex 6 100. | 100. 100.0

TRIC 2 33.%3 | 37.8 | 113.6

Cl-Ether 4 66.6 1 14.2 21.3

3,4-But 4 66.6 §67.5 101.2

TCE 2 33.3 147.5 142.5




TABRLE=30 "LIQUID DATAN

Rames of Cmpd§ vaiugpy oF %%%#*100 PTOTTED

1 2 3 4

MeCl, S _— 109.9 —
CHC1., 131.6 136.8 128.6 _ i
CHEr; 111.5 106.3 | 127.4 108.3 %
cel, 143,2 1391 143.5 ;
1,2-DCE _ 107.2 _— g
Perc 112.2 127.4 !
1,1,1-Ft 98. 2 104.5 I
1,1,7-Et 1041 15%.4 . o
TRIC 12%.2 113.6 — — |
TCE 144,72 118,0 142,5 ]
1,2-Prop 103.8 110.0 —_
3, 4-But 110.5 101.2 — —_
Bis-Ether 88.4 140.3 - ‘
Hex — 92.8 102.3 .
Cl-¢f 105.6 164.7 i
Et-¢ 121.7 114.5 — |
PDR 132.2 130.4 i
ODE 1%6,7 127.5 f
Cl-Ether 52.2 - L ?




1

Y A AT TT Z A 4 [ 2 A T4
bs a0 [ s g A e ek

Nemes of Cempounds | Averzge value of %%# *¥100 | BError |
MeCl, 109.8 | —
CHC14 132.3 +4.1
CHBr, 113.4 +10.5
ccl, 141.9 +2.2
1,2-DCE 107.2 .
Perc 119.8 £7.6 i
1,1,1-Et 101, 3 +3.1
1,1,2-Et 113.7 +9.6 i
TRIC 118. 4 +4.8
TCE 135,72 P 12,6
1,2-Prop 106.9 +3.1

3, 4-But 105.8 | +4.6
Bis-Ether 114.73 l +25.9
Hex 97.% +4.75
c1-¢ 135.1 f 429.5
Et-¢ 118.1 C+3.6
PDB 134,73 P £0.0
ODE L 132.1 44,6
Cl-Zther 022 J—




TL{BLE-31B

Compounds Celibretion fectors +%Error
Methylene Chleoride 5.46 _
Chloroform 4.54 3
Bromoform 5,30 9
Cerbon TetraChlorids 4.04 1
1,2-DiChloroethene .80 _
Ferchloroethylene 2.51 £
1,1, 1=-Trichloroethane 2.97 3
1,1,2=-Trichloroethzre 2.64 8
Trichloroethylene 2.53 4
Tetrechloroethylene 2.22 9
1,2-DichloroPropéane 1.87 3
3,4-Dichlorobutene 1.42 4
Bis(2-Chloroethyl 1.31 22
ether)
ChloroBenzene C.74 21
EthylBenzene 0.63 3
PeraDichloroBenzene 0.76 .6
OrtholichloroBenzens 0.76 3




TibLi=32

Liquid D=stea

AT
§¢]

tlames of Compounds

ALUES OF RRF*¥100 PLCOTTED

7l #2 73 i
MeCl, — _— 18.% _
CHC1, 21.0 02.8 21.4 —
CHBr. 18.F 17,7 24,7 12,0
sialy 2%, 0 P% .0 0%, G -
1,2-DOE 35,7 —_ - -
Pere 27,4 42.5 _ .
1,1,1-E% 32,7 34,0 —_— S
1,1,0-Et 34,7 41.1 . It .
T e 211 37,0 . ' —_
TOE 48,1 39,6 47.5 é —_—
1,2-Prop. 51.9 55.0 —_ % —
3 4-But. 73.7 67.5 —_ —
Cl-Ether 54.8 — — -
Bis. 58.9 | 93.5 — i
Hey 102.7% Q7.8 _ § S
ORIy 1068, A 164,77 —— % S
Et- 162.% | 152.7 — ] —
PDB 132.2 13%0.4 — : _
ODB 136, 7 127.5 | _




TABLE-33 "Ligquid Data"

Vemes ol Compounds Average'value of RRF, 100 Lrroxr
bell, 18.3 —_—
CHC1 4 22,0 +0.45
CIZT’I-; 12,8 £1.75
COLy 27.¢ +0.35
1,2-LCE 35.7

Terc 3G, % =25
1,1,1-Lt 35,7 +1.0
1,1,2-It 37.9 +2.2
TRIC 39.5 +1.6
TCE 45,0 +5.1
1,2=-Prop. 52.4 +1.5
13, 4-But 70.6€ +3,1
fris-Ether 76.2 +17.73
Fex 97.5 +4.7
01-¢ 135, 1 +2C,5
Tt-¢ 157.5 +4.8
PLE 131.53 +0.9
1002 1321 +4.6

| 34,8 —
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normalized relative responses (derived from earlier tables)
and the error involved with these average values. Table-31H
shows the Calibration Factors and error limits invlived in
these calibration factors values. Table-32 shows the results
of relative responses of the liquid standards and Table-~33 is
the average of these relative responses in liguid standards
and their precision.

