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Analysis of Odors from Explosives 

 using an Electronic Nose

Edward J. Staples, Electronic Sensor Technology
Electronic Noses and Bomb Detectors 


Conventional bomb detectors are designed to respond to only energetic materials, e.g. nitrates, and not to detect other background chemicals in odors.  Conversely electronic noses are designed to respond to all chemicals within an odor.  Based upon this distinction, electronic noses might not be considered good bomb detectors where there are strong background odors.  On the other hand bomb detectors might not be very good electronic noses because they are blind to many important environmental and olfactory chemicals.  However, the diversity of today’s terrorist threats (explosive, chemical, and biological) makes it increasingly apparent that there is a role for electronic noses with the ability to quickly learn and recognize threat vapors of any kind.  

Sensitivity is not the issue since electronic noses like the zNose® and bomb detectors like ion-mobility spectrometers (IonTrack IMS) have essentially equal speed and sensitivity to explosive compounds.  Specificity is the issue and users should understand the different role each type of instrument can undertake as part of an integrated security, force protection, or general law enforcement screening or investigative mission.  

New Analytical Tool for Odor Measurements, the zNose®   

A new type of ultra-fast gas chromatograph, the zNose®, is able to perform analytical measurements of volatile organic vapors and odors in near real time with part per trillion sensitivity.   Because of its picogram sensitivity it is a useful tool for detecting energetic materials (explosives) involving volatile organics of all kinds.  The zNose® separates and quantifies the organic chemistry of odors through ultra-high speed chromatography in 10 seconds.  Using a patented solid-state mass-sensitive detector, picogram sensitivity, universal non-polar selectivity, and electronically variable sensitivity has been achieved.  An integrated vapor preconcentrator coupled with the electronically variable detector, allow the instrument to measure vapor concentrations spanning 6+ orders of magnitude.  A portable zNose®, shown in Figure 1,  is a useful tool for onsite odor and ambient air measurements. 

How the zNose® Quantifies the Chemistry of an Odor

A simplified diagram of the zNose®  system shown in Figure 2 consists of two parts.  One section uses helium gas, a capillary tube (GC column) and a solid state detector.  The other section consists of a heated inlet and pump, which draws ambient air into the instrument.  Linking the two sections is a “loop” trap, which acts as a preconcentrator when placed in the air section (sample position) and as an injector when placed in the helium section (inject position).    Operation is a two-step process.  Ambient air (odor) is first sampled and organic vapors collected (preconcentrated) on the trap.    After sampling the trap is switched to the helium section where the collected organic compounds [image: image1.png]Peaks
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are injected into the helium flow.  The organic compounds pass through a GC column with different velocities and exit the column at characteristic times.  As they exit the column they are detected and quantified by a solid state detector.   
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A high-speed gate array processor controls the processing of odor samples and includes electronic flow control, timing, electronic injection, and temperature control for the column, inlet, detector, and other parts of the instrument.    The user interface can be a laptop computer or any remote computer using a wireless modem (1 mile range).  A software program allows users to select appropriate measurement methods and to identify specific energetic compounds found in explosives from a library of Kovats indices. 

Energetic Compounds 
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The chemistry of explosives involves what are called energetic compounds because they readily decompose with shock or high temperature.  Some important characteristics of six common energetic compounds found in explosives are listed in Table I.  

The molecular structures of the six compounds are shown in Figure 3.   Structures can be open or closed (aromatic) and molecular weights are typically above 200.  For detection purposes perhaps the most important characteristics are the vapor pressure and decomposition temperature.  Low vapor pressure compounds tend to adhere to cool surfaces and require careful control of instrument temperatures.  However, if temperatures are too high compounds like NG and PETN will decompose before they can be detected.  

[image: image4.png]eak File: _._ ystem 111\Explosives\May13\explosives 10ps2alb.pkd

Fie Close Caliration Form

Indice  Percent Substance AlamLevel  Alam Level Cale. Scale
No. Spread (inCts) Userunts)  Method Faclor
11361 2.900 0Cts ocCts Difference | 0.30
2 1537 1485 octs octs Area 3.30
3 1709 1.202 octs octs Area 3.66
4 1785 1.400 octs octs Difference | 1.45
5 1870  1.500 octs ocs Difference  4.71
6 2113 1.200 octs octs Difference | 3.00

- Urits to Display———————— - Retention Time Units File Notes:

© Seconds Indices explosives on a dbS 10ps2alb method

[alkanes_10ps2a1b.pkd

© Concentration (ppm)

Conversion Selection
@ Use Scale Factors
o

O [User

@ Mass (pg) L
|




The lower vapor pressure of these compounds means there concentration in ambient air will also be low.  If explosives are contained in an enclosure with cool surfaces the vapor concentration may be even lower than saturated values due to partitioning effects.  The saturated equilibrium ambient air concentration of TNT, RDX, and PETN as a function of ambient temperature is shown in Figure 4.   At room temperature there are approximately 100 picograms of TNT per milliliter available for detection.  NG and DNT have even higher concentrations available for detection.  However, PETN and RDX produce less than 1 picogram per milliliter and hence are much more difficult to detect as vapors.   For these compounds it is easier to use a wipe to extract material from surfaces and then to thermally desorb the compounds as vapors into the detection system.
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N-Alkane Odor Standards

An odor standard of n-alkanes is used to calibrate not only sensitivity of the electronic nose but also it’s specificity.  Specificity is what allows the instrument to recognize known chemicals and/or chemical groups (odor signatures) and to deliver the appropriate alarms.   The zNose® is an ultra-fast GC which separates and measures the concentration of the individual chemicals of an odor directly, typically in 10 seconds.  Individual chemicals are recognized by their retention time relative to the retention times of linear chain alkanes. Tabulating the retention times and detector counts (cts) provides a quantitative measure of an odor’s chemistry.  

