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ABSTRACT 

There has been recent research indicating th: toxicity of NO2 and 

hydrazines (H, W, and UDMH) toward humans. Thic has led to the need 

for fixed installation continuous measurement instruments providing a 

realtime monitoring capability for hydrazines and NO2 at ppm and sub- 

ppm levels. 

The objectives of this study were; a) to investigate the use of 

an electrochemical technique for MMH and NO2 measurement, b) develop 

specific MNH and NO2 electrochemical sensors, and c) to design and 

fabricate two engineering prototype instruments capable of continuous, 

specific, simultaneous and independent measurement of both ,XMH (ii and 

UDMH) in the ranges 0-2, 0-20, and 0-200 ppm; and NO2 in the ranges 0-5, 

0-50, and 0-500 ppm. 

During this program experimental techniqaes for preparation, hand- 

ling, and analysis ot hydrazines vapor mixtures at ppb and ppm levels 

were developed. Two approaches to NO2 instrument design were evaluated 

including specific adsorption and spec if ic electrochemical reduction. 

Two approaches to hydrazines monitoring were evaluated including cata- 

lytic conversion to NO with subsequent NO detection and direct specific 

electrochemical oxidation. 

Finally two engineering prototype W!N02 monitors were designed 

and constructed as shown on page iii of this report. The instruments 

were characterized and delivered to NASA at the conclusion of this pro- 

gram. 
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INTRODUCT LON 

Future space programs at Kennedy Space Center involve the use 

of hydrazine, substituted hydrazines and nitrogen dioxide. Recent 

research indicates that the hydrazine compoucls are carcinogenic 

and it is necessary, therefore, to monitor the concentration of 

these gases in the vicinity of the fueling, handling, and storage 

locations and wherever worker exposure may occur. There are no 

hydrazine monitors comraercially available meeting KSC's requirement 

for a cost effective instrument which is accurate, reliable, and 

simple to operate and maintain. 

Many approaciles have been taken to measuring the nitrogen 

oxides in the atmosphere (1-3). One of the earlier techniques is 

chemiluminescence (4-7). However, this suffers from limitations 

such as: 1) the need to convert NO2 to NO prior to analysis (3), 

2) NO2 is measured by difference introducing additional uncertainties 

(7), 3) the need to pre-filter other interfering nitrogenous com- 

pounds (e.g., NH3) ( 8 ) .  4) interference from water vapor and car- 

bon dioxide ( 9 ) .  and 5) high power requirements which limit the 

ability to make the instrument truly portable (LO). 

Presently, the analysis of hydrazines in air is at best a diffi- 

cult problem. A variety of techniques have been investigated in- 

cluding the earlier methods of colorimetry and sophisticated instru- 

mental analyses involving chromatography, mass spectrometry, spectro- 

scopy and electrochemistry (11, 12, 13). All of these methods ex- 

cept the electrochemical (11) lack either the simplicity, reliability, 



sensitivity, continuous measurement capability, or the cost-effective- 

ness necessary to meet present requirements. Within the scope of this 

program several of these techniques including colorimetry and gas chroma- 

tography were evaluated for potential application as a reference ana- 

lytical method for the electrochemical analysis technique. 

During this program a Hydrazines/N02 monitor was developed and 

tested in order to overcome these limitations and meet the needs of 

Kennedy Space Center. It was modeled after the 7000 Series NO/N02 

ECOLYZER produced by Energetics Science, Inc. This technology (14, 15) 

is an electrochemical technique using a proprietary three electrode 

sensor and Teflon-bonded diffusion electrodes which offer significant 

advantages of improved accuracy, stability, selectivity, and reliability 

over other conventional electrochemical systems. 

The follo~ing report describes the major technological findings 

of this study in detail and the development, design, fabrication, and 

laboratory testing of the two prototype hydrazines/N02 monitors which 

were capable of direct coiitinuo~ls measurement of hydrazines (H, MFIH, 

and UDNH) at ppb levels. The application of the electrochemical tech- 

nique for analysis and gas monitoring have resulted in a significant 

advance in the state of the art of analytical measuring techniques for 

hydrazine (H), rnondmethlyhydrazine (MMH), and 1-1-dimethylhydrazine 

(UDMH) vapors. 



1) Program Goals 

The overall@ 
ective of this study was to develop and test an 

engineering prototype hydrazines (H, PEW, and UDMH) sensor and sub- 

sequently to fabricate two instruments which contain both an hydra- 

zines and a nitrogen dioxide sensor system. The instrument package 

will provide a reliable, sensitive, accurate, rapid, cost effective, 

and operationally simple method for the continuous and/or intermittant 

simultaneous and independent measurement of NO2 and hydrazine vapors 

in air or a diluent gas. 

The initial specific design goals are summarized in Table I. 

Item 9 was modified during contract performance and these instru- 

ments were designed to utilize AC source power only. Portable 

battery operated units are under aevelopment independently. 

The following sections of this report detail the work performed 

from June 8, 1976 to Febrriary 8, 1977 and the characteristics of 

two engineering prototype instruments (ECOLYZER Model 7630 MMH/N02 

Analyzers) consrrucLed under NASA contract NAS 10-8982. 



TABLE I 

PROTOTYPE INSlWNENT LIESIGN COALS 

Fmct ion  Design Coal 

1 Operating 
Pr inc ip le  

2- Spec i f i c i t y  

3. Sens i t i v i ty  

4. Accuracy 

5. Resolut iori 

6. Zero and Span 
d r i f t  

7. Response Time 

8. S t a b i l i t y  

a )  Electrochemical sensor f o r  
spec i f i c  NO2 analysis .  

b) Elec t rxhemica l  sensor  f o r  
spec i f i c  hydrzlzine vapor ana lys i s  
o r  q u n t i t a t i v e  c a t a l y t i c  conversion 
ot hydrazines t o  m) with subsequent 
ana lys is  using a spec i f i c  NO 
e l ec t roche l i ca l  sensor. 

NO2 instrument does not respond 
t o  hydrazines and hydrazines sec t ion  
of the instrument does not respond t o  
W2. Neitirer instrument resronds t o  
N2. 02- Hz. He, A r ,  CO, CO2. CHq , Of 

Freon. 

I n s t r l r e n t  ranges are: 
NO2 - 0-5, 0-50, 0-500 ppr NO2 
N2H4 - 0-1, 0-10, 0-100 pp9 H 
rn - 0-2, 0-20, 0-200 p p  W H  
WPM - 0-5, 0-50. 0-500 ppm UDW 

Instrument accuracy is: 
NO2 - 250% a t  0.5 p p  N02 and 25% a t  
500 ppm NO2 
H - 550% a t  0.1 ppm and 25% a t  100 ppm 

- 250% a t  0.2 ppm and 55% a t  200 ppm 
UDXi - fc2f  a t  0.5 ppm rnd 25% a t  500 ppm 

SO3 - - 2 50 ppb 
H - 2 10 ppb 
:-Mi - 5 20 ppb 
U r n  - +- 50 ppb 

.- r 10% of f u l l  s c a l e  over 60 days - 

30 seconds t o  90% of s igna l  

Performance of above spec i f i ca t ions  within: 
Temperature of 0-35°C 
Relative Humidity of 10-952 
Pressures of 29-31 in.  Hg 



TABLE I (continued) 

Function Design Goal 

9 .  Power Requirements AC/DC operat ion 8 hours on b a t t e r i e s  
16 hours recharge a t  115 VAC 
30 days continuous operation 

10. Output 

11. S i z e  and Weight 

Indepzndent panel meters f o r  NO2 and 
hydrazines. 
Analog 0-5V recorder output schunted by 
0 .25 pf i n t o  > 100 KR I so la ted  output.  

8" x 8" x 16" and < 20 l b s .  



2) ECOLYZER Instrueent Design 

Successful completion of these design goals demand that a 

selective continuous electrochewical analysis schese be developed 

for NO* and for hydraeines. The approaches to each analysis are 

now discussed. 

a) Selective NO2 Analysis 

A successful scheme for the continuous analysis of N02/air mix- 

tures is part of ESI's present gas monitoring technology (14, 15) 

and it it illustrated in FIGURE 1. It consists of an air sampling 

pump, particulate filter. sensor specifically responsive to N02, 

potentiostatic control and amplification circuitry and readout 

device. This system was found to meet all specificity requirements 

(Table I, Function 2) except that of hydrazine interference. 

FIGURE 1: S E E 3  IM ?I92 ANALYSIS SCHEFiE 



Two approaches vere investigated to increase the selectivity 

of thLs method prior to final instmatent design; 1) develop a select- 

ive sensor and 2) develop a selective filter for removal of hydra- 

elne prior to analysis in the W2 sensor. Clearly either method 

is suitable, however, the former is preferred since it has signifi- 

cant advantage over the use of -onsumable filters. Both procedures 

were evaluated during the test program. 

b) Selective Hydraeines (8, HHi, and UDWi) Analysis 

The planned approach to instrument development included the in- 

vestigation of two schemes for hydrazines analysis and their evalua- 

tion for potential instrument design. 

The first scheme illustrated in FIGURE 2A consists of flow con- 

trolled continuous sa-ling of the ambient, its partkulate filtra- 

tion and subsequent catalytic conversion of hydrazines in a catalytic 

reactor to NO, detection by a specific NO sensor and readout of the 

concentration of NO which is directly proportional to the concentra- 

tion of input hydrazine. 

