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the National Institute of Justice (NU), U.S. Department of Justice. The program responds to the mandate of the 
Justice System Improvement Act of 1979, which ~reated NIJ and directed it to encourage research and development 
to improve the cnminal justice system and, to disseminate the results to Federal, State, and local agencies. 

The Technology Assessment Program is an applied research effort that determines the technological needs of 
justice system agencies, sets minimum performance standards for specific devices, tests commercially available 
equipment against those standards, and disseminates the standards and the test results to criminal justice agencies 
nationwide and internationally. 

The program operates through: 
The Technology Assessment Program Advisory Council (TAPAC) consisting of nationally recognized criminal justice 

practitioners from Federal, State, and local agencies, which assesses technological needs and sets priorities for 
research programs and items to be evaluated and tested. 

The Law Enforcement Standards Laboratory (LESL) at the National Bureau of Standards, which develops 
voluntary national performance standards for compliance testing to ensure that individual items of equipment are 
suitable for use by criminal justice agencies. The standards are bal'cd upon laboratory testing and evaluation of 
representative samples 'of ea.ch ,item of equipment to determine the key attributes, develop test methods, and establish 
minimum performance requirements for each essential attribute. In addition to the highly technical standards, LESL 
also produces user guides that explain in nontechnical terms the capabilities of available equipment. 

The Technology Assessment Program Information Center (TAPIC) operated by the International Association of 
Chiefs of Police (lACP), which supervises a national compliance testing program conducted by independent agencies. 
The standards developed by LESL serve as performance benchmarks against which commercial equipment is 
measured. The facilities, personnel, and testing capabilities of the independent laboratories are evaluated by LESL 
prior to testing each item of equipment, and LESL helps the Information Center staff review and analyze data. Test 
results are published in Consumer Product Reports designed to help justice system procurement officials make 
informed purchasing decisions. 

All publications issued by the National Institute of Justice, including those of the Technology Assessment 
Program, are available from the National Criminal Justice Reference Service (NCJRS), which serves as a central 
information and reference source for the Nation's criminal justice community. For further information, or to register 
with NCJRS, write to the National Institute of Justice, National Criminal Justice Reference Service, Washington, DC 
20531. 
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FOREWORD 

The Law Enforcement Standards Laboratory (LESL) ot' the National Bureau of Standards 
(NBS) furnishes technical support to the National Institute of Justice (NU) program to strengthen 
law enforcement and criminal justice in the United States. LESL's function is to conduct research 
that will assis\\law enforcement and criminal justice agencies in the selection and procurement of 
quality equipm'ent. 

LESL is: (1) Subjecting existing equipment, to laboratory testing and evaluation and (2) 
conducting research leading to the development of several series of documents, including national 
voluntary equipment standards, user guides, and technical reports. 

This document is a law enforcement equipment report developed by LESL under the 
sponsorship of NIJ as part of the Technology Assessment Program, which is described on the 
inside front cover of this report. Additional reports as well as other documents are being issued 
under the LESL program in the areas of protective equipment, communications equipment, 
security systems, weapons, emergency equipment, investigative aids, vehicles, and"clothing. 

Technical comments and suggestions concerning this report are invited from all interested 
parties. They may be addressed to the Law Enforcement Standards Laboratory, National Bureau of 
Standards, Washington, DC 20234. 7> 

Lawrence K. Eliason, Chief 
Law Enforcement Standards Laboratury 
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HYDROCARBON VAPOR STANDARDS FOR PERFORMANCE 
EV ALUA liON OF COMBUSTIBLE GAS DETECTORS 

James E. Brown· 

Nali(/llal IIlIreall rlf SI(///(Iarri." Irir.,IdIl~lrl/l, J)(.' 2(}2.1.J 

Calibration mixtures of hydrocarbon vapor were prepared for the calibration and performance evaluation of 
portable combustible gas detectors which are used to detect the presence of accelerant vapors in cases of 
suspected arson, The standards contained vapors of aliphatic and aromatic compounds common to petroleum 
distillates such as gasolines, which are frequently employed as accelerants iI! arson fires, These standards were 
prepared by a dynamic dilution technique in which the vapor evolving from diffusion tubes containing liquid 
hydrocarbons was diluted with air, 

