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(57)  A  flameless  atomic  absorption  spectro- 
photometer  includes  a  valve  controller  (6)  that 
connects  the  inside  of  a  heating  tube  (20)  to 
an  inert  gas  source  (8)  before  the  sample  in 
the  tube  (20)  is  atomized,  whereby  water 
vapor  or  organic  vapor  generated  from  the 
sample  before  the  atomizing  stage  is  expelled 
from  the  tube  through  a  sampling  hole.  In  the 
atomizing  stage  of  a  heating  program,  the  valve 
controller  (6)  connects  the  inside  of  the  heating 
tube  (20)  to  the  outer  atmosphere,  whereby  the 
atomized  sample  can  expand  along  an  optical 
path  within  the  heating  tube  (20). 
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This  invention  relates  to  flameless  atomic  ab- 
sorption  spectrophotometers  and  method  of  using 
same. 

In  measuring  the  content  of  an  object  element  or 
elements  in  a  sample  with  a  flameless  atomic  absorp- 
tion  spectrophotometer,  a  known  amount  of  sample  is 
put  in  a  heating  tube  (a  graphite  tube  is  often  used), 
and  the  tube  is  heated  to  a  high  temperature  to  atom- 
ize  the  sample.  Light  is  passed  through  a  cloud  of  the 
atomized  sample  and  the  absorbing  ratio  (or  trans- 
missivity)  of  the  light  at  a  specific  wavelength  or  wa- 
velengths  corresponding  to  the  object  element  is 
measured. 

When  a  metallic  element  or  elements  of  a  sample 
is  measured  and  the  sample  includes  water  or  an  or- 
ganic  component,  the  water  or  organic  component  is 
also  vaporized  in  heating  the  tube  and  the  vapor 
thereof  interferes  with  the  absorption  measurement 
of  the  object  metallic  element  or  elements.  In  order  to 
avoid  such  interference,  a  heating  program  as  shown 
at  the  top  in  Fig.  1  of  the  accompanying  drawings  is 
used.  First,  the  tube  is  heated  at  about  1  00°C  for  sev- 
eral  tens  of  seconds  to  vaporize  the  water  content  of 
the  sample  (drying).  Then,  the  tube  is  heated  at  100- 
1  000°C  for  several  tens  of  seconds  to  vaporize  the  or- 
ganic  content  of  the  sample  (burning).  After  the  water 
and  organic  contents  are  thus  removed,  the  tube  is 
heated  to  a  proper  high  temperature  (1  000-3000°C)  to 
atomize  the  object  component  (mainly  metallic  ele- 
ments),  on  which  the  absorbing  ratio  is  measured. 
The  time  needed  to  atomize  the  object  component  is 
several  seconds. 

In  the  drying  and  burning  stages  of  the  heating 
program  in  a  previously  proposed  flameless  atomic 
absorption  spectrophotometer,  as  shown  in  Fig.  9  of 
the  accompanying  drawings,  a  cloud  84  of  water  va- 
por  or  organic  vapor  is  generated  in  the  tube  81. 
Though  some  part  of  the  cloud  84  goes  out  of  the  tube 
81  through  a  small  sampling  hole  82  at  the  top  of  the 
tube  81,  a  large  part  of  the  cloud  84  expands  along 
an  optical  path  83  toward  the  open  ends  of  the  tube 
81  and  lingers  within  the  tube  81  until  the  atomizing 
stage.  In  the  previously  proposed  flameless  atomic 
absorption  spectrophotometer,  therefore,  as  shown  in 
Fig.  1  0  of  the  accompanying  drawings,  a  pair  of  trans- 
parent  windows  (often  quartz  plates)  95a  and  95b  are 
provided  at  the  ends  of  electrodes  94a  and  94b 
clamping  and  enclosing  the  tube  81  ,  and  inert  gas  (Ar 
gas,  N2  gas,  etc.)  is  introduced  within  the  tube  81  from 
both  ends  of  the  tube  81  through  passages  (inner  gas 
passages)  96a  and  96b  respectively  provided  at  ends 
of  the  electrodes  94a  and  94b.  By  such  measures,  the 
cloud  84  of  water  or  organic  vapor  generated  at  the 
drying  or  burning  stage  is  promptly  expelled  out  of  the 
tube  81  from  the  sampling  hole  82  and  a  correspond- 
ing  hole  98  in  the  electrode  94a  and  the  deleterious 
cloud  84  does  not  expand  toward  the  ends  of  the  tube 
81.  Another  pair  of  passages  (outer  gas  passages) 

97a  and  97b  are  provided  in  the  electrodes  94a  and 
94b  to  introduce  inert  gas  into  the  space  between  the 
tube  81  and  the  electrode  envelope  94a  and  94b  in  or- 
der  to  protect  the  graphite  tube  81  from  depletion  by 

5  oxidization.  The  outer  gas  (gas  introduced  in  the 
space  between  the  tube  81  and  the  electrode  envel- 
ope  94a  and  94b)  is  drained  from  a  gap  between  the 
two  electrodes  94a  and  94b. 

A  problem  of  the  previously  proposed  flameless 
10  atomic  absorption  spectrophotometer  is  that  a  part  of 

the  atomized  sample  escapes  through  the  sampling 
hole  82  to  the  outside  of  the  tube  81  (or  out  of  the  opt- 
ical  path  83  of  the  measurement  light).  This  is  be- 
cause  the  cloud  of  atomized  sample  cannot  expand 

15  along  the  optical  path  83  since  the  pressure  within 
the  tube  81  rises  quickly  at  the  atomizing  stage  and 
the  ends  of  the  optical  path  83  (i.e.,  the  ends  of  the 
electrode  envelope  94a  and  94b)  are  shut  by  the  win- 
dows  95a  and  95b. 

