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The Use of Wide Bore Capillary Columns for
Gas Chromatographic Analysis of Arson Samples

Donald G. Kubler
Department of Chemistry
Furman University
Greenville, South Carolina 29613
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The resolution of the components of petroleum hydro-
carbon mixtures may be accomplished to satisfactory levels for
identification purposes by gas chromatography. The efficiency
0of the resolution depends upon the type column used as well
as the detector and the operating conditions. Even with
relatively crude systems one can obtain chromatograms which
can be recognized as unigue commercial mixtures such as gasoline
or kerosene and the like. The recognition of these chromato-
graphic patterns is basis for the first proposals to use gas
chromatography as an analytical tool for identifying flammable
liguids in fire debris.™’

If the flammable liquids maintained their composition
through a fire, and many times they do, the identity of these
substances from fire debris would be a simple problem in
qualitative analysis. However, these mixtures burn off and
evaporate off the more volatile components and differentially
adsorb on to the developing char and thus the compositions
often are altered drastically from that before the fire. The
identity of these altered compositions can be confusing even with
a good library of chromatograms of evaporated samples because hydro-
carbon mixtures do not just evaporate or burn in the fire. There
are differential adsorption phenomena, there are various catalytic
surfaces which alter burning rates, there are differential burnings
and there are substrate background patterns from wood and plastics,
all of which alter the patterns. The identification problem then

becomes difficult when the chromatograph is operated at very high
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sensitivity. Furthermore, we often find that the patterns are
poorly resolved when the hydrocarbon mixture has been burned
off to the extent of say 99.99% and instrumental sensitivity
must be increased greatly to see the patterns. Substantial
improvement in the gas chromatographic patterns can be achieved
by capillary column chromatography and a number of workers haver
recommended the adoption of these systems.3'4

We strongly urge that workers in the forensic science
field give serious consideration to the use of wide bore
capillary columns which are available from Supelco.5 These
wide bore columns put one in the capillary business without the
associated problems and expense of the narrow bore capillary
systems.

We were introduced to these columns because of a serious
separation problem we experienced with the four anomers of
fructose in water solution by silylation and gas chromato-
graphic methods. While success was claimed in the literature
for this system, we found the techniques to be non-reproducible.
To improve on the resolution we tried the wide bore capillary
system from Supelco. This column provided excellent resolution
of all four anomers. Because of the availability of the column
we evaluated its use on hydrocarbon mixtures. The results were
so good that we now use the wide-bore capillary system on a
routine basis with arson samples.

We will first describe our experiences with the SPB-1
column from Supelco for the separation of hydrocarbon mixtures.

Then we will contrast its use to packed columns and end with
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some general comments about wide bore capillary columns. In a
subsequent article we will give a detailed contrast of packed
column chromatography to the wide bore capillary chromatography
for a series of hydrocarbon mixtures used to formulate paint
thinners. The column we have used is a 60m x 0.75mm. boro-
silicate glass with a 1.0 pum methyl silicone layer bonded to
the glass. Supelco calls this column the SPB-1 column and is
designed to replace OV-101l, the SE-30 or the SP-2100 packed
columns.5 A schematic of its installation in a chromatographic
system is shown in Figure 1.

The capillary column comes installed in a cage with the
ends attached to a butt connector with fused silica leads for
connection to the injector and to the detector. Notice in
Figure 1, the presence of a fine metering valve leading from
carrier gas to the detector. This valve is required to furnish
make-up carrier gas to the detector. The wide bore capillary
columns can be operated with as little as 1 to 2 ml/min. carrier
gas flow but the FID requires 25 to 35 ml/min. flow for efficient
operation. Otherwise the wide bore capillary columns are
operated very much like packed column systems.

To optimize operating conditions for a Varian 3700 instru-
ment with FID we evaluated the capillary column for (1) sample
size (2) carrier gas flow rate, (3) initial temperature and hold-
time, (4) program rate and final temperature. The conditions we
have selected are: Injector temperature 220°, detector temperature

290°, column oven program, initial temperature 50°, 2 min. hold,
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8°/min to 230° or 290° depending upon the hydrocarbon mixtures;
flow rates: 15 ml/min He, 15 ml/min make up He to detector,

30 ml/min H, and 300 ml/min air to FID. The samples were 1 uf.

2

Cs, solution containing 2-5 uf. of hydrocarbon mixture per ml

of CSz. If neat samples are used they must be 0.1 upf. or less.
The recorder was a Fisher Recordall with a 0.5 sec. full-scale
response and a chart speed of 0.5 inch/min.