The concentrations of the vapors were calculated from gravimetrically determined diffusion rates of the 
hydrocarbons and from measured flow of air at three temperatures: 30', 50', and 70 ·C. Gas chromatographic 
analyses of the vapor-air mixtures generated at 30' and 50'C showed that the vapor concentrations are 
essentially constant within measurement periods of 1 to 3 d and from one period to another, and that they 
agreed with calculated concentrations, 

Key words: accelerullts; arson; combustible gas; diffusion rates; diffrlsion tubes; detectors; gas chromatography; 
hydrocarbons; vapor detectors; vapor generator; vapor standards, 

1. INTRODUCTiON 

This is a final report on the research and evaluation of a generator of hydrocarbon vapor 
standards. A summary is presented of the research results obtained during the period of January 1 
through October 30, 1979. 

The purpose of the research was to develop standards of low concentrations of organic vapors 
that could be used by fire investigators to calibrate and evaluate the performance of hydrocarbon 
vapor detectors, also known as combustible gas detectors or "sniffers." Until this work, there 
existed no readily available means for caHbrating the sensitivity of these detectors. 

Numerous jurisdictions have initiated or are anticipating major programs to investigate 
suspicious fires. These programs will include the use of scientific techniques in the investigations 
of fire scenes when arson is suspected, and may involve the use of combustible gas detectors. The 
most common accelerants for initiating incendiary fires are reported to be petroleum distillates, 
gasoline being the most available and most frequently used [1]1. Hence, there is need for 
calibration standards to evaluate the response of the detectors to low concentrations (parts per 
million, ppm) of hydrocarbon vapors which are common to petroleum distillates. 

The sensitivity of most effective vapor detectors is variable. In addition, the sensitivity of 
some detectors will decrease by an unpredictable factor when the sensing element of the detector 
becomes contaminated, through continued use, with residues from particulate matter or with 
vapors of organo-metallic compounds (e.g., tetraethyl lead in leaded gasoline) which may be 

·Ct·nter fur Fire He~ean'h, Natiunal En!(ineerin!( 1~1hurntury. 

I Numhers in hruc'kets il1dic'nte literatnre rcfercnecs in sCl'liun 6. 
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encountered in the course of repetitive fire-scene investigations. Knowledge of the vapor detector 
performance by the investigator is essential, because the primary use of these devices is for the 
location of accelerant residues i.n incendiary fire debris, and the location of residual accelerants is 
a step in providing the physical evidence necessary to establish the crime of arson [2]. Thus, the 
detector performance must be reliable, and reliability can be assumed through frequent 
calibrations using readily available standards. In this report a method is described for generating 
predictable concentrations of hydrocarbon vapors at constant rates for long periods of time. The 
report presents data On gravimetrically measured rates of diffusion of hydrocarbon vapors through 
precision bore tubing. In all cases, the vapors evolved from liquids maintained at constant 
temperature. Gas chromatographic analyses of the vapors at various intervals within a diffusion 
period are also reported, in order to confirm the constancy of the vapor composition. 

2. SELECTED HYDROCARBONS FOR VAPOR STANDARDS 

For the preparation of a vapor standard, four relatively pure compounds were selected from 
which vapors could be generated simultaneously and at constant rates. The selection of the four 
compounds was based on the foflowing considerations: 

1) the compounds are constituents of most gasolines, 

2) the vapor pressures are such that, at convenient temperatures, variable concentrations 
can be generated which approximate the concentrations that would be found at fire scenes 
at which accelerants had been employed, and 

3) the compounds have vapor pressure-temperature relationships such that the vapors are 
produced at concentrations within the detectable limits of commercial vapor detectors. 

It is recognized that gasoline formulations [3,4] contain both aliphatic and aromatic 
compounds, and that both of these classes of compounds should be included in the vapor 
standards. 

Consequently, four commerciaH~ .. available compounds were selected. Spectrograde isooctane 
(2,2,4 trimethylpentane) and n-hexane (99 moJ~e percent) were chosen to represent, respectively, 
branched· and linear chain-aliphatic hydrocarbons. Scintillation-count-grade toluene and a-xylene 
were chosen to represent the aromatic hydrocarbons. The purity of these compounds was 
presumed to be that claimed by the manufactlllrer. The vapor pressures of these compounds are 
such that they may enable detection by sniffers, as the vapors evolve from the liquids absorbed in 
a variety of substrates [5]. Similarly, the vapor pressure-temperature relationships of the selected 
compounds are su~h [6] that vapor standards of various concentrations can be generated easily 
from the pure liquids. 