Figure—1 shows the normalized relative response of the
compounds to the number of their carbons versus their boiling
points in vapor standards.

Figure-~2 shows the normalized value of relative response
of the compounds by their carbon number plotted against their
boiling point for liguid standards and their averages.

Figure-% shows the combined results from figuwe—1 and
figure-2. It shows a comparison of the results of vapor and

liguid standards.
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DISCUSEION AND ANALYSIS OF INDIVIDUAL COMPOUNDS (LIGUID AND

VAFOR)
1~ Chloro methane (CH3C1)

Chloro methane was included in vapor standard #4 with
data listed in tables #7-8. The Relative Response Factor
(RRF3; Relative to Benzene = 100) for this compound was
measured to be 7.8. This value was about one-half the
Relative Response Factor of the hydrocarbon with one
carbon (Methane = 16.6). The data was, however, determined to
he low (see discussion of chloroform) and is not included in
the statistical results. This iz considered a low response
for this compound and may be due to losses incuwrred from
incomplete transfer of this compound into the gas standard
c;linder. No conclusion can be derived based on this compound

until future verification studies are completa.
2- Methvlene Chloride (CH2C12)

Methylene Chloride was included in vapor standards #1
and 4, plus liquid standards #5,7,8 and 14 with data listed in
tables #1,2,7,8,10,11 and 14~17. The RRF in the vapor was
measured to be 22.2 and in the liguwid was 18.3. Data from the
vapor standard were about 21% higher than in liquid standards.

The data in liquid standards #5,7,14 were about 3I0% lower than

liguid standard #8. These data in liquid standards were



N
\n

determined to be low (see discussion of chloroform! and they
are not included in statistical results. This probable loss
in liguid standards was due to rapid evapoaration of this
compound through the vial’s septum (injection aperture) while
mixing and storing at room temperatuwre in the liqguid
astandards. This partial evaporation occurred because of the
high vapor pressure (low boiling point) of this compound.
Therefore, both vapor and liquid data are recommencded for use.
The RRF in vapor in vapor and liquid were 34% and 10%4 higher
than the RRF of methane respectively. Therefore chlorines do

not appear to inhibit the response omn the FID.

3= Dichlorodifluoromethane (CF2C12)~{(Freon 12)

Freon—12 was included in the vapor standard #3 and the
data are listed in tables #5 and &. The RRF was measured to
be only 4.9. This value iz less than the~third of methane’s
RRF. The data is suspect because only one standard was used
and it is felt that the vapor from the Freon concentrate may
not have been inlet guantitatively to the gas standard
cylinder. Thus no discussion for this Freon is included until

a new supply of Freon is obtained and additional studies

completed.

4- Chloroform(CHC13)

e

Chloroform was included in the vapor standards #2 and &
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with data listed in tables #3,4,5 and &6, plus liguid standards
#3,8 and 12 with data listed in tables #10, 11, 16, 17. 24 and
23 respectively. The data in both vapor and liquid were in
very good agreement. The average of measuwred RRF s in vapor
standards was 20.6 with an error of +.25. The average RRF
measwred in liguid standards was 22.0 and error of +.45.
Therefore it is recommended that both vapor and ligquid
standard are acceptable for this compound. RRF in liquid and
vapor were about 24% and 32% higher than the RRF of methane
respectively. These results strongly indicate that the
chlorinea on the carbon atom do not decrease the relative

response of chlorocarbons on FID.

-  Bromoform(CHEr3)

Bromoform was included in the vapor standards #1-4 with
data listed in tables #1-8, plus in ligquid standards #5, 7 and
9 with data listed in tables#10, 11, 14, 15, 18 and 19
respectively. RRF in the vapor measured to be 8.5 with +9.4
error units. The average of RRF in liquid measured to be 18.8
with *1.75 error. The relatively high boiling point of this
compound and the strong probability of adsorption to the
cylinder™s wall in several standards #1-3 when the cylinder
was not hot enough, caused measurement of significamtly lower
response for this compound compared to the proper number. This
was pi-obably due to wall loss and/or possible "catalytic!

decomposition of the CHEr3 on the stainless steel wall of the
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gas - cylinder. Therefare RRF from the ligquid standard is
recomended. The RRF of the liguid (18.8) was about 13% higher
than the RRF of methane. These results indicate that bromine
also enhanced the response of FID like CHCI3 did and shows
that combustion must be efficient for both chloroform and

bromoform and probably follows the same mechanism.
b6— Carbon Tetrachloride(CCl4)

Carbon Tetrachloride was included in the vapor standard
#1 and 3 with data listed in tables #1,2,3 and 6.
AdditionalyPly, liquid standards #&, 7 and 11 were sampled and
data are listed in tables #12-15 and 22-23 respectively. The
RRF in vapor was calculated to be 18.6 with +1.3 error limits
and liquid‘RRF was 23.6 with +.35 error limits. The lower
response in the vapor was due to possible wall loss and/or
possible "catalytic" decomposition of the CCl4 on the heated
stainless steel cylinder wall in the standard gas cylinder.
The data in the vapor standard were therefore determined to be
low and not included in the statistical result. the liguid RRF
was determined to be 23.46 which was about 42% higher than RRF
of methane. Again we can conclude that chlorine did not
inhibit the response. Addition of one chlorine in CCl4

-

increased the response of FID 104 over that of CHC13.