For comparison we also ran the same mixtures on the same
instrument with a 2m x 1/8" 0OV-101 S.S. packed column. For the
packed column work our standard program is: Injector temperature
of 220°, detector temperature of 290°; column oven program of
70°, 2 min hold, 16°/min to 230-250°; flowrates: 30 ml/min He,

30 ml/min H, and 300 ml/min air to FID. The chart speed was

2
1.0 inch/min.
Shown in Figures 2-6 are the separations of gasoline,
kerosene, Varsol, Isopar G and a synthetic mixture of straight

chain hydrocarbons from C-5 through C-20 on the Supelco SPB-1
wide bore capillary (60m x 0.75mm) compared to the separation
on the 2m x 1/8" column packed with 3% 0OV-10l1l on C.W.H.P. The
a chromatograms are for the wide bore capillary separations and
the b chromatograms are for the packed column separations. As
can be readily seen for Figure 2 (gasoline) Figure 3 (kerosene)
Figure 4 (Varsol) and for Figure 5 (Isopar G) the separations
are remarkably better with the wide bore capillary system
compared to the packed column. On an average, approximately

2 to 3 times the number of peaks are seen for the capillary

system as compared to the packed column. Inasmuch as the
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capillary program rate and recorder chart speeds are one half
(fortuitously) that used for the packed column the peak envelopes
appear at about the same places on the chromatograms which makes
sample identification simpler between the two systems. The
conditions used are not necessarily optimal as regards resolution
for either system but on overall factors including time they aré
quite useful for the identification of hydrocarbon mixtures.
Figure 6 is the chromatogram for the wide bore capillary column
separation for a mixture of the straight chain hydrocarbons of
C-5 through C-20.

Finally a clear advantage of the wide bore capillary over
the packed column is seen in-Figure 7 for the analysis of a
severely evaporated gasoline (99+%). The packed column chroma-
togram shows poor resolution of the residual hydrocarbons with
a nondescript recognition pattern while the wide bore capillary
chromatogram shows excellent hydrocarbon resolution and the
peaks are readily correlated with an unevaporated gasoline.
Given £he nature of samples from fires for which accelerants
are often severely burned off and/or evaporated such improvement
in the recognition pattern is one of the most important reasons
for the utilization of capillary columns particularly the wide
bore systems with their operational advantages over narrow bore
capillary columns.s'6

Sample Analyses - The samples we receive from field

investigators are treated by our gas purge and trap system to
remove the volatile and flammable components from the fire

debris.7 The charcoal traps are eluted with carbon disulfide
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and the eluant analyzed by gas chromatography. The Varian 3700
instrument is equipped with dual FID detectors, a 2m x 1/8"

S.5. OV-101 column on one side and a 60m x 0.75mm capillary
column on the other side. We first analyze all samples by the
use of the 2m packed column. If the sample is negative or
cleanly identifiable we use those results. If the sample is

not negative but cannot be identified by the chromatogram from
the packed column we then use the wide bore capillary column.
The advantages of this approach are that we save a great deal of
time in adjusting the instrument sensitivity and sample size

for a particular sample for the initial run and the reruns since
we can recycle the packed column system in 15-16 mins whereas
the wide bore system requires 28-30 mins. Once the proper sample
size and attenuation is established for the packed column we

can readily apply those conditions for use with the wide bore
system. We now have established a library of commercial hydro-
carbon mixtures which are unevaporated, 50% evaporated and 95%
evaporated for both packed columns and wide bore capillary
columns. By these procedures one can continue to operate with
packed column systems while developing a library and experience
with the wide bore capillary system all the while using the same
basic techniques for both.

General Comments about Wide Bore Capillary Systems - Having

described some typical results with the wide bore capillary
column compared to the results for a packed column, we need to
consider other reasons as to why the wide bore capillary columns

represent such an important development for gas chromatographic
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analysis. It is obvious now that near ultimate separation of
volatile mixtures can be achieved by techniques using narrow
bore capillary columns.8 One may then ask if this is true why
should analysts convert from pack column techniques to wide
bore capillary techniques? Why not go all the way over to
narrow bore capillary techniques? The simple answer to the
last question is that if one must have near the ultimate
resolution of particular samples, the narrow bore system is

the way one must go. It must be recognized, however, that

the narrow bore capillary systems represent a totally different
analytical system for those analysts trained and experienced in
packed column chromatography. This fact requires expensive and
specialized adaptation of equipment, it requires special training
to effectively operate them, it requires special injection
techniques (sample size and sample splitters) and may have
serious limitations for detectors (e.g. one cannot use TC
detectors) and for doing quantitative work due to splitter
discrimination.6

In contrast the wide bore capillary columns are simple to

install in most gas chromatographic instruments. We would tout
the following:

1. With the capillary column mounted in a cage with
flexible fused silica connectors the conversion is
extremely simple, requires less than a day to install
and test.