3. INSTRUMENTATION 

3.1 Standards Generator 

A survey of the literature on commercial vapor generators showed that instruments are 
available which, with slight modifications, could meet the requirements for the generation of 
dynamic vapor standards for the evaluation of combustible gas detectors. Based on this search, a 
vapor generator, Analytical Instrument Development Model 350 Standards Generator2

, was chosen 
and modified. This involved replacing the diluent (air) flow meter normally provided on the 
instrument with one that can measure a diluent flow of up to 2 L/min. With this instrument, 

~ C!!rtain commercial equipment, instruments, or materials are identil1ed in this paper in order to adequately speeify the 
experimental procedure. In no case does such identification imply recommendation !)r endorsement by the Nlltional Burellu 
of Standards, nor does it imply that the equipment or material identified is necessarily the best available for the purpose. 
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avaIlable from the manufact~rer of the gener~tor. For this work, the diffusion tube technique was 
chosen as the most approprIate. A cross-sectIOnal view of a precision bore diffusion tube and its 

. • reservoir ~o~t.aining a liquid sample is shown in figure 1. The liqu·id reservoir has a capacity Df 
about ~ mllhhte.l:s (mL); tube bores are available with diameters of 0.5, 2, or 5 mm and lengths to 
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~- Diffusion tube 

Bulb 

Liquid Sample 

Fila III·; I. (;",sS-S"('I;o/l1l1 dillwulI/ '1(u "if.jilsi(1/I lube. 

Vapors evolve through the diffasion tube at a constant rate when the liquid is maintained at 
constant temperature (isothermal) and constant pressure (isobaric) conditions. These conditions are 
achieved in the sample chamber of the standards generator. As many as four diffusion tubes can 
be accommodated simultaneously. A diluent gas, for example, air, flowing at a controlled rate is 
used to dilute the evolving vapor to pre-selected concentrations. A schematic diagram of the flow 
system is illustrated in figure 2. Air under pressure enters the instrument at the inlet and then 
passes through a pressure regulator and is adjusted to a lower working pressure. The air passes 
through a charcoal filter to remove common contaminants, to yield essentially hydrocarbon-free 
air. Next, the air is split into two streams, one providing diluent and the other flowing through the 
chamber. Both are regulated by valves and are monitored by rotameters. The chamber air is 
brought to thermal equilibrium with the chamber by passing it through a heat exchllnger before it 
enters the chamber containing the diffusion tuhes. 
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The air from the chamber passes through a three-way solenoid valve which directs the flow 
;either to the sample and vent ports or to the vapor outlet trap. The vapor outlet trap is used when 
the generator is operating in a standby mode. 

The flow through the l'hamber is continuously variable from about 50 mL/min to 150 
mL/min. The diluent flow is variable from 0 to about 2 L/min. The chamber is operated at a fixed 

temperature of either 30·, 50·, or 70 ·C. 
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3.2 Gas Chromatograph (GC) 
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The chromatograph used in this study was a commercial instrument equipped with dual 
flame-ionization detectors, which were operated at 250 ·C. The glass GC column, about 2 m in 
length and 2 mm i.d., was packed with 3 percent SE30 on a solid support (supelcoport). The 
column was maintained at 50 ·C while the carrier gas, helium, flowed at 30 mLlmin. The injection 
ports were maintained at 150 ·C. The GC was interfaced with a recording integrator 
(printer/plotter) from which the retention times and peak areas of the hydrocarbons were 

obtained. 

