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I. INTRODUCTION

The increased use of hydrazine (N2H4 ) in both space and military

applications has resulted in a requirement for more careful monitoring of work

areas to prevent exposures of individuals to what is now suspected to be a

potentially carcinogenic or tumorigenic agent. Threshold limit values for

N2H4 have recently been established at 0.1 ppm by the Office of Safety and

4 Health Administration (OSHA). Reliable, continuous monitoring of storage

areas is required to detect the presence of N2H4 and monomethyl hydrazine

(MMH) fuel leaks as well as very low level concentrations of hydrazine in the

environment. Many instrumental techniques have been evaluatedI in the past

for low level N2H4 detection. Some are only semicontinuous (e.g., gas

chromatography), whereas others are continuous but involve the chemical

conversion of N2H4 to another compound that is detectatle by the particular

analytical scheme being used (e.g., chemiluminescence).

The ever-increasing need for the unambiguous detection of N2H4 in such

environments as launch facilities and work areas for the Titan and Space

Shuttle, military aircraft hangars, and service facilities demands the deploy-

ment of large numbers of monitoring instruments. The individual cost of each

unit must, therefore, be considered when evaluating each technique for pos-

sible field application. A further criterion is portability, since in many

applications the locale requires self-containment of the instrumentation.

Electron transfer ionization mass spectrometry (ETIMS) is suggested as a

potentially useful analytical approach for leak detection and low concentra-

tion monitoring of N2 H4 in the environment.

1R. A. Saunders and J. T. Larkins, Detection and Monitoring of Hydrazine,

Monomethylhydrazine and Their Decomposition Products, NRL Report No. 3313,
Naval Research Laboratory, Washington, D.C. (June 1976).
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II. BACKGROUND

A brief review of current monitoring techniques for N2H4 would be quite

useful for a proper assessment of the simplicity and merits of the electron

transfer ionization analytical approach outlined in this report.

Currently, three analytical techniques are considered as strong candi-

dates for the analysis of N2 H4 at the threshold limit value (TLV). Chemi-

luminescence is based upon the analysis of NO produced by the catalytic oxi-

dation of N2H4 . The sequential reactions are:

N2H4 + 202 -2N0 + 2H20 (1)

NO + 03--(NO2 )* + 02 (2)

where the asterisk represents an excited NO2 molecule that decays with the

emission of a photon

(NO2 ) -.N02 + hv (3)

The NO is detected by monitoring the level of excited NO2 present after NO has

been reacted completely with 03, Eq. (2). The catalyst chosen is specific

only to the formation of NO from N2H4 . No other oxides of nitrogen are pro-

duced. The sensitivity of such equipment is adequate, but the technique fails

to distinguish NO present in the atmosphere from that produced by N2H4 oxida-

tion. Correction can be made for this failing by bypassing the catalytic

converter. The atmospheric contribution of NO is then subtracted from the

total NO detected from oxidized N2H4 and ambient air. If NO2 is also present,

no correction can be made, however, for this oxide. This results in an erron-

eously high value for N2 H4 concentration.

" 7 L. m • , -



Another prime candidate for N2H4 detection is a technique that utilizes

the electrochemical oxidation and reduction of NO and NO2 .
2 Again, the N2H 4

must first be catalytically converted to NO. The NO2 is also converted to NO

but can be independently measured without conversion in a separate electro-

chemical cell. The ambient NO can be measured directly by bypassing the N2H4

catalytic converter. If N2H4 is to be measured in the presence of N2 04 oxi-

dizer, some problems might arise in situationb where very low concentrations

of N2H4 are to be detected. The difference between the total signal (NO +

NO2 + N2H4 ) and N2H4 may be too small to be measured with confidence. Ordi-

narily, this problem does not exist and, therefore, this technique is easily

the most sensitive and accurate method presently available for N2 H4

detection. Cost, portability, and reliability appear reasonable, although

proper maintenance and careful calibration of this delicate equipment is

necessary during periods of nonuse in order to qualify it as a ready standby

detection system.

A third candidate for the continuous analysis of N2H4 in air is a colorn-

metric method based on phosphomolybdic acid. The latter is impregnated onto a

paper strip mounted on a cassette reel. The strip is moved past an aperture

that exposes half of the tape to ambient air. When the color is developed,

the tape is passed through a second aperture for measurement with the use of a

spectrophotometric detector. Continuous operation for up to 1 week can be

achieved. Presently, this method is being actively evaluated with respect to

sensitivity and problems associated with possible lack of sensitivity.

