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SUMMARY 

The Halogen Occultation Experiment (HALOE) w i l l  use gas f i l t e r  c o r r e l a t i o n  radi- 
ometry t o  measure the  atmospheric concentrat ion p r o f i l e s  of HC1, HF, NO, and CH4 from 
the Upper Atmosphere Research Satel l i te .  Because the  containment of these gases i n  
gas f i l t e r  cells f o r  an extended period ( seve ra l  years )  of time is  e s s e n t i a l  to  the  
success of HALOE, a gas cel l  l i f e  test program has been undertaken t o  support  t he  
HALOE instrument development a t  Langley Research Center. The primary objec t ives  of 
t h i s  test program are to  demonstrate t he  i n t e g r i t y  of the  cells and the concentrat ion 
s t a b i l i t y  of the  gases i n  the  cells by exposing f i l l e d  cells t o  simulated s torage  and 
f l i g h t  environments. A secondary objec t ive  is to  i d e n t i f y  the  sources of contami- 
nants  i n  the  contained gases so t h a t  the  p o s s i b i l i t y  of prevent ing t h e i r  appearance 
i n  the HALOE instrument cells can be explored. 

The l i f e  tes t  program cons i s t s  of th ree  types of tests: long-term s torage ,  
acce le ra ted  aging, and thermal cycl ing.  In  addi t ion ,  thermal e f f e c t s  tests are con- 
ducted t o  provide information which may be required f o r  HALOE data in t e rp re t a t ion .  
Each test u t i l i z e s  i t s  own s p e c i a l  apparatus.  The primary data are in f r a red  s p e c t r a  
from the  gases i n  the  cells. These spectra are obtained with a Fourier Transform 
Infrared Interferometer  and analyzed w i t h  a nonlinear least-squares  f i t t i n g  technique 
developed s p e c i f i c a l l y  for  t h i s  program. The ana lys i s  u s e s  the b e s t  ava i l ab le  spec- 
t ra l  da ta  to  f i t  a number of l i n e s  from the  measured spectra and ca l cu la t e  the  pres- 
s u r e ,  o p t i c a l  mass, and mixing r a t i o  of the  gases i n  the cells. The ava i l ab le  da ta  
show that none of the gas cells i n  the  l i f e  test  program has leaked even though some 
of these c e l l s  have been f i l l e d  f o r  over 2 years,  and seve ra l  of them have been 
exposed to  one o r  more of the tests mentioned. Two of the c e l l s  which contain H F  a t  
very low pressure and mixing ratio have shown a decrease i n  the  HF concentrat ion with 
t i m e ,  bu t  s ince  there is no corresponding de tec tab le  increase  i n  the t o t a l  p ressure ,  
t h i s  is  believed to  be caused by w a l l  sorp t ion  e f f e c t s  and chemical reac t ions  and not  
by a leak. A l l  the  cells which contain HF show changes i n  i n t e r i o r  appearance. 
These changes are being monitored b u t  s ince  there  are no leaks involved the  cells are 
proceeding through the l i f e  test program i n  the prescr ibed fashion. 

1 INTRODUCTION 

1.1 Purpose of H S O E  

The Halogen Occul ta t ion Experiment (HALOE) i s  a satel l i te  experiment t o  measure, 
on a global  basis, t h e  concentrat ion profiles of a number of trace cons t i t uen t s  i n  
t h e  s t r a tosphe re  ( r e f .  1). The species t o  be measured are: 03, HC1, H F ,  NO, CH4, 
H 2 0 ,  and NO2. 
t h e  C02 t ransmit tance p r o f i l e  i s  also measured.) 
they w i l l  p e r m i t  t h e  s c i e n t i f i c  community t o  study s t r a tosphe r i c  ozone deple t ion  
r e s u l t i n g  from chlor ine  i n  t h e  s t ra tosphere  and t o  determine t h e  r e l a t i v e  amounts of 
ch lor ine  from na tu ra l  and man-made sources.  S t ra tospher ic  ozone i s  v i t a l  t o  terres- 
t r i a l  l i f e  because it f i l t e r s  ou t  much of t h e  harmful solar u l t r a v i o l e t  rad ia t ion .  
Thus, t he  p o s s i b i l i t y  of ozone deple t ion  r e s u l t i n g  from man-made chemical compounds 
e n t e r i n g  t h e  atmosphere has  been a major concern for t h e  past t w o  decades 
(e.g., refs. 2 t o  5 ) .  The concern over t h e  p a r t i c u l a r  e f f e c t s  of ch lor ine  r e l eased  
from man-made chemical compounds (e spec ia l ly  t h e  fluorocarbons CFC13 and CF2C12 1 used 

( I n  order t o  correlate t h e  da t a  a s  a func t ion  of atmospheric p re s su re ,  
These species w e r e  selected because 



as r e f r i g e r a n t s ,  c leaning compounds, and foaming agents  has surfaced more r ecen t ly  
( r e f s .  6 and 7). It is  t h i s  latter concern that HALOE w i l l  address d i r e c t l y .  The 
d a t a  derived from HALOE will, however, permit extensive s t u d i e s  of s t r a t o s p h e r i c  
chemistry as a whole and i n  p a r t i c u l a r  w i l l  permit s t u d i e s  of the i n t e r a c t i o n s  
between the  oxides of ni t rogen (NOx), chlor ine  (ClO,), hydrogen (HOx) ,  and their 
o v e r a l l  e f f e c t  on s t r a t o s p h e r i c  ozone. 

1.2 HALOE Measurement Technique 

The HALOE instrument measures the atmospheric absorp t ion  of solar r a d i a t i o n  i n  
t h e  s p e c t r a l  range from 2 t o  10 p during both sun r i se  and sunse t  occu l t a t ion  events .  
By measuring the  solar r ad ia t ion  with and without the  in te rvening  atmosphere during a 
s o l a r  occul ta t ion ,  the  absorpt ion of the  s o l a r  i n f r a red  by the  atmosphere can be 
determined and the  concentrat ion of the  spec i f i ed  atmospheric trace spec ies  can be 
ca lcu la ted .  The instrument uses both conventional o p t i c a l  f i l t e r  radiometers (03 ,  
H 2 0 ,  NO 2' 2 Conventional o p t i c a l  f i l t e r s  have a long h i s t o r y  of app l i ca t ion  and are no t  discussed 
f u r t h e r  i n  t h i s  repor t .  

and CO ) and gas f i l t e r  c o r r e l a t i o n  radiometers (HC1, HF,  CH4, and NO). 

Gas fi l ters can be used where a high degree of s p e c i f i c i t y  is required.  In  the  
gas f i l t e r  concept, a spec i f i ed  quan t i ty  of the  gas of  i n t e r e s t ,  a t  a known pressure  
and temperature, is placed i n  a c o r r e l a t i o n  ce l l  i n  the  optical  path of the i n s t r u -  
ment. The c o r r e l a t i o n  of the s p e c t r a l  content  of the  atmospheric s i g n a l  and the  
s p e c t r a l  s igna ture  of the  gas i n  the  ce l l  provides a s i g n a l  which can be i n t e r p r e t e d  
i n  terms of the  atmospheric concentrat ion of the  f i l t e r i n g  gas ( r e f .  1 ) .  

1 .3  Need for Gas Cell L i f e  T e s t  Program 

The app l i ca t ion  of a gas f i l t e r  approach t o  satel l i te  app l i ca t ions  i s  r e l a t i v e l y  
new. The technique was pioneered a t  t h e  Universi ty  of Oxford by t h e  app l i ca t ion  of 
the Se lec t ive  Chopper Radiometer (SCR) and t h e  Pressure Modulation Radiometer (PMR) 
on t h e  Nimbus satellites. The technique w a s  a l s o  employed by t h e  Langley Research 
Center €or the  Measurement of A i r  Po l lu t ion  from Satellites (MAPS) experiment which 
measured global  t ropospher ic  carbon monoxide during t h e  second Space S h u t t l e  mission. 
The PMR, MAPS, and HALOE approaches d i f f e r  i n  tha t  t h e  PMR instrument modulates t h e  
p re s su re  of t he  gas  i n  the  f i l t e r  cell ,  whereas i n  MAPS and HBLOE, t he  t o t a l  pressure  
of t h e  gas i n  t h e  f i l t e r  cell  i s  f ixed  and f l u c t u a t e s  over a narrow range because of 
n a t u r a l  temperature va r i a t ions .  The PMR and MAPS measurement approaches both d i f f e r  
f r o m  HALOE i n  t h a t  PMR and MAPS are nadir-viewing instruments,  whereas HALOE takes 
da ta  during s o l a r  occul ta t ions .  

The key t o  the success  of the gas f i l t e r  measurement technique is the  a b i l i t y  to  
contain s p e c i f i c  q u a n t i t i e s  of the  gases of i n t e r e s t  a t  known pressure  and tempera- 
t u r e  i n  the  instrument f o r  s eve ra l  years. The HALOE design c a l l s  f o r  t h e  four  gases 
of i n t e r e s t  (HC1,  HF, CH4, and NO) to  be contained i n  sea l ed  c y l i n d r i c a l  cells. The 
windows on e i t h e r  end of each cel l  are made from o p t i c a l  grade sapphire  (A1203) which 
r ead i ly  t ransmits  the  i n f r a r e d  spectral wavelengths of i n t e r e s t .  The cel l  w a l l s  are 
made of either b o r o s i l i c a t e  glass ( f o r  the NO and CH4 cells) or high p u r i t y  gold ( f o r  
the HC1 and HF cells). 
ind ica ted  they could withstand the handling, s torage,  and launch environments of the 
instrument and, for HC1 and HF, the  cor ros ive  properties of the  gases contained. The 
l i f e  test  program descr ibed i n  this report w a s  planned t o  prove that  the materials 

These materials w e r e  s e l ec t ed  because prel iminary s t u d i e s  
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selected, and the  ce l l  f a b r i c a t i o n  techniques being used were s u i t a b l e  for HALOE. 
Other ob jec t ives  of t h i s  l i f e  test program are t o  in su re  t h a t  

1.  Any problems of f i l l  gas / ce l l  material chemical i n t e r a c t i o n  have been solved 

2. F i l l  gas concentrat ion is n o t  a f f ec t ed  by the thermal and vacuum environments 
t o  be encountered i n  space 

3 .  The sources  of contaminants i n  the €ill gases are found, and the p o s s i b i l i t y  
of preventing t h e i r  appearance i n  the  HALOE instrument cells is  explored 

The i n t e g r i t y  of t h e  gas cells under launch environment w a s  demonstrated prior 
t o  t h e  i n i t i a t i o n  of t h e  l i f e  test program by subjec t ing  one g l a s s  cel l  and one gold 
c e l l  t o  t h e  appropr ia te  launch load condi t ions.  This environmental tes t  w a s  no t  part  
of t h e  l i fe  test program. The p o s s i b i l i t y  e x i s t s ,  however, t h a t  extended s torage  of 
f i l l e d  f l i g h t  c e l l s  can r e s u l t  i n  minor corrosion o r  thermal stress effects w i t h  
r e s u l t a n t  f a i lu re s  during exposure t o  the  launch environment. The HALOF schedule 
inc ludes  plans t o  expose one l i f e  test  gold cell  and one g l a s s  cel l  t o  simulated 
launch shock and v ib ra t ion  environments a t  some f u t u r e  t i m e .  

2 GAS CELL DESCRIPTION 

The HALOE instrument contains  t w o  types of gas cells: co r re l a t ion  cells and 
c a l i b r a t i o n  c e l l s .  Each type of ce l l  is f u r t h e r  grouped i n t o  t w o  kinds: g l a s s  cells 
and gold cells. The c o r r e l a t i o n  cells a r e  10 e m  ( 4  in . )  long and 2.5 c m  ( 1  i n . )  i n  
diameter. The c a l i b r a t i o n  cells are 2.5 c m  long and 2.5 c m  i n  diameter. Since the 
mater ia l s  and f a b r i c a t i o n  techniques are i d e n t i c a l  f o r  both types of cells ,  t he  
c a l i b r a t i o n  cells were excluded from the  l i f e  test program. The program does, 
however, include four  gold c o r r e l a t i o n  cells f i l l e d  t o  pressures  and mixing r a t i o s  
which approximate the  c a l i b r a t i o n  ce l l  f i l l  condi t ions f o r  HF and HC1. The f i l l  
condi t ions f o r  these c e l l s  w e r e  chosen t o  m e e t  two objec t ives :  monitor the  s t a b i l i t y  
of the gases a t  low pressures  and mixing ratios, and provide cells f o r  use during the 
HALOE instrument test program. 

The ce l l  dimensions are a compromise between the p r a c t i c a l  aspects  of the  
instrument design, viz  minimizing volume and weight, and the  science requirement t h a t  
t he  cel l  conta in  a des i red  o p t i c a l  mass. A f u r t h e r  considerat ion is t h a t  the  o p t i c a l  
mass and the  pressure  of the  gas i n  the cell  a r e  s m a l l  enough to  avoid in t e r f e rence  
by o ther  gases bu t  l a rge  enough t o  overcome the  Doppler s h i f t  of absorpt ion l i n e s  
caused by the r e l a t i v e  motion between the  satell i te and the  Sun. 