7~ 1.2- Dichlorocethane(Cl1H2C:CH2CL)
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1,2~ Dichloroethane was included in the vapor standards
#1,3 and 4 with the data are listed in tables #1,2 and 5-8.
Additionally, the liguid standards #6-9 have determined with
data listed in tables# 12-15 and 18,19. The average of RRF
for this compound in vapor was 35.2 with £11.8 error units.
lLiquid RRF was 35.7. Liguid and vapor data were in good
agreement with each other. Use of vapor standards is
therefore recommended for this compound. The liquid and vapor
RRF were 35.7 and 3%5.2, which is an increase in RRF over

Ethane by 774 and 64 respectively.

8- Vinylideae Chloride(CllC=CH2 )
Vinvlidene Chloride was included in vapor standard #1
and 2 and the data are listed in tables #1-4 respectively. The
RRF was measured to be 38.0. Thie value was 14% higher than
RRF of Ethane. No liguid data were obtained for this compound
due to it's high evaporation rate at room temperature. The
vapor data appear acceptable and vapor standards of this
compound are recommended. The RRF was 147% higher than the RRF
of Ethane. Therefore the two chlortﬁes show enhanced response

of FID again.
9- 1,1,1- TriChloroethane (C13C:CH3)

1,1,1- TriChloroethane was included in vapor standards

#1,2 and 4 and the data are listed in tables #1-4 and 7-8,
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plus the liquid standards #5 and 9 with the data listed in
tables #10,11,18 and 19 respectively. The RRF in vapor was
measured to be 44.6 with £18.5 units error. The RRF in liquid
was measured to be 33.7 x1.0. Obviously from the high vapor
values this compound is stable in the gas standard cylinder
and it ie recommended to have a vapor standard for this
compound. The RRF of ligquid and vapor were 33.7 and 44.4
which increased the RRF of Ethane about 1% and 34%
respectively. This is also an example of enhancement of the

response of hydrocarbon with addition of & chlorine.
10- 1,1,2- Trichlorcethane(Cl2HC:CH2C1)

1,1,2- Trichloroethane was included in vapor standard
#1,2 and 4 with data listed in tables #1-4 and 7-8, plus
liquid standards #5 and 12 with data listed in tables#10,11,24
and 28 regpectively. The averagé R%F in ligquid standards were
37.9 with 3.2 error units. The value of RRF in vapor
standards was 24.8 with +12.8 units error. The data in vapor
were low and therefore were determined to be in error and not
‘included in the statistical result and discussion. This loss
was probably due to wall adsorption and therefore incomplete
desorption of this compound in gas standard cvlinder. This
probably happened because the cylinder and/or regulator and
connecting lines were not hot enough. The liquid RRF(37.9)

was about 14% higher than of Ethane. This shows again

chlorine enhanced the response of Ethane.



11~ TriChloroethylene (C1HC: CC12)

TriChloroethylene was included in vapor standards #1,2
) and 4 with data listed in tables #1~4 and 7-8, plus liguid
standards #6 and 14 with data listed in tables #12,13,28 and
29 respectively., The average RRF in vapor datsa vielded a
value of 34.9 with #12.8 error units. The average RRF in
liquid standards was 39.9 with +1.46 units error. Data in
vapor was about 13% lower than data in liguid, therefore it
was determined to be error and only the liguid data for this
compound is included in further discussion and statistical
result. Considering only liquid standard RRF (39.5), this
value was ahbout 17% higher than of Ethane. Therefore chlorine
effect is enhancement of the response in this olefinic C2

halocarbon.

12- Tetrachloroethylene (CL2C:CC12)

Tetrachloroethylene was included in vapor standards #1-3
with data listed in tables #1-6, plus liguid standards #5 and
9 with data listed in tables #10,11,18 and 19 respectively.
The average RRF of vapor standards was 23.9 13.3. The averaqe
RRF of liguid standards was 39.9 +£2.%5. The data in vapor
appears to be low, therefore data in vapor was not included in
the statistical result or further discussion. The data in

ligquid standard(39.9) is used for further data analysis. This
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value was about 207 higher than of Ethane. Therefore chlorine
appears to enhance the response of this olefinic CZ

hydrocarbon.

13 - 1,1,2,2- Tetrachloroethane (Cl2HC: CHC13)

1,1,2,2- Tetrachloroethane was included in the vapor
standards #1,3 and 4 with data listed in tables#1-2 and 5-8,
plus liquid standards #6~7 and 14 with data listed in tables
#12-15 and 28-29 respectively. The average RRF in ligquid
standards vielded values of 45.0 +5.1. The average RRF in
vapor standards was 18.4 +13.1. The data in vapor was
signiticantly lower than liquid data, and again the data in
vapor is not included in the statistical results. These low
data for vapor was probably due to adsorption of this compound
o the gas standard cylinder. It should be pointed out that
the vapor pressure is decreasing with these higher MW
compounds and wall adsorbtion must also be increasing. The
liguid RRF{45.0) was used for calibration purpose. This valus
was about 3I8% higher than of Ethane. Chlorine again in this
compaund enhanced the molar response of his corresponding

hydrocarbon.