4. GENERATION OF SELECTED HYDROCARBON VAPOR STANDARDS 

The diffusion rate r, in gIs, of hydrocarbon vapors through~a tube has been described [7,8] 
as shown in eq (1): 

r = (DMPIR1) (AIL) In PI(P-p} (1) 

where D, M, P, R, and T respectively are the diffusion coefficient (cm
2
/s), molecular weight 

(g/mol), of the compound, total pressure (atmospheres), gas constant (cm3-atm/mol-K) and the 
absolute temperature (K). The partial vapor pressure in atmospheres of the compound at the 
temperature T is represented by p, and AIL (em) is the ratio of the area to length of the diffusion 
tube. Hence, eq (1) may be used to predict two important factors in the preparation of dynamic 
vapor standards by the diffusion method: (1) the rates and length of time that the hydrocarbon 
vapors may be generated through diffusion tubes, and (2) the constancy of the diffusion rates. In 
addition, a theoretical issue remains: Does the observed data fit eq (I)? 
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4.1 Calibration of Diffusion Tubes 

About 2 mL of the hydrocarbon were wei hed int ..' 
chamber of the generator for 1 to 3 d t I d

g 
0 a dIffusIOn tube and placed in the 

tI I 1 a a se ecte temperature D' I" lroug I t Ie chamber to remove the I' . urmg t liS tIme, the air flowing 
diffusion rate of each component waes

vo ~m1 va~or was maintained at a rate of 100 mL/min. The 
loss during this period.' ca cu ate from the gravimetrically measured liquid-weight 

Table 1 summarizes the calibration of the d'ff' b 
s~me diffusion tube was used repetitivel for its r~t uSlOn tu. es ?L 30 ·C. For each compound, the 
dIffusion tubes are listed for 1 y e determmatlOns (runs). The dimemiions of the 

eac I compound Averaged t I 
me1ii;Urements, although it appeareu tI t t' ra e va ues are shown for all 
2 t'l . ., Ja em perature equilibrium w t b . d' 

un I a slgmflcant amount of the meas d d'ff' , as no 0 tame III runs 1 and 
'. ure I uSlOn lime had elapsed. 

TIIIJ.E I. f)[/Ji,.<;rlll mlr'.< rlf' .I'r'/('r/(·r/ hydrrwarlJOII.; "I ,10 0(; 

Diffllsilln ralr. J-L1!/lIIin 

Dinll'nsillllS IIf Ttlh~: 
Illsirl~ dinlllell'r (111111) 2 2 5 
I.l·nl!lh (111111) 76 

5 
62 38 34 

Hun Tillie (min) /I·Hexane I.wnetane Toluene (I-Xylene 

1265 14.2 5.4 
2 1575 

33,8 8.8 
15.2 6.2 

3 1350 16.1 
33.9 9.2 

7.1 34,4 9.5 4 43'1·5 16.9 7.2 37.5 5 4340 16.8 
9.4 

7,0 37.4 10.0 

A vcrage ± siandard 
deviation (H III)S 1·5) 15.8±l.I 6.6±0.8 35.4±1.9 9.5±0,5 

Average ± siandard 
devinlion (Runs 3-5) 16,6±0.4 7.1±0.1 36.4±1.8 9.8±O.3 

Dijj(fi • / /Is/on mles rif selecled l/yrlrocarhOlls (II. 50 °C 

Diffusion ratc, J-Lg/min 

Dimcnsions of lube: 
Inside diameler (mm) 2 0.5 5 
Length (mm) 5 

76 12 38 34 

Hun Time (min) II·Hexane /sooclnne Tolucne o.Xylene 

1360 43.0 6.4 
2 1585 

9L'~ 25.8 
43.5 6,7 

3 4325 
92.2 27.3 

43.7 6.6 91.7 28.0 

A vcrngc ± siandard 
de\'iution 43.4±0.4 6.6±0.1 91.8±O,4 26.9±1.5 

Results for the diffusion rates obtainod at 50 ·C h· . " 
the isooctane diffusion tube had an . d ~f 0 5 are s Own In table 2. Note that in this case 

. I. . 0 , mm and a len tl f 12 ' 
esllmate of the diffusion rates at 70 9C 0 I g I 0 mm. Table 3 gives an 
> 'I'b' b . n y one meaSUrement was d 70 ·C b eqUJ I f1um etween the liquid in the 'r . d I rna e at ecause thermal 
b '1' , eserVOlr an tIe cham be Id' b . 

01 mg POInt of hexane is 69 .C. r cou 110t e achIeved, since the 

5 

(,.4 taOUlts ... Qi4 MkXS,t .. !f!I!ij;­., 
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The results listed in tables 1-3 show that, for the same tubes" raising the temperature 20 ·C 
results in an expected iqcrease in the rates at which the vapors are generated. The predictable 
temperature effect !)n the rates of the vapor generation can be understood quantitatively by 
calculating the ratio of the vapor diffusion rates at 70·, 50·, and 30 ·C. The results of these 

calculations are given in table 4. 