2.1 G l a s s  Gas Cell Fabricat ion 

The g la s s  gas cell  design is the same as t h a t  used €or the MAPS experiment. 
These cells are fab r i ca t ed  from cyl inders  of b o r o s i l i c a t e  g l a s s  w i t h  the sapphire  
windows fused to  each end. The cells are f i l l e d  through t w o  tubes b u i l t  i n t o  the  
g l a s s  cyl inder .  When the cel l  f i l l  process is complete, t he  f i l l  tubes are heated 
and fused to  give a permanent seal. Figure 1 is  a dimensioned drawing of the g l a s s  
c o r r e l a t i o n  cells and f i g u r e  2 is a photograph of a completed glass c o r r e l a t i o n  cell 
used i n  the  l i f e  test program. 
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2.2 Gold Gas C e l l  Fabr ica t ion  

The f ab r i ca t ion  technique f o r  t he  gold cells is b a s i c a l l y  a gold e lec t roform 
process.  A hollow copper mandrel i s  prepared w i t h  an ou t s ide  diameter equal t o  t h e  
desired in s ide  diameter of the gas c e l l .  A very t h i n  ( < I  p) coat of gold is then  
vapor deposited over t h e  body of t he  mandrel with t h e  ends masked o f f .  The periphery 
of each sapphire  window is  sput te red  w i t h  a t h i n  coa t  (250 8) of chrome followed by a 
th i cke r  (2500 8) l aye r  of gold. The chrome l aye r  is  necessary because gold does not 
r ead i ly  adhere t o  the  sapphire  window. The windows are epoxied i n t o  place on the 
mandrel and the  e n t i r e  assembly i s  immersed i n  a gold p l a t i n g  bath u n t i l  t h e  gold has 
grown t o  the  prescr ibed  th ickness  ( 0 . 0 5  c m )  and has made a secure j o i n t  a t  t h e  
window-body in t e r f ace .  The copper is  etched out  through t h e  f i l l  tubes with an acid 
so lu t ion .  The epoxy res idue  is  a l s o  washed ou t  with a s t rong  cleaning agent. Fin- 
a l l y ,  t he  c e l l  is r insed  with deionized w a t e r .  The e tch ing  and cleaning processes  
are repeated u n t i l  t e s t s  of t h e  cleaning so lu t ion  show re s idua l  copper t o  be 
<0.01 mg/L. The cell i s  helium leak checked t o  10-l' c m 3 / s e c  and then f i l l e d  t o  t h e  
prescr ibed  pressure  and mixing r a t i o .  A t  t h e  end of t h e  f i l l i n g  process,  t h e  f i l l  
tubes are pinched of f  t o  form a seal. Figure 3 is  a dimensioned drawing of t h e  gold 
cells  and f i g u r e  4 is a photograph 0 f . a  completed gold c e l l  used i n  t h e  l i f e  t es t  
program. 

2.3 Gas C e l l  F i l l  

The f i l l  condi t ions f o r  each cell  w e r e  spec i f i ed  based on an ana lys i s  of the  
length,  weight, i n t e r n a l  pressure,  and o p t i c a l  mass compromises previously described. 
In m o s t  cases,  the optical  mass and pressure condi t ions f o r  the cells as spec i f i ed  by 
HALOE science requirements d i c t a t e d  t h a t  the  primary gas be d i l u t e d  so that  the  mix- 
ing r a t i o  would be <1.0. In  these cases, the  d i l u e n t  w a s  d ry  nitrogen. After  each 
ce l l  was f ab r i ca t ed ,  it w a s  f i l l e d  i n  a dedicated f i l l  s t a t i o n .  The f i l l  procedures 
provided f o r  pass iva t ion  (i.e., allow a chemical r eac t ion  to  occur u n t i l  one of the  
r eac t an t s  is  deple ted)  of the cel l  wal ls ,  mixing of t he  gas with N2 t o  achieve the 
c o r r e c t  mixing r a t i o ,  and sea l ing  of the  c e l l  as descr ibed i n  the previous sec t ions .  

3 GAS CELL LIFE TEST PROGRAM PLAN 

3.1 Program Plan Considerations 

The HALOE gas ce l l  l i f e  test  program w a s  designed t o  m e e t  the objec t ives  given 
i n  sec t ion  1.3. From these it became apparent t h a t  the  output  from the test program 
would be a determination of the  concentrat ion and pressure  s t a b i l i t y  of the  gases i n  
the cells. This s t a b i l i t y  can be a f f ec t ed  by leaks (cell i n t e g r i t y ) ,  by chemical 
reac t ions  between the  gases and the cel l  materials, and by adsorpt ion o r  absorpt ion 
of the  gases by the  cel l  w a l l s .  Chemical reac t ions  and so rp t ion  processes  (and the  
a b i l i t y  to  d e t e c t  them) can be inf luenced by t i m e ,  temperature, gas pressure,  and gas 
concentrat ion (mixing r a t io ) .  

3.2 Test Program Elements 

The l i f e  t es t  program plan being followed is presented i n  t a b l e  1.  As t h i s  
c h a r t  shows, a set  of e i t h e r  four  or f i v e  cells is  dedicated t o  each of the gases of 
i n t e r e s t .  Each cel l  has been assigned one or more of the  tests planned: long-term 
s to rage  a t  room temperature, acce le ra ted  aging, and thermal cycling. It should be 
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noted t h a t  these  c e l l s  are l i f e  test cells and w i l l  no t  be used i n  the  HALOE i n s t r u -  
ment. New c e l l s ,  designated as f l i g h t  cells w i l l  be used f o r  tha t  purpose. 

3.2.1 Long-term s torage  .- The long-term s torage  tests c o n s i s t  of maintaining the  
se lec ted  cells i n  a spec i f i ed  environment f o r  the  dura t ion  of the test. As shown i n  
t a b l e  1, two environments have been spec i f ied :  room temperature and pressure and 
room temperature and vacuum. The room temperature and pressure  s torage  test  recog- 
n izes  t h a t  the  f l i g h t  cells w i l l  be exposed t o  atmospheric condi t ions from the  t i m e  
they are f i l l e d  u n t i l  the  HALOE instrument is launched. The vacuum s to rage  test i s  
included because, a f t e r  launch, the cells w i l l  be exposed to  the  space vacuum 
environment. In the atmospheric pressure  environment, s ince  the c e l l s  are f i l l e d  t o  
less than atmospheric pressure,  the c e l l s  are subjected t o  a compressive s t r e s s  
regime. In the  space vacuum environment, the ex te rna l  pressure  w i l l  f a l l  t o  a very 
l o w  value and the  w a l l  t e n s i l e  stresses caused by the  i n t e r n a l  pressure  w i l l  domi- 
nate.  It w a s  deemed important t o  s tudy t h i s  e f f e c t  even though the pressure grad i -  
e n t s  ava i l ab le  from a laboratory vacuum system w i l l  no t  approach the  pressure gradi-  
en t s  i n  the space environment. The HALOE launch is  now scheduled f o r  la te  1989 (as 
compared with the o r i g i n a l  launch da te  of 1984) so t h a t  a t  launch the f l i g h t  c e l l s  
w i l l  be 6 t o  8 years old.  The l i f e  test cells w i l l  be maintained and monitored on a 
regular  bas i s  through 1987 t o  in su re  t h a t  the concentrat ion of the  f i l l  gas i n  each 
cell  remains stable f o r  the  required number of years .  

3.2.2 Accelerated aging.- A t  least  two cells i n  each group are t o  be exposed t o  
an acce lera ted  aging test i n  which the  cells are exposed t o  an elevated temperature 
for  a period of t i m e  ( t e s t  A, t a b l e  1 ) .  This test is  based on the  empir ical  t u l e :  
"The rate a t  which chemical reac t ions  occur w i l l  double f o r  each 10°C increase  i n  
temperature." S ta ted  d i f f e r e n t l y ,  t he  r u l e  says  that  t h e  length of t i m e  required f o r  
a reac t ion  t o  proceed t o  a given s ta te  w i l l  be halved i f  the  temperature is raised 
10°C. The factor of 1/2 cannot be v e r i f i e d  f o r  t h i s  appl ica t ion ,  b u t  the  acce lera ted  
aging tests can be used t o  e s t a b l i s h  quickly whether chemical reac t ions  w i l l  occur i n  
t h e  gas c e l l s .  These tests a l s o  provide cells with a "chemical age" which is  g rea t e r  
than t h e i r  ac tua l  calendar age. These cells should be the  f i r s t  to  show any indica-  
t i o n s  of gas concentrat ion changes due to  chemical r eac t ions  or leakage due t o  chem- 
i c a l l y  induced corrosion o r  cracking. 

For the  accelerated aging tests, a temperature of 85OC w a s  chosen with a t i m e  of 

The empir ica l  r u l e  then gives  the  "chemical age" as 400 x 2 6 hours o r  approxi- 
400 hours. The room temperature is  near 25OC so t h a t  t he  temperature d i f f e rence  i s  
60°C. 
mately 3 years as cont ras ted  t o  the calendar age of 400 hours or 0.05 year. 

3.2.3 Thermal cycling.- In  the  thermal cycl ing test  ( tes t  C, t a b l e  I ) ,  the  cells - are cycled between s p e c i f i e d  temperature l i m i t s  f o r  a given number of cycles .  Ther- 
m a l  design s t u d i e s  of the  HALOE instrument have shown poss ib l e  temperature extremes 
of -12OC to  +23OC with smaller c y c l i c  va r i a t ions  during each o r b i t .  That is, the  
maximum temperature f l u c t u a t i o n  of the HALOE instrument is 35OC over a per iod of 
6 months and up to  four  such cyc les  over the  experiment l i fe t ime.  During t h i s  t i m e  
the  HALOE instrument  w i l l  experience approximately 8600 smaller ( . ~ f 2 ~ C )  temperature 
f luc tua t ions .  These combined temperature f luc tua t ions  w i l l  induce thermal stresses 
i n  the gas cells which could cause cel l  f a i l u r e .  
w e r e  chosen as 2000 cyc les  between temperature l i m i t s  of approximately 7OC to  37OC 
(AT = 30°C) with a cycle  t i m e  of 30 minutes. This is a severe  test s ince  the induced 
thermal stresses approach the maximum stress l e v e l  t o  be encountered by the  cells i n  
the instrument,  the  number of t i m e s  the s t r e s s  l eve l s  are encountered is a t  least 

The c y c l i c  l i f e  test parameters 

5 



5 0 0  t imes g rea t e r  than the number of t i m e s  t h e  f l i g h t  cel ls  w i l l  encounter comparable 
stress l e v e l s ,  and the  cyc le  t i m e  is much shor t e r  than t h e  equiva len t  cyc le  t i m e  i n  
o r b i t .  

3.2.4 Thermal e f f e c t s  tests.- In addi t ion  to  the  tests j u s t  descr ibed which 
c o n s t i t u t e  t h e  major elements of the  gas cell  l i f e  test program, two o the r  tests,  
b a s i c a l l y  f o r  gas cel l  research,  are t o  be conducted once on a t  least  one l i f e  tes t  
c e l l  from each group (test D, t a b l e  1). The f i r s t  of t hese  tests i s  a depressed 
temperature t es t  i n  which t h e  cel ls  are taken t o  -15OC, which i s  l o w e r  than  t h e  t e m -  
pe ra tu re  t h a t  t h e  f l i g h t  cel ls  w i l l  experience i n  t h e  HkLOF: instrument while mounted 
i n  the  Fourier  TransEorrn In f r a red  (FTIR)  Interferometer  descr ibed i n  sec t ion  4.1. 
This test i n v e s t i g a t e s  t h e  inf luence  of temperature on the  adsorpt ion or absorpt ion 
of  gases  by t h e  c e l l  wall. The t e s t  a l s o  provides  re ference  values  f o r  t he  spectral 
c h a r a c t e r i s t i c s  OF t h e  c e l l  t ransmit tance a t  t h e  lowest temperatures t h a t  HALOE w i l l  
encounter during t h e  mission. The second tes t  i s  the  e leva ted  temperature (5OOC) 
vers ion of the  l o w  temperature t e s t .  The e f f e c t s  of desorpt ion by t he  c e l l  w a l l s  are 
s tudied,  and re ference  va lues  f o r  t he  s p e c t r a l  c h a r a c t e r i s t i c s  of t h e  ce l l  transmit-  
tance da ta  a t  t h e  h ighes t  temperatures t h a t  HALOE w i l l  encounter are obtained. 

4 GAS CELL L I F E  TEST IMPLEMENTATION 

The gas c e l l  l i f e  test  program is being implemented i n  a dedicated labora tory  a t  
t h e  Langley Research C e n t e r .  The gas cel ls  and a l l  t es t  equipment are kept  i n  t h i s  
room which i s  maintained a t  a temperature of 22OC f l0C and a r e l a t i v e  humidity of 
4 5  percent  f 10  percent .  