14— 1,2- Dichloropropane (C1H2C: CHCL : CH3)

1,2~ Dichloropropane was included in vapor standards

#1,3 and 4 with data listed in tables #1-2 and 5-8, plus
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liguid standards#95,13 with data listed in tables#10,11,246 and
27 respectively. The average RRF in vapor standards was 49.7
+21.7 and the average RRF in liquid standards was 53.4 +1.5.
Data in vapor appears to be acceptable'$or this compound. RRF
in liquid(53.4) was 7% higher than of Propane. This fact
shows again small enhancement in molar response of Propane

when two chlorines added to this compound.

15~ 3,4~ Dichlorobutene (H2C:CH:CHCL:CH2CL)

i

« 4~ Dichlorobutene was included in vapor standards #1
and 3 with data listed in tables #1,2,5 and &, plus liquid
standards #6 and 14 with data listed in tables #12,13,28 and
29 respectively. The average RRF in liquid was 70.6 with +3.1
units error. The average RRF in vapor was 8.2 with +.37 unite
error. Data in vapor standards determined to be significantly
lower that of liguid, and it was unacceptabie and not included
in these statistical result or discussion. This wall loss was
probably due to wall adsorption of this compound. The liguid
RRF(70.6) was about 6% higher than of Butane. This value
might be low, because this compound was not pure in original
liguid form. We can again conclude that two chlorines caused

small enhancement of molar response of Butane.

16— Bis(2-chloroethyl)ether (Cl1CH2CHZO0CH2CH2CL)

Big(2~chlorpethyl)Ether was included in vapor standards
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#1 and 2 with data listed in tables #1-4, plus liguid

standards #5 and 12 with data listed in tables #10,11,24 and

i

25 respectively. The average RRF in vapor standards was 35.5
13,3, The average RRF in liquid standards was 76.2 x17.35.
Data in vapor standards was significantly (350%4) lower than of
liguid standards and considered unacceptable. Therefore only
liguid standard was recaommended for this compound. The value
ot RRF for liquid(76.2) was about 14% higher than of Butane =
66;é, Relative to Benzene = 100. Therefore, oxygen in this
compoud did not reduce sensitivity, as oxygen is reported

(1,2,11).
17- Z2-Chloroethyl vinyl ether (C1CHZCHZ0CHZCHI)

2—-Chloroethyl vinyl ether was included in vapor standard
#3 with data listed in tables #5646 plus liquid standards #646
and 14 with data listed in tables #12,13,28 and 29
regspectively. RRF in vapor was 18.0 and RRF in ligquid was
24.8. Data in both vapor and liguid were very low as they
should be similiar to the values of 60-74 of the above "Rig"
Ether and are not included in the statistical result and
further discussion. These values are low possibly because of
some unidentified loss or decomposition of this toxic but
relatively unstable compound. Assuming no loss and
considering the liquid RRF(Z4.8), this value is about 91%

lower than of Butane, and therefore chlorinr has significantly

reduced sensitivity. Even considering a response similiar to
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C3 {(Propane) due to the oxygen these values are very low.

Froducing a standard of this compound will need to be turther

studied.

18— Chlorobenzene(ClCeHE)

Chlorobenzene was included in vapor standards #1,2 and 4
with data listed in tables #1—-4 and 7-8, plus liquid standards

#7 and 12 with data listed in tables #14,15,24 and 25

- vaed
respectively. The average RRF in vapor standards 73.2 with
X62.5 units of error. The average RRF in liguid standards was

135.1 with +29.5 units of error,. Data in vapor was low and it

was not included in the statistical results. The relative
high boiling point temperature aof this compound does not
appear to make it an acceptable candidate for use in vapor
standards and therefore only liguid standards are recommended.
This loss was probably due to wall adsorption of this relative

high boiling compound, even though the gas cylinder was

heated. RRF in liguid (135.1) was about 3I8% higher than of

Benzene. This value is suspected to be higher than it should

be. May be because the actual weight of liguid concentrate is

slightly less than that calculated from the sumation of all

individual component weights. This effect could result from

partial evaparation of light(low boiling points) compounds

from the liquid concentrate vial through the septum. The

heavier compounds® responses will then be higher, because

their relative concentrations are higher than that calculated.
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We can approximate how much this effect contributes, by
Finding the ratio of EtylEBenzene reported in this study(see
next compound) to the RRF of CBHI8 = 133.3. Where it assumed
EthylBernzene behaves ideally and gives linear unit (16.4)
response for each carbon. This overconcentration effect was,
thus, measured to be about 18%4. Therefore one chlorine on
aromatic ring enhanced the molar response of Benzene by a

minimun of 17% and maximum of 3IT%4.