TIIILI'::~ /)[l./il.';OIl ml,'" 11f' ",·"·I·I,·d hyr/f/I('(/rhol/" III iO .(: 

»iffll~illn rale~. 1i~/l11in" 

Time (min) /I' Hexane IstltH'lane Tulllen~ /I.Xylene 

1445 1:101• IV) 71 

"The diffusiun tubes listed in table 2 were alsl) used in these measurements. 
I. Apprnximate mlue. 

TAULE 4. Rfllios of diffusilill mlt·s fll lempt'rlilure illlerm/s 'If 20·C 

Temperatures ("C) II·Hexane /son('lane Toluene ".Xylene 

50/30 2.6 . " 2.5 2.7 

70/50 
, 2.7 2.6 2.6 

• Not cakulated. 

The magnit~~Jes of the observed changes in the diffusion rates of n·hexane and toluene were 
compared with t.~e expected rate changes based on eq (1), usin~ known values of diffusion 
constants [7] and vapor pressures [6] at 30· and 50 ·C. These com~;tii'isons were made·as a means 
of evaluati',lg the observed temperature dependence of the diffusion rates. For these calculations, 
diffusion coefficients of 0.0804 cm2/s and 0.0903 cm2/s were obtained for hexane diffusion 
through a O.ll·cm Ld. tube, respectively, at 30· and 50 ·C. Similarly, diffusion coeffieients of 
0.0932 cm2/s and 0.0993 cm2/s were obtained for toluene diffusion through a 0.78·cm i.d. tube 
at the respective temperatures. The vapor pressures of n·hexane are 0.241 atm (24.4 kPa) at 30 ·C 
and 0.525 atm (53.2 kPa) at 50 ·C; and for toluene, the pressures are 0.048 and 0.121 atm (4.86 
and 12.3 kPa) at the indicated temperatures. The total pressure was assumed to be one 
atmosphere (~10~ Pal in all cases. The calculations show that tbe ratio of the diffusion rates of 
hexane at 50 ·C to that at 30 ·C is 2.85, and the ratio of the rates for toluene vapor is 2.63 at the 
same temperatures. These calculated values agree within 10 percent with the experimental values 
of 2.6 and 2.5, respectively. The agreement indicates that the experimentally determined diffusion 
rates agree with the theoretical ratios predicted by eq (1). 

The useful life of a specific diffusion tube as a vapor generator may be estimated from the 
diffusion rate and sample volume. This period, the life expectancy in days, was calculated (or 2 
mL (about one·half of capacity) of each compound contained in the referenced diffusion t~~bes, 
using the diffusion rates reported in tables 1-3. The results of these calculations are Ii§.~ediri table 

• .. t~ 

5. ~~ 

Although the effect of the tube dimension on the diffusion rate was not investigated in this 
study, eq (1) indicates that the rate should be proportional to the square of the tube diameter and 
inversely proportio l1al to the tube length. Thus, diameters of 0.5, 2, and 5 mm should change the 
life expectancy for a specific length in the ratio of 100:16:1 respectively. 
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'I'·\ULI·; 5. Hfllf-life of "flJlor gellemwrs (ill d(lY_') 
a/ various tempera/llfl's 

Temperature rC) /I' Hexane. lliJOctane" Tuluene 

30 55 135 33 
50 21 146 13 
70 53 5 

v·Xylene 

125 
45 
17 

" For 30 ·C the diameter of the diffusion tube was 2 mm and its length was 62 
mm; fur 50· and 70 ·C the tube diameter Was 0.5 mm and its length was 12 mm. 

4.2 Method for the Determination of the Vapor Standard Concentrations 

The concentrations of the selected hydrocarbons in the vapor standards were calculated from 
the gravimetrically .determined diffUSion rates and the air flow. The air flows measured with a 
bubble meter were frequently monitored by the rotameters for constancy. 