4.1 Four ie r  Transform Spectroscopy 

Measurement of the  gas concentrat ion i n  t h e  l i f e  t e s t  cells  i s  done by quan t i t a -  
t i v e  i n f r a r e d  absorpt ion spectroscopy. A Four ie r  Transform In f ra red  In te r fe rometer  
with a nominal r e so lu t ion  (as  deFined by t h e  maximum displacement o E  t he  moving m i r -  
r o r  i n  the  in te r fe rometer )  of approximately 0 .06  cm-I i s  used t o  ob ta in  absorpt ion 
spec t ra  of the  gases  contained i n  t h e  cells. These spectra are analyzed with t h e  
procedure descr ibed i n  sec t ion  5 t o  obta in  t h e  o p t i c a l  mass, pressure ,  and mixing 
r a t i o  of the  gases  i n  t h e  c e l l s .  

The measured s p e c t r a l  l i n e s  used i n  t h e  a n a l y s i s  program have widths from 
approximately 0.001 t o  0.1 cm"'. Analyses of these  spec t ra  t o  r e t r i e v e  t h e  pressure 
and optical  m a s s  of t h e  gases  i n  t h e  cel ls  t o  t h e  des i r ed  l e v e l  of accuracy r equ i r e  
t h a t  t h e  spectra be of very high reso lu t ion  with very low noise .  These requirements 
dictate  t h a t  t h e  in te r fe rometer  be very s t ab le ;  t h i s  i s  accomplished by maintaining 
the  room temperature and humidity within t h e  narrow l i m i t s  noted previously.  The 
temperature of t h e  in te r fe rometer  o p t i c a l  bed i s  maintained a t  28.5OC f 0 . 3 O C  t o  
minimize misalignment e f f e c t s  during data- taking per iods.  

Humidity i n s i d e  t h e  o p t i c a l  bed hood i s  maintained a t  a very low, almost con- 
s t a n t  l eve l .  This con t r ibu te s  t o  instrument s t a b i l i t y  and a l s o  minimizes t h e  e f f e c t s  
which water vapor i n  t h e  interferometer  o p t i c a l  path might have on t h e  data .  The 
humidity i s  con t ro l l ed  by sea l ing  the  hood t o  minimize t h e  t r a n s p o r t  of room a i r  i n t o  
t h e  space immediately over t h e  o p t i c a l  bench, by cons tan t ly  purging t h e  hood with dry 
ni t rogen obtained from t h e  boi lof f  of a pressur ized  l i q u i d  ni t rogen dewar, and by 
us ing  dry n i t rogen  from t h i s  same dewar t o  provide t h e  pressur ized  gas requi red  f o r  
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t he  gas bearings on which the  in te r fe rometer  moving mirror  r ides .  The humidity c a n  
be fu r the r  con t ro l l ed  by means of a r e f r i g e r a t e d  cold t r a p  mounted in s ide  the  hood. 

The in te r fe rometer  operat ing condi t ions which provide the  b e s t  s p e c t r a l  da t a  for 
the gas cel l  l i f e  tes t  program w e r e  determined by experimentation over an extended 
per iod of t i m e .  The optimum gas bear ing pressure has been e s t ab l i shed  so t h a t  opti- 
c a l  noise  introduced by j i t ter  or misalignment of the moving mirror is  a minimum. 
The o p t i c a l  and e l e c t r o n i c  f i l t e r s  w e r e  s e l ec t ed  to  minimize the  noise i n  the  spectra 
f o r  each gas of i n t e r e s t .  The in te r fe rometer  alignment techniques w e r e  developed so 
t h a t  alignment is maintained f o r  many months. Interferogram da ta  averaging w a s  
s tudied and it w a s  determined t h a t  spec t r a  obtained from 32 in te r fe rometer  scans 
provided the  b e s t  compromise between accuracy and opera t ing  t i m e .  A s  a r e s u l t  of a l l  
these inves t iga t ions ,  the  in te r fe rometer  rou t ine ly  provides the  gas ce l l  l i f e  t es t  
program with spec t r a  which y i e ld  0.2 percent  to  0.3 percent  r m s  noise  i n  
t ransmit tance . 

4.2 Li fe  T e s t  Equipment and Procedures 

4.2.1 Long-term storage.- A l l  gas cells i n  the  l i f e  test program a r e  s to red  a t  
ambient temperature i n  the  HALOE labora tory  a t  the  Langley Research Center. The 
c e l l s  s tored  under vacuum condi t ions are kept  i n  dry-seal g l a s s  des s i ca to r  vesse ls  a t  
pressures  of approximately 200 p. The vacuum seal is normally broken only t o  remove 
c e l l s  so t h a t  da t a  can be taken with the  interferometer .  After  the  s p e c t r a l  da t a  are 
obtained, the cells are returned t o  the des s i ca to r  ves se l  and the vacuum 
rees tab l i shed .  

4.2.2 Accelerated aging.- The cells se l ec t ed  f o r  acce lera ted  aging are removed 
from t h e i r  normal long-term s torage  and mounted i n  a s p e c i a l  aluminum cradle .  This 
c rad le  has f lu id-car ry ing  hea t - t ransfer  l i n e s  machined i n t o  it which a r e  connected by 
f l e x i b l e  hoses t o  a temperature cont ro l led  c i r c u l a t o r  with water as the working 
f l u i d .  A s i n g l e  thermocouple i s  taped t o  the  midpoint of the  c e l l  w a l l ,  and the  
c rad le  and c e l l  are placed i n  a Styrofoam conta iner  which thermally i n s u l a t e s  them 
from the  laboratory temperature. The temperature of t he  c i r c u l a t o r  is  con t ro l l ed  s o  
as t o  maintain the  cel l  temperature, as determined by the  thermocouple, t o  
8SoC f 0.1OC. These condi t ions are maintained f o r  the  400 hours of the  acce lera ted  
aging test. I f  s p e c t r a l  da ta  f o r  the  c e l l  are des i red  during t h i s  tes t  per iod,  it i s  
necessary t o  remove the  ce l l  from the  test c rad le  s o  t h a t  it can be placed i n  the  
interferometer .  When t h i s  occurs,  the  t i m e  f o r  the  acce lera ted  aging tes t  is  the  sum 
of those t i m e  increments when the  ce l l  is  a t  85OC. The temperature h i s t o r y  of the  
cell  is maintained by manually not ing t i m e s  i n  a test  log book. 

4.2.3 Thermal cycling.- The cells se l ec t ed  f o r  t he  thermal cyc l ing  tests are 
wrapped with 16 turns  of 0.025-cm res i s t ance  heat ing w i r e  which is connected t o  the  
secondary of a va r i ab le  ac transformer.  As cur ren t  is  passed through the  r e s i s t ance  
heat ing w i r e ,  the  ce l l  i s  heated and temperature con t ro l  is achieved by c o n t r o l l i n g  
the  cu r ren t  passed by the  transformer.  The cel l  is  also wrapped with I-cm (o.d.1 
s u r g i c a l  tubing connected to  a r e f r i g e r a t e d  cooling c i r c u l a t o r  which u s e s  e thylene  
g lyco l  as a working f l u i d .  When cooled f l u i d  flows through the  tubing, the ce l l  is  
cooled and temperature con t ro l  is achieved by con t ro l l i ng  the  c i r c u l a t o r .  

The current  from the  transformer and the  f l u i d  flow from the  c i r c u l a t o r  are 
cont ro l led  by a programmed e l e c t r o n i c  t i m e r .  This t i m e r  has been set f o r  a per iod of 
30 minutes: 20 minutes heating, 2 minutes off  and 7 minutes cooling, 1 minute o f f .  
"his provides the  des i red  c y c l i c  temperature range. C e l l  temperatures are monitored 
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by means of t w o  thermocouples taped t o  the cel l  w a l l  approximately 2.5 c m  from one 
end of t he  cell.  One thermocouple is  connected t o  a d i g i t a l  continuously d isp lay ing  
readout so t h a t  t h e  temperature can be monitored a t  any t i m e .  The o the r  thermocouple 
is connected t o  a strip chart recorder so t h a t  a permanent record of the number of 
cyc les  and temperature h i s t o r y  is  obtained. 

4.2.4 Thermal e f f e c t s  tests .- The cells selected f o r  i nves t iga t ion  of tempera- 
t u re  e f f e c t s  on the  spectroscopic  c h a r a c t e r i s t i c s  of the  gases i n  the  cells are 
wrapped with 6-mm (0.d.) s u r g i c a l  tubing. This tubing is connected t o  a con t ro l l ed  
temperature c i r c u l a t o r .  The ce l l  temperature is monitored by a thermocouple taped t o  
the cel l  w a l l .  The c e l l  is  i n s t a l l e d  i n  a s p e c i a l  mounting c rad le  which thermally 
in su la t e s  the  cell  from the  mounting c rad le .  Both ce l l  and c rad le  are placed i n  the  
sample compartment of the FTIR and the  c i r c u l a t o r  temperature ad jus ted  u n t i l  t he  c e l l  
temperature has s t a b i l i z e d  a t  the  des i red  value t o  within f0.2OC. The FTIR i n t e r -  
ferometer scanning procedures are i n i t i a t e d  and the  ce l l  spectral da ta  are obtained. 

5 FOURIER TRANSFORM SPECTRAL ANALYSIS  METHOD 

In order  t o  m e e t  t h e  HALOE science requirements t h e  gas ce l l  t o t a l  p ressure  and 
mixing r a t i o  must be known t o  within f5  percent .  The c e l l s  must be f i l l e d  t o  wi th in  
approximately f10 percent  of the spec i f i ed  pressure  and mixing r a t i o  condi t ions and 
these  condi t ions must not change by more than f3 percent  f o r  t he  c e l l s  containing CH4 
and HC1,  f5 percent  f o r  t h e  cells containing NO, and f10 percent  f o r  t he  cells con- 
t a i n i n g  HF.  These s t a b i l i t y  values apply over t he  l i f e t i m e  of the c e l l s ,  which i s  
4 years  o r  more. The method used t o  analyze t h e  in te r fe rometer  da ta  provides t h e  
capab i l i t y  of determining both the  f i l l  condi t ions and the gas concentrat ion sta- 
b i l i t y  t o  t h e  desired accuracies .  

5.1 Spec t r a l  Data Analysis 

The s p e c t r a l  data obtained from the  in te r fe rometer  are analyzed with a nonl inear  
least-squares  technique ( r e f .  8 ) .  This  technique is  based on the  Levenberg-Marquardt 
algorithm ( r e f .  9) and the  nonl inear  least-squares  technique of Chang and Shaw 
( r e f .  10 ) .  The technique so lves  a system of nonl inear  equat ions of the func t iona l  
form f i  ( x .  ) = 0 where i = 1 ,  2, ..., N, j = 1 ,  2, ..., M. The equations being 
solved are 3 

where 

N 

M 

j X 

f i ( X . )  = - -  Bi I 7;i(x.) 
0 I i i Bb 

number of sample da ta  poin ts ,  i 

number of independent va r i ab le s ,  j 

independent parameters, v iz  to ta l  pressure,  o p t i c a l  mass, instrument l i n e  
shape funct ion,  f i t t e d  background of observed spectrum, and absorp t ion  
l i n e  pos i t i on  
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Ri observed radiance inc ident  on in te r fe rometer  de t ec to r  with gas c e l l  i n  
p lace  ( s i n g l e  beam spectrum) 

observed radiance inc ident  on in te r fe rometer  de t ec to r  with evacuated gas Bbi 
ce l l  i n  place ( s i n g l e  beam spectrum) 

I f i t t e d  background of spectrum 

“i 

O i  - 
ca lcu la t ed  t ransmit tance;  a funct ion of pt and U convolved w i t h  

instrument l i n e  shape funct ion 

The ca l cu la t ion  procedure r equ i r e s  t h a t  t h e  t ransmit tance,  t h e  f i t t e d  background 
of t h e  spectrum, and t h e  instrument l i n e  shape funct ion be modeled. F i r s t ,  t h e  
o p t i c a l  mass i s  determined from a series of weakly absorbing (p re s su re  independent) 
l i n e s .  The r e s u l t i n g  o p t i c a l  mass i s  used i n  the  ca l cu la t ion  of the pressure  f r o m  a 
series of s t rongly absorbing l i n e s .  
ca l cu la t ed  values  u n t i l  t h e  values  of I T i (x . )  match t h e  observed values  Bi/Bb 

O i  3 ( i) 
t o  within one of two convergence c r i t e r i a  on t h e  sum of squares  of t h e  r e s i d u a l s  
and s i g n i f i c a n t  d i g i t s  accuracy ( r e f .  9 )  of t h e  independent var iab les .  

I t e r a t i o n  procedures are used t o  a d j u s t  t h e  

De ta i l s  of t h e  a n a l y s i s  technique are given i n  t h e  appendix. 