The second analysis scheme illustrated in FIGURE 2B consists of 

direct electrochemical detection of hydrazines in a similar scheme to 

the NO2 analysis (FIGURE 1). The sensor develo~ed for this purpose is 

specific for hydrazine and linearly responsive to hydrazine concentra- 

tion in the sampled gas mixture. 
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11 Electrochersical Sensors and Test  Procedures 

A schematic diagram of t he  electrochemical sensor  design is shown 

i n  (FIGURE 3). The th ree  e lec t rodes  are a l l  Teflon-bonded d i f fu s ion  

e lec t rodes  prepared by spraying a catalyst-Teflon d ispers ion  onto 

a hydrophobic Telfon f i lm.  The c a t a l y s t  mater ia l s  were a l l  purchased 

a s  high sur face  a r ea  powders and include Platinum, Gold, Palladium, 

Iridium. Ruthenium, Rhodium and Carbon. These e l ec t rodes  were sealed 

t o  a polypropylene chamber which w a s  subsequently f i l l e d  with e lec t ro-  

l y t e .  The aqueous e l e c t r o l y t e ,  e i t h e r  28% H2S04 o r  23% KOH, was pre- 

pared from reagent grade mater ia l s  and t r i p l y  d i s t i l l e d  water. 

The gold and platinum leads  from the sensor e lec t rodes  were 

at tached t o  a po ten t io s t a t  capable of va r i ab l e  b i a s  (FIGURE 4). The 

reference e lec t rode  was P t / a i r  and even though it was not thermo- 

dynamically r eve r s ib l e  i t  was s t a b l e  t o  ?0.01V a t  approximately 1.0 

2.030V i n  ac id  e l e c t r o l y t e  vs. the  normal hydrogen e lec t rode .  





FIGURE 4 POTENTIOSTAT AND SENSOR ELECTROMS 

During sensor evaluation, gas mixtures were passed over the back 

(gas) s ide  of the sensing electrode a t  constant flow ra te ,  typica l ly  

700 cclminute, and the current produced by electrochemical react ion 

i n  the sensor flowing between the  sensing and counter electrodeswas 

monitored. 

The sensors currents  were a l l  measured by monitoring the voltage 

drop across a precision r e s i s t o r  ( typical ly 1K) in  s e r i e s  with the 

sensing electrode and displaying t h i s  voltage on a s t r i p  chart  re- 

corder. Background currents  were measured for  the senscr i n  a "stat ic" 

condition (no gas flow through the sensor) and i n  a dynamic or  "ateady 

s ta te"  condition i . e . ,  with a constant gas flow of "zero" grade a l r  

(79% N2, 21% 02) through the sensor. Signals for  the various gae mix- 

turee were obtained by f i l l i n g  gas sample bags with the desired mix- 



t u r e  and, by us ing  an a i r  sampling purap, drawing t h i s  gas i n t o  t h e  

s e n s o r  a t  flow rates which were c o n s t a n t  f o r  each a n a l y s i s .  I n  t h i s  

manner t h e  sensor  s i g n a l  ( c u r r e n t )  was measured as t h e  d i f f e r e n c e  i n  

sensor ou tpu t  a t  s t e a d y - s t a t e  between zero a i r  and t h e  p o l l u t a n t  gas  

mixture.  

2) C a t a l y t  t u d i e s  

To evalua,e t h e  p o t e n t i a l  of t h e  c a t a l y t i c  convers ion scheme f o r  

hydrazine  a n a l y s i s  ins t rumenta t ion  a series of c a t a l y s t s  were prepared 

which a r e  l i s t e d  i n  Table  11 a long  wi th  t h e  technique used f o r  t h e i r  

p repara t ion .  

A p o r t a b l e  c a t a l y t i c  r e a c t o r  (16) i l l u s t r a t e d  i n  FIGURE 5 was 

used t o  e v a l u a t e  t h e  convers ion technique.  It c o n s i s t s  of  s e v e r a l  

l a y e r s  of s e l e c t e d  i n s u l a t i o n  t o  minimize h e a t  l o s s  and a l l o w  b a t t e r y  

o p e r a t i o n  a t  e l eva ted  temperatures  and temperature c o n t r o l  and measure- 

ment c i r c u i t r y  (FIGURE 6)  t o  f a c i l i t a t e  o p e r a t i o n  over  a wide range of 

temperatures.  The r e a c t i o n  chamber is a q u a r t z  tube  wound wi th  a 

nichrome h e a t e r  wi re  wi th  temperature c o n t r o l  and i n d i c a t i o n  provided 

by a c a l i b r a t e d  chromel-constantan thermocouple pos i t ioned  i n  t h e  in-  

s u l a t i o n  near  t h e  c e n t e r  of t h e  heated zone. 

The r a t e  of t h e  c a t a l y t i c  r e a c t i o n  is temperature dependent and 

t h e r e f o r e ,  t h e  r e a c t o r  tube  temperature p r o f i l e  was s t u d i e d .  A tem- 

p e r a t u r e  g r a d i e n t  of on ly  20°C was found a c r o s s  the  r e a c t o r  (with the  







temperature and center of the tube being 710°C). Since this gra- 

dient was constant to within +2OC, it is well within the temperature 

control required for high temperature catalytic reactions. 

During a experimental evaluation a catalyst charge was placed 

into the reactor system show in FIGURE 7 . A typical catalyst charge 
was 25 mg and it was positioned in the center of the heated reactor 

zone. 

TABLE 11 

CATALYSTS FOR HYDRAZINE CONVERSION STUDIES 

CATALYST METHOD OF PREPARATION 

Pt wire Used as supplied - 30 mil wire 
Evaporation of Chloroolatinic acid 
solution with subsequent reduction 
in H2 at 300°C. 

2% Ru on Asbestos (2%) Physical mixture of Ru black and 
Asbcztos 

0.01% Pd on Copper PdC12 solution evaporated to dry- 
ness on high surface area Cu prepared 
by decomposition of a carbonate pre- 
cipitate. 

Iridium Black High Surface Area-Englehard Chem. Co. 

CuO Commercial (Harshaw) Preparation 

Zinc-Chromium Oxide 

Cobalt-Nickel Oxide 
(Spinel) 

Prepared by precipitation of carbon- 
ates from a nitrate solution with 
subsequent decompositio~ of the car- 
bonate by roasting in air. 

Ga doped ZnO 

Li doped NiC) 





The pressure  drop across  the  r eac to r  was monitored only per iodi-  

c a l l y  t o  be s u r e  i t  was within the  range f o r  p r a c t i c a l  instrument design 

and during sampling w a s  i so l a t ed  from the  system. The syr inge sampl- 

ing p o r t s  at  A (FIGURE 7) could be used t o  withdraw ~ a r c p l e s  during an 

experime3t f o r  a n a l y s i s  of reactan: o r  prodtict gases. 'L'he gas  mixtures 

were a t tached  t o  t h e  r t z r t o r  usfng a sacpl ing  Sag and drawn through 

t h e  heated r eac to r  a t  constant  f l o v  rhte. The gas  mixture could e a s i l y  

he changed using a  manifold arrangeinent from hydrazfne vapors t o  zero 

air  t o  room a i r  t o  var ious  gas  (NH3, NO2, NO) mixtures  by changing t h e  

sample bag or i n l e t  gas  mixe~,  concentrat ion.  

During eva lua t ion  of hydrazine conversion t o  NO, t h e  e x i t  stream 

was sampled continuously usCng the  s e l e c t i v e  srheme f o r  NO ana lys i s  

i l l u s t r a t e d  i n  FIGURE 8 . In  t h i s  scheme a triethanolamine/firebrick 

f i l t e r  is used t o  remove any NO2 or P2H4 p r i o r  t o  NO a n a l y s i s  i n  sn 

LYZER NO Analyzer. In  this manner t he  p r a c t i c a l  u t i l i t y  of t he  3; 
por t ab l e  c a t a l y t i c  r eac to r  f o r  nydrazines t o  NO conversion was e v ~ l u -  

d along wi th  its p r a c t i c a l  i n t e r f a c e  w i t h  a  NO ana lyzer .  

FIGUE 8 SUECTIVE NO A k Y S I S  SCHW 

METER POTENTIO~ 
STAT , 



Either method is feasible for instrument design the former being 

dependent upon gas phase oxidation cat~lyst development while the 

latter depends upon electrochedcal sensor development. Both tech- 

niques were evaluated during the scope of this program. 

3) Preparation of Gas Mxtures 

Vherever possible commercially available standard gas mixtures 

-re obtained. For NOIN2, N02/air, H2/air, COIair. C02/air, NH~INZ, and 

C2&,/N2 samples, mixtures were obtained at various ppm level concentra- 

tions while CHq, N2, 02, Ar, and He were obtained as pure gases. 

To obtain mixtures of gases at intermediate concentrations and 

for linearity studies a dynamic dilution scheme was used. It consisted 

of the pure gas or gas mixture and the diluent gas being continuously 

blended through tuo calibrated flowmeters ( 5  1%). This allowed di- 

l~,ion mixtures over approximately one order of magnitude to be pre- 

pared to approximatelv '2%. 

For ppm level dilution of pure gases such as 1000 pprn CH4/N2, the 

preparation used included collection of a specified amount of diluent 

(e.g. 5 liters of N2) in a sample bag of vinyl, nylon or Teflon (depend- 

ent upon the mixture constituent reactivities) and syringe injection 

(using a Hamilton gas-tight syringe) of the pure gas during diluent 

collection. In this manner 5-00 cc of pure CHG could be syringe injected 

into 5000 cc of pure N2 while it w ~ s  being collected from a 1000 cc/min 

N2 stream and this resulted in a 1000 ppm CH4/N2 mixture in the sample 

collect ion bag. 



4) Preparat ion of Hydraelnes (8. MMi, a d  UDHH) lIapor nirt tures 

Hydraeine vapors i n  air  or n i t rogen  d i luen t  pow a s p e c i a l  problem 

i n  both preparat ion and h a l i n g .  The nature  and sur face  area of coir- 

s t r u c t i o n  materials which are i n  contact with t h e  vapors hawe a severe 

e f f e c t  upon mixture s t a b i l i t y .  Further,  t h e  t ox i c  and hazardous oa ture  

of these substances r equ i r e  s p e c i a l  precaut ions t o  be observed during 

t h e i r  use. 