To calibrate the instrument requires only that a known amount of each alkane be introduced into the instrument.  For alkane numbers above 14 (and explosive compounds) this is best done by the three step process depicted in Figure 5.  A glass tube is attached to the inlet and a known amount of alkanes dissolved in methanol are injected.  A short drying (step 2) removes the volatile solvent vapors but leaves the semi-volatile alkanes (or explosives) attached to the walls of the tube.  The final step is to heat the tube to vaporize the semi-volatiles and then collect them in the preconcentrator trap of the zNose®. 
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The retention time of chromatogram peaks are refer​enced then indexed to the retention time of a standard vapor mixture of linear chain n-alkanes.    Shown in Fig​ure 6 is the standard vapor response ob​tained using a calibration vapor containing C11 through C22 alkanes as well as DNT and TNT.  Retention times are expressed as indices relative to the n-alkane peaks.  DNT has an index of 1537 (between C15 and C16) and TNT has an index of  1707 (slightly above C17) in this chromatogram.
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 Kovats Indices of Common Explosives
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The reten​tion times and Kovats indices of energetic compounds were obtained by direct desorbtion with a methanol solution containing known concentrations and measuring the resulting odor chemistry with a zNose® as shown in Figure 7.    The Kovats indices for each of the 6 common explosives are tabulated in Table 2.
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Virtual Chemical Sensors with Alarms
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These indices, tabulated in Table 2, provide the basis for creating alarms or virtual sensors for each of the compounds.  Because the retention times are relative to N-alkane vapors they are machine independent and only require knowledge of the N-alkane retention times to create a library of explosives which applies to all zNose® instruments.  Tabulated data listings as shown in Figure 8 are used to define retention times by index rather than retention time in seconds.  Response factors of each sensor and alarm window width are also defined.  Thus defined, chromatographic measurements are reduced to a simple user display of six virtual sensors for the common explosive compounds together with their individual alarm levels.  

 Odor Chemical Libraries
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Computer processing of olfactory images quantifies the individual chemicals and allows the aggregate odor response to be recognized relative to a known odor standard e.g. n-alkanes.  The Kovats Indices for known chemicals are stored in a library together with their odor description or perception.  When an unknown odor is analyzed the retention time of peaks are converted to Kovats indices and clicking on individual peaks with a mouse pointer brings up the nearest library entry.  The lookup process is illustrated in Figure 9 using the PETN ‘peak’ which has an index of 1776.    

Odors from Real World Explosives

	[image: image13.png]


[image: image14.png]


Two common explosive materials are Primacord and Detasheet. PETN is the explosive core of Primacord, where it develops a velocity rate of 21,000 feet per second. Detonating cord is insensitive to friction and ordinary shock, but may be exploded by rifle fire. It also detonates sympathetically with the detonation of an adjacent high explosive.  Odors from Primacord thermostated at 80( C were tested and the organic compounds detected confirm the presence of only PETN as shown in Figure 10. 

	Detasheet is a molded and flexible explosive consisting of RDX, PETN and plasticizing wax. Volatile organics vapors from Detasheet confirmed the presence of both as shown in Figure 11. RDX is usually used in mixtures with other explosives, oils, or waxes; it is rarely used alone. It has a high degree of stability in storage and is considered the most powerful and brisant of the military high explosives. Incorporated with other explosives or inert material, RDX forms the base for many common military explosives. PRIVATE
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C4 is another well known explosive consisting of RDX, other explosives, and plasticizers. It can be molded by hand for use in demolition work and packed by hand into shaped charge devices.  The odor of C4 explosive, shown in Figure 9, contains  of RDX, PETN, TNT, Tetryl and plasticizing wax.   Even at room temperature RDX has a distinct [image: image16.wmf]Explosive

CAS No. 

Formula

Kovats Indices

NG

55-63-0

C3H5N3O9

1356

DNT

121-14-2

C7H6N2O4

1537

TNT

118-96-7

C7H5N3O6

1704

PETN

78-11-5

C5H8N4O12

1791

RDX

121-82-4

C3H6H6O6

1870

Tetryl

479-45-8

C7H5N5O6

2100

odor consisting mainly of just one compound with an index of 1020. 

In recent times with the restrictions placed upon conventional military explosives there has been an increase in the use of “home made” bomb materials.  Perhaps none is more notorious that triacetone triperoxide (TATP).  This crystalline materials can be produced from common acetone, peroxide, and citric acid, yet it has the explosive power of RDX.  The most publicized account was that of Richard Reid, the shoe bomber, but TATP is often used by Hamas “human” bombers in Israel.  
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TATP is a relatively volatile explosive and readily produces vapors which can be detected.  Shown in Figure 13 is a typical chromatogram comparison which establishes the Kovats index for

Summary of Results

A new type of electronic nose based upon ultra high-speed gas chromatography and a new solid state GC detector now allows the chemistry of odors to be quantified in near real time with high precision, accuracy, and part per trillion sensitivity.  Odors from explosives were characterized and compared using chromatograms to create virtual chemical sensors for six common energetic compounds.   The sensitivity of the instrument allowed compound concentrations at part per trillion (picogram/milliliter) levels to be made.   Identification of explosive compounds is greatly simplified by indexing retention time to a single N-alkane odor standard.  A library of indices also allows unknown odors to be quickly analyzed and compared to known odor  signatures.

Because the electronic nose is based upon the science of gas chromatography, odor measurements can be easily confirmed and validated by independent laboratory measurements taken on quality control samples.   The ability to rapidly perform analytical measurements on odors of all kinds in real time provides first responders with a cost effective new tool for monitoring volatile organic compounds associated with explosive, chemical, or biological threats.  
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Figure � SEQ Figure \* ARABIC �6�- Retention time calibration using n-alkane response C11 to C22.  Peak retention times are listed as Kovates indices and concentration in counts except for where response factors are known.
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Figure � SEQ Figure \* ARABIC �1�- zNose™ technology incorporated into 3 commercial instruments. 
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Figure � SEQ Figure \* ARABIC �2�- Simplified diagram of the zNose™ showing an air section on the right and a helium section on the left.   A loop trap preconcentrates organics from ambient air  in the sample position and injects them into the helium section when in the inject positron.  