2R. A. Saunders et al., Evaluation of an Electrochemical Detector for Trace

Concentrations of Hydrazine Compounds in Air, NRL Report No. 8199, Naval Re-
search Laboratory, Washington, D.C. (April 1978).
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III. TECHNICAL APPROACH

The method under investigation in this program is potentially simpler,

less ambiguous, and less costly to operate than any of the above three candi-

dates. With this technique, N2H4 is analyzed mass spectrometrically without

conversion to an oxide or other derivative. Interferences from NO, NO2 , and

02 are absent. Previous attempts to use conventional mass spectrometry have

been rejected primarily because of high cost, nonportability, and interfer-

ences of background species or fragments at the mass peaks where the primary

ions of N2 H4 are produced under normal electron impact. These interference

problems are usually solved by the ETIMS technique of selectively producing

only a single ion for each species present. Charge exchange collisions

between a primary ion (protons from }120 or H2 ) and N2H4 occur in a collision

chamber under controlled conditions. The signal-to-noise ratio is consider-

ably greater than that obtained with chemical ionization (CI) or electron

impact (El). The kinetic energy of the projectile ion can be adjusted to

yield the simplest single ion spectrum of the target species. Maximum

sensitivities of detection are achieved by optimization of the specific

orientation of the collision chamber with respect to the signal extraction

orifice of the product mass spectrometer. In the following sections the

specific experimental layout, procedural steps, and preliminary results

obtained in the existing ETIMS laboratory system are described.

9



IV. APPARATUS

A detailed description of the ETIMS apparatus is given elsewhere. 3  Some

of the relevant details are summarized below.

The apparatus (Fig. 1) consists of an ion source from which positive or

4 negative ions can be extracted, a projectile ion magnetic sector mass spec-

trometer, conventional ion beam focusing devices and a collision region where

the projectile ions interact with the sample species, an electrode assembly

for ion extraction from the collision volume, and a quadrupole mass spectrom-

eter for product analysis. Since the product ions are extracted at right

angles to the projectile ion beam axis, the latter ions are not superposed on

the product mass spectrum. This feature contrasts sharply with the CI ap-

proach. With the present apparatus, the primary ion mass and kinetic energy

ranges extend to 200 amu and 1 keV, respectively. A variety of projectile

ions can be extracted from moist air. In this particular study, H+ is ob-

tained from H20 in the air. This feature eliminates the need to carry bottled

source gases for a portable field detector being designed for N 2H 4 detec-

tion. In this positive ion mode, the ion kinetic energy can be reduced to a

few electron volts only with adequate ion beam intensity in the collision

region. The ion kinetic energy is typically under 50 eV. The projectile ion

current, monitored continuously using a Faraday cup electrode in the collision

chamber, varies from a maximum of I x 10- 7 A to about 5 x 10- 9 A. The ion

beam path from the source to the collision region is about 50 cm. The col-

lision chamber is maintained at a pressure of approximately 5 x 10- 5 Torr.

The ratio of sample to background pressure in the ETIMS chamber is about

8 compared with 10- 3 for the CI system. 4 The ETIMS approach thus improves the

signal-to-noise ratio by a factor well in excess of 1000.

3P. Mahadevan and P. Breisacher, Electron Transfer Ionization Mass Spectrom-

etry of Selected Molecular Species, ATR-78(8112)-I, The Aerospace Corp., El

4 Segundo, Calif. (June 1978).
A. L. Burlinghame, Topics in Organic Mass Spectrometry, Vol. 8, Wiley
Interscience, New York (1970), p. 75.
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V. PROCEDURE

Reagent grade anhydrous N2H4 is transferred to a stainless steel sample

vessel, evacuated for a short time, and cooled to -78*C with the use of a

cryogenic bath before sustained pumping. Moist room air is leaked into the

projectile ion source until the background pressure rises to about

1 x 10- 5 Torr. The distilled N2H4 is then introduced into the collision

chamber to a pressure of -4 x 10 Torr at room temperature. Adjustments are

made to optimize the intensity of the N2H4 signal at the detector (quadrupole

mass spectrometer).

Passivation of the gas handling system and the collision chamber with

N2 H4 appears to ensure stable reproducible operation of the system. The

effect of surface passivation on the response time of the instrument for low

concentrations of N2H4 in air is discussed later in this report.

