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Description 

BACKGROUND  OF  THE  INVENTION 

The  use  of  high  energy  photoionization  for  the  de- 
tection  of  gas  chromatograph  (GC)  eluates  was  first 
reported  by  J.E.  Lovelock  in  Nature,  Volume  188, 
Page  401,  1960.  A  variety  of  ionization  techniques 
have  been  reviewed  and  compared  also  by  Lovelock 
in  Analytical  Chemistry,  Volume  33,  page  163,  1961. 
The  photoionization  detector  (PID)  was  first  commer- 
cialized  by  J.N.  Driscoll  and  F.F.  Spazianiof  HNU  Sys- 
tems,  Inc.,  who  have  reviewed  the  development  of  the 
PID  in  Research/Development,  Volume  27,  Page  50, 
1  976.  Recently,  various  ionization  techniques  used  in 
gas  chromatograph  detectors  have  been  reviewed  by 
P.L.  Patterson  in  the  Journal  of  Chromatographic  Sci- 
ence,  Volume  24,  Page  466,  1986. 

Aspecial  electrode  arrangement  for  ion  detection 
within  a  PID  is  the  subject  of  U.S.  Patent  US-A- 
4,013,913,  awarded  to  Driscoll  and  Spaziani.  An  elec- 
trode  arrangement  is  disclosed  in  this  patent  where 
an  anode  and  cathode  are  positioned,  with  respect  to 
the  ionizing  radiation,  such  that  an  annular  configur- 
ation  is  defined  with  the  anode  directly  exposed  to  the 
radiant  energy  and  the  cathode  shielded  from  the  en- 
ergy  source  by  either  a  metallic  or  an  organic  plastic 
material.  Such  an  arrangement  is  said  to  produce  low 
noise  by  minimizing  the  creation  of  unwanted  photo- 
electrons  from  UV  radiation  striking  the  cathode. 

A  PID  usually  includes  a  radiant  energy  source 
(usually  high  energy  UV  light  of  approximately  10 
electron  volts),  an  ionization  chamber  containing  ion 
accelerator  and  collecting  electrodes,  and  electronic 
circuitry  for  driving  the  photon  source,  amplifying  the 
ion  current  and  driving  an  output  device.  The  sample 
to  be  detected  is  passed  as  a  gas  through  the  ioniza- 
tion  chamber  where  it  is  exposed  to  the  radiantenergy 
and  ionized.  The  ions  formed  are  accelerated  and  col- 
lected  by  the  electrode  structures  within  the  ioniza- 
tion  chamber. 

Early  PIDS  had  the  ionization  chamber  pneumat- 
ically  interconnected  to  the  light  source  which  consist- 
ed  of  an  emission  chamber  driven  by  either  a  d.c.  or 
r.f.  discharge.  Sealed  light  sources  were  later  devel- 
oped  which  did  not  have  to  be  operated  under  va- 
cuum,  did  not  require  the  use  of  ultra-high  purity  gas- 
es  and  were  not  susceptible  to  a  change  in  emission 
characteristics  due  to  contamination  of  the  discharge 
electrodes.  These  sources  enabled  reliable  PIDS  to 
be  developed  and  allowed  the  PID  to  be  commercial- 
ized. 

There  are  two  primary  problems  related  to  pres- 
ent  PID  designs.  First,  the  UV  lamp  window  is  in  con- 
tact  with  the  sample  stream.  Although  this  is  desirable 
to  minimize  any  unswept  volume  (dead  volume),  it  al- 
lows  the  window  to  become  fogged  by  nonvolatile 
components  in  the  sample  stream  and  by  polymer 

products  formed  when  certain  GC  eluates  such  as 
glycols  are  irradiated  by  the  UV  light.  Such  window 
coatings  reduce  the  amount  of  light  reaching  the  sam- 
ple  and  cause  a  corresponding  decrease  in  detector 

5  sensitivity.  Detector  performance  will  eventually  de- 
teriorate  below  that  which  is  acceptable  and  then  the 
lamp,  which  is  quite  expensive,  must  be  replaced  or 
the  window  cleaned  if  possible. 