��


Figure � SEQ Figure \* ARABIC �8�- Virtual chemical sensors created from a list of compound retention times eliminate the need to view the complete chromatogram response.
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Figure � SEQ Figure \* ARABIC �5�- Three step calibration process for semi-volatiles and explosives using the zNose™.   
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Figure � SEQ Figure \* ARABIC �4�- Using the Antoine equation the equilibrium vapor concentration of energetic materials can be plotted as a function of ambient temperature.
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Figure � SEQ Figure \* ARABIC �7�- The retention time of a mixture containing common explosives like NG, DNT, TNT, PETN, RDX, and Tetryl were measured and compared to the retention time of N-alkane standard vapors. Peak identification windows are shown as red cross-hatched regions. 
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Figure � SEQ Figure \* ARABIC �11�- Replicate chromatograms of n-alkanes and triacetone triperoxide (TATP) offset verically for comparison.  TATP has a Kovats index of 1115.
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Figure � SEQ Figure \* ARABIC �3�- Molecular structure of nitroglycerine (NG), dinitrotoulene (DNT), trinitrotoluene (TNT), Pentaerythritoltetranitrate (PETN), cyclotrimethylenetrinitramine (RDX), and trinitrophenyl-n-methylnitramine (Tetryl).  Open structures (shown in red) are more likely to decompose compared with closed aromatic ring structures.








Table � SEQ Table \* ARABIC �2�- Kovats Indices of Common Energetic Compounds
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Figure 12- Chromatogram of odors from C4 showing tnt, petn, rdx, and other organic plasticizers.
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Figure � SEQ Figure \* ARABIC �9�- Software showing chromatogram response and library identification using Kovats Indices for individual peaks.
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Figure � SEQ Figure \* ARABIC �10�- Volatile organics in vapors from Detcord
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Figure � SEQ Figure \* ARABIC �10�-Volatile organics in vapors from DetaSheet








Table � SEQ Table \* ARABIC �1�- Common Energetic Compounds found in Explosives
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_1116184252.xls
Sheet1

		Explosive		CAS No.		Formula		Molecular Weight		density		vapor pressure		Decompose		Kovats Indices

		NG		55-63-0		C3H5N3O9		227.0872		1.6		4x10-3		120oC		1356

		DNT		121-14-2		C7H6N2O4		182.1354		1.521		1.47x10-4		300oC		1537

		TNT		118-96-7		C7H5N3O6		227.133		1.654		5.5x10-6		240oC		1704

		PETN		78-11-5		C5H8N4O12		316.1378		1.77		1.2x10-8		141oC		1791

		RDX		121-82-4		C3H6H6O6		222.117		1.82		4.1x10--9		170oC		1870

		Tetryl		479-45-8		C7H5N5O6		287.1452		1.73		4x10-10		220oC		2100

		HMX		2691-41-0		C4H8N8O8		296.156		1.901		3.33x10-14		280oC		N.D.






_1116213993.xls
Sheet1

		Explosive		CAS No.		Formula		Kovats Indices

		NG		55-63-0		C3H5N3O9		1356

		DNT		121-14-2		C7H6N2O4		1537

		TNT		118-96-7		C7H5N3O6		1704

		PETN		78-11-5		C5H8N4O12		1791

		RDX		121-82-4		C3H6H6O6		1870

		Tetryl		479-45-8		C7H5N5O6		2100

		HMX		2691-41-0		C4H8N8O8		N.D.
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\cf2 Tetrachloroethylene (PCE)}}
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\cf2 Carbon Tetrachloride (CT)}}
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\cf2 Chloroform (CF)}}
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\cf2 Dichloromethane (DCM) }}
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\cf2 1,2-Dichloroethane (DCA) }}
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\cf2 1,1,1-Trichloroethane (TCA) }}
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\cf2 1,1-Dichloroethylene (DCE)}}
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\cf2 1,1,2,2-Tetrachloroethane }}

.EQN 0 26 56 0 0

({0:A}NAME)[(9):9917.1*{0:K}NAME�

.EQN 0 10 57 0 0

({0:B}NAME)[(9):8.0726�

.EQN 0 8 82 0 0

({0:MW}NAME)[(9):167.85*({0:mole}NAME*{0:gm}NAME)�

.EQN 0 16 96 0 0

({0:\r}NAME)[(9):1.598*({0:gm}NAME)/(({0:cm}NAME)^(3))�

.TXT 3 -60 60 0 0

Cg a82.000000,82.000000,32

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue0;}{

\fonttbl{\f0\fcharset0\fnil Times New Roman;}}\plain\cf1\fs16\b \pard {

\cf2 Freon-11, Trichlorofluoromethane}}
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\cf2 Benzene}}
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\cf2 Toluene}}
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\cf2 Water}}
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\cf2 TCDD (Dioxin)}}
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\cf2 PCDD (Dioxin)}}
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\cf2 OCDD (Dioxin)}}
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\cf2 TCDF (Furan)}}
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\cf2 OCDF (Furan)}}
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\cf2 TNT}}
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\cf2 PETN}}
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\cf2 COCAINE (HCL)}}

.EQN 0 26 289 0 0
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\cf2 HEROIN}}
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\cf2 Methane (CH}{\cf2\dn 4 }{\cf2 )}}
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\cf2 Ethane (C}{\cf2\dn 2}{\cf2 H}{\cf2\dn 6}{\cf2\dn  }{\cf2 )}}
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\cf2 Propane (C}{\cf2\dn 3}{\cf2 H}{\cf2\dn 8}{\cf2\dn  }{\cf2 )}}
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\cf2 Butane (C}{\cf2\dn 4}{\cf2 H}{\cf2\dn 10}{\cf2\dn  }{\cf2 )}}
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\cf2 Pentane (C}{\cf2\dn 5}{\cf2 H}{\cf2\dn 12}{\cf2\dn  }{\cf2 )}}
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\cf2 Hexane (C}{\cf2\dn 6}{\cf2 H}{\cf2\dn 14}{\cf2\dn  }{\cf2 )}}
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\cf2 Mercury (Hg}{\cf2\dn  }{\cf2 )}}
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\cf2 Sulfur Dioxide (SO}{\cf2\dn 2}{\cf2\dn  }{\cf2 )}}

.EQN 0 26 336 0 0
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\cf2 Nitrogen Dioxide (NO}{\cf2\dn 2}{\cf2\dn  }{\cf2 )}}

.EQN 0 26 341 0 0
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\cf2 Hydrogen Sulfide (H}{\cf2\dn 2}{\cf2 S}{\cf2\dn  }{\cf2 )}}