The hydrs t ines  d i l u t i o n  apparatus  is shown i n  FIGURE 9 and i t  

was placed in s ide  a l a rge  fume hood with a roc€ exhaust. It c o n s i s t s  

of a Sage W e 1  355 syringe pump (A) capable of de l ive r ing  low flow 

r a t e s  of the  l i q u i d  (neat)  hydrazines contained i n  a Hamilton syr inge  

(F) and in j ec t i ng  them through a septum-sealed por t  (C) i n t o  a con- 

t r o l l e d  flow (H) d i l u e n t  gas  stream. The system was a l l  g l a s s  except 

f o r  the  TFE valve stems (E) and t h e  s ec t i on  G was used t o  prewaw the  

d i l uen t  such tha t  complete vaporizat ion of the  hydrazine w a s  accomplish- 

ed a t  the syr inge needle t i p .  This  temperature was var ied between am- 

b ien t  and 80°C and was u t i l i z e d  t o  supply heat t o  t h e  hydrat ine l i qu id  

without causing any decomposition o r  degradation. By ad jus t i ng  the  

flow r a t e  of d i l uen t  and bydrazine l i qu id  a v a r i e t y  of mixtures from 

1 ppm t o  > 100 ppm could be synthesized i n  a continuous fashion. 

These streams were fed d i r e c t l y  i n t o  a sensor o r  t e s t  apparatus  

(both * - d v e s  a t  E adjusted t;, a des i red  l e v e l )  o r  co l lec ted  i n  a Teflon 

sample t z g  (vent c losed)  fo r  reao te  mixture sampling. 
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5) Analysis of Cases and l b d t a r i n e s  (8, HBI, and UDMi) Vapor Mixtures 

For the  gas mixtures obtaLaed copperclal ly  aad gas mlxtures pre- 

pared by dpamfc  d i lu t ion ,  t he  s t a t e d  and ca lcu la ted  coocentratioas 

were taken as cor rec t  and wherever possibly the  mixtures were analyzed 

by camparison t o  standard mixtures (e-g. CO) . Raewer, f o r  hydrae iw  

vapors, t b e  special problems of slixture preparation and handllag 

necess i ta ted  the  developsent of prec ise  procedures f o r  vapor mixture 

analysis .  Lndeed, i n  order  t o  c a l i b r a t e  t h e  hydrazine analyzer it is 

necessary t o  accura te ly  know t he  hydraeine cuucerrtratioa. 

Three techniques f o r  ana lys i s  and two sa r~p l i ag  procedures were 

evaluated f o r  hydrazines. The f i r s t  sampling procedure involves 

co l l ec t ion  of an a i rborn  mixture of hydrazines on s u l f u r i c  ac id  im- 

pregnated s i l i c a  g e l  and e lu t ion  with t r i p l y  d i s t i l l e d  water t o  obta in  

an  aqueous hydratine sample f o r  fu r the r  ana lys i s  (17). The second 

sampling method involves d i r e c t  co l l ec t ion  of hydrazine vapor by 

trapping i t  i n  a midget impinger apparatus a s  shown i n  FIGURE 10. 

Here the sample is col lec ted  i n  aqueous ac id  so lu t ion  using 0.1N 

HC1 f o r  N2H4 vapors and 0.1N H2SO4 f o r  WlH vapors. 

Analysis of these aqueous mtxtures was performed using three  

methods. F i r s t ,  the aqueous sample w a s  der iva t ized  as ing  2-furalde- 

hyde and the  de r iva t ive  hydrazone and azine products (18) analyzed 

chro~eatographically using a Varian Hodel 2800 Gas Chromatograph. 

The chromatograph was equipped wlth 3 I t . ,  2 mm i.d., s i l an i zed  g l a s s  

s i l i c o n e  OW-7 column and a flame ioniza t ion  detector .  Second. aqueous 





samples of B and HMi were reacted with 2,4-pentanedione (19) cb- 

taining the derivatives 3, S-dimethylpyraeole and 1,3,5-trimethylpyra- 

mle, respectively. These derivatives were again analyzed chromato- 

graphically using the silicone 0V-7 coluum at 130°C, a 30 cclmin UtiP 

IU2 carrier g s  with a flame ionization detector. Third, the colori- 

raetric analysis consisting of reaction of hydrazine and uionomethly- 

hydratine with p-dimethylaminobenzaldehyde to form a dye was evaluated. 

Several modifications of this technique have been reported (20) and we 

have adopted essentially the ASTW procedure given in Appendix I using 

HCl solutions only during hydrazine analyses and only H2S04 solutions 

during M H  analyses. All colorimetry was performed with a Bausch and 

Lo& Spectronic 20 at 457 nm after 20 minutes of reaction of the 

derivative. Standard solutions of the aqueous hydrazines were pre- 

pared from neat H, neat W, hydrazine dihydrochloride and monmethyl- 

hydrazfne sulfate, using both gravimetric and volumetric dilution 

techniques. 



DISCUSSION 

1 )  Hydraeine Analyses 

a )  S t a b i l i t y  Cons ide ra t ions  

I n  o r d e r  to e f f e c t i v e l y  c a l i b r a t e  o u r  hydrazine vapor mlxture  

p r e p a r a t i o n  a p p a r a t u s  and t o  d e t a i l  our  ins t rument  sensor  performance 

i t  was necessary  to know (abso lu te ly )  t h e  hydrazine  c o n c e n t r a t  ion. 

One of t h e  major problems a s s o c i a t e d  wi th  any vapor mixture  is sample 

l o s s e s  a s s o c i a t e d  w i t h  s o r p t i o n  i n t e r a c t i o n s  w i t h  appara tus  wa l l s .  

I n  a d d i t i o n  f o r  hydrazines,  s t a b i l i t y  problems occur when they  a r e  i n  

t h e  presence of o x i d a n t s  o r  i n  c o n t a c t  w i t h  c a t a l y t i c  s u r f a c e s ,  es- 

p e c i a l l y  meta ls ,  which can promote molec*llar decomposition r e a c t i o n s .  

During t h e  program, H and MMH mixtures  were prepared u s i n g  both  

a i r  and n i t r o g e n  a s  a d i l u e n t  gas. However, i t  became e v i d e n t  t h a t  

t h e  hydrazine  was decomposing dur ing  t h e  tioie necessary  t o  c o l l e c t  t h e  

sample i n  t h e  sample bag. 

Gas mixtures  were cont inuously  prepared i n  t h e  s y r i n g e  pump sys-  

tem using f i r s t  a i r  then n i t r o g e n  and once aga in  a i r  a s  t h e  d i l u e n t .  

The mixture  was then a l t e r n a t e l y  passed d i r e c t l y  i n t o  an  e lec t rochemica l  

sensor  (us ing a gold c a t a l y s t  wi th  a l k a l i n e  e l e c t r o l y t e )  and c o l l e c t e d  

i n  a my la^ sample bag ( p o l y e s t e r  coated aluminum). The sample bag was 

then analyzed by t h e  same e lec t rochemica l  sensor  under i d e n t i c a l  con- 

d i t i o n s  except  t h a t  the  vapor sample. due t o  c o l l e c t i o n  i n  a bag, is 

4-7 minutes o l d .  The r e s u l t s  a r e  shown i n  Table 111 where t h e s e  sensor  

s i g n a l s  a r e  compared and i t  i s  c l e a r  t h a t  c o n c e n t r a t i o n s  us ing n i t r o g e n  

a s  a d i l l l en t  a r e  h igher  than those  us ing a i r  a s  a d i l u e n t  (comparison 



TABLE I11 

STABILITY OF H AND MMH VAPOR HlXTlRW 

* H and MMH c o n c e n t r a t i o n s  measured by a Drager tube  were 2.8 ppm 

and 1.3 ppm, r e s p e c t i v e l y .  The s y r i n g e  pump s e t t i n g  was twice  as 
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of experiments 1 with 5, 2 with 6 ,  and 3 with 7). A comparison of ex- 

periments 5 with 6 and 7 with 8 shows that the hydrazines concentration 

decreases when it is collected in the same sample bag using nitrogen 

or air as the diluent exhibiting approximately 66-75% degradation over 

the same time span. Also indicated is that a larger fraction of the 

MMH disappears than H. 

Subsequently, we evaluated vinyl and Teflon sample bags in order 

to determine the contribution of wall reactions and gas phase reactions 

to the observed instability of HNH mixtures. Vinyl sample bags resulted 

in similar stability characteristics as those observed with Mylar. 

Improved stability was observed with Teflon and the results are illus- 

trated in (FIGURE 11). For MMH/N2 mixtures (using 99.9995% N2, dry) 

no significant degradation was observed over 30 minutes of storage at 

the 10 ppm level, while approximately 7% loss of the ?MI was observed 

in 30 minutes using dry air as the diluent. An earlier study (21) has 

reported a half life of 34 minutes for 4.6% MMH vapors in a glass chamber 

while complete degradation was observed in 10 minutes in a polypropylene 

bottle. This is consistent with our results which show a 12% difference 

in the initial concentration of MMH produced for the same dilution sys- 

tem preparative setting. Our dilution system is glass and contains a 

dead volume of approximately 2.2 liters. Since mixtures were prepared at 

700 cclmin, the residence time of the mixture in the glass chcmber was 

three minutes and this would account for the observed 12% initial de- 

gradation of MMHIair mixtures. The noted stability of Teflon along 





with the preparative stability of nitrogen diluent leads us to recommend 

that stsble mixtures and hence those for calibration and testing should 

be prepared using a nitrogen diluent and stored in Teflon containers. 

Further, it is apparent that instability of MHH/N2 mixtures in glass, 

polyester and vinyl is due to wall reactions while the instabilicy of 

MWI/air mixtures is due to both wall reactions and gas phase reaction, 

the former teing more important than the latter in Teflon vessels. 