19~ Ethylbenzene (C2H3C6HE)

Ethylbenzene was included in vapor standards #1 and 3
with data listed in tables #1,2,5 and &, plus liguid standards
#7 and 9 with data listed in tables #14,15,18 and 19
respectively. The average RRF in vapor standards was 64.3
with +37.46 units of error. The average RRF in ligquid
standards was 187.5 with #4.8 units of ervrors. Data in vapor
standérds were low and therefore not acceptable for use. This
loss was probably due to wall adsorption. The liguid data
(157.5) was about 18% higher than of his corresponding
hydiracarbon with 8 carbons(Octane = 133.3). High RRF of this
compound is due to the effect of evaporation of lighter
compounds in ligquid concentrate and consequently show our data
has 18% higher response in the heavier compounds{(high boiling

point) .

20- para-dichlorobenzene(ClZC6H4)
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para-dichlorobenzene was included in vapor standards #1
and 2 with data listed in tables #1-4, plus liguid standards
#7 and 9 with data listed in tables #14,15,18 and 19
respectively. The average RRF in vapor was S4.1 with £13.3
units of error. The average RRF in liquid was 131.3 with +.9
units of error. The data in vapor standards were low and
therefore determined not to be included in the statistical
resul tas, This loss was probably due to wall adsorption and/or
condensation. Data from liguid standard (131.3) was about 3I1%
higher than of Benzene. I+ the enhancement due to loss of the
low boling point compounds in liguid concentrate is to he
considered and the response reduced then there was 134
enhancement for this compound. Again, vapor data is not

acceptable, and ligquid standards are recommended.

21~ ortho-Dichlorobenzene (Cl2C6H4)

Ortho-Dichlorobenzene was included in vapor standards
#1,2 and 3 with data listed in tables #1-4, plus liquid
standards #7 and 9 with data listed in tables #14,13,18 and 19
respectively. The average RRF in vapor was 44.9 with 220.3
wnits of error. The average RRF in liguid was i32.1 with +4.6é
units of error. Data in vapor was low and therefore omitted
and not included in the statistical results. The liguid data
was recémmended in fuwrther discussion and statistical results.

Data from ligquid standard (132.1) was about 3Z2% higher than of
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Henzene. Considering enhancement of the response of this
compound due to evapoaration of the light compounds in the
liguid concentrate, there is still 147 enhancement for two

chlorines substituted on the aromatic ring.

22=- n-Hexane (Cé4HH14)

Hexane was included in vapor standards #1 and 4 with
data listed in tables #1,2,7 and 8, plus liguid
standarde#6,9,10 and 13 with data listed in tables #12-13,
18-21, 26 and 27 respectively. RRF in vapor was 99.4 and in
ligquid was 97.59 with 4.7 units of error. This compounds®RRF
was measwred in order to check the response of our FID. Data
in vapor standard #1 was dropped because Hexane and Chloroform
elute at the same time;and they both were used in this
standard. Data in liquid standard #& and 9 were low and this
was because one of the major impurity in our hexane eluted at
the same time as 1,2-DiChloroEthane. Data in vapor was only
17 higher_ than of Benzene and data in liquid was 2% lower than
of Benzene. Comparing average results from vapor and liguid
shows that both vapor and liguid data are reliable. We can
conclude that Hexane is a stable compound in vapor and liguid
standards. There was an absolute difference of 2.1 units

between the vapor and liquid RRF of this compound.
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Figure~3 shows a comparison of liguid and vapor data.
This comparison shows that in general most of the heavier
compounds with boiling point above 110 degrees centigrade
(approximately) had lower response in vapor than in the
liquids. This probably was due to adsorption on the cylinder
walls by these compounds and appears to be a major drawback in
calibration of GC using vapor standards for heavier and/or
reactive light compounds with 1ow Boiiing Foint. Obviously,
this major problem was not resolved completely by heating the
standard cylinder, regulator, and all the transfer lines.
Therefore, these results were dropped from further discussion
and will be in focused upon future studies.

The liquid resuits on the other hand consistently gave
more acceptable relative molar responses on FID. The average
values of ligquid data were, therefore, used in the statistical

analysis and further discussion in this work,

Methylene Chloride’s Relative Molar Response was 10%4
higher than of Methane(Relative to Benzene = 100). Chloroform
had response about 32% higher than methane. Bromoform's

response was 13% higher than Methane. Carbon Tetrachloride’s

response was about 42% higher than Methane.

Therefaore, ftrom CCL4 and CC13H we can observe that each

chlorine increased the response of the Methane about 104.
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Methylene Chloride showed a somewhat lower than this result
probably due to partial evaporation of this compound from the
liguid concentrate in the vial. This could be observed when
welghing the vial with liguid Methylene Chloride in it. That
is, the weight decreased gradually in time. This loss must
have been through syringe hole in the sealing septum(the

septum was used to eliminate or reduce just this problem).

1,2-Dichlorocethane’s response was about 7% higher thah
Ethane. 1,1,1~-Trichloroethane s response was only 1% higher
than of ethane and 1,1,2~Trichloroethane’s response was about
14% higher than ethane, but Trichloroethylene(TRIC) s response
was about 19%4 higher than of Ethane. Tetrachloroethylene
(PERC) "8 response was about 204 higher than ethane and
1,1,2,2-Tetrachloroethane(TCE) "s response was about 354 higher

than of ethane.