2. The operation of the narrow bore capillary system is

nearly identical to that of the packed column systems.
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3. While sample size must be somewhat smaller for wide
bore capillaries than for packed columns, it may be
substantially larger (up to 15 ug per component) than
for narrow bore columns (up to 100 to 500 ng per
component) to avoid column overloading.

4., The cost of the installation is about $1,000 for
the column, the inlet and outlet hardware and
make-up gas system. This compares to $2,500 or
more for a narrow bore conversion system.

5. All standard detectors may be used.

6. Standard flow controllers can be used and the high
flow rates minimize dead volume effects.

7. The analyst's past experience with reading chromato-
grams is utilized to the fullest without having to
relearn new patterns. This fact makes the complete
conversion to capillary systems very attractive.

8. By using two wide bore capillary columns - one polar
and one nonpolar - one can handle with a single
instrument nearly all of the kinds of samples
analyzed by forensic laboratories from arson
samples to blood alcohol to acid and basic drug
samples.

For complete details on the installation and operation of

the wide bore capillary columns one should contact the technical

service group at Supelco who developed this system.5’6
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Fl.aiSH FOTHT DETERMIMATIONES IN FORENSIC FRACTICE

John I, Thormton, D.Crim., and Eevin Buarino, M.F.H.

Forensic Science  Group, Dept. of Riomedical and Environmental

Healith Science, University of California, Berkeley, Ca.., 94728,

Introduction

The +lammabilitv potential of a liguid is cammonly asses:
2y raderence to its dlash point. and many jurisdictions or
ci=s have chosz=n to incorporate flash point criteria into
tes  concerned  with flammable liguids. Originally +lash point
criceria were found bo be wsedul for thoze codes dealing with the
protaction of thz public by snecifying the manner of tranzporta-
tion and storage of Tlanmable liguids. Increasingly., haowever,
Flash point criteria have boen incorporated into arson-rol:
criminal statutes.  For cxample, the California Ponal Code
tion dealing with Molotov Cocktails states in part "...For
nurposes of  this subdivision, a "firebomb" is a hreakable
tednes  containiog & fFlammabxie ligulid with a flashpoint  of 150
dagrees Fahrenheit or less..."[13.

The intent of the California legislature in adopting this
wode section iz obvious. Instead of listing each and every lig-
wid  which might be used to wmake a Molotov Cocktail, and thoreby
ricking & situation where an effective firebomb was made with an
ohscw e liguid not covered by the code, the legislatuwre =mbiraced
the concept of +flash point. If a liguid does not meet the =tatu-
tory criterion, it will not pose a hazard with respect to f1amma-
uu £ 1 O 0, 7

Thi= is a reasonable, rational approach to the problem, but
the California statutue is defective. It is defactive in that it
is not sufficiently suplicilt in specifving how flash point iz to
be determinasd, and in fact faile to define what flash point i=s.
LUnlike thoze optical and phyzical properties which are truly fun-
damental properties of matorials, (c.g.., molacuwlar or atomic
absorption, atomic emissiond, and despilite the fact  that  flash
point is directly related to the boiling point and inversely re-—
lated toc the vapor pressure, {flash point is neverthelsss  arbi-
trarily defined.

There is a gengral consensus as to the definition, but "gen-
@ral  consensus" 1s rarely adeguate for the intense =crutinv com-
mon to many forensic situations.  The ABTH has defined Flash
paint as "the lowest temperatwre, corrected to a pressure  of
1d91.% kFa  (LE13E mbar) at which the application of an idgnition
source causes tha vapors above the sample to ignite, under ¢he

o+

ified copdicionsy of tess. {Iltalics added) [Z21. What are

Laage ]

-
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Lhese pecified conditions of test," and why does the ASTH leave
the conditions o the discretion of the analyst? The present work
i=  an  attempt to tidy up this messy subject. (hs an aside  for
hosa2  wiho wish to be reminded of the presently praferred metric
unit describing pressure, 1t is the kiloPascal (kFa). 181.3 kPa
iz the standard barometric pressuwwre, eqguivalent to 01T mbar or
THG omm oof Hgl.