.EQN 0 26 346 0 0
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\cf2 Carbon Dioxide (CO}{\cf2\dn 2}{\cf2\dn  }{\cf2 )}}
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\cf2 Piperidine}}

.EQN 0 26 362 0 0

({0:A}NAME)[(35):8911.8*{0:K}NAME�

.EQN 0 10 363 0 0

({0:B}NAME)[(35):8.0325�

.EQN 0 8 364 0 0

({0:MW}NAME)[(35):85.15*{0:mole}NAME*{0:gm}NAME�

.EQN 0 15 365 0 0

({0:\r}NAME)[(35):0.8606*({0:gm}NAME)/(({0:cm}NAME)^(3))�

.TXT 3 -59 370 0 0
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\cf2 Hydriodic acid}}

.EQN 0 26 366 0 0

({0:A}NAME)[(36):5058.2*{0:K}NAME�

.EQN 0 10 367 0 0

({0:B}NAME)[(36):7.4756�

.EQN 0 8 368 0 0

({0:MW}NAME)[(36):127.91*{0:mole}NAME*{0:gm}NAME�

.EQN 0 15 369 0 0

({0:\r}NAME)[(36):1.701*({0:gm}NAME)/(({0:cm}NAME)^(3))�

.TXT 3 -59 371 0 0
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\cf2 Ethyl ether}}

.EQN 0 26 372 0 0

({0:A}NAME)[(37):6946.2*{0:K}NAME�

.EQN 0 10 373 0 0

({0:B}NAME)[(37):7.7567�

.EQN 0 8 374 0 0

({0:MW}NAME)[(37):74.12*{0:mole}NAME*{0:gm}NAME�

.EQN 0 15 375 0 0

({0:\r}NAME)[(37):0.7138*({0:gm}NAME)/(({0:cm}NAME)^(3))�

.TXT 3 -59 376 0 0
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\cf2 Pyridine}}

.EQN 0 26 377 0 0

({0:A}NAME)[(38):9649.4*{0:K}NAME�

.EQN 0 10 378 0 0

({0:B}NAME)[(38):8.3477�

.EQN 0 8 379 0 0

({0:MW}NAME)[(38):79.10*{0:mole}NAME*{0:gm}NAME�

.EQN 0 15 380 0 0

({0:\r}NAME)[(38):0.9819*({0:gm}NAME)/(({0:cm}NAME)^(3))�

.TXT 3 -59 381 0 0
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\cf2 Bromobenzene}}

.EQN 0 26 382 0 0

({0:A}NAME)[(39):10157.7*{0:K}NAME�

.EQN 0 10 383 0 0

({0:B}NAME)[(39):8.0750�

.EQN 0 8 384 0 0

({0:MW}NAME)[(39):157.02*{0:mole}NAME*{0:gm}NAME�

.EQN 0 15 385 0 0

({0:\r}NAME)[(39):1.491*({0:gm}NAME)/(({0:cm}NAME)^(3))�

.TXT 3 -59 391 0 0
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\cf2 Methyl Bromide}}

.EQN 0 26 392 0 0

({0:A}NAME)[(40):5925.9*{0:K}NAME�

.EQN 0 10 393 0 0

({0:B}NAME)[(40):7.4824�

.EQN 0 9 421 0 0

({0:MW}NAME)[(40):17*{0:mole}NAME*{0:gm}NAME�

.TXT 3 -45 394 0 0

Cg a112.000000,112.000000,9

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue0;}{

\fonttbl{\f0\fcharset0\fnil Times New Roman;}}\plain\cf1\fs16\b \pard {

\cf2 Phosphene}}

.EQN 0 26 395 0 0

({0:A}NAME)[(41):3704.2*{0:K}NAME�

.EQN 0 10 396 0 0

({0:B}NAME)[(41):7.2381�

.EQN 0 9 422 0 0

({0:MW}NAME)[(41):34*{0:mole}NAME*{0:gm}NAME�

.TXT 3 -45 406 0 0
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\cf2 Ammonia}}

.EQN 0 26 407 0 0

({0:A}NAME)[(42):6001.2*{0:K}NAME�

.EQN 0 10 408 0 0

({0:B}NAME)[(42):8.27�

.EQN 0 9 424 0 0

({0:MW}NAME)[(42):17*{0:mole}NAME*{0:gm}NAME�

.TXT 3 -45 430 0 0
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\cf2 Methyl Benzoate}}

.EQN 0 26 431 0 0

({0:A}NAME)[(43):12077.2*{0:K}NAME�

.EQN 0 10 432 0 0

({0:B}NAME)[(43):8.50991�

.EQN 0 9 433 0 0

({0:MW}NAME)[(43):136.14*{0:mole}NAME*{0:gm}NAME�

.EQN 2 -45 443 0 0

{0:EDME}NAME�

.EQN 0 26 444 0 0

({0:A}NAME)[(44):16595*{0:K}NAME�

.EQN 0 11 445 0 0

({0:B}NAME)[(44):9.42�

.EQN 0 9 446 0 0

({0:MW}NAME)[(44):184*{0:mole}NAME*{0:gm}NAME�

.TXT 1 -48 247 0 0

C x1,1,0,0

.EQN 6 0 27 0 0

{0:T}NAME:273*{0:K}NAME+60*{0:K}NAME�

.EQN 0 12 28 0 0

{0:n}NAME:1;44�

.EQN 2 47 410 0 0

{0:Ao}NAME:(6.022*(10)^(23))/({0:mole}NAME)�

.EQN 0 10 411 0 0

({0:Ao}NAME)/(({0:MW}NAME)[(7))={0}?(1)/({0:gm}NAME)�

.EQN 1 -69 270 0 0

{0:\mgm}NAME:{0:gm}NAME*(10)^(-6)�

.EQN 0 19 14 0 0

{0:P}NAME({0:n}NAME,{0:T}NAME):(10)^(-0.2185*(({0:A}NAME)[({0:n}NAME))/({0:T}NAME)+({0:B}NAME)[({0:n}NAME))*{0:torr}NAME�

.EQN 2 22 73 0 0

{0:C}NAME({0:n}NAME,{0:T}NAME):({0:P}NAME({0:n}NAME,{0:T}NAME)*({0:MW}NAME)[({0:n}NAME))/(.0821*{0:liter}NAME*({0:atm}NAME)/({0:mole}NAME*{0:K}NAME)*{0:T}NAME)�

.EQN 1 -41 272 0 0

{0:pgm}NAME:{0:gm}NAME*(10)^(-12)�

.EQN 3 25 106 0 0

({0:C}NAME({0:n}NAME,{0:T}NAME))/((({0:pgm}NAME)/({0:liter}NAME)))=�

.EQN 1 12 416 0 0

{0:C}NAME({0:n}NAME,{0:T}NAME)*({0:Ao}NAME)/(({0:MW}NAME)[({0:n}NAME))*({0:cm}NAME)^(3)=�

.EQN 1 -34 104 0 0

{0:n}NAME=�

.EQN 0 5 209 0 0

({0:P}NAME({0:n}NAME,{0:T}NAME))/({0:atm}NAME)=�

.EQN 0 7 223 0 0

({0:P}NAME({0:n}NAME,{0:T}NAME))/({0:torr}NAME)=�

.EQN 10 39 429 0 0

({0:C}NAME(22,{0:T}NAME))/((({0:pgm}NAME)/(({0:cm}NAME)^(3))))={0}?_n_u_l_l_�

.EQN 33 1 417 0 0

{0:P}NAME(16,200*{0:K}NAME+273*{0:K}NAME)={0}?{0:torr}NAME�

.TXT 49 -55 248 0 0

C x1,1,0,0

.EQN 3 24 112 0 0

{0:T}NAME:273*{0:K}NAME,274*{0:K}NAME;323*{0:K}NAME�

.EQN 4 10 169 0 0

1001&1&(_n_u_l_l_&_n_u_l_l_)&{0:P}NAME(10,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(8,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(5,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(6,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(4,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(

7,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(11,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(3,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(1,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(12,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(2,{0:T}NAME)*({0:torr}NAME)^(-1),

{0:P}NAME(9,{0:T}NAME)*({0:torr}NAME)^(-1)@&&(_n_u_l_l_&_n_u_l_l_)&{0:T}NAME-273*{0:K}NAME�

0 1 1 0 0 10 0 1 1 

1 1 1 0 0 0 0 1 1 

0 1 0 0 1 1 Freon-11

0 2 1 0 1 1 1,1-Dichloroethylene

0 3 2 0 1 1 Dichloromethane

0 4 3 0 1 1 1,2-Dichloroethane

0 1 4 0 1 1 Chloroform

0 2 5 0 1 1 1,1,1-Trichloroethane

0 3 6 0 1 1 Benzene

0 4 0 0 1 1 Carbon Tetrachloride

0 1 1 0 1 1 Trichloroethylene

0 2 2 0 1 1 Toluene

0 3 3 0 1 1 Tetrachloroethylene

0 4 4 0 1 1 1,1,2,2-Tetrachloroethane

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 0 1 39 57 8 0 3 

.EQN 1 69 441 0 0

1001&.0001&(_n_u_l_l_&_n_u_l_l_)&{0:P}NAME(19,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(8,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(5,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(6,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(4,{0:T}NAME)*({0:torr}NAME)^(-1),

{0:P}NAME(7,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(11,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(3,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(1,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(12,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(2,{0:T}NAME)*({0:torr}NAME)^

(-1),{0:P}NAME(9,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(43,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(44,{0:T}NAME)*({0:torr}NAME)^(-1)@&0&(_n_u_l_l_&_n_u_l_l_)&{0:T}NAME-273*{0:K}NAME�

0 1 1 0 0 10 0 1 1 

1 1 1 0 1 0 0 1 1 

0 1 0 0 2 2 TNT

0 2 6 0 2 2 1,1-Dichloroethylene

0 3 6 0 2 2 Dichloromethane

0 4 6 0 2 2 1,2-Dichloroethane

0 1 6 0 2 2 Chloroform

0 2 6 0 2 2 1,1,1-Trichloroethane

0 3 6 0 2 2 Benzene

0 4 6 0 2 2 Carbon Tetrachloride

0 1 6 0 2 2 Trichloroethylene

0 2 6 0 2 2 Toluene

0 3 6 0 2 2 Tetrachloroethylene

0 4 6 0 2 2 1,1,2,2-Tetrachloroethane

0 1 6 0 2 2 Methyl Benzoate

0 1 6 0 2 2 EDME

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

1 0 1 39 57 8 0 3 

.EQN 1 -102 110 0 0

101&1&(_n_u_l_l_&_n_u_l_l_)&({0:P}NAME(2,{0:T}NAME))/({0:torr}NAME),({0:P}NAME(9,{0:T}NAME))/({0:torr}NAME),({0:P}NAME(12,{0:T}NAME))/({0:torr}NAME),({0:P}NAME(13,{0:T}NAME))/({0:torr}NAME)@&&(_n_u_l_l_&_n_u_l_l_)&{0:T}NAME-273*{0:K}NAME�

0 1 1 0 0 10 0 1 1 

1 1 1 0 0 0 0 1 1 

0 1 0 0 1 1 Tetrachloroethylene

0 2 1 0 1 1 1,1,2,2-Tetrachloroethane

0 3 2 0 1 1 Toluene

0 4 3 0 1 1 Water

0 1 4 0 1 1 Dichloromethane

0 2 5 0 1 1 1,2-dichloroethane

0 3 6 0 1 1 1,1,1-Trichloroethane

0 4 0 0 1 1 1,1-Dichloroethylene

0 1 1 0 1 1 1,1,2,2-Tetrachloroethane

0 2 2 0 1 1 Freon

0 3 3 0 1 1 Benzene

0 4 4 0 1 1 Toulene

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 0 1 28 25 8 0 3 

.TXT 45 15 170 0 0
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\cf2 Vapor Pressure\par (torr)}}

.TXT 34 51 171 0 0
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\cf2 (}{\cf2\up o}{\cf2 C)}}