It  is  important  to  minimize  dead  volume  since  it 
10  causes  distortion  of  the  gas  chromatograph  eluate 

profiles,  which  decreases  the  usefulness  of  the  chro- 
matographic  system.  Consequently,  a  PID  design 
which  prevents  the  sample  stream  from  contacting 
the  lamp  window  without  the  creation  of  any  dead  vol- 

15  ume  would  be  an  obvious  advance  in  PID  technology. 
The  second  problem  with  present  PID  designs  in 

the  limitations  that  arise  when  a  PID  is  connected  in 
series  with  another  detector  such  as  an  electrolytic 
conductivity  detector  (ELCD).  In  certain  analyses  it  is 

20  analytically  advantageous  to  connect  the  PID  and 
ELCD  so  that  the  sample  stream  first  passes  through 
the  PID  and  then  through  the  ELCD.  In  this  manner 
such  sample  components  as  aromatics  and  halogen- 
ated  organics  can  be  analyzed  simultaneously  with 

25  the  PID  and  the  ELCD,  respectively.  This  enables  all 
of  the  compounds  of  interest  in  such  procedures  as 
EPA  methods  502.2,  601  and  602  to  be  analyzed  us- 
ing  a  single  gas  chromatographic  run.  It  should  be  not- 
ed  that  recent  EPAmethod  502.2  actually  requires  the 

30  use  of  a  PID  and  an  ELCD  connected  in  series. 
Several  present  PID  designs  that  are  commer- 

cially  available  have  adaptations  which  enable  them 
to  be  serially  interfaced  to  another  detector,  however, 
they  are  not  truly  engineered  to  be  interfaced  to  the 

35  ELCD  or  any  other  detector.  In  the  past,  serially  inter- 
facing  the  PID  and  ELCD  required  the  detectors  to  be 
mounted  in  their  normal  respective  manners  with  a 
transfer  tube  connected  from  the  PID  exit  port  to  the 
ELCD  inlet  port.  The  PID  exit  port  was  normally  on  the 

40  outside  of  the  PID  detector  body  and  external  to  the 
GC  oven,  whereas  the  ELCD  inlet  was  within  the  GC 
oven.  Thus  the  transfer  tube  had  to  be  heated  and 
routed  back  into  the  oven  to  be  connected  to  the 
ELCD  inlet.  This  was  usually  done  by  routing  the  tube 

45  through  the  hole  through  which  the  PID  detector  inlet 
port  protrudes  into  the  GC  oven  or  another  drilled 
hole.  This  approach  works,  but  suffers  from  the  fol- 
lowing  limitations:  (a)  The  transfertube  required  to  in- 
terface  the  PID  to  the  ELCD  is  a  potential  source  of 

so  leaks  due  to  connections  and  breakage  of  the  transfer 
tube  (if  the  recommended,  but  fragile,  materials  such 
as  fused  silica  are  used);  (b)  Sensitive  materials  can 
be  decomposed  by  any  reactive  surfaces  of  the  trans- 
fer  tube;  (c)  The  integrity  of  the  peak  elution  profiles 

55  can  be  deteriorated  by  cold  spots  and  unswept  vol- 
ume  in  the  transfer  tube  and  fittings;  and  (d)  Both  de- 
tector  ports  of  2-port  chromatographs  are  required  for 
mounting  the  PID  and  ELCD  detectors,  precluding  the 

2 
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use  of  a  third  detector. 
DD-A-248  880  discloses  a  photoionization  detec- 

tor  comprising  a  UV-lamp,  a  lamp  window,  an  ioniza- 
tion  chamber  having  electrodes  and  a  ceramic  plate, 
a  collector  electrode  and  a  polarizing  electrode  being 
formed  as  coaxial  segments  of  a  cylinder,  a  sweep 
gas  inlet  and  a  gas  exit. 

OBJECTS  AND  SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  present  invention  to  provide 
an  improved  photoionization  detector  which  is  adapt- 
ed  to  the  analysis  of  samples  containing  components 
of  low  volatility  or  components  that  can  polymerize. 

It  is  another  object  of  the  present  invention  to  pro- 
vide  an  improved  photoionization  detector  which  is 
adapted  to  be  connected  serially  with  another  detec- 
tor  such  as  an  ELCD. 