5.2 Data Products 

The f i n a l  r e s u l t s  of t he  da ta  a n a l y s i s  program are a t abu la t ed  l i s t i n g  of d a t a  
€or each l i n e  involved i n  the  comparison process  and p l o t s  of the  f i t t e d  l i n e s  show- 
ing  both ca l cu la t ed  and experimentally determined data.  The t abu la t ed  data can a l s o  
be displayed as  func t ions  of t i m e  t o  por t ray  a h i s t o r y  of t h e  data and p e r m i t  rapid 
i d e n t i f i c a t i o n  of t h e  onse t  of t r ends  i n  t h e  data. The t abu la t ed  data include t h e  
following: a l i s t i n g  of l i n e  p o s i t i o n s  f o r  each l i n e  involved i n  t h e  ca l cu la t ions ,  
t he  o p t i c a l  mass or pressure  ca l cu la t ed  f o r  each l i n e ,  t h e  instrument funct ion model 
used ( e i t h e r  reso lu t ion  or  e f f e c t i v e  apodization a s  defined i n  t h e  appendix) and i t s  
modeled values ,  a note  which i d e n t i f i e s  t h e  p a r t i c u l a r  va lues  excluded from t h e  cal- 
c u l a t i o n  of t h e  means, t h e  ca l cu la t ed  means, t h e  s tandard dev ia t ions  for  the  optical  
m a s s ,  p ressure ,  and instrument funct ion coe f f i c i en t s ,  and t h e  r e s u l t a n t  mixing 
ra t io ,  x. 

Sample outputs  from t h e  r e t r i e v a l  procedure are given i n  t a b l e  2 and i n  f i g -  
ure  5. Detai led r e s u l t s  and analyses  are presented i n  sec t ion  6. 

Sample output f r o m  the nonl inear  least-squares program i s  shown i n  t a b l e  2. The 
r e s u l t s  achieved by analyzing a s i n g l e  set of interferometer  data from cell  S/N 20 
which contains  NO with t h e  r e so lu t ion  model and t h e  e f f e c t i v e  apodization model are 
shown i n  tables 2(a)  and 2 (b ) ,  respect ively.  Table 2 shows t h a t  seven weak l i n e s  
w e r e  used t o  g e t  a mean o p t i c a l  mass with t h e  s tandard devia t ion  ca lcu la ted  as an 
estimate on the uncer ta in ty  i n  t h e  r e s u l t s .  The re so lu t ion  obtained f o r  t h e  f i t  of 
each l i n e  is  t abu la t ed  as w e l l  as the reso lu t ion  mean and s tandard deviation. The 
r e s u l t s  f o r  t h e  pressure  l i n e s  are given showing t h a t  f i v e  l i n e s  w e r e  used i n  calcu- 
l a t i n g  t h e  means and t h a t  one l i n e  w a s  ignored i n  t h e  f i n a l  ca l cu la t ion  of pressure  
because its value w a s  too f a r  from t h e  mean. As i n  t he  o p t i c a l  m a s s  ana lys i s  t h e  
r e so lu t ion  for  each l i n e  is  given, as w e l l  as t h e  r e so lu t ion  mean and s tandard devia- 
t ion .  F ina l ly ,  t h e  mixing ratio is presented along with i t s  assoc ia ted  s tandard 
error. Table 2 also provides a comparison of r e s u l t s  obtained with the  two ins t ru -  
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ment func t ion  models when t'ney are appl ied  t o  a common set of  in te r fe rometer  data .  
It can be seen t h a t  t h e  r e t r i e v e d  va lues  of  TJ,  pt, and x agree  between t h e  two 
models t o  within 5.5 percent  f o r  each parameter. 

Sample da t a  p l o t s  are given i n  f i g u r e  5. A sample l i n e  €it p l o t  i s  shown i n  
f i g u r e  5 (a)  where a t y p i c a l  f i t  of a l i n e  i n  t h e  NO spectrum i s  indicated.  
u re  5 ( b )  is an i d e n t i f i c a t i o n  diagram t o  assist  i n  i n t e r p r e t i n g  t h e  parameters shown 
i n  f i g u r e  5 ( a ) .  
program when it genera tes  i t s  own data. (Simulated l i n e  da t a  are not  genera l ly  used, 
b u t  t h i s  mode w a s  u t i l i z e d  f o r  t h e  contaminant study d iscussed  i n  sec t ion  6.1 The 
GUESS column g ives  t h e  va lues  used as  inpu t s  f o r  t h e  nonl inear  leas t - squares  program. 
A va lue  of -999 i n  t h e  GUESS column i n d i c a t e s  t h a t  t he  parameter i s  no t  allowed t o  
r e l a x  bu t  i s  he ld  cons tan t  a t  t h e  value given i n  t h e  SIM column; f o r  example, t h e  
p re s su re  i s  he ld  f i x e d  a t  0.1  atm because t h i s  s p e c t r a l  l i n e  i s  used i n  t h e  determi- 
na t ion  of t h e  optical  mass. The t h i r d  column, FIT, i s  a l i s t i n g  oE t h e  r e s u l t s  from 
t h e  nonl inear  leas t - squares  program. The h i s t o r y  of t h e  o p t i c a l  m a s s ,  pressure, and 
mixing ra t io  for HC1 c e l l  S/N 21 i s  given i n  E i g u r e  5 ( c ) .  The standard dev ia t ion  of 
t h e  da t a  i s  denoted by an e r r o r  bar. The ce l l  nominal f i l l  condi t ions  q r e  ind ica t ed  
by a long-dashed l i n e  which i s  used as  a reference.  The scale a t  t h e  r i g h t  end o f  
t h e  graph i s  used t o  show t h e  percent  d i f f e rence  from the  nominal f i l l  condi t ions.  
The short-dashed l i n e  g ives  t h e  mean value based on t h e  h i s t o r i c a l  data .  The data 
used t o  generate  f i g u r e  5 ( c )  w e r e  obtained with t h e  r e s o l u t i o n  model and t h e  Eluctua- 
t i o n s  of  t h e  da t a  about t h e  mean are t y p i c a l  of t h e  f l u c t u a t i o n s  inhe ren t  i n  t h e  use  
of  t 'nis model. 

Fig- 

The column headed SIM d i sp lays  t h e  parameter va lues  used by t h e  

6 F33SULTS 

The HALOE gas  ce l l  l i f e  test program began i n  October 1980 and w i l l  cont inue  
u n t i l  1987. The program has ,  however, a l ready  y ie lded  seve ra l  s i g n i f i c a n t  r e s u l t s  
which warrant p re sen ta t ion  a t  t h i s  t i m e .  

For convenience t h e  r e s u l t s  p e r t i n e n t  t o  each f i l l  gas,  namely, NO, CH4, HC1, 
and HF, are presented  i n  t h e  fol lowing sec t ions .  I n  add i t ion  t o  t h e  da t a  from t h e  
l i f e  test  program a l ready  descr ibed,  each sec t ion  shows t h e  r e s u l t s  of a contamina- 
t i o n  study which w a s  performed with t h e  l i f e  test gas  cells. During t h i s  s tudy,  
s p e c t r a l  da t a  w e r e  obtained f o r  each cel l .  These da ta  covered most o f ,  i f  no t  a l l  
t h e  spectral range of i n t e r e s t  t o  t h e  HALOE c o r r e l a t i o n  channels (1800 t o  4200 cm-'1. 
With t h e s e  da t a ,  it w a s  poss ib l e  t o  determine t h e  presence of  contaminant gases  
(which absorb i n  t h e  spectral range of i n t e r e s t )  i n  t h e  ce l l s  and i n  many cases t o  
quan t i fy  t h e i r  concentrat ions.  

The r e s u l t s  given below meet the  accuracy requirements s p e c i f i e d  i n  sec t ion  5. 
It should be noted, however, t h a t  t h e  accuracy of t h e  r e s u l t s  depends on t h e  number 
of spectral l i n e s  being analyzed, s ince  s t a t i s t i c a l l y  t h e  more spectral l i n e s  which 
are f i t ,  t h e  better t h e  r e s u l t s  w i l l  be. Recause of t h e  gas  concent ra t ions  and i n d i -  
v idua l  c h a r a c t e r i s t i c s  of t h e  absorpt ion bands involved, t h e  number of  s p e c t r a l  l i n e s  
available f o r  a n a l y s i s  varies s i g n i f i c a n t l y ;  €or t h e  ce l l s  f i l l e d  with 10 pe rcen t  NO,  
approximately 6 s p e c t r a l  l i n e s  are available f o r  optical  m a s s  c a l cu la t ions ,  b u t  f o r  
t h e  cells f i l l e d  with 50 percent  HF', only 2 l i n e s  (one each i n  t h e  P and R branches)  
are available €or o p t i c a l  m a s s  c a l cu la t ions .  Because of t h i s ,  t h e  c a l c u l a t i o n s  of  
t h e  NO optical mass are considered t o  be somewhat more accurate than  t h e  correspond- 
i n g  HF ca l cu la t ions .  
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The accuracy of the  r e s u l t s  is a l s o  dependent on the  spectral region i n  which 
the da ta  are taken because of in te r fe rometer  de t ec to r  s e n s i t i v i t y  and ape r tu re  
e f f e c t s .  In  general ,  the  NO da t a  are the  least  noisy and the least influenced by 
nonoptimum performance of the  in te r fe rometer  while the  HF da ta  are the  most noisy and 
t h e  m o s t  inf luenced by in te r fe rometer  performance; the  CH4 and HC1 da t a  a r e  moder- 
a t e l y  influenced by these e f f e c t s .  

F ina l ly ,  the re t r i eved  da ta  given i n  the  following subsect ions were obtained 
with the reso lu t ion  model (see appendix) f o r  the  instrument  funct ion.  Thus, the  d a t a  
presented have more s c a t t e r  than they would have i f  the  e f f e c t i v e  apodization model 
had been ava i l ab le  when the  da ta  w e r e  being reduced. The e a r l y  da ta  can be reana- 
lyzed with the  e f f e c t i v e  apodizat ion model i f  it becomes important t o  do so; to  date, 
the d i f fe rence  i n  the  scatter has not  impacted the test program r e s u l t s .  

6.1 NO Results 

Four NO gas cells are used i n  the  l i f e  test program, a l l  f i l l e d  t o  the same 
nominal condi t ions ( t a b l e  1 ) .  The ca lcu la ted  mean o p t i c a l  mass, pressure,  and mixing 
r a t i o  plus  the  standard devia t ion  f o r  each, f o r  a l l  NO c e l l  analyses  performed p r i o r  
t o  December 31, 1981, are given i n  t a b l e  3. A t y p i c a l  NO spectral p l o t  from the  
in te r fe rometer  i s  shown i n  f igu re  6. 

The r e s u l t s  i n  t a b l e  3 show that  the  derived o p t i c a l  mass of a l l  cells is lower 
than the nominal f i l l  condi t ion by approximately 10 percent  (consequently the  der ived 
pressures  are approximately 10 percent  high) and the  acce lera ted  aging tes t  on cel l  
S / N  21 d id  no t  produce any measurable change i n  the cell  pressure  and o p t i c a l  mass. 
The discrepancies  between the  nominal f i l l  condi t ions and the  r e t r i eved  values are 
believed t o  be caused by a combination of f ac to r s :  measurement inaccuracies  during 
t h e  f i l l i n g  of the cells, inaccuracies  i n  the  l i n e  parameters used i n  the  r e t r i e v a l  
procedure, de f i c i enc ie s  i n  the  instrument  funct ion model, and a l i a s i n g  of the  data 
from the  interferometer .  The cont r ibu t ion  from each of these  sources w i l l  r equi re  
f u r t h e r  s tudy and d e f i n i t i o n .  

The h i s t o r i c a l  records for the  NO cells are shown i n  f i g u r e  7. It can be seen 
t h a t  within the scatter of the  data, there is no loss of NO from any of these cells. 

A t y p i c a l  s p e c t r a l  survey f o r  NO is shown i n  f i g u r e  8. The two fea tu res  a t  wave 
numbers between 2200 and 2400 cm” have been i d e n t i f i e d  as N 2 0  and C02 and the  fea-  
t u r e  a t  approximately 3700 cm-’ is the 2-0 band of NO. 
p resent  i n  a l l  NO cells bu t  s ince  the NO concentrat ion is  s t a b l e  there  is no apparent  
conversion to  N 2 0  and no degradation of the NO concentrat ion s t a b i l i t y  i n  the  cell. 
The gradual  decrease i n  the background l e v e l  f o r  wave numbers below 2200 cm-’ is  
caused by the optical  f i l t e r s  i n  the interferometer .  A t  t he  higher  wave numbers, the 
background is  dominated by e l e c t r o n i c  noise .  An ana lys i s  of the spectrum shown i n  
f i g u r e  8 g ives  a value of 400 ppm for the  concentrat ion of N 2 0  and 100 ppm f o r  the 
concentrat ion of Co2. 