With these remarks in mind we have evaluated three techniques, 

two chromatographic and one colorimetric, for hydrazines analyses and 

the results are now reported. 

b) Chromatographic Analysis 

The initial experiments were performed by collecting impinger 

samples of H and W, preparing derivatives with 2-furaldehyde and 

reacting for exactly 3600 seconds at room temperature with subsequent 

cooling to 0°C for storage. The hydrazone reaction product (18) was 

then analyzed chromatographically. The results for this technique were 

erratic ezpecially at higher concentrations (10-100 ppm) of the samplin~ 

stream. It is suggested houever that improvements in sampling, handlinr:. 

and analysis are necessary to achieve reasonable 210% accuracy and p r c - -  

cision using this procedure. A t  present, the technique is compl~x re- 

quiring sophisticated analytical instrumentation and a highly skilled 

operator for preparation of the derivatives and for their analysis h v  

gas-liquid chromatography. 



A second chromatographic scheme for analysis of H and MMH (19) 

was evaluated by diluting neat H and neat MMH to ppm levels with 0.1N 

HC1 and 0.1N H2SO4 solutions. An aliquot of this mixture was then re- 

acted with an excess of 2.,4-pentanedione for at least one hour obtaining 

the derivative products 3,5-diluethylpyrazole (DMP) and 1,3,5-trimethyl- 

pyrazole (TMP) from N2H4 and MMH, respectively. Several different con- 

centrations were prepared from the 95% hydrazine and 95% MMH reagents 

(assumed 95% purity) and analyzed with the results shown in FIGURE 12. 

Each datum point is the result of 3 or more analyses and it is clear 

that linear analysis is obtained with this chromatographic technique. 

The derivative mixtures were stable for periods longer than one day 

offering the potential for storage and/or transportation of standards 

and samples. However, the repeatability of the determination was at 

best 210% for 1.0 p1 samples. While increased sensitivlty could be 

obtained ant! better precision realized with larger samples, 4.his tech- 

nique also requires a skilled operator for its precise application. 

c) Colorimetric Analysis 

Calibration curves were determined for the colorimetric method 

using hydrazine dihydrochloride, neat hydrazine and neat Mt4H which were 

qmntitativelp diluted to ppm and sub-ppm levels in acid solution. 

These samples were reacted with p-DMAB and the product dye determined 

after 20 minutes of reaction with a Spectronic 20 (Bausch and Lomb) 

colorimeter at 457 nm. The results are given in FIGURES 13 and 14 

where typical day to day precision is illustrated for hydrazines and 

monomethylhydrazine analyses, respectively. 
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FIGURE 13 COLOR; IvlETP\! C CALIEriAT I CllJ CURVE FOR HYDRAZ i tJE 



FIGURE 14 COLORIMETRIC CALIBRATION CURVE FOR MH 



Vapor samples from the dilution system were prepared for analysis 

by collection on sulfuric acid impregnated silica gel and subsequent 

elution with triply distilled water and aiso by using 25 cc of acid 

solution in a midget impinger apparatus. In this phase of the program 

the performance of the dilution system was also evaluated. The colori- 

metric procedure involving the reaction of hydrazine or M with p-D?4AB 

with subsequent measurement of the per cent transmittance was used to 

calibrate the syringe pump dilution svstem. Samples of the H and W H  

vapor mixtures were collected on 200 mg of 20% H2SO4 impregnated silica 

gel. Typically one or two liters of vapor were passed through a filter 

tube containing :he acidic silica gel.. The collected sample aas eluted 

with triply distilled water for one hour with subsequent addition of 

the p-DHAB reagefit ta an aliquot of the supaxatant. Results in 

FIGURE 15 represent vapor samples collected at various speed settings 

of the syringe pump in the dilution system. FIGURE 151 is illustrative 

of diluter performance in the preparation of high concentrations while 

FIGURE 1511 shows low concentration collections on acidic silica gel 

and FIGURE 15111 represents vapor samples collected using a midget im- 

pinger appqratus. Results 45ow that the syringe pump is linear in vapor 

output for S2ti4 mixtures and good agreement between the silica gel and 

impinger collection techniques is observed. 

For the various syringe pump dil~~tion system c~nditions a theore- 

tical concentration (i.e. assuc~ing 100% efficiency of the diluter) can be 

calculated. This ideal concentration has been compared to the analysis of 





vapor mixtures which were collected in an irpinger and analyzed colori- 

metrically with the results shown in Table IV. It is noted that good 

agreement is obtained for H and .LMH mixtures prepared in nitrogen and 

the repeatability of the syringe pump dilution system is similar to 

that of the colorimetric analvsis scheme although absolute concentra- 

tions are somewhat lover than predicted values in w s t  cases. 



Syrlnge Pump Diluent Liquid Theoretical Actual Concentration 
getting UHP-N2 Delivery Concentration (Colorimetric) 

111Oo0, 
602 700 0.0:55 11.2 ppr W 9.2+ 1.6 ppm MlH 
10 uli 

15.9 ppm H 105 2 ppm H 

1/1000, 
302 700 0.00775 5.6 ppm MMi 
10 VO 

7.9 ppln H 

703 0.00155 1.12 ppm !Mi 

1.59 ppn H ?. 2 ppm H 



2) NO:, Sensor Development 

The NO2 a n a l y s i s  scheme u t i l i z e d  i n  t h e  f i n a l  instrument package 

was determined by e v a l u a t i o n  of t h e  fol lowing criteria f o r  a v a r i e t y  of 

e lec t rochemica l  sensor  systems: response t i m e ,  ze ro  and span d r i f t ,  

s e n s i t i v i t y ,  r e p r o d u c i b i l i t y  (p rec i s ion) ,  l i n e a r i t y ,  power requirements 

( p o r t a b i l i t y ) ,  background, and s p e c i f i c i t y .  The two schemes evaluated 

f o r  t h e  a n a l y s i s  of NO2 are shown i n  FIGURE 16 and scheme B depends upon 

development of a s e l e c t i v e  adsorbent  f i l t e r  whi le  scheme A depends upon 

development of a s e l e c t i v e  NO2 e lec t rochemica l  sensor .  Method A is 

p r e f e r a b l e  s i n c e  f i l t e r s  add a d d i t i o n a l  maintenance and c o s t  t o  t h e  

instrument whi le  adding t o  t h e  i n t e r n a l  volume of t h e  sens ing  system 

and thus  a f f e c t i n g  instrument rise and decay performance c h a r a c t e r i s t i c s .  

The s e l e c t i v e  reduct ion of NO2 was s t u d i e d  on a s e r i e s  of e l e c t r o -  

chemical sensor  e l e c t r o d e s  a t  v a r i o u s  p o t e n t i a l s .  Responses f o r  t h e  

most promising systems are repor ted i n  Table V a t  t h e  e l e c t r o d e  b i a s  

( e l e c t r o d e  p o t e n t i a l  vs. a P t l a i r  r e fe rence  e l e c t r o d e  i n  a c i d  e l e c t r o -  

l y t e )  f o r  which t h e  maximum s e l e c t i v i t y  was achieved. The s e n s o r s  con- 

s t r u c t e d  from these  e l e c t r o d e  m a t e r i a l s  were t e s t e d  us ing  a sample flow 

r a t e  of 700 cclmin and ~ y p i c a l  responses a r e  shown i n  FIGYRES 17 and 18 

f o r  t h e  AU/H+ and RU/H+ systems, r espec t ive ly .  The g r a p h i t e  e l e c t r o d e  

system a l s o  exh ib i t ed  a wel l  behaved response and is shown i n  FIGIJtE 19. 
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FIGURE 19 NO2 RESWWSE FOR GRAPHITElH+ SEHSOR 

TIME - MINUTES 

ANALYSIS CONI)IT,ONS: Background 8.3 uA, 700 cclmin, 
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Howmethyl hydraeine 

N02/Air 

WIN2 

CO/Air 

MH3/Air 

Background 

TABLE v 
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The signals obtained with the ruthenium electrode sensor were 

irreproducible and spurious span changes were observed for NO2 analyses. 

therefore no further work was carried out on this system. 

The rise time with the Au sensors was fast and the signals due to 

NO2 were stable and reproducible being 0.59 pA/ppm f 0.01 (FIGURE 17) . 
However, 10 ppm hydrazine gave the same signal as -1 ppm NO2 ( a nega- 

tive signal means that the interferent signal was in the reverse di- 

rection). This interference varied between 10 and 30 for a variety of 

Au electrodes. 

The characteristics of the graphite catalysed sensors (FIGURE 19) 

depended on the pre-treatment of the graphite sensing electrode. The 

best selectivity was obtained with a sensing electrode which had been 

pre-treated by potentiostatting at +0.20V for 2 days (i.e., under con- 

dit ions where the graphite surface is oxidized). With this treatment, 

there was no inteLLerence at low hydrazine concentrations, but at high 

hydrazine concentrations the seldctivity ratio of N02/H was -1. 

In none of these cases was the hydrazine/N02 selectivity considered 

to be satisfactory for a practical instrument. As a result the scheme 

FIGURE 16B was investigated for NO2 analysis using a standard NO2 

ECOLYZER filter. It consisted of a combination of mercuric chloride 

and glycerol absorbed on firebrick. The filter was capable of removirtq 

100 ppm hydrazine for at least 6 hours (the duration of the test). This 

scheme offe.-s excellent selectivity in a practical instrument design. 



3) Hydraeines Sensor Dtvelopment 

a) By Gas Phase Oxidation of Hydrazines to NO 

The first proposed analysis scheme is the oxidation of hydrazine 

to nitric oxide and subsequently anjlyzing the nitrogen oxide by the 

appropriate electrochemical analysis technique. 

Hydrazine may be oxidized in the presence of oxygen to either 

nitric oxide (high temperatures) or to nitrogen dioxide (low temperatures). 

The former is preferred since although it will require a higher weight 

of batteries per unit operating time the latter :ill cause interference 

in the selected electrochemical analytical technique. Before discussi9g 

the selection of the catalyst for this process, we will consider some of 

the possible reactions which may occur in the cztalytic reactor. He, Ar, 

and C02 cannot @ oxidized and will not cause any interference. Also the 

reaction between Na and 02 is thermodynamically unfavorable (22) at the 

probable catalyst operating temperatures of 400°C to 800°C, and therefore, 

no nitrogen oxides will be formed by this reaction. H2, CO, CH4, and 

Freon can be oxidized in the catalytic reactor to various degrees (23) 

but these oxidized products will not came any interference on the electro- 

chemical sensor. 