It  is  yet  another  object  of  the  present  invention  to 
provide  an  improved  photoionization  detector  which 
is  adapted  to  extend  the  lifetime  of  the  UV  lamp  as- 
sociated  with  the  detector. 

It  is  a  further  object  of  the  present  invention  to 
provide  a  detector  chamber  which  may  be  vented. 

An  additional  embodiment  of  the  present  inven- 
tion  provides  an  automatic  electronic  control  to  the 
ionizing  lamp  which  regulates  power  to  the  lamp  for 
the  purpose  of  extending  lamp  life. 

These  and  other  objects  are  met  by  providing  a 
photoionization  detector  as  claimed  in  claim  1. 

BRIEF  DESCRIPTION  OF  THE  FIGURES 

FIGURE  1  is  a  schematic  diagram  of  a  system  for 
gas  chromatography  utilizing  the  features  of  the  pres- 
ent  invention. 

FIGURE  2  is  a  cross-sectional  view  of  the  photo- 
ionization  detector  of  the  present  invention. 

FIGURE  3  is  a  cross-sectional  view,  taken 
through  lines  3-3  of  FIGURE  2,  of  the  photoionization 
detector  of  the  present  invention. 

FIGURE  4  is  a  schematic  diagram  of  the  lamp  vol- 
tage  control  embodiment  of  the  present  invention. 

FIGURES  5(a)  and  5(b)  are  representations  of 
detector  performance,  wherein  the  features  of  the 
present  invention  are  utilized. 

DESCRIPTION  OF  THE  INVENTION 

A  block  diagram  of  the  photoionization  detector  of 
the  present  invention  is  shown  in  FIGURE  1.  As  can 
be  seen  by  the  dashed  line  divisions  in  this  figure,  the 
PID  10  consists  of  three  main  assemblies  -  the  lamp 
power  supply  11  ,  an  electrometer  12  and  the  detector 
proper  (hereafter  referred  to  as  detector  1  3).  As  in  the 
design  of  certain  other  PIDS,  this  invention  uses  the 
electrometer  supplied  in  the  gas  chromatograph,  nor- 
mally  installed  for  operating  a  flame  ionization  detec- 

tor,  which  is  a  very  common  detector  available  from 
all  major  chromatograph  manufacturers.  The  novel 
features  of  this  invention  relate  to  the  unique  design 
elements  of  the  detector.  An  additional  embodiment 

5  comprises  the  use  of  a  "lamp  saver"  circuit  located  in 
the  lamp  power  supply  module. 

FIGURES  2  and  3  show  cross  sectional  view  of 
the  detector.  With  reference  to  FIGURE  2,  the  detec- 
tor  13  is  interfaced  to  the  gas  chromatograph  column 

10  at  14.  The  sample  stream  is  directed  from  the  detec- 
tor  inlet  through  the  glass-lined  stainless  steel  trans- 
fer  tube  15  and  transfer  port  into  the  photoionization 
chamber  16  defined  by  the  polarizing  electrode  17, 
electrode  spacer  18,  collector  electrode  19,  ceramic 

15  insert  20,  electrode  biscuit  21,  and  lamp  window  22. 
The  transfer  tube  15  rises  through  a  mounting  block 
50  into  the  electrode  biscuit  21  thrugh  a  tapered  seal 
51  .  The  tapered  seal  has  two  tapered  surfaces  52,  53 
which  pilot  against  matched  tapered  openings  in  the 

20  electrode  biscuit  and  mounting  block.  The  seal  also 
accepts  the  polarizing  electrode  17  in  a  recess  55. 

With  reference  to  FIGURE  3,  the  sample  stream, 
is  fluidically  switched  away  from  lamp  window  22  by 
a  sweep  gas  entering  the  photoionization  chamber  at 

25  sweep  gas  inlet  port  23  and  exits  the  chamber 
through  exit  transfer  24. 

Ions  created  from  exposure  of  the  sample  within 
the  ionization  chamber  16  by  UV  lamp  25  contained 
within  lamp  biscuit  26  are  accelerated  by  polarizing 

30  electrode  1  7  to  collector  electrode  1  9.  Electrical  con- 
nections  to  the  electrometer  input  and  polarizing  vol- 
tage  source  (contained  within  the  electrometer's  cir- 
cuitry)  are  made  via  spring-loaded  connectors  27  and 
28. 