.TXT 15 -67 267 0 0

C x1,1,0,0

.EQN 7 5 269 0 0

{0:T}NAME:273*{0:K}NAME,274*{0:K}NAME;473*{0:K}NAME�

.EQN 3 -4 268 0 0

1&.00000001&(_n_u_l_l_&_n_u_l_l_)&{0:P}NAME(14,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(15,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(16,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(17,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(18,{0:T}NAME)*({0:torr}NAME)^(-1),

{0:P}NAME(19,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(20,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(21,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(22,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(23,{0:T}NAME)*({0:torr}NAME)^(-1)@200&&(_n_u_l_l_&_n_u_l_l_)&

{0:T}NAME-273*{0:K}NAME�

0 1 1 0 0 10 0 1 1 

1 1 1 0 0 0 0 1 1 

0 1 0 0 1 1 TCDD (dioxin)

0 2 0 0 1 1 PCDD (Dioxin)

0 3 0 0 1 1 OCDD (Dioxin)

0 4 0 0 1 1 TCDF (Furan)

0 1 0 0 1 1 OCDF (Furan)

0 2 1 0 1 1 TNT

0 3 1 0 1 1 RDX

0 4 1 0 1 1 PETN

0 1 1 0 1 1 COCAINE

0 2 1 0 1 1 HEROIN

0 3 3 0 1 1 Benzene

0 4 4 0 1 1 Toulene

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

1 0 1 35 42 8 0 3 

.EQN 0 41 271 0 0

100000&.001&(_n_u_l_l_&_n_u_l_l_)&{0:C}NAME(19,{0:T}NAME)*({0:cm}NAME)^(3)*({0:pgm}NAME)^(-1),{0:C}NAME(20,{0:T}NAME)*({0:cm}NAME)^(3)*({0:pgm}NAME)^(-1),{0:C}NAME(21,{0:T}NAME)*({0:cm}NAME)^(3)*({0:pgm}NAME)^(-1)@&&(_n_u_l_l_&_n_u_l_l_)&{0:T}NAME-273*

{0:K}NAME�

0 1 1 0 0 10 0 1 1 

1 1 1 0 0 0 0 1 1 

0 1 1 0 2 2 TNT

0 1 6 0 2 2 RDX

0 1 0 0 2 2 PETN

0 4 0 0 1 1 TCDF (Furan)

0 1 0 0 1 1 OCDF (Furan)

0 2 1 0 1 1 TNT

0 3 1 0 1 1 RDX

0 4 1 0 1 1 PETN

0 1 1 0 1 1 COCAINE

0 2 1 0 1 1 Heroin

0 3 3 0 1 1 Benzene

0 4 4 0 1 1 Toulene

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

1 0 1 37 42 8 0 3 

.TXT 4 -36 275 0 0
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\cf2\fs28 Vapor Pressure\par         (torr)}}

.TXT 29 57 274 0 0
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\cf2\fs28 Concentration\par       pg/cc}}

.TXT 37 -63 237 0 0

C x1,1,0,0

.EQN 8 21 438 0 0

100000&.0000000001&(_n_u_l_l_&_n_u_l_l_)&{0:P}NAME(10,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(8,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(5,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(6,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(4,{0:T}NAME)*({0:torr}NAME)^(-1

),{0:P}NAME(7,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(11,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(3,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(1,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(12,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(2,{0:T}NAME)*({0:torr}NAME

)^(-1),{0:P}NAME(14,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(15,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(16,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(17,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(18,{0:T}NAME)*({0:torr}NAME)^(-1)@_n_u_l_l_&_n_u_l_l_&(

_n_u_l_l_&_n_u_l_l_)&{0:T}NAME-273*{0:K}NAME�

0 1 1 0 0 10 0 1 1 

1 1 1 0 0 0 0 1 1 

0 1 0 0 1 1 Freon-11

0 2 1 0 1 1 1,1-Dichloroethylene

0 3 2 0 1 1 Dichloromethane

0 4 3 0 1 1 1,2-Dichloroethane

0 1 4 0 1 1 Chloroform

0 2 5 0 1 1 1,1,1-Trichloroethane

0 3 6 0 1 1 Benzene

0 4 0 0 1 1 Carbon Tetrachloride

0 1 1 0 1 1 Trichloroethylene

0 2 2 0 1 1 Toluene

0 3 3 0 1 1 Tetrachloroethylene

0 4 4 0 1 1 1,1,2,2-Tetrachloroethane

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 0 1 39 72 8 0 3 

.TXT 118 -7 162 0 0
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\cf2 The following vapor pressure data for water is to be curve fitted