Although the GC analysis measured the vapor concentrations, the primary use of this analysis 
was to establish constancy of the vapor concentrations within a run, and from run to run for a 
given set of expedmental conditions. The response of the chromatograph was calibrated with 0.2 
percent (v/v) solutions of the selected hydrocarbons in carbon disulfide. Figure 3 demonstrates the 
response of the GC and the column resolution for a 2'J1.L sample of the carbon disulfide solution 
injected from a 10·p.L liquid syringe. The GC was calibrated for each hydrocarbon. The 
calibrations were based on the assumption that the hydrocarbons in the carbon disulfide mixture 
would occupy a volume predictable from ideal gas behavior when vaporized at 25 ·C. The results 
of this calibration are given in table 6. Figure 4 shows a chromatogram of a O.5-mL volume of 
vapor.air mixture (1 mL gas7tight syringe) from the vapor generator, which was operating at 30 ·C 
with an air flow of 100 mL/min. Table 7 shows replicate determinations of vapor concentrations 
in ppm and the respective standard deviation for various runs made of standards generated at 
30 ·C. Table 8 lists chromatographic results which demonstrate the effect of increasing the diluent 
flow to about 1 and 2 L/min (at 30 .C). Chromatographic results are shown in table 9 for vapors 
generated at 50 ·C. 

Summaries of the average vapor concentrations determined by GC analyses at 30· and 50 ·C 
are compared in table 10 with concentrations computed from the averaged diffusion rates at the 
respective temperatures. The computed values were derived from the diffusion rates, expressed in 
microliters of vapor per minute, and the air flow rates, expressed in liters per minute. Generally, 
good agreement is found between the techniques for the determination of the vapor concentrations. 

In this study on the generation and calibration of vapor standards, only vapors of compounds 
containing carbon and hydrogen were used. However, this method of vapor.standard preparation 
and concentration determination is also suitable for standards consisting of other potential 
accelerants such as alcohols, ethers, and ketones, as well as selected compounds contained in otller 
multi.component accelerants such as paint tf~\inners (solvents) and varnishes. 

This method can be duplicated and cQI1Veniently used by fire investigators to calibrate and 
evaluate the performance of combustible gas detectors. Only commercially available equipment 
and materials are needed. Moreover, the manufacturer of a candidate vapor generator can provide 
diffusion tlJbes of the length and bore selected hy the experimenter, for generating specific vapor 
standards at the desired diffusion rates and desired concentrations. 
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TAIII.~: 6. Cas chromatograph deleelor calibrtllion faclors 

obtained from carbon disulfide solutions of selected hydromrbol/s 

Conversion factors [(nL vapor/peak areal X 10
4 1 

n.Hexane Isooctane Toluene o.Xylene 

9.74 7.14 '8.72 7.82 
9.39 6.88 8.41 7.55 
9.56 7.01 13.57 7.64 

10.12 7.33 8.96 8.03 
10.06 7.38 9.04 8.10 
9.73 7.10 8.69 7.80 
9.77 7.15 8.76 7.113 

Average ± 

standard 7 82+0 20 
. 9.77±0.26 7.14±0.17 8.74±0.22 . -' \ (~vja,~h~on::..-_____ -..:..-.:... _______ ~ __ ~ _______ _ 
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FIGURE 4, Chromatogram of selected hydrocarbon vapor-air slandard generated at 30 • C. 

Run 

1 
1 
1 

2 
2 
2 

3 
3 

4 
4 

TABLE 7. Chromatographic detenninations of ~oncentrations of 
vapor standards generated at 30·C with ca"ier/diluent 

, gas flow a/ 100 mL/min 

Vapor concentration [ppm (v/v)] 
/I·Hexane Isooctane Toluene 

33.S 11.7 73.6 
32.4 10.5 77.5 
33.4 10.7 78.6 

31.5 72.2 
33.0 10.0 73.2 
33.8 12.0 75.2 

35.3 11.9 77.3 
35.2 12.1 80.0 

33.7 11.3 75.6 
33.5 11.6 76.9 

Average ± 
standard 
deviation 33.5±1.l 11.3±0.7 76.0±2.5 
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o.Xylene 

17.7 
20.1 
21.3 

17.7 
18.2 
20.5 

17.6 
19.0 

17.0 
16.8 

18.6±1.6 
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/ Hydrocarbon 

II-Hexane 

Isooctane 

Toluene 

i. .. 
f f 

, '. 