The N 2 0  and C02 f e a t u r e s  are 

6.2 CH4 Resul ts  

Nine CH4 gas cells are used i n  the  l i f e  tes t  program: four  of these are f i l l e d  
with CH4 a t  a mixing ra t io  of 1.0 and a pressure of 0.8 a t m ,  the o ther  f i v e  cells are 
f i l l e d  w i t h  CH4 a t  a mixing ratio of 0.5 and a pressure of 0.2 atm (table I ) .  
ca lcu la t ed  mean optical mass, pressure,  and mixing r a t i o  p lus  the  standard devia t ion  

The 
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for  each, for a l l  the CH4 c e l l  analyses  performed prior t o  December 31, 1981, are 
given i n  t a b l e  4. A t y p i c a l  CH4 s p e c t r a l  p l o t  i s  presented as f i g u r e  9. 

A s  t ab l e  4 shows, the r e s u l t s  of the ana lys i s  are ava i l ab le  f o r  only three  of 
the four  c e l l s  which contain undi luted C H ~ .  
l i f e  tes t  program p r i o r  t o  prepara t ion  of this repor t .  

The fou r th  cel l  w a s  no t  ava i l ab le  t o  the  

Table 4 does no t  contain any data from the c e l l s  containing only 50 percent  CH4 
because it has not  been poss ib l e  t o  obta in  unique values f o r  the s p e c i f i c  set of 
s p e c t r a l  l i n e s  needed for ana lys i s  of the  C H ~ : N ~  c e l l s .  
p o t e n t i a l  problem f o r  the  HALOE da t a  ana lys i s  s ince  the  condi t ions i n  these  cells 
must be known before the  HALOE atmospheric HC1 da ta  can be analyzed. These f i v e  
cells are monitored a t  regular  i n t e r v a l s ;  the da ta  are s t o r e d  on tape f o r  f u t u r e  
ana lys i s  and the  s p e c t r a l  da ta  are graphed. Visual examination of these p l o t s  has  
shown t h a t  t he re  is  no ind ica t ion  of a s i g n i f i c a n t  change i n  the ce l l  pressure  or CH4 
concentration. 

This has h ighl ighted  a 

From t a b l e  4, it can be seen t h a t  the der ived values of the  pressure ,  o p t i c a l  
mass, and mixing ra t io  f o r  the three  c e l l s  analyzed agree with the nominal values .  
Thus, there  is no ind ica t ion  of c e l l  leakage o r  chemical reac t ions  desp i t e  the f a c t  
t h a t  ce l l  number 1 2  completed the  thermal cycl ing tes t  during t h i s  t i m e .  

The h i s t o r i c a l  records f o r  the  three  c e l l s  i n  t a b l e  4 are given i n  f i g u r e  IO.  
It can be seen t h a t  within the  scatter of the  da ta ,  there  is no loss of CH4 from any 
of these cells. 

A t y p i c a l  Spec t r a l  survey f o r  CH4 i s  shown i n  f i g u r e  11. No contaminants are 
present  i n  q u a n t i t i e s  s u f f i c i e n t  t o  be observed above the background noise  and the 
s t rong  CH4 s p e c t r a l  f ea tu re s .  
taminants are present  i n  these c e l l s ,  they are p resen t  a t  concentrat ions of less than 
a few hundred ppm, based on an ana lys i s  of the da ta  which included the  noise  l e v e l  of 
the  in te r fe rometer .  

The implicat ion is that  i f  w a t e r  vapor o r  o ther  con- 

6.3 HC1 Resul ts  

Five gas cells  which contain HC1 are used ( t a b l e  1 ) .  The r e s u l t s  of the  ana l -  
y s i s  of the data from these c e l l s  are shown i n  table 5, and a t y p i c a l  HC1 spectrum is  
shown i n  f i g u r e  12.  
analyzed sepa ra t e ly  except  f o r  ce l l  S/N 21, which has only a few l i n e s  that can be 
used i n  the  ana lys i s  because of the  l o w  optical depth and mixing ratio i n  t h i s  cell .  
The r e s u l t s  i n  t a b l e  5 show that the  pressure  values r e t r i e v e d  from the R branch 
analyses  are apparent ly  lower than the  pressure  r e t r i eved  from the P branch analyses;  
t he  o p t i c a l  mass i n  cel l  S/N 19 appears to  be 5 to  10 percent  higher  than the  o p t i c a l  
mass i n  cells 10 and 18, which are nominally f i l l e d  to  the  same condi t ions;  and none 
of the cells has exhib i ted  any measurable change i n  pressure  or o p t i c a l  mass over the  
l i f e t ime  of the cell. The apparent discrepancy i n  the  pressures  r e t r i eved  from the 
R branch da ta  and the p branch da ta  has been a t t r i b u t e d  to  the  previously mentioned 
inadequacies i n  the ava i l ab le  l i n e  parameter data .  The f a c t  t h a t  there  is no appar- 
e n t  change i n  the pressure  o r  o p t i c a l  mass is s i g n i f i c a n t  s ince  ce l l  S/N 18 has com- 
p le ted  both the  acce lera ted  aging and thermal cyc l ing  tests with no evidence of 
change. This is  a s t rong  ind ica t ion  t h a t  the gold cells w i l l  be s u i t a b l e  f o r  t he  
long-term containment of HC1. 

Unlike the analyses  of NO and CHq,  the  P and R branches are 
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The h i s t o r i c a l  records f o r  HC1 cells S/N 10, 18 ,  19, 20, and 21 are given i n  
f igu res  13 and 5. It can be seen t h a t  within the scatter of the da ta ,  t he re  is  no 
l o s s  of HC1 from these  cells, 

The survey spec t r a  f o r  the f i v e  cells w e r e  checked f o r  i nd ica t ions  of contami- 
nants i n  the cells. One cell  (S/N 18) showed the presence of water vapor i n  a con- 
cen t r a t ion  l a rge  enough to  be de tec ted  above the  spectral noise  ( f i g .  14 ) .  The sur- 
vey spectrum from a second ce l l  ( S / N  20) showed the  poss ib l e  presence of water vapor 
a t  t he  s p e c t r a l  no ise  leve l .  The p o s s i b i l i t y  t h a t  t h i s  w a t e r  vapor w a s  i n s i d e  the  
in te r fe rometer  and outs ide  the gas c e l l  w a s  explored by both ana lys i s  and experiment. 
The instrument  purge rate with dry  ni t rogen w a s  increased and a cold t r a p  w a s  
i n s t a l l e d  t o  reduce the water vapor concentrat ion as much as poss ib le .  Good agree- 
ment between the  water vapor l i n e  shapes generated by the  program and the  da t a  w a s  
achieved by using combined HC1 and N~ broadened half-widths f o r  w a t e r  vapor. Since 
half-widths f o r  H 2 0  broadened by HC1 w e r e  unavai lable  i n  the  l i t e r a t u r e ,  these  ha l f -  
widths w e r e  ca lcu la ted  with the a i d  of the nonlinear least-squares  program. As a 
r e s u l t  of t h i s  i nves t iga t ion  it w a s  determined t h a t  ce l l  S/N 1 8  conta ins  approxi- 
mately 2000 ppm of water vapor and ce l l  S / N  20 contains  a t  most a few hundred ppm. 
No o the r  contamination has been observed i n  any of t he  HC1 cells. The source of t h i s  
contamination must be a t t r i b u t e d  t o  r e s idua l  water vapor from the ce l l  f a b r i c a t i o n  
and c leaning  processes  s ince  cells  S/N 18 and 10 w e r e  f i l l e d  on t h e  same day and from 
the  same source of HC1. Thus, c e l l  f a b r i c a t i o n  and c leaning  are a l s o  the  probable 
sources  of contamination f o r  cel l  S / N  20. When f i l l i n g  t h e  f l i g h t  ce l l s  it w i l l  be 
important t o  provide adequate bake ou t  under vacuum t o  in su re  t h a t  the cells are dry  
p r i o r  t o  f i l l i n g .  

6.4 HF Resul t s  

Five cells  ( table  1)  which contain HF are used. The determinat ion of t h e  HF 
concent ra t ion  i n  t h e s e  cells  w a s  made by us ing  spectral da t a  a t  approximately 
4000 cm-'. 
w a s  found t o  be necessary t o  measure t h e  P branch and t h e  R branch separa te ly  with 
two d i f f e r e n t  o p t i c a l  f i l t e r s .  These cons idera t ions  meant t h a t  t h e  r e s u l t s  of t h e  
ana lyses  of t h e  da t a  f o r  t h e  two branches w e r e  p o t e n t i a l l y  d i f f e r e n t  because of 
instrument performance and corresponding s l i g h t  d i f f e rences  i n  t h e  va lues  der ived by 
t h e  instrument  l i n e  shape func t ion  model. Furthermore, t h e  u n c e r t a i n t i e s  i n  t h e  l i n e  
parameter va lues  available f o r  HE' are g rea t e r  than t h e  u n c e r t a i n t i e s  i n  t h e  l i n e  
parameter va lues  f o r  t h e  o the r  gases. Because of t hese  u n c e r t a i n t i e s ,  t h e  HF da ta  
w e r e  analyzed by us ing  a "best f i t "  set of l i n e  parameters generated by a d j u s t i n g  t h e  
a v a i l a b l e  da t a  t o  al low agreement between t h e o r e t i c a l  and experimental  l i n e  shapes. 
The problems and u n c e r t a i n t i e s  j u s t  mentioned i n d i c a t e  t h a t  t h e  u n c e r t a i n t i e s  i n  t h e  
HF r e s u l t s  are l a r g e r  than  t h e  u n c e r t a i n t i e s  i n  t h e  r e s u l t s  f o r  NO, CH4, and HC1. 
Figure 15(a)  which shows t h e  P branch and f i g u r e  15(b)  which shows both t h e  P and 
R branches of t h e  HF spectrum f o r  ce l l  S/N 15 are t y p i c a l  of t h e  H F  spec t ra  obtained 
f o r  cells S/N 15, 16, and 17. 

No optimum o p t i c a l  f i l t e r  w a s  ava i l ab le  f o r  t h i s  s p e c t r a l  region and it 

The r e s u l t s  of t h e  analyses  are given i n  t a b l e  6. It can be seen t h a t  within 
the uncer ta in ty  of the ana lys i s ,  the  three cells f i l l e d  t o  0.2 atm pressure  and 
1 .O atm-cm o p t i c a l  mass are f i l l e d  t o  t h e  s a m e  condi t ions.  The f ac t  t h a t  the 
re t r i eved  optical mass and mixing r a t i o  are approximately 10 percent  lower than the  
nominal f i l l  condi t ions can be a t t r i b u t e d  to  a combination of i n i t i a l  f i l l  measure- 
ment errors, l i n e  parameter unce r t a in t i e s ,  and the use of the  r e so lu t ion  model for  
t h e  instrument func t ion  model. There i s  no ind ica t ion  of a loss of HF i n  cel ls  
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S/N 15, 16, o r  17 desp i t e  t he  f a c t  t h a t  ce l l  S / N  16 w a s  exposed t o  an extended accel- 
e ra t ed  aging test .  

Table 6 also shows t h a t  c e l l s  S / N  22 and 23 have l o s t  a s u b s t a n t i a l  amount of HF 
from t h e i r  i n i t i a l  f i l l .  The mixing r a t i o  of ce l l  S / N  22 is down by a f a c t o r  of 20 
from i t s  nominal f i l l  condi t ions and ce l l  S / N  23 is  down by a f a c t o r  of 5. The loss 
of H F  i n  these cells has been monitored by determining the optical mass as a func t ion  
of t i m e  a s  shown i n  f i g u r e  16. It can be seen t h a t  t he  rate of the  decrease w a s  very 
f a s t  immediately a f t e r  the  cel l  w a s  f i l l e d  but  became very slow as t i m e  progressed. 
The ava i l ab le  da t a  f o r  S /N 23 ( t a b l e  6 ) ,  and the  f a c t  t h a t  t he  spectral l i n e s  used 
f o r  determining the  o p t i c a l  mass i n  S / N  22 have not  broadened with t i m e ,  are taken as 
i n d i c a t o r s  of the  i n t e g r i t y  of the  cells. It is  bel ieved t h a t  the reduct ion i n  HF is  
being caused by w a l l  so rp t ion  e f f e c t s  and by reac t ions  with the  chrome and fo re ign  
materials l e f t  from the  f a b r i c a t i o n  and cleaning processes.  C e l l s  S / N  15, 16, and 17 
w e r e  examined for similar losses  but  none w e r e  detected.  The amount of HF l o s t  i n  
c e l l s  S / N  22 and 23 w a s  found to  be less than the  de t ec t ion  c a p a b i l i t y  of the  anal-  
yses procedures when appl ied t o  the  higher concentrat ions i n  cells S/N 15, 16, 
and 17; t h a t  is, the  to ta l  o p t i c a l  mass change i n  S / N  22 and 23 is less than 
0.4 percent  of the o p t i c a l  mass i n  S/N 15, 16, and 17. Based on these da ta  it seems 
l i k e l y  t h a t  cells  S / N  15, 16, and 17 have l o s t  s m a l l  amounts of HF t o  the w a l l s  and 
t o  chemical reac t ions .  Future da t a  w i l l  be analyzed c a r e f u l l y  to  monitor f o r  l o s ses  
a t t r i b u t a b l e  t o  t h i s  cause. The h i s t o r i c a l  records f o r  HF cells S / N  15, 16, and 17 
are given i n  f i g u r e  17. It can be seen t h a t  within the scatter of the da t a ,  t he  
cells appear t o  have t h e i r  o r i g i n a l  f i l l  pressure and mixing ratio. 