Therefore, it is observerd that two chlorines gave increased
response over the ethane by 7% and three chlorines increaased
this response over ethane by 1%4(1,1,1-ET) and 14%(1,1,2-Et)
and 19%(TRIC). Four chlorines increased this response over

ethane by 204(FPERC) and IZI5%(TCE).

1,2-Dichloro Propane’s response was about 7% higher than
of Propane. 3,4-DichloroButene’s response was about &% higher
than of Butane and Bis(2-Chlorecethyl)Ether s response was

about 14% higher than of butane. Note that for the Dichloro
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Ethame, Fropane and Butene compounds showed response increase
aver respective hydrocarbons to be consistency +7%. At thisg
point we can not determine how much the first chlorine
contributed to the response because we did not have a compound
with only one chlorine in it to run. Clearly two chlorine
increased the responses by 74 in each of the C2, C3X and C4

carbon compounds.

Three chlorines contributed different results to increase
ethane responses. (On the average this increase was +11%4 the

response of ethane.

Faour chlaorines in CC14 contributed 42%4 increase to the respone
over Methane, and the fouwrth chlorine in this compound
contributed about 104 increase to the response over CHCL13E.
#our chlorines on the average increased response about 27.3%4

the response over ethane (From PERC and TCE).,

Sternberg et al. (1) and Ferkinag et al.(2) found the
Effective Carbon Number (ECN) of Isopropyl Ether with six
carbons and Diethyl Ether with four carbons to be 5.01 and 2.9
respectivel; {i.e. one less than the & or 4 carbons of the
parent species). They suggested that ether group (-0-CHZ-) or
(~0-CH=) has no ECR value, in othet words the Ether group
caused the parent compound to show a loss in response

equivalent to one carbon atom. Condon et al. (23) found the

experimental value of response of Diethyl Ether (C4) to be 299
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(relative to heptane = 700). Sternberg et al. (1) found the
value for response of Isopropyl Ether (C4) to be 301 (relative
to Octane = 8QO) ., Results abtained in this study for Cl-Ether
are low, and more data on this compound needs to be obtained.
The Ris-Ether regponse on the other hand, is reported at 76.2
which is 32% higher than RRF of C3 hydrocarbon (i.e. parent 4
carbon ether - 1 carbon). Therefore, the two chlorines
apparantly show enhancement of relative response in this

compound, because the hydrocarbon ether response should be 50.

Hexane®s response was about 2% lower than of Henzene,
which shows consistency of ou FID and analytical procedures

to those of Cé6 compounds, within our limits of error.

Aromatices:

Chloro Benzene's response was about 357 higher than that of
Benzene. FaraDichloroBenzene' s response was 31% higher than
of Benzene and OrthoDichloroBenzene’ s response was about I2%
higher than of Benzene.

Results on chlorine substituted aromatic compounds show a 35%
increase in response of benzene for the first chlorine, and a
slight decrease of 4% of ChloroBenzene for the second chlorine
in the aromatic ring. These results on chlorine sustituted
compounds therefore show a higher response than the
corresponding stated saturated hydrocarbons, olefinic and

aromatics, but the second chlorine does not "apparantly”



continue to enhance the response, like it does on

hydrocarbons.

Comparing data reported in this study with the few sets
of data reported from previous studies (table—-35), shows, in
general that we obtained higher responses in Flame lonization
Detector for these Chlorocarbon compounds. These results were
probably due to development and introduction of hetter
engineered FID detectors, i.e. more complete combustion of all
spacies entering, higher temperatuw e flames and movre complete
ion colliection. It should be noted that the previous studies

were done with detectors more than ten years old with respect

to this study.

It can be determined from our data that the RRF obtained
from linuid standards for compounds in boiling peint range of
40-180 C were more accurate than those obtained from vapor
standards for use in calibration of FID Gas Chromatograph
analysis. The data from vapor standards show that RRF’ s
obtained for compounds with beiling points of 110 C and higher
have not reliable, hecause these RRF s wetre significantly
lower than the corresponding ligquid data. This loss in vapor
standards was probably due to:
1~ Popssible reaction of some of these compounds (i.e.CHE-3I)
with the stainless steel cylinder wall and therefore wall loss

i the cylinder at the slightly elevated temperature of
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cylinder and lines (40 C).

2= Wall adsorption vyielding incomplete desorption of these
compounds, because o+ their relative af?inity for the
materials, These compounds, therefore, did not go completely
into the gas—phase, as ideal gases in the vapor standard
should and these yvielding lower partial pressure of the
species than calculated from the quantity of liguid
concentrate injected.

I~ Incomplete transfer (inlet) of these lighter compounds
(2.¢. Freon-12, Methyl Chloride) into the gas cylinder.