The ambient concentrations of NO in the vicinity of the analyzer 

will be between 20 ppb and 50 ppb, and this is sufficiently low that it 

will cause errors in :he accuracy only at very low levels of hydrazine 

which can be compensated for by inclusion of a specific NO sensor if r e q u i r e d .  



The nitrogen dioxide levels may be greater than the hyc?razine con- 

cent~ation and hence some consideration needs to be given tc the effect 

of this gas. If hydrazine were to be analyzed by gas phase oxidation to 

NO2 then the ambient NO2 levels must be corrected for by either: 1) se- 

lectively pre-filtering NO2 from hydrazine prior to the catalytic reactor, 

or 2)electronically subtracting the NO2 reading on the NO2 sensor from 

the NO2 reading on tht hydrazine sensor. This again suggests rejection 

of this scheme for hydrazine analysis due to its complexity. 

Since hydrazine is to be measured by gas phase oxidation to NO, 

there may still be a possible interference caused by NO2 since the re- 

actor operating conditions may be such as to thermodynamically favor the 

conversion of NO to NO. However, the kinetics of this reaction is not 2 

known. I f  it occurs at an insignificantly slow rate, it will pose no 

problems in the hydrazine analvsis. If the conversion of NO2 to NO does 

occur at a significant rate, it will be necessary to either: 1) selectivelv 

pre-fi!.ter the NO2, or 2 )  electronically subtract the NO2 concen~ration from 

the apparent hydrazine reading. 

The catalyst selected will be sl~ch as to give the maximum conversion 

erficiency, highest stability and lowest reactor operating temperature. 

There have been a large number of sr:tdies of hydrazine decomposition to 

ammonia, nitrogen, and hydrogen (24-30) wllich suggests possible hydrazine 

oxidat!on catalysts. This has shown that the general sequence of reactivitv 



of t h e  hydra t ine  decomposition c a t a l y s t s  is: metals > semi-conductors > 

s o l i d  bases  > s o l i d  a c i d s  > s o l i d  salts. S t u d i e s  of t h e  c a t a l y s t  e l e c t r i -  

c a l  conduc t iv i ty  and work func t ion  dur ing  N2Hg adsorp t ion  and decocrposi- 

t i o n  using semiconductors d e m n s t r a t e d  t h a t  N2Hq is an electronic donor 

molecule and a n  inc rease  i n  c a t a l y t i c  a c t i v i t y  is obserwetl w i t h  decreas- 

fng width of t h e  seaiconductor  forbidden zone (31). It is understandable. 
.4 

therefore .  why t r a n s i t i o n  metal ox ides  wi th  t h e i r  low forbidden energy 

gaps make good N2h4 decomposition c a t a l y s t s .  and doping o f  NiO and Liz0 

r e s u l t s  i n  an  increase  i n  N2H4 decomposition rate. There has  been much 

less work on hydrazine ox ida t ion  t o  t h e  n i t rogen  oxides.  Houever, 

s t u d i e s  a t  XRL (32) showed t h a t  N2H4 is oxidized t o  NO wi th  a 60% con- 

vers ion e f f i c i e n c y  w i t h  a steel wool c a t a l y s t  heated t o  850°C i n  a 

s t a i n l e s s  s t e e l  tube r e a c t o r .  

There have been many more s t u d i e s  of anmronia ox ida t ion  (33, 34) 

and these  a i d  i n  t h e  nydrazine ox ida t ion  c a t a l y s t  s e l e c t i o n  s i n c e  a m n i a  

is one product of hycrazine decomposition. Anmmnia is oxidized t o  NO 

wi th  y i e l d s  of 80-1002 with a platinum gauze c a t a l y s t  maintained a t  

750°C-950°C i n  a tube r e a c t o r  (33). I n  a d d i t i o n ,  t h e  t r a n s i t i o n  metal  

oxides  a r e  a l s o  a c t i v e  c a t a l y s t s  wi th  t h e  maximum a c t i v i t y  being ex- 

h i b i t e d  by MnO, Cu3Ob and CuO (35). 

Each c a t a l y s t  t e s t e d  was placed i n  t h e  p o r t a b l e  c a t a l y t i c  r e a c t o r  

shown i n  FIGURE 5. A usual  charge of 25-100 mg of c a t a l y s t  w a s  used. 

The reac ,  r was then placed in  t h e  appara tus  i l l u s t r a t e d  i n  FIGURE 7 



&ere it was evaluated. In a typical elcperlment tbe catalyst vas 

slawly heated in an air stream. The temperature was held constant at 

a series of temperatures for example. 100°C, i50°C,  200°C, etc, as the 

wimple was heated. At each of these fsotheml points a stream of 

Np&/.,;r was introduced and the output of the reactor was saapled and 

mlyr-ed for m) content. The results utilizing the various catalysts 

is reported in Table VI. The flowate through the catalyst bed was 

maintained constant in all cases until a constant conversion (steady 

state) was obtained. Typical flowrates were 400 cr./min since this is 

practical from an instrument design view. 

TI-: major problem associated with all of the results reported here 

was the poor reproducibility of the conversion from catalyst charge to 

catalyst charge and with time. For most samples a continuous deterior- 

ation of activity with time was observed. Uaximum conversions obtained. 

are given in Table VI. It sirould be noted that while prbctical de- 

velopment is not attained here the feasability of the approach is 

clearly demonstrated. A combination of higher temperature (> 400°C) 

and lower flow rate (5-10 cclmin) will produce entirely different 

catalytic specificity, however this would also necessitate considera- 

tion of instrument redesign not within the scope of -his program. 



CATALYST 

Pt  wire 

Pt on alumina (102) 

Cuo 

Ru on a s b e s t o s  (22 Ru) 

pd on copper (-012 Pd) 

Zinc-Chrorium Oxide 

Cobalt Nickel  Oxide Spinel  

Iridium black 

Ca doped ZnO 

L i  doped #iO 

10-122 at 300°C and 650°C 
50% at 803-C (for 100 mg catalyst) 

# Conversion is def ined by 1 ppm Hydrazine y i e l d i n g  1 ppr NO 
being 100% conversion.  An Hydrazine instrurpenc i n  t h i s  
case would respond a s  an NO analyzer .  



b) Elydrasfne Analysis by D i r e c t  Electrochemical Oxidation 

Phe seed ana lys i s  scheme is meamremeut of the  cu r r en t  pro- 

duced by the d i r e c t  electrochemical oxidatioa of  h y d r a s h e  i n  a three- 

electrodr e l e c t r o c ~ c a l  sensor. In order  to o p t i n h e  t h i s  technique 

i t  is necessary to select the ccmbinatiam of  e l ec t rode  c a t a l y s t ,  elex- 

t rode  po t en t i a l ,  and e l e c t r o l y t e  to m f i f z e  t h e  s-1 (i.e.. cur ren t )  

due to hydrat ine electro-oxidat ion and to minimize t h e  signal due t o  

o the r  p o t e n t i a l  atmospheric cons t i t uen t s  (e.g., MI, WO2, CO). Further. 

t h e  e lec t rode  c a t a l y s t  lust be s t a b l e  (i.e., l b ~ ~ - c o r r o s i v e )  at t h e  

e lec t rode  operat ing poten t ia l .  This  restricts the  s e l ec t i on  of t h e  

c a t a l y s t  to the  noble metals such as Pt,  Rh, Au. Ru. Ir. Pd, and Carbon. 

Each of these metals was obtained commercially as high a r ea  m e t a l  

blacks f o r  evaluat ion with t he  carbon being i n  g raph i t i c  form. 

The se l ec t i on  of t he  e lec t rode  p o t e n t i a l  is r e s t r i c t e d  t o  a range 

of approximately 0 . N  t o  1.9V vs. the  r eve r s ib l e  hydrogen e lec t rode  i n  

ac id  depending on t h e  nature  of the  c a t a l y s t .  This  po t en t i a l  range is 

determined by t h e  requirement t ha t  ne i t he r  oxygen reduction nor water 

oxidat ion occurs at a s ign i f i can t  r a t e .  With some c a t a l y s t s  t h i s  range 

is fu r the r  r e s t r i c t e d  e i t h e r  due t o  the  c a t a l y s t s  high a c t i v i t y  f o r  

oxygen reduction and water oxidat ion (e-g. ,  Pt)  o r  t o  corrosion of t he  

metal (e-g. ,  Pd). 



The electrochemical oxidation of hydrazine b o  been prevfouoly in- 

vestigated by a nueber of people (36. 37) due t o  its app l i cab i l i ty  a s  a 

fuel  fo r  f u e l  cells (38). It is readi ly  oxidized i n  a lka l ine  e l ec t ro ly te  

according t o  the equation 

N2Hq + SOU- H2 + 4E20 + 4e- . 

Hydrazine eleciro-oxidation i n  acid e l ec t ro ly te  bas been less through- 

ly investigated since it is protonated i n  acid e l ec t ro ly te  (i.e., forms 

+ 
N2H5 ) which precludes the  obtaining of pouer i n  a fue l  cell. Howwer. 

i t  was evaluated i n  both acid and a lkal ine  e l ec t ro ly te  during these studies.  

Twelve systems (electrode ca ta lys t ,  e lec t ro ly te)  -re evaluated for 

UJse i n  the se lec t ive  d i rec t  analysis  of hydrazines a t  a s e r i e s  of b ias  

potentials  and the r e su l t s  a r e  reported in Table VII .  



-1- 
Electrode 
Catalyst Electrolyte Commmts 

H2S04 Won-selective responses at all 
positiw potentials* 

"2=4 Won-selectlee respoases at all 
potentials. 

Pt KOll Non-selec t ive . 