6.4.1 H F  cel l  contamination study.- The survey spectra ( f i g s .  18, 19, and 20) 
show t h a t  cells S / N  15, 16, and 17 contain measurable l eve l s  of contaminants which 
w e r e  i d e n t i f i e d  as C02, HC1, HCN, CH4, and H20.  
these  contaminants obtained by using the  nonlinear least-squares  method are given i n  
table 7. The determination of the  w a t e r  vapor content  w a s  p a r t i c u l a r l y  d i f f i c u l t  
s ince  the  half-width da t a  f o r  H20  broadened by HF w e r e  no t  ava i l ab le  and s ince  w a t e r  
vapor in s ide  the  in te r fe rometer  can a f f e c t  the  experimental  da ta .  In order  t o  esti- 
mate the  water vapor i n  the  cells, experimental  da ta  were obtained while using the  
cold trap t o  reduce the  water vapor i n  the  in te r fe rometer  t o  a minimum and then 
r e t r i e v a l s  w e r e  performed t o  determine the e f f e c t i v e  ( H F  and N2 broadened) ha l f -  
widths of water vapor l i n e s  i n  these spectra. The concentrat ions of the o ther  con- 
taminants (C02,  HC1, CH4, and HCN) shown i n  t a b l e  7 w e r e  der ived by assuming the  
e f f e c t i v e  half-widths to  be the  same as the  N2 broadened half-widths,  s ince  da t a  on 
HF-broadened half-widths f o r  these  species were unavai lable .  

The r e t r i e v e d  concentrat ions of 

As p a r t  of the  o v e r a l l  contamination study, cel l  S / N  16 w a s  heated s l i g h t l y  
while i n s i d e  the  in te r fe rometer  and the water vapor observed with the cel l  i n  the  
heated condi t ion and again a f t e r  the cel l  w a s  cooled to  ambient temperature. The 
water vapor increased t o  approximately 5000 ppm when the cel l  w a s  heated and then 
decreased again as the cel l  cooled. This is  bel ieved to  be due t o  the outgassing and 
reabsorpt ion of w a t e r  vapor trapped on the  i n t e r i o r  cel l  w a l l s  dur ing the f a b r i c a t i o n  
and cleaning processes. 

The source of the contaminants ( t a b l e  7) w a s  s tudied.  It w a s  found t h a t  the 
C02, HC1, CH4, and some H20 were impur i t ies  i n  the  bot t le  of HF gas used t o  f i l l  t he  
cells. The HCN is apparent ly  the r e s u l t  of having cyanide f r o m  t he  p l a t i n g  so lu t ion  
trapped i n  the  gold cel l  w a l l s  dur ing the  f a b r i c a t i o n  process.  It is theorized that 
the  HF migrates i n t o  the  gold su r face  and leaches the HCN o u t  of the gold. The HCN 
concentrat ion has not  changed s ince  it w a s  f i r s t  observed and it appears t h a t  t he  HCN 
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leach-out process is se l f - l imi t ing  and can probably be overcome by adequate passiva- 
t i o n  p r i o r  t o  the  f i l l i n g  of f l i g h t  cells. 

Three o ther  f e a t u r e s  appear i n  t h e  HF c e l l  s p e c t r a l  da ta  taken a t  room tempera- 
The f i r s t  ( f i g .  1 5 ( a ) )  a t  wave numbers from 3600 t o  3690 cm’l has been t en ta -  tu re .  

t i v e l y  i d e n t i f i e d  as a HF-H20 complex ( r e f .  11).  The second ( f i g .  15 (b ) )  a t  Wave 

numbers from 3800 t o  3950 cm-I  has been t e n t a t i v e l y  i d e n t i f i e d  as t h e  HF dimer 
(ref.  12). The spectrum from c e l l  S/N 16 i n  t h e  wave-number region between 2650 
and 3100 cm’l, presented i n  f i g u r e  21, shows t h e  presence of HC1 i n  t h i s  cell .  
cause of the  broad f ea tu re  between wave numbers 2900 and 3000 cm-I  ( a l s o  seen i n  
f i g s .  19 and 20) has been t e n t a t i v e l y  inden t i f i ed  a s  a complex composed of HF and CH4 
molecules. The formation of t hese  complexes represents  a p o t e n t i a l  HF loss mechanism 
and re inforces  t h e  importance of removing contaminants from t h e  f i l l  gases. 

The 

6.4.2 Thermal e f f e c t s  t es t  r e s u l t s . -  C e l l  S/N 15 w a s  exposed t o  a reduced t e m -  
pe ra tu re  thermal e f f e c t s  test. The spectrum from t h i s  tes t  ( f i g .  22 )  shows f e a t u r e s  
which w e r e  not seen i n  f igu res  1 5 ( a ) ,  15(b) ,  o r  21. These have been i d e n t i f i e d  as HF 
te t ramer and HF hexamer (ref.  12).  A t  270 K, t h e  H F  monomer concentrat ion has been 
reduced by approximately 5 percent  as conversion t o  t h e  polymer form takes  place.  I n  
f i g u r e  23, t h e  percent  change i n  o p t i c a l  mass is compared with t h a t  p red ic ted  by t h e  
gas l a w .  Since the  o p t i c a l  m a s s  is proport ional  t o  pressure  and, from t h e  p e r f e c t  
gas law, t h e  pressure  is propor t iona l  t o  temperature f o r  a given volume, it follows 
t h a t  a change i n  o p t i c a l  mass i s  proport ional  t o  a change i n  temperature i f  H F  
behaves as a p e r f e c t  gas. Because of conversion t o  a polymer form, H F  is  not a per- 
f e c t  gas and, as f i g u r e  23 shows, t h e  o p t i c a l  m a s s  dev ia tes  from the  percent  change 
p red ic t ed  by t h e  p e r f e c t  gas l a w .  A t  260 K, t h e  conversion causes a monomer loss of 
approximately 20 percent .  This f a c t o r  is important f o r  t he  ana lys i s  of t he  f l i g h t  
da ta  from HALOE and d i c t a t e s  t h a t  t h e  temperature of t h e  gas cells must be monitored. 

Two of t he  s p e c t r a l  f ea tu re s  noted i n  f i g u r e s  15(a)  and 15(b) w e r e  s tud ied  as 
t h e  ce l l  temperature w a s  lowered. 
pronounced; t h i s  ind ica ted  t h a t  t h e  amount of HF dimer i n  the  cel l  increased as 
expected. 
prominent a t  lower temperatures and w a s  not  d i sce rn ib l e  above the  s p e c t r a l  no ise  a t  
temperatures below approximately 280 K. This behavior i s  s i m i l a r  t o  t he  behavior of 
w a t e r  vapor i n  t h e  cell.  
i n d i c a t i v e  of t h e  presence of w a t e r  vapor i n  t h e  c e l l ,  as would be expected i f  
a HF H 2 0  complex w a s  present .  The decrease i n  concentrat ion a t  the  lower tempera- 
tures  is  probably caused by “f reez ing  out” of t h e  water molecules on t h e  wall. A t  
t he  present  t i m e ,  it is not  known whether t h i s  complex w i l l  have a s i g n i f i c a n t  e f f e c t  
o n  t h e  HALOE da ta  ana lys i s .  The HF CH4 complex w a s  not  recognized a t  the  t i m e  the 
thermal e f f e c t s  tests w e r e  being conducted so t h a t  t h e r e  are present ly  no data on t h e  
behavior of t h i s  complex with temperature. 

The f ea tu re  a t  approximately 3850 cm”’ became more 

The f e a t u r e  a t  approximately 3600 crn-l, on t h e  o the r  hand, became less 

Thus, it w a s  i n fe r r ed  t h a t  t h e  f e a t u r e  a t  3600 cm” w a s  

-- 

C e l l  S/N 22 w a s  a l s o  subjec ted  t o  temperatures down t o  260 K while i n  the  i n t e r -  
ferometer. The da ta  show a reduct ion of HF o p t i c a l  mass both as a funct ion of t e m -  
pe ra tu re  and as a func t ion  of t h e  amount of t i m e  a t  t h e  reduced temperature 
( f i g .  24).  The percentage reduct ion i n  t h e  HF optical m a s s  i n  c e l l  S/N 22 is  approx- 
imately the  same as t h e  percentage reduct ion i n  HF i n  ce l l  S/N 15 f o r  t h e  s a m e  t i m e  
(approximately 1/2 hour) a t  t h e  l o w e s t  temperature ( f i g .  23). Extending t h e  t i m e  (up 
t o  70 hours) a t  t h e  reduced temperature on cell  S/N 22 showed a f u r t h e r  reduct ion i n  
the  HJ? concentrat ion i n  the  cell .  Further tests and analyses  w i l l  be requi red  t o  
e s t a b l i s h  t h a t  t h i s  e f f e c t  is  real and not  caused by s c a t t e r  i n  the  data .  Further- 
more, i f  t h e  e f f e c t  is shown t o  be r e a l ,  it w i l l  be des i r ab le  t o  determine t h e  cause 
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of t h e  HF reduction. A t  t h e  present  t i m e ,  it is not  poss ib l e  t o  d i s t ingu i sh  between 
H F  concentrat ion reduction due t o  polymer formation and HF concentrat ion reduct ion  
due t o  increased w a l l  sorp t ion  e f f e c t s  a t  t h e  reduced temperature. It is important 
t o  note t h a t  for both HF cells S/N 15 and 22, t h e  H F  concentrat ion returned t o  i t s  
o r i g i n a l  value (wi th in  measurement accuracy limits) when t h e  cel l  temperature w a s  
re turned t o  room condi t ions.  

These thermal e f f e c t s  tests have yielded extremely valuable  da ta  f o r  t h e  HALOE 
instrument and t h e  HALOE HF channel da ta  ana lys i s .  The tes t  r e s u l t s  have shown t h a t  
t h e  gas c e l l  temperatures i n  t h e  HALOE instrument must be con t ro l l ed  t o  avoid thermal 
e f f e c t s  which can introduce nonl inear  per turba t ions  i n  t h e  o p t i c a l  m a s s  of t h e  gas 
cell .  The r e s u l t s  have a l s o  shown t h a t  t h e  c e l l  temperatures m u s t  be monitored dur- 
ing a data  event and t h a t  these  temperatures w i l l  in f luence  t h e  r e t r i eved  o p t i c a l  
m a s s .  A t  t he  present  t i m e ,  t hese  r e s u l t s  a r e  based only on t h e  r e s u l t s  from t w o  HF 
gas c e l l s .  Further  research is  required t o  quant i fy  t h e  ex ten t  of these  e f f e c t s  and 
provide d e t a i l e d  information t o  the  instrument design and da ta  ana lys i s  a c t i v i t i e s .  
It is a l s o  important t h a t  a s i m i l a r  s e t  of tests be conducted f o r  the  o the r  gases.  

6.4.3 Gold laminate de t e r io ra t ion . -  After  cell  S/N 16 completed the  acce lera ted  
aging test  (400  hours a t  85OC) it w a s  observed t h a t  t h e  gold layer  overcoat ing t h e  
chrome s u b s t r a t e  on t h e  sapphire  windows ( f i g .  3) was "b l i s t e r ing" ;  t h i s  i nd ica t e s  
t h a t  the  gold w a s  being delaminated from the  chrome i n  l o c a l  areas .  The hea t  w a s  
reappl ied  f o r  an add i t iona l  300 hours a t  which t i m e  t h e  de t e r io ra t ion  seemed t o  have 
s t a b i l i z e d  and the  test  w a s  discontinued. This same d e t e r i o r a t i o n  has s ince  been 
observed t o  some ex ten t  i n  a l l  c e l l s  which contain HF and i s  a t t r i b u t e d  t o  chemical 
reac t ions  between the  HF and the  chrome i n  t h e  layer  between the  gold and the  sap- 
phire .  Furthermore, it has been observed t h a t  t h e  d e t e r i o r a t i o n  has not s t a b i l i z e d  
i n  c e l l  S/N 16 but  is progressing a t  a very slow rate. Because of t h i s ,  t he  continu- 
i n g  growth of t h e  b l i s t e r i n g  i s  monitored constant ly .  The extended heat ing of c e l l  
S/N 16 has given t h i s  c e l l  a "chemical age" of over 5 years  with no apparent loss of 
H F  so t h a t  t h e r e  i s  no reason t o  be l ieve  t h a t  t h i s  r ep resen t s  a se r ious  f a i l u r e  mech- 
anism f o r  t he  f l i g h t  c e l l s .  