35  With  reference  again  to  FIGURE  2,  a  novel  de- 
sign  feature  of  the  PID  exit  port  24,  29  is  that  it  forms 
the  female  portion  of  a  tube  connection,  which  en- 
ables  the  reactor  of  an  electrolytic  conductivity  detec- 
tor  to  be  directly  interfaced  to  the  PID  without  the  use 

40  of  a  transfer  tube  as  required  by  conventional  de- 
signs.  The  electrode  biscuit  contains  a  vent  exit  port 
30  connected  to  a  solenoid  controlled  vent  valve  (not 
shown)  via  the  vent  exit  tube  31,  which  allows  un- 
wanted  sample  components  to  be  vented  from  the  de- 

45  tector  photoionization  chamber  16  prior  to  the  exit 
port  29  and  entering  the  ELCD  reactor  when  installed. 

The  incorporation  of  a  venting  mechanism  into 
the  PID  is  an  additional  novel  feature  of  this  invention 
not  found  in  any  other  PID.  This  feature  when  com- 

50  bined  with  the  sweep  gas  feature,  using  an  ELCD  re- 
action  gas  as  the  sweep  gas  (i.e.  hydrogen  or  air,  de- 
pending  upon  ELCD  mode  of  operation)  enables  the 
PID  to  provide  the  venting  and  reaction  gas  introduc- 
tion  functions  of  the  ELCD,  normally  performed  by 

55  the  detector  base  of  the  ELCD,  in  addition  to  the  nor- 
mal  photoionization  function  of  the  PID.  This  allows 
the  ELCD  reactor  to  be  interfaced  directly  to  the  PID, 
eliminating  the  need  for  ELCD  detector  base  and  the 

3 
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use  of  any  transfer  tubing  to  interface  the  two  detec- 
tors.  In  this  manner  an  unitized  PID-ELCD  detector 
system  is  formed,  which  requires  the  use  of  only  one 
detector  port. 

The  "lamp  saver"  circuit  of  the  PID  lamp  supply  is 
an  additional  embodiment  of  this  invention.  The  oper- 
ation  of  this  feature  can  be  understood  with  the  aid  of 
the  simplified  circuit  schematic  shown  in  FIGURE  4. 
Power  to  the  UV  lamp  is  automatically  removed  after 
a  user-selectable  time  has  elapsed  unless  the  timer 
is  reset  by  a  contact  closure  activated  by  a  pushbut- 
ton  on  the  supply  module  or  a  contact  closure  resident 
on  and  activated  by  another  instrument  such  as  a  gas 
chromatograph  or  a  purge-and-trap  sample  concen- 
trator.  In  this  manner,  power  to  the  UV  lamp  will  re- 
main  on  during  the  entire  time  the  detector  is  in  use 
as  long  as  the  timer  is  set  to  a  time  longer  than  the 
chromatograph  analysis  time,  because  a  ready  signal 
(contact  closure)  will  be  generated  by  the  chromato- 
graph  (or  ancillary  instrument)  when  it  has  completed 
a  run  and  is  ready  to  begin  another.  If  not  desired,  the 
feature  can  be  disabled  by  the  "lamp  saver"  bypass 
switch. 

The  "lamp  saver"  feature  is  useful  in  the  opera- 
tion  of  the  PID,  because  many  of  the  UV  lamps  used 
have  a  fairly  short  life  of  approximately  500  to  600 
hours.  As  a  result,  if  one  forgets  to  turn  off  the  PID 
lamp  supply  and  it  is  left  on  at  night  or  for  a  weekend, 
a  considerable  portion  of  the  lamp's  life  will  be  wast- 
ed. 

The  performance  of  the  invention  is  shown  in 
FIGURE  5.  Response  of  the  PID  to  a  mixture  of  aro- 
matic  and  chlorinated  hydrocarbon  compounds  perti- 
nent  to  United  States  Environmental  Protection  Agen- 
cy  methods  601  and  602  is  shown  in  this  FIGURE 
5(a).  The  response  of  an  ELCD  connected  in  series 
and  functioning  with  the  PID  as  an  unitized  detector 
system  is  shown  in  FIGURE  5(b).  The  excellent  re- 
sponse  of  the  ELCD  shows  that  no  loss  in  peak  integ- 
rity  occurs  by  passing  the  sample  through  the  PID. 
Thus  these  novel  design  features  can  be  seen  to  con- 
stitute  definite  analytical  advantages.  While  we  have 
described  above  the  principles  of  the  invention  in 
terms  of  specific  equipment  and  methods,  it  is  to  be 
understood  that  this  description  is  made  only  by  way 
of  example  and  not  as  a  limitation  to  be  scope  of  the 
invention  as  set  forth  in  the  accompanying  claims. 