\par to obtain the A & B constants}}

.EQN 8 2 160 0 0

({0:x}NAME)[(0):(-0.2185)/(-15+273)�

.EQN 0 11 161 0 0

({0:y}NAME)[(0):{0:log}NAME(1.436)�

.EQN 1 22 132 0 0

({0:x}NAME)[(9):(-0.2185)/(25+273)�

.EQN 0 11 133 0 0

({0:y}NAME)[(9):{1:log}NAME({0}23.756)�

.EQN 4 -44 116 0 0

({0:x}NAME)[(1):(-0.2185)/(-15+273)�

.EQN 0 11 117 0 0

({0:y}NAME)[(1):{1:log}NAME({0}1.436)�

.EQN 1 22 134 0 0

({0:x}NAME)[(10):(-0.2185)/(30+273)�

.EQN 0 11 135 0 0

({0:y}NAME)[(10):{1:log}NAME({0}31.824)�

.EQN 4 -44 118 0 0

({0:x}NAME)[(2):(-0.2185)/(-10+273)�

.EQN 0 11 119 0 0

({0:y}NAME)[(2):{1:log}NAME({0}2.149)�

.EQN 1 22 136 0 0

({0:x}NAME)[(11):(-0.2185)/(35+273)�

.EQN 0 11 137 0 0

({0:y}NAME)[(11):{1:log}NAME({0}42.175)�

.EQN 4 -44 120 0 0

({0:x}NAME)[(3):(-0.2185)/(-5+273)�

.EQN 0 11 121 0 0

({0:y}NAME)[(3):{1:log}NAME({0}3.163)�

.EQN 1 22 138 0 0

({0:x}NAME)[(12):(-0.2185)/(40+273)�

.EQN 0 11 139 0 0

({0:y}NAME)[(12):{1:log}NAME({0}55.324)�

.EQN 4 -44 122 0 0

({0:x}NAME)[(4):(-0.2185)/(0+273)�

.EQN 0 11 123 0 0

({0:y}NAME)[(4):{1:log}NAME({0}4.579)�

.EQN 1 22 140 0 0

({0:x}NAME)[(13):(-0.2185)/(45+273)�

.EQN 0 11 141 0 0

({0:y}NAME)[(13):{1:log}NAME({0}71.88)�

.EQN 4 -44 124 0 0

({0:x}NAME)[(5):(-0.2185)/(5+273)�

.EQN 0 11 125 0 0

({0:y}NAME)[(5):{1:log}NAME({0}6.543)�

.EQN 1 22 142 0 0

({0:x}NAME)[(14):(-0.2185)/(50+273)�

.EQN 0 11 143 0 0

({0:y}NAME)[(14):{1:log}NAME({0}92.51)�

.EQN 4 -44 126 0 0

({0:x}NAME)[(6):(-0.2185)/(10+273)�

.EQN 0 11 127 0 0

({0:y}NAME)[(6):{1:log}NAME({0}9.209)�

.EQN 1 22 144 0 0

({0:x}NAME)[(15):(-0.2185)/(55+273)�

.EQN 0 11 145 0 0

({0:y}NAME)[(15):{1:log}NAME({0}118.04)�

.EQN 4 -44 128 0 0

({0:x}NAME)[(7):(-0.2185)/(15+273)�

.EQN 0 11 129 0 0

({0:y}NAME)[(7):{1:log}NAME({0}12.788)�

.EQN 1 22 146 0 0

({0:x}NAME)[(16):(-0.2185)/(60+273)�

.EQN 0 11 147 0 0

({0:y}NAME)[(16):{1:log}NAME({0}149.38)�

.EQN 4 -44 130 0 0

({0:x}NAME)[(8):(-0.2185)/(20+273)�

.EQN 0 11 131 0 0

({0:y}NAME)[(8):{1:log}NAME({0}17.535)�

.EQN 6 -11 148 0 0

{0:i}NAME:1;16�

.EQN 0 9 153 0 0

{0:a}NAME:{0:slope}NAME({0:x}NAME,{0:y}NAME)�

.EQN 0 17 154 0 0

{0:a}NAME={0}?_n_u_l_l_�

.EQN 3 -17 155 0 0

{0:b}NAME:{0:intercept}NAME({0:x}NAME,{0:y}NAME)�

.EQN 0 17 156 0 0

{0:b}NAME={0}?_n_u_l_l_�

.EQN 3 -17 157 0 0

{0:c}NAME:{0:corr}NAME({0:x}NAME,{0:y}NAME)�

.EQN 0 17 158 0 0

{0:c}NAME={0}?_n_u_l_l_�

.EQN 3 -12 159 0 0

_n_u_l_l_&_n_u_l_l_&(_n_u_l_l_&_n_u_l_l_)&({0:y}NAME)[({0:i}NAME),{0:a}NAME*({0:x}NAME)[({0:i}NAME)+{0:b}NAME@_n_u_l_l_&_n_u_l_l_&(_n_u_l_l_&_n_u_l_l_)&({0:x}NAME)[({0:i}NAME)�

0 0 1 0 1 0 0 1 1 

0 0 1 0 1 0 0 1 1 

3 0 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 3 2 0 1 1 NO-TRACE-STRING

0 4 3 0 1 1 NO-TRACE-STRING

0 1 4 0 1 1 NO-TRACE-STRING

0 2 5 0 1 1 NO-TRACE-STRING

0 3 6 0 1 1 NO-TRACE-STRING

0 4 0 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 2 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 21 15 8 0 3 

.TXT 23 -30 238 0 0

C x1,1,0,0

.TXT 6 3 172 0 0

Cg a81.000000,81.000000,239

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue0;}{

\fonttbl{\f0\fcharset0\fnil Times New Roman;}}\plain\cf1\fs16\b \pard {

\cf2\b0 For complex solution mixtures such as gasoline and diesel fuel 

the resultant vapor pressure \par will be determined by }{\cf2 

Dalton's Law}{\cf2\b0  which states that the total vapor pressure is 

the sum of the\par partial pressures fromt the individual components.}}

.TXT 10 0 173 0 0

Cg a81.000000,81.000000,210

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue0;}{

\fonttbl{\f0\fcharset0\fnil Times New Roman;}}\plain\cf1\fs16\b \pard {

\cf2\b0 The partial pressures from the individual components will be 

determined from }{\cf2 Raoult's Law}{\cf2\b0 \par which states that 

the partial pressure of any component will be proportional to its mole 

fraction\par of the total solution.}}

.TXT 7 0 174 0 0

Cg a81.000000,81.000000,92

{\rtf\ansi \deff0{\colortbl;\red0\green0\blue128;\red0\green0\blue0;}{

\fonttbl{\f0\fcharset0\fnil Times New Roman;}}\plain\cf1\fs16\b \pard {

\cf2 For example consider a solution containing 100 ml of Toluene and 

100 ml of Dichloromethane.\par }}

.EQN 5 5 175 0 0

{0:Vol.toluene}NAME:100*{0:mL}NAME�

.EQN 5 0 176 0 0

{0:Vol.DCM}NAME:100*{0:mL}NAME�

.EQN 7 29 229 0 0

({0:CC}NAME)[({0:n}NAME):({0:P}NAME({0:n}NAME,{0:T}NAME)*({0:MW}NAME)[({0:n}NAME))/(.0821*{0:liter}NAME*({0:atm}NAME)/({0:mole}NAME*{0:K}NAME)*{0:T}NAME)�

.EQN 1 -30 228 0 0

{0:P}NAME({0:n}NAME,{0:T}NAME):(10)^(-0.2185*(({0:A}NAME)[({0:n}NAME))/({0:T}NAME)+({0:B}NAME)[({0:n}NAME))*{0:torr}NAME�

.EQN 8 -1 179 0 0

({0:P}NAME(12,373*{0:K}NAME))/({0:atm}NAME)={0}?_n_u_l_l_�

.EQN 81 8 437 0 0

100000&.0000000001&(_n_u_l_l_&_n_u_l_l_)&{0:P}NAME(10,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(8,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(5,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(6,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(4,{0:T}NAME)*({0:torr}NAME)^(-1

),{0:P}NAME(7,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(11,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(3,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(1,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(12,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(2,{0:T}NAME)*({0:torr}NAME

)^(-1),{0:P}NAME(14,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(15,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(16,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(17,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(18,{0:T}NAME)*({0:torr}NAME)^(-1)@3.6&2&(_n_u_l_l_&_n_u_l_l_)&

(1000)/({0:T}NAME)�

0 1 1 0 0 8 0 1 1 

1 1 1 0 0 0 0 1 1 

0 1 0 0 1 1 Freon-11

0 2 1 0 1 1 1,1-Dichloroethylene

0 3 2 0 1 1 Dichloromethane

0 4 3 0 1 1 1,2-Dichloroethane

0 1 4 0 1 1 Chloroform

0 2 5 0 1 1 1,1,1-Trichloroethane

0 3 6 0 1 1 Benzene

0 4 0 0 1 1 Carbon Tetrachloride

0 1 1 0 1 1 Trichloroethylene

0 2 2 0 1 1 Toluene

0 3 3 0 1 1 Tetrachloroethylene

0 4 4 0 1 1 1,1,2,2-Tetrachloroethane

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 0 1 39 72 8 0 3 

.EQN 125 -1 436 0 0

1*(10)^(7)&.0000000001&(_n_u_l_l_&_n_u_l_l_)&{0:P}NAME(10,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(9,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(32,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(33,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(34,{0:T}NAME)*(

{0:torr}NAME)^(-1),{0:P}NAME(2,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(19,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(30,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(22,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(31,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(24,

{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(25,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(26,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(27,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(28,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(29,{0:T}NAME)*({0:torr}NAME)^(-1)@

_n_u_l_l_&_n_u_l_l_&(_n_u_l_l_&_n_u_l_l_)&{0:T}NAME-273*{0:K}NAME�

0 1 1 0 0 10 0 1 1 

1 1 1 0 0 0 0 1 1 

0 1 0 0 1 1 Freon-11

0 2 1 0 1 1 1,1-Dichloroethylene

0 3 2 0 1 1 Dichloromethane

0 4 3 0 1 1 1,2-Dichloroethane

0 1 4 0 1 1 Chloroform

0 2 5 0 1 1 1,1,1-Trichloroethane

0 3 6 0 1 1 Benzene

0 4 0 0 1 1 Carbon Tetrachloride

0 1 1 0 1 1 Trichloroethylene

0 2 2 0 1 1 Toluene

0 3 3 0 1 1 Tetrachloroethylene

0 4 4 0 1 1 1,1,2,2-Tetrachloroethane

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 0 1 36 72 8 0 3 

.EQN 145 -13 434 0 0

(10)^(6)&10&(_n_u_l_l_&_n_u_l_l_)&{0:P}NAME(42,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(41,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(40,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(37,{0:T}NAME)*({0:torr}NAME)^(-1),{0:P}NAME(28,{0:T}NAME)*({0:torr}NAME)^(-1),

{0:P}NAME(10,{0:T}NAME)*({0:torr}NAME)^(-1)@200&_n_u_l_l_&(_n_u_l_l_&_n_u_l_l_)&{0:T}NAME-273*{0:K}NAME�

0 1 1 0 0 10 0 1 1 

1 1 1 0 1 0 0 1 1 

0 1 0 0 1 1 Ammonia

0 2 0 0 1 1 Phosphene

0 3 0 0 1 1 Methyl Bromide

0 4 0 0 1 1 Ethyl Ether

0 1 0 0 1 1 Pentane

0 2 1 0 1 1 Freon 11

0 3 1 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

0 1 1 0 1 1 NO-TRACE-STRING

0 2 1 0 1 1 NO-TRACE-STRING

0 3 3 0 1 1 NO-TRACE-STRING

0 4 4 0 1 1 NO-TRACE-STRING

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

1 0 1 35 42 8 0 2 

.EQN 0 41 435 0 0

(10)^(9)&(10)^(3)&(_n_u_l_l_&_n_u_l_l_)&{0:C}NAME({0}42,{0:T}NAME)*({0:cm}NAME)^(3)*({0:pgm}NAME)^(-1),{0:C}NAME(41,{0:T}NAME)*({0:cm}NAME)^(3)*({0:pgm}NAME)^(-1),{0:C}NAME(40,{0:T}NAME)*({0:cm}NAME)^(3)*({0:pgm}NAME)^(-1),{0:C}NAME(37,{0:T}NAME)*(

{0:cm}NAME)^(3)*({0:pgm}NAME)^(-1),{0:C}NAME(28,{0:T}NAME)*({0:cm}NAME)^(3)*({0:pgm}NAME)^(-1),{0:C}NAME(10,{0:T}NAME)*({0:cm}NAME)^(3)*({0:pgm}NAME)^(-1)@_n_u_l_l_&_n_u_l_l_&(_n_u_l_l_&_n_u_l_l_)&{0:T}NAME-273*{0:K}NAME�

0 1 1 0 0 10 0 1 1 

1 1 1 0 0 0 0 1 1 

0 1 0 0 1 1 TCDD (Dioxin)

0 2 0 0 1 1 PCDD (Dioxin)

0 3 0 0 1 1 OCDD (Dioxin)

0 4 0 0 1 1 TCDF (Furan)

0 1 0 0 1 1 OCDF (Furan)

0 2 1 0 1 1 TNT

0 3 1 0 1 1 RDX

0 4 1 0 1 1 PETN

0 1 1 0 1 1 COCAINE

0 2 1 0 1 1 Heroin

0 3 3 0 1 1 Benzene

0 4 4 0 1 1 Toulene

0 1 5 0 1 1 NO-TRACE-STRING

0 2 6 0 1 1 NO-TRACE-STRING

0 3 0 0 1 1 NO-TRACE-STRING

0 4 1 0 1 1 NO-TRACE-STRING

1 0 1 37 42 8 0 3 

����_u_l_l_)&{0:C}NAME(20,{0:T}N