Farameters of Flash Foint Tezting

The flash peoint valus that ig cuporimentally derived iz sub-
icct to a number of factors.  These include the tvpe and configu-
ration  of  the testing apparatus, temperature control, amizient
pressure, the natws of the ignition source, sample preparation
and  homogznaity, and the nature of the calibration liguids used.
It a=  a wmajor premisse of the present work that it 15 essential
Tor the forensic ecientist working on arzon-rel ated cases to have
a thorough knowledge of the effects of these factors,

Twpe of Testing Anparatus

Twa types of {lash point testing devices sre in vogue, the
open cup and the closed cup. In the open cup technigue, the sam-—
ple iz hmeated din an open container to a selected temperatwr=z. At
that temparatuwrs a test flame is introducsd over the =zample and
it iz noted whether ignition in the form of a flash takes place.
I+ nmnot., the temperature iz raised and the process is repeatad.
In the closed cup technigus, the sample i ot vented. Lower
beiling componants, although volatilized, are not lost to  the
atmosphere. If the increase in temperature is achieved slowly,
the cloged cup technigue permits an eguilibrium to be achisved
betwssn tha Liguicd and the vapor states.

The reader might note that the California statute referred
to as an 2xample does not specify which type of device is to
b2 used in the determination of flash point. It may be infer-
red that the intended method is the closed cup method, but "in-

erred"  is scarcely the ariterion to be applied to good forensic
practice. {4 failwre to specify thae method is not universally the
cases  as discussed below, the U.5. Departoent of Transporttation
amphatically specifies that the closed cup method must be us=ed),
Both the cpen and the closed cup methods have advantages and dis-—
advantagas. The advantages of thes closed cup system are that (1)
thay are more applicable with liguids of relatively low  flash
point, and {2) they provide & more realistic measure of the +1am-

mabiility of a liguwid which is confined in a closed PACE .,
Falls & &  =galed contadner. The latter feature is less fre-—

guantly encountered in arson cases than situations where the ac-
calerant i= widely distributed and evposed to the atmosphaera.
The advantage of the open tester is the converse of the zecond
factor immediately aboveld the open test provides a more realisztic
measzuwre of the flammability of a liguid which has been appliod as
an arson accelerant. A dizadvantage of the open cun system 1is
that with a mixtuwre, e.9., gasoline, lower boiling components
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may be wvolatilized orior to the application of the flame and
thereby give an erraonsously high flash point reading.

The American Society for Testing Matesrials currently descori-
bes five difierent flash point testing devicezs, and hazs published
methods for the calibration and operation of cach of these LIZ].
The Ffive devices are (1) the Tag open cup (ASTHM Method D131E)3
£ the Tag closed cup (ASBTM Method D3&)YE {(2) the Fensky-Maritesns
clozsed cup (ABTHM Method D230, (4) the Cleveland open cup (ASTH
Methaod D%2)5 and (Sithe Setatlash closed cup (ABTHM Hethod LDIEFE).
The snnual Book of a8TH Standardes L3 provides schematic disgrams
of the various devices.

The two open cup devices have been eclipsed by the Tag
closed cun and the Setatlash testers as a result of action taken
iy the U.5. Department of Transportation. The Department of
Transportation has  rulod D40 that the closed cup method is  the
=ale oriterion for classifying a liguid as being +lammable. The
Tag closed cup device with the ABTH Method DS5d was designated an
acceptable method, with the Setaflash closed cup device with the
A5TH Method DIE7E designated as an acceptable altermnative T51.
The precision of the Tag closed cup and the Sstaflash method in
routineg use is between 1 and 2 F, [&]. tDespite the Jfact
that the A8THM defines the pressure at which flash point i= to be
determined in metric units, flash point is still invariably ¢
in  degrecs Fahrenhbeit). The wltimate pracizion is on the ordoer
at #@.5® F, coincidental with the precision of reading the
thormometer. Indiffarence to proper technigue or inedperience on
the part of the analyst, however, could easily result in an =rror
of 3¢ or maorea.

Thi: Fenshy-Martens closed cup device is principally used for
vidcous, high molecular weight, high +lash point liguids,
.9, dubricating oils and ather liguids which are unlihely to
e encountered &as arson accelerants. This method, however, i
5 7 mathod of choice for liguids with a vizcosity greater  than
5.5 cBt at 1d4= F.