Claims 

1  .  A  photoionization  detector  (1  3)  connectable  to  an 
electrolytic  conductivity  detector  and  having  a 
photoionization  chamber  (16),  the  chamber  hav- 
ing  a  polarizing  electrode  (17),  a  collector  elec- 
trode  (19),  a  lamp  (25),  a  lamp  window  (22),  and 
a  transfer  tube  (15)  for  introducing  a  sample  into 
the  photoionization  chamber,  and 

an  inlet  port  (23)  for  introduction  of  sweep 
gas  into  the  photoionization  chamber,  character- 
ized  by  an  exit  port  (24,  29)  interengageable  with 
the  reactor  inlet  of  the  electrolytic  conductivity 

5  detector. 

2.  The  photoionization  detector  of  claim  1  further 
characterized  by: 

the  photoionization  detector  (13)  further 
10  comprises  the  lamp  (25),  the  lamp  window  (22) 

and  the  inlet  port  (23)  adapted  to  sweep  gas  into 
proximity  with  the  lamp  window. 

3.  The  photoionization  detector  of  claim  1  further 
15  characterized  by: 

the  exit  port  (24,  29)  is  internally  threaded 
for  interengagement  with  an  externally  threaded 
portion  of  the  reactor  inlet  of  the  electrolytic  con- 
ductivity  detector. 

20 
4.  The  photoionization  detector  of  claim  1  further 

characterized  by: 
the  inlet  port  (23)  and  exit  port  (24,  29)  are 

passages  generally  perpendicular  to  the  transfer 
25  tube(15). 

5.  The  photoionization  detector  of  claim  1,  further 
characterized  by: 

the  sweep  gas  introduced  into  the  photo- 
30  ionization  chamber  (16)  through  inlet  port  (23) 

fluidically  switches  the  sample  away  from  lamp 
window  (22). 

6.  The  photoionization  detector  of  claim  1  further 
35  characterized  by: 

a  vent  exit  port  (30)  between  the  inside 
and  outside  of  the  photoionization  chamber  (16). 

40  Patentanspruche 

1.  Photoionisationsdetektor  (13),  dermiteinem  De- 
tektorfurelektrolytische  Konduktivitatverbunden 
werden  kann  und  dereine  Photoionisationskam- 

45  mer  (16)  hat,  wobei  die  Kammer  eine  Polarisati- 
onselektrode  (17),  eine  Sammelelektrode  (19), 
eine  Lampe  (25),  ein  Lampenfenster  (22),  ein 
Ubertragungsrohr(15),  urn  eine  Probe  in  die  Pho- 
toionisationskammer  einzuleiten,  und  einen  Ein- 

50  lalianschluli  (23)  enthalt,  urn  Spulgas  in  die  Pho- 
toionisationskammer  einzuleiten,  gekennzeich- 
net  durch  einen  Auslalianschluli  (24,  29),  der  mit 
dem  Reaktoreinlali  des  Detektors  fur  elektrolyti- 
sche  Konduktivitat  gekoppelt  werden  kann. 

55 
2.  Photoionisationsdetektor  nach  Anspruch  1,  wei- 

terhin  dadurch  gekennzeichnet,  daft: 
der  Photoionisationsdetektor  (13)  aulier- 

4 
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dem  die  Lampe  (25),  das  Lampenfenster  (22)  und 
den  Einlaftanschluft  (23)  aufweist,  der  ausgebil- 
det  ist,  um  Gas  nahe  am  Lampenfenster  vorbei- 
stromen  zu  lassen. 