Vitreous Carbon 

Au on graphite 

Graphite 

Non-selec t ive at potentials 
-100 m. Luw potemtial.re- 
spooses selective for hydra- 
z i w  vs so2. 

Lav reactfvity and non-specific- 
ity. 

Nowsteady state response at all 
potatials 0 mw. 

Some H, HMi response at law po- 
ate re- tential, non-steady st- 

sponses at high -100 snr potentials. 

Non-steady-state responses at 
>+I00 w; selective hydrazine and 
IMH responses at Q.0 onr potential. 

No steady-state signals observed. 

Larger responses for NO2 than H 
or M. 

Non-selec t ive . 



Non-selective responses are indicatiw of those sensors which 

responded to a number of gases inciuding NH3, 82, CO, ls0, and NO2. 

These sensors were screened at potentials of W, M.lV, M.2V aad 

M.3V versus the Pt/Air reference electrode. Frosr Table VII it is seen 

that three systems offer potential application to hydratine/air analysis 

and they are Au/l[MI, Rh/li2S04 and Ir/H2S04. Representative responses 

for these systems are shoun in FIGURES 20-23 and these illustrate re- 

sponseltlme characteristics of the sensors. The selectivities of these 

systems is given in Table VIII and the Rhodium catalyst is the most 

selective of all the electrodes while the AuIKOM system was the most 

repeatable and stable (background and noise). The signals for the R~/H+ 

sensor were irreproducible and the rise and decay times were long. There- 

fore, work with this sensor was discontinued. Similar find'ings were ob- 

tained with the Iridium system in addition :o its extreme sensitfvity 

to slight pressure changes. Therefore, optimization of sensor re- 

sponse and instrument design proceeded vith a Au/KOH hydrazines sensor. 



FIGURE 20 H AND I.UIH ANALYSIS FOR Au/OH' SENSOR 
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TABLE V I I I  

SELECTIVITY OF WDRAZINE SENSORS 

Rhodium: +20 mv bias Iridium -100 mv bias  GoldIKOH: +11 mv b i a s  
Gas Mixture Signal  Se lec t iv i ty*  Signal  S e l e c t i v i t y  Signal  Se l ec t i v i t y  

[I.IA/ppmI [ P P ~  H/ppmI [W/ppml [ppm H/ppmI [ ~ I A / P P ~ ]  [ppm H/ppm] 

MMH/air 2.8 0.75 53.3 1.3 1.5 %I 

N02/air -0.03 7 0 -2.1 32 < .05 34 

NO/Mi trogen 0.005 420 < .02 3400 . U9 19 

CO/air cO.002 1050 < 1 6800 .14 12 

NH3/air 0.009 233 .05 1360 .30 5.7 

H2/air 6x10'~ 3.5~10'  - - 0.025 680 

*Selec t iv i ty  is  defined a s  the  gas concentrat ion required t o  g ive  t h e  same s igna l  
a s  1 ppm hydrazine. 



INSTRUMENT DESIGN AND CHARACTERIZATION 

During this phase of the program all design modification to the 

7000 Series ECOLYZER were made including chassis modification, spccial 

mounting brackets, sensor endplates. special Teflon pump and plumbing, 

and front panel meter modifications. Internally. >e electronics were 

modified to accomodate the sensor, instrument, and teadout specifica- 

tions. All instrument changes were documented for presentation in the 

instrument manual. 

For hydrazine analysis, the sensor will consist of a Au catalysed 

sensing electrode biased at +O.lV vs. the reference Pt/Air electrode and 

contain 23% KOH electrolyte solution, and the electrode will be fabri- 

cated with the membrane used to obtain the results in FIGURE 20. Tht 

reasons for the selection of this system are: 1) high sensitivity, 

2) fast response time, 3 )  high selectivity, 4) ESI's previous ex- 

perience in fabricating Au elzctrodes, 5) reproducibility, and 6) Au 

black can readily be obtained comercially. 

For NO2 analysis, the sensor will consist of an Au catalysed 

sensing 2lectrode biased at -0.20V vs. Pt/Air electrode and containing 

28% H2SO4 solution, and a filter will be used to achieve I:igh instrument 

selectivity. 

FIGURE 24 is a picture of the front instrument face and control 

panel of the ECOLYZER NODEL 7630 prototype instrument. FIGURE 25 and 

Table IX can be used to determine the utilization of the instrument func- 

tional controls. The two proto,ype instruments constructed were ECOI.Y%E:: 







TABLE u 

FUNC CION OF THE ECoLYZER CONTROLS 

1) Selector W t c h  

'onm 

'off' 

2) Zero 

3) Span 

4) Flometer 

5) Intake 

6) Flow Adjust 

7) Range Selector Switch 

8) Panel Peter Zero 

9) Exhaust 

10) Recorder Inputs 

Instrunent ?ewer i s  "on". 

Instrunent P e r  i s  " o f f .  

Provides precise sett ing o f  instrument 
electronic zero. 

Provides f o r  ca l ibrat ing the instru- 
ment response d i t h  known IM and NO2 
span gas mixtures. 

Provides f o r  reading the santpl ing gas 
flow rate through the sensor i n  s.c.f.h. 

Provides %a TFE Teflon conpressi on 
f i t t i n g  fo r  connecting gas samples 
or  ambient gas probes. 

Provides a needle valve fo r  adjusting 
gas f ion through .W and NO2 sensor:. 

Provides fo r  selection o f  the inst ru-  
ment ranges o f  0-2, 0-20 and 0-200 ppm 
f u l l  scale f o r  EIMH sensing and 0-5, 0-50 
and 0-500 ppn NO2 f u l l  scale fo r  NO2 
sensing . 

Provides a means for sett ing the 
mec5anical zero o f  the front panel 
Re tet-s. 

Pro3/ides h" compressing f i t t i n g  fo r  
renote exhausting o r  sampled gas 
m i  x tures . 

Provides plug terminals for  connect i or, 
of a C-5V f u l l  scale recorder. 



We1 7630, S e r i a l  Numbers 1281 a d  1282. 

In o r d e r  t o  estimate f i e l d  p e r f o ~ n c e  of tk developed i n s t r u -  

ment, t h e  span and z e r o  d r i f t  of t h e  NO2 ins t ruments  is given i n  

FIGURE 26. Long term zero  and span d r i f t  tests are in progress  but  i t  

?s a n t i c i p a t e d  t h a t  r e s u l t s  w i l l  be similar t o  t h o s e  repor ted  here.  

S i n i l a r  d a t a  f o r  t h e  H sensor  a r e  repor ted i n  FIGURE 27 where t h e  

span d r i f t  was evaluated a t  a p p r ~ x i m a t e l y  5 ppm H / N 2  and 0.2 ppm HNH 

corresponds t o  10% of f u l l  s c a l e  on t h e  most s e n s i t i v e  range. Th is  test 

was performed on a production type  sensor  and t h e  u s e f u l  l i f e  of t h i s  

sensor  w a s  eva lua ted  under most s e v e r e  c o n d i t i o n s  (OX R.H. and con- 

t inuous  24 hr/day opera t ion)  t o  be t e n  work weeks (8 hr lday) .  Fur the r  

tests a r e  designed t o  determine and extend t h e  maximum u s e f u l  l i f e  

p o s s i b l e  f o r  a t y p i c a l  product ion grade MMH instrument sensor.  

FIGURES 28 and 29 show sample i rs t ruatent  responses f o r  NO2 and 

MH, r e s p e c t i v e l y  f o r  p ro to type  instrument Number 1282. The c i r c l e s  

mark 90% rise and decay p o i n t s  being l e s s  than 12 seconds f o r  NO2 a t  

two concen t ra t ions  and approximately 36 seconds f o r  7.2 ppm ?fMH/N2. The  

response f o r  HHH is concent-a t ion dependent r e q u i r i n g  up t o  t h r e e  minutes 

t o  a t t a i n  lOOX response ( 2 1  minutes t o  9 C X )  a t  low l e v e l s  (<1 ppm) and 

s i m i l a r  response is observed f o r  100% instrument decay. Haximum r i s e  

and decay times a r e  achieved by us ing i n e r t  (Teflon) analyzer  p a r t s  

which c o n t a c t  t h e  gas  s t ream which minimizing t h e  s u r f a c e  a r e a  i n  

con tac t  with t h e  vapor mixture.  S imi la r  r e s u l t s  f a r  instrument 1281 

a r e  shown i n  FIGURES 30 and 31. The 237 ypm NO2 and 5.24 ppm N021nil- 









FIGURE 29 IWI ESPOllSE FOR PROTOTYPE IIISTRUEHT 11282 

ANALYS 1 S CONDITION: PPY VOLTS 

0-2Oppm Scale. 
0-5V Recorder, 
7.5ppm H / N 2  
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mixtures are separate preparations each accurate to +2X; of full value 

and the instruments were spanned using the 237 ppm E102/air mixture. 

Temperature dependence of the instrument response is given in Table X. 

FIGURE 32 reports this data for a hydraeinem and an NO2 sensor. For the 

W02 sensor little or no variation is seen over the range 0-3SeC, while 

for the EBM sensor the variation noted is difficult to determine precisely 

since much scatter is found in the data due to the difficulty in the pre- 

paration, calibration, handling, analysis, and the stability of the W I N 2  

gas mixtures (+lo%). At the low temperature (<lO°C) results of the MMH 

analysis were erratic. This was attributed to condensation of the vapor 

in the instrument tubing, pump, and sensor. It is apparent that for 

-st precise and accurate results at lcw temperatures a heated sampling 

and analysis system is preferable, especially if the sample is trans- 

ported over a long distance. This problem, however, is not inconsistent 

with the fact that hydrazines in the anbient air will also be condensed 

on cold surfaces. 

Table XI gives a list of the instrument interferences. These are for 

one typical sensor and, while results may vary with the individual sensor, 

this data is representative of a production quality sensor. The interfer- 

ences are listed as to the signal generated for the particular gas mixture 

tested, i.e., for H2 in the NO2 instrument 23,400 ppm H2 was found to give 

a negative signal of 1.35 ppm NO2 this means that H2 has an interference 

ratio of-17333 to 1 on this instrument. 