7 CONCLUDING REMARKS 

The Halogen Occultation Experiment (HALOE) w i l l  use g a s - f i l t e r  c o r r e l a t i o n  r ad i -  
ometry t o  measure t h e  atmospheric concentrat ion p r o f i l e s  of HC1, HF ,  NO, and CH4 from 
the  Upper Atmosphere Research S a t e l l i t e .  Because the  containment of these  gases i n  
g a s - f i l t e r  cells f o r  an extended per iod of t i m e  ( s eve ra l  years )  has never been 
attempted before ,  a gas c e l l  l i f e  test program is underway a t  Langley Research Center 
as par t  of t h e  HALOE program. The primary ob jec t ives  of t h i s  test program are t o  
demonstrate t h e  i n t e g r i t y  of t he  cells and the  s t a b i l i t y  of t h e  gases i n  t h e  cells  by 
exposing f i l l e d  cells  t o  simulated s torage  and f l i g h t  environments and t o  i d e n t i f y  
any contaminants which might be present  i n  the f i l l e d  cells so t h a t  t h e i r  impact can 
be assessed and t h e i r  sources found and eliminated. 

The gas cel l  l i f e  tes t  program began i n  October 1980 and t h e  gas cells i n  t h e  
program have been monitored a t  regular i n t e r v a l s  and a t  s p e c i f i c  t i m e s ,  depending on 
t h e  ind iv idua l  test being conducted. The tes t  program c o n s i s t s  of a set of f i v e  
tests which, i n  combination, permit t h e  program ob jec t ives  t o  be m e t .  

The primary da ta  from a l l  tests i n  t h e  program are t h e  in f r a red  spec t r a  of t h e  
gases i n  t h e  cells. These spectra are produced by a Fourier  Transform In f ra red  
Interferometer .  The da ta  from t h e  in te r fe rometer  must be analyzed i n  t e r m s  of t h e  
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concentration of the gases in the cells. An extensive analysis procedure was devel- 
oped to analyze the interferometer data and produce values of the optical mass, pres- 
sure, and mixing ratio of the gases in each cell. This report provides a description 
of the methodology developed for the analysis program and a summary of the test pro- 
gram results through December 1981. 

The test program results to date can be summarized as follows: 

1. There were no indications of leaks in any cell through the end of 1981. 

2. There are no significant anomalies in the CH4 and NO cells. A l l  these cells 
appear to be filled to the specified conditions and are maintaining those conditions. 

3.  The only anomaly observed for the HC1 cells is the presence of approximately 
2000 ppm of water vapor in one cell and possibly trace amounts of water vapor in 
another cell. The source of this contamination is believed to be residual water 
vapor from the fabrication and cleaning processes. 

4. Three of the HF cells are filled to nominal conditions of 0.2 atm and 
0.5 mixing ratio. There is no measurable change in the amount of HF in these cells 
despite the fact that one of these cells has been heated to 8 5 O C  for 700 hours. 
These cells contain small but measurable amounts of contaminants: 
C 0 2 ,  and H 2 0 ,  which do not affect the data reduction process for the life program but 
may be very significant to the HALOE data reduction. The source of these contami- 
nants was found to be partially caused by contamination in the H F  source gas and 
partially caused by the action of HF in leaching out residual plating bath materials 
trapped in the gold walls. Elimination or significant reduction in the levels of 
HC1, CH4, co2, and H 2 0  in the flight gas cells will require an ultrapure source and 
meticulous attention to detail during the filling process. It is believed that the 
HCN concentration will be eliminated or significantly reduced by the passivation 
process needed to eliminate wall sorption effects. 

HC1, HCN, CH4, 

5. Two of the HF cells are filled to very low pressure and optical mass, and 
these cells have shown a reduction in HF concentration but with no increase in cell 
total pressure. Based on this, it is believed that the HF is being absorbed by the 
cell walls or is reacting with other materials in the cells, viz, a chrome underlayer 
used in the cell construction to help the gold adhere to the sapphire windows, or the 
residue from other materials used in the cell fabrication process. Losses due to H F  
adsorption or absorption by the cell walls may be eliminated by adequate passivation 
prior to filling the cell. Iosses due to chemical reactions cannot be entirely pre- 
vented but can be minimized by proper construction and cleaning prior to fill. 

6. Two of the HF cells have been exposed to temperatures from 300 Kto 260 K. 
At reduced temperatures, the measured optical mass deviates from that predicted by 
the perfect gas law because of the formation of H F  polymers with a consequent reduc- 
tion in the HF monomer concentration. This indicates a need for thermal control of 
the gas cells in the HALOE instrument, and a need for gas cell temperature data as 
part of the HALOE data-reduction process. 

7. All the H F  cells show a deterioration in the form of blisters in the gold 
ring which is deposited over a chrome sublayer around the periphery of the sapphire 
windows. This deterioration is attributed to chemical reactions between the HF and 
the chrome. The deterioration is continuing but, since one cell was heated to 8 5 O C  
for 700 hours with no change of total pressure or optical mass, this is not con- 
sidered a serious threat to the cell life expectancy. 
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8. The a n a l y s i s  of the da ta  from the in te r fe rometer  l e d  t o  t h e  conclusion t h a t  
b e t t e r  s p e c t r a l  parameters ( l i n e  pos i t i on ,  l i n e  s t r eng th ,  and half-width) are needed 
f o r  a l l  t he  gases  i n  the  cells. In p a r t i c u l a r ,  it w a s  found t h a t  t h e  d a t a  from the  
CH4 cells f i l l e ' d  to  a mixing r a t i o  of 0.5 ( d i l u e n t  is  N 2 )  cannot be analyzed because 
the required s p e c t r a l  da t a  (i.e., n i t rogen  broadened half-widths) are n o t  c u r r e n t l y  
ava i lab le .  "his may be an important cons idera t ion  f o r  t he  HALOE data-reduct ion 
process.  

The l i f e  t es t  program w i l l  cont inue u n t i l  1987. The tests involving thermal 
cycl ing and acce le ra t ed  aging w i l l  be completed as quick ly  as poss ib le .  After  these  
tests are complete, t he  cells w i l l  be kep t  i n  ambient temperature s to rage  u n t i l  t h e  
end of the program. 

Langley Research Center 
Nat ional  Aeronautics and Space Administration 
Hampton, VA 23665 
May 20, 1983 
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APPENDIX 

METHOD OF ANALYZING INTERFEROMETER DATA 

A.l Outline of Procedure 

As s t a t e d  i n  s e c t i o n  5, t h e  in te r fe rometer  d a t a  are analyzed with a nonl inear  
leas t - squares  technique which minimizes the  d i f f e rences  f ( x . )  between observed and 
t h e o r e t i c a l  spec t r a .  The d i f f e rences  are given by 3 

where 

i 

xj 

j 

Bi 

Bbi 

- Bi 

i Bb 

I 
O i  

- 
T i  ( X j  1 

= 1, 2, ..., N sample da t a  po in t s  

independent parameters 

observed rad iance  i n c i d e n t  on in te r fe rometer  d e t e c t o r  with gas  cel l  i n  
p lace  ( s i n g l e  beam spectrum) 

observed radiance i n c i d e n t  on in te r fe rometer  d e t e c t o r  with empty gas ce l l  i n  
p lace  ( s i n g l e  beam spectrum) 

r a t i o  of radiances,  r a w  da t a  from in te r fe rometer  

f i t t e d  background of spectrum t o  account f o r  small d i f f e rences  i n  ce l l  
window transmission between f i l l e d  and empty cells and f o r  i n t e r f e romete r  
s i g n a l  amplitude s t a b i l i t y  between interferograms 

ca l cu la t ed  t ransmi t tance  convolved with instrument line-shape function; a 
func t ion  of l i n e  pos i t i on ,  s t r e n g t h  and half-width, pressure,  path length,  
gas mixing r a t i o ,  and instrument l i n e  shape 

- 
The technique developed f o r  a n a l y s i s  o f  t h e  d a t a  involves  modeling z i ( x . )  3 

Bi and I such t h a t  t h e i r  product equa l s  - 
O i  Bbi' 

19 



APPENDIX 

A.2 Calcula t ion  of Transmittance 

The ca lcu la ted  t ransmit tance is given by the  following 

rW - 
'G. ( x .  1 = 'G( v'  Ip(vi-v' dv' 
1 J  

where 

T( v' 1 i n f i n i t e  r e so lu t ion  t ransmit tance 

@( vi- v' 1 

V wave number, cm"' 

ins t rument  l i n e  shape funct ion 

the  t ransmit tance 'G( v '  ) is  defined as 

where 

K V '  

vO 

P t  

U 

X 

PS 

PN 

R 

absorpt ion c o e f f i c i e n t ,  funct ion of l i n e  s t rength ,  
half-width 

l i n e  p o s i t i o n  

ce l l  t o t a l  pressure,  

o p t i c a l  m a s s ,  ptxR 

volume mixing r a t i o  of absorbing gas 

p a r t i a l  p ressure  of gas of i n t e r e s t  

p a r t i a l  p ressure  of ni t rogen ( d i l u e n t  gas)  

path length,  length of ce l l  

ps + p~ 

equation: 

l i n e  pos i t i on ,  and 

The absorpt ion c o e f f i c i e n t  is ca lcu la ted  by using the  Voight l i n e  shape 
( r e f .  13) .  For the pressures  involved i n  m o s t  of the  cells i n  the  l i f e  test program 
(p 2 0.1 a t m ) ,  t he  Voight l i n e  shape becomes the  Lorentzian shape given by t 

- Sa/x 
K v '  - 2 a2 + ( v  - vo) 
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where 

'sPs + %'N 

'S 4- 'N 
a =  

S l i n e  s t r eng th  

a self-broadened half-width 
S 

nitrogen-broadened half-width % 
Values f o r  S and vo are given i n  reference 14  f o r  s tandard condi t ions of pressure 
and temperature po and To, and as and 
t u r e  as required.  These values must be ad jus  ed f o r  the  ce l l  condi t ions pt and T. 
This adjustment is made by using 

are taken from the  ava i l ab le  l i tera- % 

as(pt,T) = as(po,To) - 

Simi lar ly  S is ad jus ted  f o r  the  cel l  conditions as follows: 

where 

Y a cons tan t  depending on gas 

E energy l e v e l  given i n  re ference  14 

and t h e  v ib ra t ion  p a r t i t i o n  funct ion is not  included because it is neg l ig ib l e  f o r  t h e  
temperature a t  which t h e  spectra w e r e  taken. Equations ( A 4 ) ,  ( A 5 ) ,  ( A 6 ) ,  ( A 7 ) ,  and 
( A B )  combined with t h e  temperature and pressure  are used t o  calculate K and then 
7; from equation ( A 3 ) .  

V '  

V '  
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APPENDIX 

A . 3  Instrument Line-Shape Function 

The instrument line-shape func t ion  @ ( v . - v ' )  comes from three  e f f e c t s  r e s u l t i n g  
1 from the use of the  in te r fe rometer  ( r e f .  8) :  ( 1 )  t runca t ion  of the interferogram 

caused by the  maximum path length d i f f e rence  (mirror t r a v e l )  L, (2 )  t he  instrument  
apodizat ion func t ion  used t o  reduce s i d e  lobes i n  the Fourier  transformed spectrum 

and ( 3 )  errors i n  the  sampled interferogram due t o  which produces Bi and Bbi , 
optics misalignment, e l e c t r o n i c  noise  , source f luc tua t ions ,  and f ield-of -view averag- 
ing effects on the  s igna l .  In general ,  

PL 
ip(vi-vO = 2 jo A ( 6 )  F(6)  exp[-i2.nb(vi - v ' ) 1  d6 

where 

L maximum path length d i f f e rence  i n  in te r fe rometer  

A (  6) known apodizat ion funct ion 

F(6) instrument funct ion t o  account f o r  errors noted 

exp[-i2n6(vi - v ' l l  

6 instantaneous path length  

Fourier  and inverse  Fourier  transform funct ion 

In equation ( A 9 ) ,  t h e  apodizat ion funct ion A ( 6 )  is  given by the Happ-Genzel func- 
t i o n  used by the  in te r fe rometer  manufacturer: 

6.n A (  6) = 0.54 + 0.46 COS - 
L 

A . 4  Instrument Function Model 

It is  a common experience that the spectral output  from the in te r fe rometer  i s  
n o t  p rec i se ly  the same from one set of da t a  to  another.  This is  t r u e  even though 
n e i t h e r  the  sample being analyzed nor the in te r fe rometer  opera t ing  condi t ions  are 
changed. Thus, there is  a need f o r  an instrument  func t ion  model t o  account f o r  the  
changes. Two such models have been developed f o r  the a n a l y s i s  of the gas cel l  da t a .  