13



VI. RESULTS AND DISCUSSION

The principal mass peak of N2114 is either 32 or 31 depending upon the

source of H+ projectile ions. 5  When H2 is used as the H source, amu 32 is

the main peak. When H20 in air is used (as is planned in future development),

amu 31 is the principal peak (Fig. 2b). It is also noted that the secondary

smaller peaks (amu 31 in Fig. 2a and amu 32 in Fig. 2b) decrease dispropor-

tionately faster than the respective principal peaks as the pressure is

lowered. Source pressure can, therefore, be controlled in an analyzer to

yield only single ion peak spectra.

A possible explanation for the differences noted using H2 and H20 as H

sources is the nature of the form of N2H4 that is actually subjected to charge

transfer. With the use of H2 as the source of H+ , the reactions occurring are

N H+ H+--N2H +H (4)2H4 2(4

N2H + N2H4- N2H + + N24 (5)2 4 2 -2

As the pressure is lowered, the reaction shown by Eq. (5) becomes minimal.

With the use of H20 as the H+ source, the N2H4 can form the monohydrate at the

background H20 concentrations. The principal molecule actually subjected to

charge transfer is, therefore, N2H4 .H2O

+ +

N2 H4 .H2 0 + H+-N 2 H3 + H + H0 (6)

5p. Breisacher, P. Mahadevan, and W. A. Hicks, Paper presented 27th Annual
Meeting, American Society for Mass Spectrometry, Seattle, Washington, June
1979.
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Fig. 2. Electron Transfer Ionization Positive Ion Mass Spectrum of
Hydrazine. (a) ETI mass spectrum of N2H4 using H+ from H2 as
projectile ions, as a function of increasing N2H4 pressure.
(b) ETI mass spectrum of N2H4 using H+ from moist air as projectile
ions, as a function of increasing N2H4 pressure
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The conventional El spectrum of N2H4 is shown in Fig. 3. This is in
tI qualitative agreement with American Petroleum Institute (API)

6 data.

Unequivocal identification and monitoring of N2H4 fuels at the launch

facilities and work areas of the Titan and Space Shuttle are quite feasible

with the ETIMS system in its present form.

The obvious environmental interference for the mass spectrometrical de-

tection of N2H4 is molecular oxygen from the atmosphere. We have shown in the

preceding section (Fig. 2b) that the 32 amu mass peak from N2H4 is a secondary

ion peak, much smaller in magnitude than the principal ion N2 H , provided the

gas mixture being analyzed contains residual water vapor. This is invariably

the case for environmental monitoring. Interferences from atmosphere oxygen,

thus, would be of apparently no consequence for the ETIMS approach outlined

here.

The detection limit for N2 H4 in air is specified by the presence of a

measurable signal at m/e = 31. This criterion is based on the current con-

figuration of the ETIMS apparatus. Mass fragment 31 (N2 H +) is produced in the

reaction shown by Eq. (6) as discussed earlier. The experimental detection

limit is probably too high because of N2 H4 loss to the walls of the gas

handling system and collision chamber. Surface interaction can involve ab-

sorption or decomposition.

Mixtures of N2H4 in air were made by successively diluting pure N2 H4 va-

por in a small stainless steel cylinder. The latter is coupled closely to the

gas inlet valve of the ETIMS apparatus. The bottle is approximately 24 in.

from the collision chamber. The apparatus for the preparation of these mix-

tures is shown in Fig. 4. Output of the mass spectrometer signal is continu-

ously recorded on a strip chart recorder.

An instrument response delay time of several minutes occurs with mixtures

of less than 0.5% N2H4 in air. At even lower concentrations, the delay time

61ndex of Mass Spectral Data, American Petroleum Institute, Research

Project 44, NBS, Washington, D.C., 1944.
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A

increases further. This is apparently due to the initial loss of N2 H4 to the

walls. The presence of the adsorbed gas on the walls results in long-term

retention of signal after pumpout. This can be rapidly eliminated by the

heating of the affected surfaces. Pressurization with N2 also accelerates the

desorption process.

Thc lowest concentration of N2 H4 detected to date is 5 ppm. The response

time is about 20 min. Equilibrium conditions are achieved in this period to

justify the claim of this detection limit for the gas phase concentration of

N2 H4 in the mixture. The sensitivity of the instrument with electron multi-

plication calculated from the available signal at this concentration level is

roughly equal to 10-11 A/Torr.