TABLE X 

TEMPERATURE DEPENDENCE OF HWI/NO~ INSTRUMENT 

SPAN 
~ I P P ~  

185 

182 

187 

8.82 

8.61 

CAS MIXTURE 

m / N 2  

H / N 2  

NMH/N2 

N02/Air 

N02/Air 

N02/Air 

ZERO 
Mv 

0 

+ 1 

-45 

+85 

+85 

TEMP. NOISE 

-- 1 8.44 I 12OC + 1 

I 

25OC 

35 OC 

15 OC 

25OC 

35 OC 

#v 

2 1 

+ 1 

+ 1 
1: 1 

+ 1 





TABLE XI 

INTERFERENCE EQUIVALENTS OF SELECTED POLLUTANTS 

* Est imate  



6 
From the reported data we developed thc ir --: :anent specifications 

given in Table XI1 for the ECOLYZER 7630. The minimum detectable sensi- 

tivity is given as 112 of 1 division on the front panei er readout. 

The zero drift and span drift is estimated for thirty days from the long 

term data determined for sensors, and the short term instrument data 

which was performed during this program. Accuracy rf 5% for MMH analysis 

is feasible only if extreme care is taken in utilizatijn of the reference 

method for hydrazine analysis. The precision of the electrochemical 

sensor is better Lhan 2% F.S. and is normally limited by gas mixture 

sampiing an&hSndling techniques rather than instrument response. These 

specifications compare favorably with the original program design goals 

(TABLE I). These instruments have the capability to provide continuous 

real time monitoring for H and MM" in ambient air at ppnl and sub-ppm 

levels. While these instruments were not designed for portable bse the 

low power requirements of this instrument allow redesigned to provide at 

least 8 hours of continuous battery operation. 



TABLE XI1 

INSTRUMENT SPECIFICATIONS 

Mu1 :i -ranges 

Minimum Detectable S e n s i t i v i t y  

Rise Time 90% 

F a l l  Tim 90: 

Zero D r i f t *  

Span D r i f t *  

Precis ion 

Accuracj ** 

::oi se 

0pct.a t i n g  Teiiiperatur Rdnge 

Operating Relat ive Hu i i d i  t y  

Dimens ions 

Ueight 

Readout 

Power 

lZ!H ANALYZER ANALYZER 

36 seconds <12 seconds - 

36 seconds <12 seconds 

?102/30 Days +I 0x130 Days 

21 0-?/30 Days ?10Z/30 Days 

2% F.S. 22 F.S. 

5:; F.S. 2% F.S. 

< I ; :  F.S. < I2  F.S. 

0-35 '~ 0-35'~ 

10-95'; 10-95% 

- 8 "  x 8" x 16"- 

<--- 17 lbs. - 7.7 Kg. + 

Meter, ;O Divis ions k t e r ,  50 D iv is ions  
Mi r rot-ed Mirrored 
Reccrder, 0-5V DC Recorder, 0-5V DC 

* Estim;lte using data reported tor  short term stl ldiec 

** Using a reference >tandard gaq mixtur? c f  the same accuracy. With a 
inore acc!lrate standzrd reference metbod an accuracy w i t h i n  the  
specif ioa p r r ~ i s i o n  can be ac;lievcd tor Hvdrazinec. 



V. CONCLUSIONS AND -TIONS 

During the performance of this program the problems of the d e r n  

day hydrazine analyst became readily apparent. While several methods are 

dvailable for sensitive hydrazine determinations they lack, for one reason 

or the other, certain vital characteristics necessary for the solution of 

environmental hydra-rle problems. They are either insufficiently sensi- 

tive, complex, or non-continvous. In this area the prototype ECOI.YZER 

mDEL 7630 represents a significant advance is the state-of-the-art of 

hydrazine analysis. It is simple, sensitive, and can be used for con- 

tinuous or intermittent hydrazine analysis requiring orrly minutes to 

obtain accurate ppb level determinations. 

Broughr to light during the program was the extreme sensitivity 

of the diffusion electrode and its potential application to continuous 

and non-continuous analytical tecbniques for hydrazines. Although only 

H and .%lH were studied in detail during this program UDMi was observed 

to behave similar to XXH in this instrument. 

Sole instrument limitations were encountered sucn as the shorter 

1ife:iaes observed for the basic electrolyte-diffusion electrode system 

than for sensors with acid electrolvte. This 1s not surprising since 

past fuel celi work has encountered similar problems. It appears tnat 

the severity of this limitation strongly depends upon electrode-sensor 

design and therefore is not fatal to i n s - r r ~ z r ? :  ;=sign. Further, the 

-x;criments with acid systems -weal that with future development these 

could provide I *ge s n l r ~ t  ions for hydrazine sensor longevi tl; problems 



Onc uf the m s t  basic implications of the studv is the present 

state of the analytical chemistry of hydrazine. Methods available, 

(it was necessary to choose one for a reference method for our electro- 

chemical instrument calibration) are plagued by limitations of complexity, 

precision, and absolute accuracy. This electrochemical sensor method 

shows the promise of increasing hydrazine analysis preci ion by an 

order of magnitude and accuracy by at least as much with an adaptation 

of the technique. These concepts are important since new re.rulation 

is requiring measurement of hydrazines in the ppb range t h ~ s  demanding 

improved analytical methods. Effectjve worker and workplace protection 

is placing even more stringent demands upon the utility of the analytical 

method in terms of real time mc-'toring capability. 

Uhile the instrr~ment developed under this program can by no mans 

fill all of these reqairements, improvements have become obvisus during 

the performance of this program which will significantly broaden the 

scopz of this work. Of these improvements. some are easily implemented, 

such as minimizing the sampling tub in^ within the instrument for faster 

responses, and others, such as improved sensor lifetime and selectivity, 

will demand further research and developmerlt effort. 

We look foruard to improvements in both instrr-ment design and in- 

strcment capability as it is applied to its specific functioil, i.e. real 

time monitoring of hydrazines, while new inrtrunents rising this electro- 

chemical tecl~nolojiy will t*vol\-e to satisfy other requirements such .is 



portable monitors, laborat~ry analyzers, leak testing equipment and 

dosimeters, The technique also look forward to improved methodology 

that will proviae increasing accuracy and precision to hydrazines 

analyses and eventual application to the development of an absolute 

aalytical method for hydrazine analysis. 

This instrument clearly demonstrates that it can be both analyti- 

cally accurate and cost-effective which makes it not only efficient but 

also pract,cal in its real world implementation. This is its valuable 

contribution to solving present technic&: regal. and societal require- 

ments concerning environmental hydrazine problens. 
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Sl~~ldmd Method of Test for 

HYDRAZINE LY INDUSTRIAL WATER8 

dSTBIDeGpath:DUS5-67 

T k k ~ d t B t ~ ~ f o r T e t k q d Y a t & k i s w d l r e d a  
c a c B c d ~ D ~ ; * ~ h i = a h t * f ~ ~ ~ -  
t i w ~ t c s t h e ~ d ~ d s d o Q t P o o r , h  t k e a s r d m ~ t b t y t a r  
dhclmiaioe A n o m k r m p o r r j t b c v s ~ t c s ~ ~ v a r d ~ ~ d  

1- m 4. Interferences 
1-1 This =tho$ abzfi the c h i -  4.1 The wbjtanms normally pr-t 

rntric dctennination ol hy&azine in in industrial do not interfere ~~h 
industrial water. the test; houe\-er, t5e hj-df8tl-w content 
2. Snmmery of Method ma>- k diminisbed by oxidizing agents 

21 fira-dimeth>bmin&&ehyCr d k c t e d  the sm$e or * 
produces a s*fic, yellow reaction by it  prior testing- 

h,drarine- mc intcnlitr 4.2 Colors in thc prescribed wave- 

d & Jcl!oa dor is P " O p r t ~ ~ a ~  len::hs a h  in'trkre, as do other dark 
amount h5dn- in the d0:5 or t~rbiditici that cannot be 

and follows Beer's law. overcome by the prcscnid treatment 

3. Dehitions 5 Apparatci. 
3.1 For dcdnitions vf ttcms used in 5 . ~  ~~l~i,,..~~~ i.,9)I: *-A D ~ -  

tbir method, ~ f e r  to AST31 Definitions hq-typc co~orimetcr, or a dlter 
11291, Terms Relating to 1ndustri:l pho:ornetcr or spct+otometrr ruib- 

Water and Industrial Waste 1Vater. ble ior c~tzsurements at 453 mp Table 1 
Under the staudadzation procedure of the shws the ranges to whi& various 

e e .  tbb method ii u c h  the jurisdiction of p~o~ornetr;5 ore applicable. The qutn- 
tbs ASTM Cornnitttr D-I9 on Wafer. A 
lisr of mmgn found A S ~ Z ~  tities rre b a d  on a band width of 10 
Year Rook. rnp and arc incrcad by epproximately 

Cutrtnt edition amv:*l %t. 8. 1%;. 10 wr cent for a band of 40 mr. OriginJIy iswed 19X. Repl,tcr$ 1) 13S5 - 64. 
8 F~~ kf lk  infonnltion o., tl,i, the l 'hotor~~icrs and photometric practices 

fdloafog mkrtaces mar k of interest: %\-at!. prr~r ibcd  b this method shall confc-m 
G. W.. md Cbrisp. J. D.. "'Sptc:mphntomt:c~c 
Method for tlie Determiartion of Ilpdnzi-e." 

to ;\ST31 Recommended Practice E 60, 
~ r d u c k t  C&miHrv, ~ 0 1  21, SO. 12, 1952. pp I)ho:o~;..etric 3 I ~ t h d j  for the Chemical 
2006-200S; end W d .  1'. It.. "kttrmination O! An?!?.jis of >lttals;' spcc~r,p'~~tometcrs 
Mdeic IIyCr~ri4e I:ecidue* in I'ktnt and Animal 
,.kau AnalLlical CAeni,rrrr. vol 25. So shz'i confornl to the AST31 Recom- 



mended Mi E 275, ntjcribing and 
l lcawriry Bcrfommcxe of swim 
phot01~(t10.~ 

5.2 Certain pho:odcctric filter fro- 
tametcri are capable of m i - r i ~ r ~ a t s  a t  
425 mp, but not a t  4.S mcp. Ueascre 
ments m y  be niade a t  -125 mnp, with a 
redudon b -ti\ity cf rjpvxirnately 
SO per cent of that pos&lC at 4% mp. 