3.  Photoionisationsdetektor  nach  Anspruch  1,  wei- 
terhin  dadurch  gekennzeichnet,  daft: 

der  Auslalianschluli  (24,  29)  miteinem  In- 
nengewinde  versehen  ist,  um  mit  einem  Aulien- 
gewindebereich  des  Reaktoreinlasses  des  De- 
tektors  fur  elektrolytische  Konduktivitat  eingrei- 
fen  zu  konnen. 

4.  Photoionisationsdetektor  nach  Anspruch  1,  wei- 
terhin  dadurch  gekennzeichnet,  daft: 

der  Einlaftanschluft  (23)  und  der  Auslali- 
anschluli  (24,  29)  Durchlasse  sind,  die  im  we- 
sentlichen  senkrecht  zum  Ubertragungsrohr(15) 
verlaufen. 

5.  Photoionisationsdetektor  nach  Anspruch  1,  wei- 
terhin  dadurch  gekennzeichnet,  daft: 

das  durch  den  Einlalianschluli  (23)  in  die 
Photoionisationskammer  (16)  eingeleitete  Spul- 
gas  durch  Stromung  die  Probe  vom  Lampenfen- 
ster  (22)  entfernt. 

6.  Photoionisationsdetektor  nach  Anspruch  1,  wei- 
terhin  dadurch  gekennzeichnet,  daft: 

zwischen  der  Innenseite  und  der  Auften- 
seite  der  Photoionisationskammer  (16)  ein  Ent- 
luftungsauslalianschluli  (30)  vorgesehen  ist. 

tion  1  ,  caracterise  par  ailleurs  en  ce  que  I'orif  ice 
de  sortie  (24,  29)  est  f  iletee  interieurement  pour 
cooperer  avec  une  partie  filetee  exterieurement 
de  I'entree  du  reacteur  du  detecteur  de  conduc- 

5  tivite  electrolytique. 

4.  Detecteurde  photo-ion  isation  selon  la  revendica- 
tion  1  ,  caracterise  par  ailleurs  en  ce  que  I'orif  ice 
d'entree  (23)  et  I'orif  ice  de  sortie  (24,  29)  ont  des 

10  passages  qui  sont  de  maniere  generale  perpen- 
diculaires  au  tube  de  transfert  (15). 

5.  Detecteurde  photo-ion  isation  selon  la  revendica- 
tion  1  ,  caracterise  par  ailleurs  en  ce  que  le  gaz  de 

15  balayage  introduit  dans  la  chambre  de  photo-io- 
nisation  (16)  par  I'orif  ice  d'entree  (23)  fait  passer 
par  voie  fluidique  I'echantillon  loin  de  la  fenetre 
de  lampe  (22). 

20  6.  Detecteurde  photo-ion  isation  selon  la  revendica- 
tion  1,  caracterise  par  ailleurs  par  un  orifice 
d'evacuation  (30)  entre  l'interieuretl'exterieurde 
la  chambre  de  photo-ionisation  (16). 

25 

30 

Revendications  35 

1.  Detecteurde  photo-ionisation  (13)  connectable  a 
un  detecteurde  conductivity  electrolytique,  ayant 
une  chambre  de  photo-ionisation  (16),  la  cham- 
bre  comportant  une  electrode  de  polarisation  40 
(17),  une  electrode  collectrice  (19),  une  lampe 
(25),  une  fenetre  de  lampe  (22)  et  un  tube  de 
transfert  (15)  pour  introduire  un  echantillon  dans 
la  chambre  de  photo-ionisation,  et  un  orifice 
d'entree  (23)  pour  introduire  un  gaz  de  balayage  45 
dans  la  chambre  de  photo-ionisation,  caracterise 
par  un  orifice  de  sortie  (24,  29)  susceptible  d'etre 
relie  avec  I'entree  du  reacteur  du  detecteur  de 
conductivity  electrolytique. 

50 
2.  Detecteur  de  photo-ionisation  selon  la  revendica- 

tion  1  ,  caracterise  par  ailleurs  en  ceque  le  detec- 
teur  de  photo-ionisation  (13)  comprend  en  outre 
la  lampe  (25),  la  fenetre  de  lampe  (22)  et  I'orif  ice 
d'entree  (23)  pour  balayer  un  gaz  a  proximite  de  55 
la  fenetre  de  lampe. 

3.  Detecteur  de  photo-ionisation  selon  la  revendica- 

5 
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