·------------~~~~-.-~---------------

')'.1/11.1·: Il. Chflllill/lowiiphh' 1J../<'fIllill(llitlll l!l .,('//·/"II·d h.n/flll'llfbllll 

"(I/"1f "/(llItillfd" ,((/·I/(·fIIl/·d (II :W·C wilh 1111111 (,lIfril'f 

di/m'1I1 jlll'" (II IIbl/1I1 I 111/11 :1 /.1/11;11 

StnlHlanl 
now rate 
(I./min) 

1.10 

2.06 

Vap"r c'OIll'entratilln Ippm (1""')1' 

Hun II-Hexane I.",ul'lan,' T"luene 

4 4.4 1.3 9.3 
4 3.6 1.2 8.3 

Arerage ± 
standard 
deriatiun 4.0±0.6 1.2±0.07 8.8±0.7 

4 2.3 0.6 4.2 
4 1.8 0.5 4.1 

Arerage ± 
standard 
deviation 2.0±0.4 0.6±0.07 4.2±0.07 

Tlllt.f: 9. C'III/"'lIlf11lillll IIf hrdfllrarllllll vtlJlor "llIlIdllfd., 

f!"IIC'ftll/'d III .50·C II" d/'Il:flllilll'd I(r f!1I" chromalllgraphy 

Vapur c'cl/ll'entratinn Ippm (1'/1')1 

/I-Xylene 

2.6 
1.9 

2.2±0.5 

1.0 
0.9 

1.0±0.07 

Hun II-Hexane I.",clt'tane Toluene II-Xylene 

3 93.9 10.6 81.8 58.8 
3 92.9 10.5 82.3 62.0 
11 94.5 11.1 96.0 84.0 
Average ± 
standard 
dcviation 93.5±J.2 10.7±0.3 86.7±8.1 6B.3±13.7 

T·lIll.f: 10. COIllPllriS/l1I l!f ralrullllt'd rtllICelllraliolls l!f VIIpllf SItl/ulllf(!.' .g/'"l'ralel~ 
til .10· tllIIl .50·r: wit/; rllllrelltratillll., d,'lefmilled by ga., chfllmalllgfllplllc 1I1111("SIS 

Vapor {'onecntratiun Ippm (v/vll 
30 ·C 50 ·C 

Carrier 
p;as. Percent 

Llmin GC Anal Calculated differeOl'c GC Anal Calculated 

2.06 2.0 2.3 13 
1.10 4.0 4.3 7 
0.10 34- 47 29 94 101 

2.06 0,6 0.7 14 
1.10 1.2 1.4 14 
0.10 11 15 26 11 12 

2.06 4.2 4.7 11 
1.10 B.B 8.B 0 
0.10 76 97 21 200 

2.06 1.0 1.1 9 
1.10 2.2 2.0 10 
0.10 19 23 18 64 
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5. CONCLUSIONS 

. 
(! 

It has been demonstrated that a simple vapor generator can produce concentrations of vapor 
on a continuous basis in the parts-per-million range. The standards may contain from one to four 
selected compounds. Periodic gas chromatographic analysis of the dynamic standards showed that 
the vapor concentrations generally are constant within 10 percent. The concentrations (ppm) of the 
vapor standards can be ascertained from the diffusion rate (J-tg/min), the vapor density (gIL), and 
carrier gas (air) flow (Llmin). 
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NBS TECHNICAL PUBLICATIONS 

PERIODICALS 
JOURNAL OF RESEARCH-The Journal of Research of the 
National Bureau of Standards reports NBS research and develop­
ment in those disciplines of the physical and engineering sciences in 
which the Bureau is active. These include physics, chemistry, 
engineering, mathematics, and computer sciences. Papers cover a 
broad range of subjects, with major emphasis on measurement 
methodology and the basic technology underlying standardization. 
Also included from time to time are survey articles on topics 
closely related to the Bureau's technical and scientific programs. 
As a special service to subscribers each issue contains complete 
citations to all recent Bureau publications in both NBS and non­
NBS media. Issued six times a year. Annual subscription: domestic 
S13; foreign SI6.25. Single copy, $3 domestic; $3.75 foreign. 
NOTE: The Journal was formerly published in two sections: Sec­
tion A "Physics and Chemistry" and Section B "Mathematical 
Sciences." 
DIMENSIONS/NBS-This monthly magazine is published to in­
form scientists, engineers, business and industry leaders, teachers, 
students, and consumers of the latest advances in science and 
technology. with primary emphasis on work at NBS., The magazine 
highlights and reviews such issues as energy research, fire protec­
tion, building technology, metric conversion, pollution abatement, 
health and safety, and consumer product performance. In addi­
tion, it reports the results of Bureau programs in measurement 
standards and techniques, properties of matter and materials, 
engineering standards and services, instrumentation, and 
automatic data processing. Annual sl!bscription: domestic $11; 
foreign $13.75. 