6.1 R e a p t  grade chmicalo, or quh-- 
alent, n- d c h d  in ASTI1 >lethod 
E ZOO, Repan tion, Standrrdiz.-tion, 
and Storage of S t b d  Slutions for 

TABLE I-API'LICATIOS RASGES OF 
PIIOTOMETEIS. 

tests. 
6.1.1 Tl,c purity of h:;?r-ia.- d i h ~ -  

drocllbridc nlax tlc c..t.:!vl' 
iodinietric mcihods, a~:!lir.;; re:  th;:; 
ail water used is nsygcn f r r ~  ~ r l ( 1  thzi 
ell &sks and pipets uwd 2 7 ~  p r p d  
wit11 nitrogen. The Rater fn: rbi- r r a p n t  
is k s t  prcprcd bx hIli::,: and thcn 
cooling undcr a nitrogen tl!.tr'Let. 
6.1.2 R r a  - dimt.th~l:~r.:i:c~~cnz.?lCi' - 

hj-de rcagrnts ohtaintd i r ~ c l  d i z ~ r ~ n ;  
manufa:tnrers producr di5t:znt in- 
tensities of color in solution. It  i s  nciqr-  

sary that each nciv sup;,?? of rt-a;* at ht 
tcstcd on standxd s ? ! ~ i ; n n  t~cfc*:~  -- 

'lg(;? h t  ' 721 ,ter.,: 2. 1'-rt $11 

u G x  6 t h  ~ ~ ~ o . ~ ~ l y  dcttrnincd crlilrr- 
tion cunw. 

6.2 Pwity of Ilirtrr-l;nlcs othm-kc 
idica:ed, rcfrrencrs tn witcr shall be 
unCcrstood to mc2n rczgcnt water con- 
forming to  .A!jT.\I Spsific;lik D 1193, 
for Reagent \V2ter3, referee grade. In 
addition, u-at=r shall be freshly boiled 
and fm of di-!vcd eggtn. 

63 B~rircir?~~ Sta#:darc? Sdutiem ( I  
d = 0.1 *g .\':H~-&su~T g 
of h~drazine dh>drochloride &&- 
PIICI) in 100 rr.l d Rater and 10 ml d 
HCI (sp gr 1.19). Dilute with u-atcr to 
1 liter in a \-o!umttric hsk, and mix. 

6.4 H ~ ~ ~ t ! c r i c  Acid (SF gr 1.IP)- 
Conce~t ra td  hyIrwhloric acid (HCI). 
6.5 fijdrock!zric Acid ( 1 ~ 9 ) - M i x  1 

durile of lICi (sp gr 1.19) with 9 \d- 
un:e d u-rtcr. 
6.6 J?~drocI;!oric Acid ( I  99)-3lis 1 

volume of SIC1 (sp gr 1.19) with 99 
vo!umcs of catcr. 

6.5 fura - ~~wrtk~!an:ic&~=o?dt&j-dc 
Sobiim:- Disdve 4.0 g of j4inrcthyl- 
amn~no8%enzzldc5~dc in 203 n l  of methyl 
alc~,!tnl (CI1;OIIj and 20 ml of lIC1 
(s;, gr 1.10). Storc in z dzrk tmttlr' out 
d di:ict scnll;!:t. 

- - 
i .1 Collcc; t?; s?r,;p!c in sccordnncc 

w i t h  thc ?pplit.:ble rncthod of the 
AII:: ;iczn .%<it iF  ior Tt.-!in;: 2nd 112tc- 
rizli, as follw:~: 
n 510, Safiipling I~durtri.:! \\'attr,a 
1) S ( 0 ,  Samp!in; IVater f:mi Iloilcr.;,' 
n lM6, Snsp!ir.; Stc~.r. l ,~ 2nd 
1) 1192, Eq~.ip:zent for Srnpling 111- 

dt:stri?.l \V~tcr  2:1d S : t x ?  
i .2  r\nal?/~ th; s?-.!pL si smn after 

cnlI:ction ;.i pr.:ctic>.!.I~, P~;I<C h)dr.-.~ir.c 
undirgck.:; ~r , t~ - i* \ :~ ! : i i , .~~  a, \vcII a5 

oxid-.;io:i 1.1: c,\'~!iz;n;: ipnts.  Such 
a g t n : ~  r:a?- t,r i ! ~  the :r:rr.plc or nlz! 
cntt r t11c z.tir i ? c  i r i l : . ~  the ~ t ino rph t . :~ .  
l i  i: i2 ~ ; : q ~ ~ c r c d  t h  .i oG!,:tion of t l c  



Bylrazine in the mmple is occxtning in ol exactly 3.0 rnt  and mix. Add 10.0 
the intertal between dkction and ml of pdinwth)bminobentabhyde 
a d p i s ,  a if the nnip!e i s  not to be sdutioa with a pipet, and mix. Let the 
analjzed immediat*, m n u t  under rcii. mixtcie stand at least 10 min and not 
Mace SX) ml d HCI (1:9) in a 3(r-z.l .I t5tn 10ib min. &leasure and am- 
~ d u m t t r i c  &&, and collect sufficii~t pare the color b! means d any d the 
sample in the l bk  to  bring the tots-1 cokreolori~~tters listed in 5. Apparatus. hI&e 
\d& to  3 ml. photozttric meawremenb at approxi- 

m t d ~  438 mir (sc 5.2). 
8. Calibration 9.3 In photometric procedures, with 

&.I Prepare a series of hjdrazir.? water showing no appreciable color, 
standards by making apprgriate dilt- p p r e  a blrnt containing no added 
tiom of the hylrszine 4uthn (1 nl = hydrrzbe in order to correct for the 
0.1 mg X:EQ aith HCI (1:99), so that 2. cdor oi the unrcrcted @dimethylan~ino- 
50.0-ml aliquot of each dilutioa will bcnr;l:dchyle and an)- optical efFccts 
contain t k  desired quantity of b~drazine inwlved in rdjuaing the pllotonleter 
(0.2 to 5.0 ,tg). for 1GO per ccnt transmijsion. In the 

6.2 Pipet 3.0-ml portions of the case of highly.cdorrci water, prep~re a 
hydraeine standards illto 100-ml brakerz, blank ty wing the wmple, after hning 
flasks, or c~lindc-rs, and proceid 21 first ozidizcr! ti.e hjdrazine in the sample 
dirccttd in 9. Frocdurc, except do r.3: b\- s~Iwble r,:i.ans. Det~rminc the coin- 
add more acid. Plot tran+ni;t:rxc p i e t t~L~ i  of the osidation of thc hydra- 
against microzrai:~: of hydrzzine. aice I:.- making a plot of the percentage 
S.3 A scpratc cdibratioa curve n.-:t trar~s::Itiancc (cornp.r~d to wntcr to 

hc made fcr each fio:cmctrr and 2 \\hick ~ l c .  rrzprntj have k e n  addd j  
rccalibia:ion nlirst be r;i>de if i t  is ntcir- vcr=vs ecl-cIi~:til for tl:c spectrd region 
wry to change the cdl, I.:mp. o: Elti;, 403 IC, 30 l:i;I, 2nd noting whether the 
or if any othcr altciation~ of in~truii;tnt chai.:citristii dip of plra-dimethyl- 
or rcqtnts arc made. Cbtck thc W;\C ar.iirit.~nzaIczine occurs at .fSS rrp. 
for czcl~ scrics of tcsts by running t : . ~  
Or more solution= of knwn h)-draz:;lc 10- cdcu!a:ioz 
concentratiunj. 1Cb.l Calcul?-tr: the hydrazinc conccn- 

trariorr. ix milligrams pt.r liter, as follo\\s: 
9. Procedure 

9.1 To  a 100-m: bealq,  flssk, cr av 
HyJrazi:::, ri;/Iitcr (ppm) = -- 

cylinder, add from a buret exactly 5.0 S 

&I of HCI (1:9), unlc,~ the san~p?s cl.cz \\htrc: collected under acid, in which ~2.5~. ,,- == nirrrl;iln,5 of hFdrz.;.ine follnd in 
proceed directly as dcz.:ribcd in 9.3, ~ c c o r d ~ ~ i e  nith 9. I'roccdurc, and except to use HCI (1:99) inj!cad (1: S = r.iillilirc:> of sarnpic. 
wattr for diluting to 50.0 rill. 

9.2 By means of a grdu::trd pipti. 11. Preci;ionc 
transfer to the 100-n11 b:.tl;tr, E z J  or 

11.1 'fhi ~).~.ci?ion ttia! bc c ~ p : ~ . ; ; r d  cylindrr a portion of the samp!~ t'r?t 
as foI!v.s 5 : \\.ill rontxin approsirnztc.l?- 0.?0 to 3.0 - .- - 

pg of S:H:. ;\(id wattr froin a gra8~.:trd ( _ L  ,::,.: i :~; ,, , h.,,c teen filed ,js.rlI 
buret or pipit to n~;\kc a final \-o!'ir .t th~32<,1 .*:c:. 
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a99x + aor\ SIP.-- & = single-operator precision cxpr~sed 
o in nlillignms per liter of hjdrazine, 

S, = over-all precision expressed in 

s, = 
lllSX + O.OS1 milligrams per liter of hjdrazine, 

s X = concentration of hldraPline deter- 
mined in milligram per liter, and 

ohere: s = milliliters of sample taken for test. 