Temnperaturs Control

If the rate of heating is too fast, a lag will result be-
twesn  the temperatuwre of the liguid and the thermometer  Sram
which  thae Lemperatuwre bs read &t the time of dgnition.  For most
testing devices, a rate of 2¢ per minute =hould not be euce-
zsded  when appreoaching the expected flash point. Good operating
practice also demands that the testing device bhe situated out of
diratts  that might create a differsntial batweoen the zample ocup
armc the reading thoernometar,

Sample Birze and Pregaration

Ther wvolwms of the air cpace abowve the liguid may  indluence
the +Flash point, and so the recommanded volume of liguid must be
used For precise determination. Uhila this may pose neo particu-
lar problems for those concerned with the =torage or transporta-—
tion of large volumes of flammable liguids, it may pose a severe
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nroblem in connection with suspected arson cases. The Setaflash
unit  reguires only 2 ml of ;amplug But the Tan closed cup melthod
reguires S8 »l. Im many actual case situations it may  be
imprractical or even impossible to cbhtain sven 2 ml.

Flazh point determinations on complex midtuwres give a2 com—
posite  or agaregate value. Consegquently, if a sample has  "wea-
thersd" through sdaposurs Lo the atmosphere, the lighter fractions
1111 bhe lost and the flash point valus of the liguid will be =le-
vated.

Fressurs

Flash point iz a measwrs of the proponsity of molescules  to
go from the liguid state to the gaseous state, and is therefore
influenced by ambient pressure In reporting flash point, the
obzerved  wvalue should be horractwd to standard barometric pres-
A of e omm oof Hg (LELLE kFay. The correction is achieved by
auding AodseF to the ocbserved value for each mm of Hg below
it o subtracting the same amount to the observasd wvalue for
ach mm akave 7E&E mm.,

Iunition Socurce

The ignition Flame must be adiusted properly. I+ the flame
i= towo large, the flash point values will be depraecsczed.

Calibration Liguids

Tha &5THM has specified p-uyvlene as the liguid JTor cali-
brating  the Tag clozsed cup and the Betaflash closed ocup testers.
Lance ¢ al. [é&1, however, have advocated mixtures of cumene
amid psEesudo- cumenz. Mixtures of this szort do not show a i anifi—
cant changs in flash point upon partial evaporation, and altering
the proportiaon of the liguids can deliver a calibration liguid of
any deszired flash point  between the flash point of cumene
(3ge F) and that of pseudo-cumene (1179 F).

SLUBm Y

Az developed above, Flash point determinations must be suf-
ficiently paramsterized if they are to be meaningful. The values
obsorvead may be dependent upon the apparatus used and  numerous
other considerations. Certain of these considerations have, ar-
guahly, & minor sffect wpon flash point, 2.9., a 14 mm  dif-
farance in atmospheric presswe will result in only a @.b6% F
Farence  in flash point. Howewver . good professional  practice
; =t= that all of the attendant conziderations be counten—
noed.  This ds particularly true if inter-laboratory data are (o
be canpasred.
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Notes

The following information was submitted by Jew-ming Chao, Ph.D.,
Laboratory Director, Burlington County Public Safety, Woodlane
Road, Mt. Holly, New Jersey, concerning the programs that were
presented during the 37th Annual Meeting of the American Academy
of Forensic Sciences, February 11-16, 1985 at the Riveria Hotel
in Las Vegas, Nevada:

*Verifying Flame Retardant on Christmas Trees Involved
in a Fatal Fire, William R. Dietz, B.S., and George F.
Peterson, M.A., Bureau of Alcohol, Tobacco & Firearms,
San Francisco, CA 94130.

*The Comparison of Automotive Gasolines using Capillary
Gas Chromatography, Dale C. Mann, Criminalist, Washington
State Patrol Crime Laboratory, Public Safety Building,
Seattle, WA 98104.

*Limitations of Automotive Gasoline Comparisons in Casework,
Dale C. Mann, Criminalist, Washington State Patrol Crime
Laboratory, Public Safety Bldg., Seattle, WA 98104.

*Gunshot Residue Examination using the ND:YAG Laser, Amy
P. Haralson, B.A., and Walton H. Haralson, Texas Forensic
Services, Inc., 400 Medical Center Blvd., Suite 109,
Webster, TX 77598. <

*#Identification of Inorganic Explosives by Microscopical
Fusion Methods, John H. Kilbourn, B.S., Alabama Dept. of
Forensic Sciences, Huntsville, AL.

*Fuel Source Differentiation Between Accelerant Residues
from a Fire Scene and those from a Suspect's Clothing and
Car in a Suspected Homicide Case, Thomas Morgan, B.S.;
Vincent F. Cordova, B.A.; and Fredric Rieders, Ph.D.;
National Medical Services, Willow Grove, PA 19090.

*Auto Ignition Locks-Fraud, Theft or Arson?, Michael K.
Higgins, President, K-Chem Laboratories, 46 Clayton St.,
Boston, MA 02122.
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