The results obtained here showing increased response of
the chlorinated compounds over previous reported values and
probably resulted from better FID detectors®™ design and
electronics. Within the flame formed by the combustion of
hydrogen and air only, relatively few ions are formed.
However, if an organic compound is introduced into the flame,
a relatively large increase in ion production occurs (17). I+
two electrodes are present in proximity to the flame and are
maintained at a potential difference, the ion current produced
can then provide detection and quantitation of materials
entering the +lames. Factors which influence FID performance
are l)design of more efficient electron and ion collector
ellectrodes (14). 2) Use of high purity gases 3) Stabilizing
and optimizing the gas—-flow rates 4) Using stable, low noise
electrometers 5) Higher linear velocity place greater demands
upon the ion collection system. &) Optimizing combustion

Proacesses.
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Table-3é6 shows calibration factors reported by Gullemin
et al. (1) for a number of the compounds in this study. The
ratio of calibration factors of these compounds to TRIC is
compared in table-37A. Table 37-B shows a ratio comparison of
calibration factors to Chloroform. As can be seen from
table~37B Guillemin values are all signiticantly higher than
OuUrs. This is because of his extremely high value for CC14.
On the other hand the ratio comparison with TRIC shows that
there is fairly a good agreement between our results and his
results for the two carbon compounds. Reported responses are
too high in his results for Methylene Chloride, Chloroform and
Carbon tetrachloride, and this can be seen when his response
ratios increase dramatically with increase in the number of
chlorines. Table-38 is a comparison aof the different
experimental conditions of this work and Guillemin's work. He
calibrated the FID using a Gas-Density Balance which is &
detector that measures the response of compounds proportional
to their weight. He then assembled the density detector in
parallel with his FID and measured FID calibration factors.
Ratios of flow rates were significantly different for his FID
as can be seen from the table, while ours were more standard
flows. The ratio of air/H2 flow trates in his waork it was 7.5,
while in this work was always greater or equal to 10. The
ratio of Nitrogen/H2 flow in his work was 1.5, while it was
1.0 in this work. While Guillemin had helium as make—up gas,
we used nitrogen, but the N2/He difference should not have

affected the results.
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Compounds This Work Guillemin Work%
Methylene Chloride 5.46 1.680 '
Chloroform 4,54 2.6473

Carbon TetrzChloride 4.24 3,476
1,2-DiChloroethene 2.80 0.777
Perchloroethylene 2.51 1.244
1,1,1-Trichloroethene 2.97 1.060
1,1,2-Trichloroethane 2.64 1.028
Trichloroethylene 2.53 1.C0
Tetrachloroethylene 2.99 1.220
Benzene 1.0 _




"Guillemin's dete vs.

this stuay"

This work/TRIC| G,VWork Difference

MeCl , 2.15 1,68 - g

CECL 5 1.79 2.64 +47%

cel, 1.67 3,48 +108%
1,2-DCE 1,11 LT -43%
PERC 0.99 1.24 +25%
1,1,1-Et 1.17 1.06 -10%
1,1,2-Et 1.04 1.03 - 1%

TCE 0.87 1.22 +39%
TRIC 1.0 1.0 0.0

TAZBLE-27B !

'4 ratio comparison of Guillemin's work
with this work"

This work/CCll1 Guillemin work/CC1l
Vethylene Chloride 1.0¢ 0.483
Chloroform 1.07 0.760
Carbon TetraChloride 1.0 1.0
1,2-DiChloroethene 0.060 0.223
| FerChlnrcethylene CelS Ue 308
1,1,1=-Trichloroethzné 0.70 0.305
1,1,2-Trichloroethané (.62 .296
Trichleoroethylene 0.59 0.288
Tetrachloroethylene n.52 0.351

Eenzene

0.23

4

——
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TIELE-38 "Comperison of different conditions of this WOTrk
ancd G.'s work"

This Wwork G.Work
Usec¢ Liguid enc vepor - Used Gas Density Belence
i for celibretion of FID for celibretion of FIID
Flow rite fiir/ii2>/10 Air/EZ = 7.5
. . Ee/H, = 1.
LoJE, = e/f,"= 1.5
2’ e

Used Nitrogen as make- Used He ag meke-up gas
up ges




83

Figure—4 shows a graph of normalized Relative Response
Factors (Response per carbon normalized to Benzene) versus
atomic ratio of Chlorine/Carbon in the compound. The graph
shows linearity of these normalized values within the C1/C

ratio of 0.5 to 4.

Figure-3 shows a graph of ratio of ouwwr vapor to liguid data
versus HBoiling temperature of the compounds (derived from
table-34)., This graph shows relative good linearity with a
negative slope over a range of .3 - 1.2 ratio vapor/liquid
(V/L) and boiling temperature range of 40-180 C. This graph
gtrongly indicates a loss in response from vapor standard that
increases in magnitude, approximately, linearly with increase
in boiling pointas, for gaseous standards from our heated (40
£) stainless—-steel cylinder, and inlet assembly. Using this
RRE ratio to cancel the differences in response due to
molecules composition, the loss factor of glmpe can be
calculated to be —-1.12 » lé;z/E.P.

The data strongly suggests that use of vapor standards for
compounds with boiling points above 110 C
(1,1,2-Trichlorcethane) should be carefully checked against

liquid standards for accuracy or not used.