Preliminary measurements with the alkylated derivatives of N2H4 , MMH, and

unsymmetrical dimethyl hydrazine (UDMH), respectively, with the use of the

ETIMS approach indicate a useful monitoring role for the system for these

molecules as well. By optimization of the projectile ion kinetic energy and

target gas pressure, single peak mass spectra corresponding to NMH and UUMH,

respectively, have been recorded.

20



Uig VII. CONCLUSIONS AND RCMEDTOSFOR FUTURE WORK motre

the concentrations of N2H4 in air down to 5 ppm. By the use of moist air as

the source gas in the ion source from which the projectile ions (H+) are ex-

tracted, the need is eliminated for a bottled gas for this purpose in a port-

able field instrument. This approach is unique since the N2H4 is analyzed

without conversion to an oxide or other derivative.

The ETIMS technique can also be used for the detection of the alkylated

derivatives MMII and UDMH as well as the oxidation products NO and NH 3.

Prior to the design of a more compact, self-contained portable ETIMS

system for N2H4 detection, several important and useful minor modifications

should be made to the existing apparatus for the improvement of its operating

characteristics such as stability and sensitivity. The following recommenda-

tions are in this category.

1. Design a physically compact collision cell in place of the large one
currently in use (3 In. diameter, 6 in. length). Considerable im-
provement in response time at low concentrations should result from
this change since the total surface area exposed to the sample is
appreciably reduced.

2. Investigate the effect of unanalyzed composite ion beams from H2or
moist air in the ion source. If interference from ions other than H1+
is minimal, ion beam intensity at low energy can be increased appre-
ciably under the same operating conditions for the ion source, thus
Improving the lower detection limit of the instrument.

3. Operate the electron multiplier detector of the mass spectrometer in
the pulse counting mode for concentrations of N2114 in air of a few
parts per million and lower.

21



LABORATORY OPERATIONS

The Laboratory Operations of The Aerospace Corporation is conducting

experimental and theoretical investigations necessary for the evaluation and

application of scientific advances to new military concepts and systems. Ver-

satility and flexibility have been developed to a high degree by the laborato-

ry personnel in dealing with the many problems encountered in the Nation's

rapidly developing space systems. Expertise in the latest scientific develop-

ments is vital to the accomplishment of tasks related to these problems. The

laboratories that contribute to this research are:

Aerophysics Laboratory: Aerodynamics; fluid dynamics; plasmadynamics;
chemical kinetics; engineering mechanics; flight dynamics; heat transfer;
high-power gas lasers, continuous end pulsed, IR, visible, UV; laser physics;
laser resonator optics; laser effects and countermeasures.

Chemistry and Physics Laboratory: Itmospheric reactions and optical back-
grounds; radiative transfer and atmospheric transmission; thermal and state-
specific reaction rates in rocket pluses; chemical thermodynamics and propul-
sion chemistry; laser isotope separation; chemistry and physics of particles;
space environmental and contamination effects on spacecraft materials; lubrica-
tion; surface chemistry of insulators and conductors; cathode materials; sen-
sor materials and sensor optics; applied laser spectroscopy; atomic frequency
standards; pollution and toxic materials monitoring.

Electrnnics Research Laboratory: Electromagnetic theory and propagation
phenomena; microwave and semiconductor devices and integrated circuits; quan-
tum electronics, lasers, and electro-optics; communication sciences, applied
electronics, superconducting and electronic device physics; millimeter-wave
and far-infrared technology.

Materials Sciences Laboratory: Development of new materials; composite
materials; graphite and ceramics; polymeric materials; weapons effects and
hardened materials; materials for electronic devices; dimensionally stable
materials; chemical and structural analyses; stress corrosion; fatigue of
metals.

Space Sciences Laboratory: Atmospheric and ionospheric physics, radia-
tion from the atmosphere, density and composition of the atmosphere, aurorae
and airglow; sagnetospheric physics, coemic rays, generation and propagation
of plasma waves in the magnetosphere; solar physics, x-ray astronomy; the effecti
of nuclear explosions, magnetic storms, and solar activity on the earth's
atmosphere, ionosphere, and magnetosphere; the effects of optical, electromas-
netic, and particulate radiations in space on space systems.