Resolution Model: This model is based on the  f a c t  that the  r e so lu t ion  of t he  
in te r fe rometer  is propor t iona l  to 1/L. Thus, it w a s  found convenient t o  set 
F(6)  = 1.0 i n  equat ion ( A 9 )  and to  permit the  maximum d i f f e rence  i n  path length to  
vary while so lv ing  equat ions (A2) and (Al) .  This  technique produces values of U, 
pt, and which have scatter i n  excess of *15 percent ;  it also r e su l t s  i n  values  
of L s i g n i f i c a n t l y  d i f f e r e n t  from the known maximum d i f f e rence  i n  path length  
(16 c m )  and, hence, instrument r e so lu t ion  values s i g n i f i c a n t l y  d i f f e r e n t  from the  
t h e o r e t i c a l  value (0.060 cm-' 1. 

x 
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Effec t ive  Apodization Model: The de f i c i enc ie s  noted i n  the  reso lu t ion  model, 
viz  large scatter i n  the  da ta  and phys ica l ly  u n r e a l i s t i c  values of L, h ighl ighted  a 
need f o r  a b e t t e r  model f o r  F ( 6 ) .  After  studying t h e  d a t a  f o r  over a year and t r y -  
i n g  many forms f o r  F ( 6 ) ,  F(6)  w a s  observed t o  be a randomly varying funct ion of 
t h e  sampled interferogram da ta  poin ts .  It w a s  also observed t h a t  any given set  of 
da ta  poin ts  had a trend which could be modeled by a s t r a i g h t  l ine.  Based on th i s  
observation, it w a s  assumed that 

6 
L F(6)  = 1 + - D  

where D is allowed t o  vary during the  so lu t ion  of equations ( A 2 1  and (A1 1 and thus 
account f o r  the v a r i a b i l i t y  of the  t rends i n  the da t a  poin ts .  "he app l i ca t ion  of 
equation (A1 0 )  had the  e f f e c t s  of (1 1 reducing the  scatter i n  the  r e s u l t s  t o  &5 per- 
cen t  and ( 2 )  permit t ing L t o  remain f ixed  a t  the known value of 16 c m .  

A. 5 F i t t e d  Background 

Equation (A1 1 shows t h a t  the  ca lcu la ted  t ransmit tance must be adjusted f o r  
e f f e c t s  which change the background value of the  spectrum: optical  f i l t e r  e f f e c t s ,  
Fabry-Perot e f f e c t s  from the  gas ce l l  windows, and v a r i a t i o n s  i n  the  in te r fe rometer  
source i n t e n s i t y .  The background has been modeled with a l i n e a r  funct ion 

where B and C are constants  determined during the  so lu t ion  of equation ( A l l .  
When Fabry-Perot e f f e c t s  are s i g n i f i c a n t  a second background model is used: 

where 

maximum i n t e n s i t y  l e v e l  of Fabry-Perot p a t t e r n  I,, 

minimum i n t e n s i t y  l e v e l  of Fabry-Perot p a t t e r n  Imin 

w d i s t ance  i n  wave numbers between successive values of Imax, 
V - v  

'ma,, Imax 

B wave number a t  which Lax occurs 
1 
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The values of Imax, Imin, W ,  and p are determined dur ing  the  so lu t ion  of 
equation (A1 ) . 

A.6 Calculat ion Procedure 

The ca l cu la t ion  procedure used t o  solve equat ion ( A 1  ) is  performed by t h e  
MARQ rout ine  on the  computers a t  the  Langley Research Center. This rout ine ,  
which is  based on the  Levenberg-Marquardt algorithm ( r e f .  9) is  used t o  mini- 
mize the  values of equation ( A l l  i n  s e l ec t ed  s p e c t r a l  regions and to  deduce the  
associated values of pressure,  mixing r a t i o ,  and o p t i c a l  mass. The MARQ rou t ine  
so lves  f o r  values of the  parameters u n t i l  the  r e s idua l  sum of squares meets spec i f i ed  
cri teria o r  u n t i l  the  parameters do no t  vary from i t e r a t i o n  t o  i t e r a t i o n  t o  wi th in  a 
spec i f i ed  c r i t e r i o n .  When the  ca l cu la t ions  are complete the  da ta  are tabula ted  
(e.g., t ab l e  21, p l o t t e d  (e.g., f i g .  5 ( a ) ) ,  and s tored  so t h a t  h i s t o r i c a l  s t u d i e s  can 
be made (e.g., f i g .  5 ( c ) ) .  
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SYMBOLS 

R cell  length,  c m  

P cel l  pressure  

ce l l  t o t a l  p ressure ,  a t m  P t  

U o p t i c a l  mass, p t @ ,  a t m - c m  

d standard dev ia t ion  

X volume mixing r a t i o  

Bar over symbol i n d i c a t e s  mean value. 
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TABLE 2.- SAMPLE TABULATED DATA 

(a )  Data r e t r i eved  with r e so lu t ion  model 

C e l l  S /N 20 D a t e  of Scan: 
G a s :  NO:N2 Time of Scan: 

Temperature of Scan: 28.7OC 

Aug. 31, 1981 
8:50 AM 1 

o p t i c a l  mass l i n e s  

1947.166 
1948.399 
1949.61 1 
1950.863 

Resolution mean, 0.065667 cm-’ ; standard devia t ion ,  0.000835 cm” 

Pressure l i n e s  

1927.270 
1929.020 ,06641 2 
1934.385 .066397 

Resolution mean, 0.066477 cm” ; standard devia t ion ,  0.000245 cm”’ 

Mixing ra t io ,  0.07326546362791 ; standard devia t ion ,  0.0021 951 341 28631 

a N o t  used i n  f i n a l  average. 

20 



- .  
TABLE 2.- Concluded 

0.08741 3 
.084945 
.085314 
.090090 
.082968 
.085994 
.083303 

(b) Data r e t r i eved  with e f f e c t i v e  apodizat ion model 

-0,270257 
- .251017 -. 244281 

a- .377778 
-.215983 
- .293187 
-.220517 

Temperature of Scan: 28.7OC ""'I C e l l  S/N 20 D a t e  of Scan: Aug. 31, 
G a s :  NO:N2 Time of Scan: 8:50 AM 

Wave number, 
c m - l  

1924.451 
1926.283 
1927.270 
1929.020 
1934.386 

optical mass l i n e s  

Effec t ive  apodizat ion Pressure,  
atm 

0.1 13526 -0.290959 
.115098 - .288376 
.124664 -.290149 
.l 1 5629 - -27571 5 
.I 21 579 -.296683 

I 

Effec t ive  apodization mean, -0.288376: standard devia t ion ,  0.007732 

Mixing ra t io ,  0.071 9643701 4492; standard devia t ion ,  0.0032351 51 308938 
,A 

Effec t ive  apodization I Optical mass, 
a t m - c m  

Wave number, 
cm-" 

1943.355 
1945.896 
1947.1 66 
1948.399 
1949.61 1 
1950.863 
1952.019 

Mean, 0.084989 a t m - c m ;  s tandard devia t ion ,  0.001 669 atm-cm 
I 

1 Effec t ive  apodization mean, -0.249207; standard devia t ion ,  0.029434 

a N o t  used i n  f i n a l  mean. 

Pressure  l i n e s  

~~ ~~ ~ ~ 

Mean, 0.1 18099 a t m ;  s tandard devia t ion ,  0.004776 a t m .  



TABLE 3.- RESULTS OF ANALYSES OF NO GAS CELL DATA FOR 
P E R I O D  ENDING DECEMBER 31, 1981 

0.106 f 0.0053 
.lo8 f .0041 
.IO7 f .0036 
-109 f .0032 

f i l l  cond i t ions  ( a l l  
U = 0.1 a t m - c m ;  pt = 0.1 a t m ;  
x =  0.1 

0.0830 f 0.0071 
.0808 f .0053 
.0815 f .0039 
.0803 f .0042 

C e l l  
S/N 

20 

22 
23 

a2 1 

Spectral data  
sets used i n  
determining 
m e a n  values 

9 R branch 
13 R branch 
10 R branch 
10 R branch 

- 
u f b, 
atm-cm 

0.0880 f 0.0043 
.0872 f .0038 
.0872 f .0025 
,0872 f .0030 

a A c c e l e r a t e d  aging tes t  C e l l .  

TABLE 4.- RESULTS OF ANALYSES OF CH4 GAS CELL DATA FOR 
P E R I O D  ENDING DECEMBER 31, 1981 

f i l l  cond i t ions  ( a l l  cells)  : 1 U = 8.0 a t m - c m ;  pt = 0.8 a t m ;  
x = 1.0 

C e l l  
S/N 

- 
al 2 

25 
26 

- Spectral data 
sets used i n  u f b f  ?, f 01 

d e t e r m i n i n g  a t m - c m  atm 
m e a n  values 

10 P branch 7.98 f 0.13 0,793 f 0.0096 
7 P branch 8.01 f .I9 .794 f .013 
7 P branch 7.97 f . I 8  .799 f .011 

1.01 f .0.026 
1-01 f .040 

.998 f .035 

a 2 ~ ~ ~  temperature cycle tes t  cell.  
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C e l l  
S/N 

10 
10 

al 8 
18 a 

19  
19 
20 
20 
21 - 

TABLE 5.- RESULTS OF ANALYSES OF HC1 GAS CELL DATA FOR 
PERIOD ENDING DECEMBER 31, 1981 

S / N  IO, 18, and 19: U = 0.1 atm-cm; pt = 0.1 atm; x = 0.1 
S/N 20: u = 0.05 atm-cm; pt = 0.1 atm; x = 0.05 
S/N 21: U = 0.005 a t m - c m ;  pt = 0.05 atm; 1 f i l l  condi t ions:  

X = 0.01 

Spec t ra l  d a t a  
sets used i n  
determining 
mean values 

18  P branch 
15 R branch 
15 P branch 
13 R branch 
10 P branch 
14 R branch 
15 P branch 
14 R branch 
16 both P & R 

atm-cm 

.IO6 f .0051 
.0961 f .0051 .0948 f -0033 
.IO3 f .0053 .IO5 f .0028 
.IO2 f .0064 ,0958 f .0047 
-0529 f .0040 .IO7 f .0053 
.0523 f .0026 .0962 f ,0058 

0.0914 f 0.0081 
.0981 f .0067 
.0918 f .0072 
.IO1 f .0072 
.0983 f ,0055 
.IO7 f ,011 
.0491 f .0028 
.0547 f .0046 
.00983 f .00088 

aAccelerated aging and 2000 cycle  temperature t es t  cel l ,  
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C e l l  
S/N 

15 
15 

al  6 
al 6 
17 
17 
b22 

TABLE 6.- RESULTS O F  ANALYSES OF HF GAS CELL DATA FOR 
P E R I O D  ENDING DECEMBER 31, 1981 

f i l l  condi t ions:  
S/N 15, 16, 17: u = 1.0 atm-cm; pt = 0.2 atm; x = 0.5 
S/N 22: u = 0.004 atm-cm; pt = 0.1 atm; x = 0.004 
S/N 23: u = 0.004 atm-cm; pt = 0.05 atm; x = 0.008 

Spec t ra l  d a t a  
s e t s  used i n  
determining 
mean values 

18 P branch 
12 R branch 
28 P branch 
14 R branch 
15 P branch 
14 R branch 
Both P & R 

b23 I Both P & R 

I 

- 
u f b, 
atm-cm 

3.889 f 0.062 
.854 f .045 

.880 f .063 

.898 f .069 
-863 f .065 
.000207 f .000011 

(most recent 1 
.000770 f .000030 

(most r ecen t  1 

.918 f .076 

i j  f 0, 
atm 

0.199 0.022 
.178 f -013 
.I98 f .027 
.191 f .019 
.195 f -033 
-199 f .023 
.lo0 assumed 

.0513 f -0035 
(most r ecen t )  

0.452 f 0.056 
.482 f .039 
.473 f .083 
.462 f .042 
-475 f .089 
.439 f .OS3 
.000207 f .000011 

(most recent 1 
.00150 f .00012 

(most r e c e n t  1 

aAccelerated aging test  c e l l  - extended test  time. 
bValues given a r e  f o r  a s i n g l e  (most r ecen t )  set of da ta ;  H F  S/N 22 

h i s t o r i c a l  record is  based on 16 da ta  sets, H F  S /N 23 h i s t o r i c a l  
record is based on 13 da ta  sets. 
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TABLE 7.- CONCENTRATIONS OF CONTAMINANTS I N  THF: H F  GAS CELLS 

Spectra f o r  C 0 2 ,  HC1, CH4, HCN taken on 8/19/81; 
s p e c t r a  f o r  H20 taken on 3/18/81 and 5/27/81 1 c 

aWater values are upper l i m i t s .  

bUpper l i m i t .  

Exact determinat ion 
depends on q u a l i t y  of purge and half-widths values .  

noise.  
N o  v i s i b l e  spec t r a  above background 
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Figure 2.- Glass cell. 
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Figure 4.- Gold cel l .  
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HCL S/!J 21 TEST CELL 
x 10-3 

* 8 1 *  I I I I I I I I I 
~ ~ - 4 I r r I 1 l r I r I  
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(c) Sample h i s t o r i c a l  record (HC1 cel l  S / N  2 1 ) .  

Figure 5 .- Concluded . 
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Figure 13.- Historical record for HC1 cel ls .  
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Figure 1 3 .- Continued. 
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Figure 1 3 .- Concluded. 
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