Figure—é6 shows a graph of a Relative Molar Responses of
hydracarbons and our chlorocarbons up to C4 vs. number of
carbons and number of chlorines. This graph shows a linearity

of relative response over a range of C1-C4 and CL1-CL4. It
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RATIO = #Cl's/#C's"

CCl




TABLE-3%4 VELFOR AND LIQUID DATA
Compounds Values of Reletive Responses{ Ratio
Vapor Liquid V/L
MeCl 7.8 - _—
heCl, 2242 18.3 1.2
Freon-12 4.7% — —_
ulClB 20,6 22.Q 936
CHBr3 8.5 18.8 .452
CCl4 18.6 23.6 . 788
1,2-DCE 35.2 35.7 .085
1, 1-DCEt 38.0 — —
1,1,1-Et 44,6 33.7 1.32
1,1,2-Et 24.¢ 37.9 657
TRIC 34.9 39.5 .283
PERC 22.9 9.9 .598
TCE 18.4 45.0 . 408
1,2-Prop. 49,7 5%.4 .930
3,4-But. 8.2 70.6 .123
Bis-Ether 35.5 76,2 . 465
Cl-Ether 18.0 34.8 .517
C1-¢ 13.2 155.1 <541
Et-¢ 64.3 157.5 . 408
OLRB 44.9 1321 . 329
Hex, 99.¢ 97.5 1.02




"RATIO = VAPOR/LIQUID DATA VS. BOILING TENMPERLTURE"
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"Relative Molar Responses vs. #C's and #C1's"
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can be seen from this graph that most Chiorinated compounds
lie in the vicinity of the graph line. Note that the slope of
this lime is the same as the slope of hydrocarbon line, but
with different intercept. While the hydrocarbén line passes
through CO, the chlorocarbon line has an intercept which lies

below hydrocarbon line.

Figuwre—~7 shows RRF vs. atomic ratio C1/C for one carbon and
faor two carbons compounds in our work. The graph of one
carhbon data shows good linearity with a positive slope of .3506
RRF/Z(C1L/C), and a correlation coefticient of .96, indicating
for Cl compounds the FID response increases linearly. This
data clearly demonstrates that chlorines enhances the FID
response. Comparing this with a similiar plot of Fluorine,
Figure-~8, where the data is that of BHlades (6), were a
negative slope is clearly evident. This graph indicates that
F decreases the FID response and the same argument iﬁ tirue for
22 compounds also. The positive slope of ow line for two
carbon compounds was . 124,

The conclusion drawn from our results indicates that there is
response enhancement due to chlorine substitution in
ydrocarbons with standard operating parameters of FID-GC
detector. This indicates that in current FID designs it is
easier to break up the chlorinated molecules and ionize the
chlovrine than the corresponding hydrocarbon in the f1ame.
Table-III shows a tist of selected bond strengths. In order

to breakup a CHZI~-H bond we need 104 kCal/Mole, but in order to
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break wup CHI-Cl we need only B4 ECal/Mole which is less
enercy. This implies that it is easier to break up CH3-Cl
molecule than CH3-H moleculé and produce Cl1 ions. Qur data
shows that this trend is carried .out for chlorine substituted
hydrocarbons (up to C4). This concept continued to be true
when there is chlorine substitution on the aromatic ring as
can be seen from table—~II1]1 bond strenght of C6HE-LCl is less

than of CoHE~M.
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FIGURE-8 "Relative Response vs. atomic ratio of
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TAELE-TII "Selected Bond Strengthg(li-)()Kcal/mole@298 K"
X hk Cl

R

CH3 104 84

CZHS 98 81

1—03H7 385 81

t—C4H9 92 81

C6H5 110 95

CCl3 96 70

*R,C. Weast, Handbook of Physics and Chemistry, 63th ed.,

Chemical Rubber Company, F205
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IV, CONCLUSION:

I order to use one single stable compound (e.qg.
benzene) for daily instrument calibration to replace the
procedure of using & standard mixture of targeted compounds
(25%~35), Relative Response Factors (RRF s) and Calibration
Factors (CF) developed. This was of particular advantages
hecause the standard mixtuwre may not have all species stable
aor may show loss of some components relative to others due to
wall adsorption in the standard (compressed gas) stainless
steel cvylinder. We concluded from this worbs
1- The use of a single standard species was made possible by
developing "accurate" relative response and calibration
factors of all target compounds relative to benzene in this
CARSE.
2~ Resulte from liguid injection analysis showed that this is
a viable and even preferential way to standardize the GC for
routine gquantitative analysis of a n&mbér of organic species
with boiling points above &0 C.
3= Results from vapor injection analysis showed low accuwracy
for compounds with boiling points above 110 C. These results
were probably due to a combination of wall adsorption,
reaction with stainless steel cvlinder and incomplete transfer
of lighter compounds into the standard cylinder.
4~ We obtained Relative Response Factors (Relative to
Benzene), wusing ligquwid injection data. These data show that
chlorines enhance the response of their corresponding

hydrocarbons, This is in contrast with previous



investigators'studies which emploved older detector designs.
The recent engineering improvement (1970 to present) in FI
detector design and geometry with optimized combustion, flow
velocities, improved electrodes (for ion collection) may
account for the differences.

T We also observed & linearity of this Relative Response
enhancement for chlorinated compounds when the number of
chlorines increases. There was also & linearity between

response versus atamic Cl/C with positive slope.
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