NONPERIODICALS 
Monographs-Major contributions to the technical literature on 
various subjects related to the Bureau's scientific and technical ac­
tivities. 
Handbooks-Recommended codes of engineering and industrial 
practice (including safety codes) developed in cOJperation with in­
terested industries, professional organizations, and regulatory 
bodies. 
Special Publications-Include proceedings of conferences spon­
sored by NBS. NBS annual reports, and other special publications 
appropriate to this grouping such as wall charts, pocket cards, and 
bibliographies. 
Applied Mathematics Series-Mathematical tables, manuals, and 
studies of special interest to physicists, engineers, chemists, 
biologists, mathematicians, computer programmers, 'lmd others 
engaged in scientific and technical work. 
National Standard Reference Data Series-Provides quantitative 
data on the physic:!l and chemical properties of materials, com­
piled from the world's literature and critically evaluated. 
Developed under a worldwide program coordinated by NBS under 
the authority of the National Standard Data Act (Public Law 
90-396). 

.' 

NOTE: The principal publication outlet for the foregoing data is 
the Journal of Physical and Chemical Reference Data (JPCRD) 
published quarterly for NBS by the American Chemical Society 
(ACS) and the American Institute of Physics (AlP). Subscriptions, 
reprints, and supplements available from ACS, 1155 Sixteenth St., 
NW, Washington, DC 20056. 

Building Science Series-Disseminates technical information 
develofJed at the Bureau on building materials, components, 
systems, and whole structures. The series presents research results, 
test rneth!)ds, and performance criteria related to the structural and 
environmental functions and the durability and safety charac~ 
teristics of building elements and systems. 

Technical Notes-Studies or reports which are complete in them­
selves but restrictive in their treatment of a subject. Analogous to 
monographs but not so comprehensive in scope or definitive in 
treatment of the subject area. Often serve as a vehicle for final 
reports of work performed at NBS under the sponsorship of other 
government agencies. 

Voluntary Product Standards-Developed under procedures 
published by the Department of Commerce in Part 10, Title 15, of 
the Code of Federal Regulations. The standards establish 
nationally recognized requirements for products, and provide all 
concerned interests with a basis for common understanding of the 
characteristics of the products. NBS administers this program as a 
supplement to the activities of the private sector standardizing 
organizations. 

Consumer Information Series-Practical information, based on 
NBS research and experience, covering areas of interest to the con­
sumer. Easily understandable language and illustrations provide 
useful background knowledge for shopping in today's tech­
nological marketplace. 
Order the above NBS publications from: Superintendelll of Docu­
I1Imts. Gol>erlllllent Printing Office, Washillgtoll, DC 20402. 
Order the following NBS publications-F/PS and NBS/R's-from 
the Natiollal Technical/II/ormation Services, Springfield, VA 22161. 

F~deral Information Processing Standards Publications (FIPS 
PUB)-Publications in this series collectively constitute the 
Federal Information Processing Standards Register. The Register 
serves as the official.source of information in the Federal Govern­
ment regarding standards issued py NBS pursuant to the Federal 
Property and Administrative Services Act of 1949 as amendt:.IJ, 
Public Law 89-306 (79 Stat. 1127), and as implemented by Ex­
ecutive Order 11717 (38 FR 12315, dated May II, 1973) and Pan 6 
of Title 15 CFR (Code of Federal RegUlations). 

NBS Interagency Reports (NBSIR)-A special series of interim or 
final reports on work performed by NBS for outside sponsors 
(both government and non-government). In general, initial dis­
tribution is handled by tile sponsor; public distribution is by the 
National Technical Information Services, Springfield, VA 22161, 
in paper copy or microfiche form. 

i< 
It 

, 

" 



---------------------

r 

'ti 

./ 

i/ 

, 
~. 

f r 