20  Another  problem  of  the  previously  proposed 
flameless  atomic  absorption  spectrophotometer  is 
that  the  windows  95a  and  95b  are  not  completely 
transparent  to  the  measurement  light  and  absorb 
some  amount  of  light  passing  through  the  atomized 

25  sample.  This  is  especially  critical  when  the  measure- 
ment  uses  light  of  shorter  wavelength  such  as  less 
than  200  nm.  For  example,  10%  of  the  light  is  lost  by 
a  quartz  window  at  the  wavelength  of  X=190  nm. 
These  problems  lead  to  a  poorer  signal  to  noise  (S/N) 

30  ratio  in  the  measurement. 
According  to  a  first  aspect  of  the  invention  there 

is  provided  a  method  of  measuring  a  content  of  an  ob- 
ject  element  in  a  sample  with  a  flameless  atomic  ab- 
sorption  spectrophotometer  in  which  the  sample  is 

35  atomized  at  a  high  temperature  in  a  heating  tube  and 
an  intensity  of  light  passing  through  the  atomized 
sample  is  measured,  the  heating  tube  having  open 
ends  and  a  sampling  hole  in  the  side  wall,  the  method 
comprising: 

40  pre-heating  the  heating  tube  to  a  temperature 
lower  than  the  high  temperature  to  evaporate  irrele- 
vant  components  of  the  sample; 

introducing  an  inert  gas  from  the  open  ends 
and  expelling  the  evaporated  irrelevant  components 

45  out  of  the  heating  tube  through  the  sampling  hole  in 
the  pre-heating  step;  and 

stopping  the  introduction  of  inert  gas,  and  con- 
necting  the  open  ends  of  the  heating  tube  to  the  outer 
atmosphere,  when  the  sample  is  atomized  at  the  high 

so  temperature. 
The  method  may  comprise  closing  the  sampling 

hole  of  the  heating  tube  when  the  sample  is  atomized 
at  the  high  temperature. 

According  to  a  second  aspect  of  the  invention 
55  there  is  provided  a  flameless  atomic  absorption  spec- 

trophotometer  comprising: 
a  heating  tube  for  heating  a  sample,  the  heat- 

ing  tube  having  a  sampling  hole  in  a  side  wall; 

2 
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a  pair  of  end  closing  members  each  for  enclos- 
ing  a  respective  open  end  of  the  heating  tube; 

a  pair  of  gas  passages  each  provided  in  a  re- 
spective  one  of  the  end  closing  members  for  introduc- 
ing  an  inert  gas  into  the  space  within  the  heating  tube; 

a  valve  for  connecting  the  gas  passages  either 
to  an  inert  gas  source  or  to  an  atmosphere; 

a  heating  controller  for  heating  the  heating 
tube  according  to  a  preset  heating  program;  and 

a  valve  controller  for  connecting  the  gas  pas- 
sages  to  the  inert  gas  source  before  the  sample  is 
atomized  in  the  heating  tube  and  for  connecting  the 
gas  passages  to  the  atmosphere  when  the  sample  is 
atomized  in  the  heating  tube. 

Before  the  sample  is  atomized,  deleterious  va- 
pors  in  the  heating  tube  are  expelled  by  the  inert  gas 
through  the  sampling  hole.  When  the  sample  is  atom- 
ized,  the  atomized  sample  in  the  heating  tube  can  ex- 
pand  within  the  heating  tube. 

The  flameless  atomic  absorption  spectrophotom- 
eter  may  comprise  a  cap  for  closing  the  sampling  hole 
of  the  heating  tube,  and  a  cap  controller  operative  to 
cause  the  cap  to  open  the  sampling  hole  before  the 
sample  is  atomized  in  the  heating  tube  and  to  close 
the  sampling  hole  when  the  sample  is  atomized  in  the 
heating  tube. 

The  capping  in  the  atomizing  stage  enhances  the 
expansion  of  the  atomized  sample  within  the  heating 
tube. 

According  to  a  third  aspect  of  the  present  inven- 
tion  there  is  provided  a  flameless  atomic  absorption 
spectrophotometer  comprising: 

a  heating  tube  for  heating  a  sample; 
a  pair  of  end  closing  members  each  for  enclos- 

ing  a  respective  open  end  of  the  heating  tube,  each 
of  the  end  closing  members  having  an  end  hole  at  an 
end  for  the  passage  of  light  through  the  end  holes  and 
the  heating  tube; 

a  pair  of  movable  windows  each  for  closing  a 
respective  one  of  the  end  holes; 

a  heating  controller  for  heating  the  heating 
tube  according  to  a  preset  heating  program;  and 

a  window  controller  for  closing  the  end  holes 
with  the  windows  before  the  sample  is  atomized  in 
the  heating  tube  and  for  opening  the  end  holes  when 
the  sample  is  atomized  in  the  heating  tube. 

Closing  the  windows  before  the  atomizing  stage 
helps  to  expel  the  deleterious  vapors  through  the 
sampling  hole.  Opening  of  the  windows  in  the  atom- 
izing  stage  eliminates  the  loss  of  measurement  light 
passing  through  the  heating  tube. 

Embodiments  of  the  invention  described  herein- 
below  provide  a  flameless  atomic  absorption  spectro- 
photometer  that  prevents  the  atomized  sample  es- 
caping  from  the  heating  tube;  and  a  flameless  atomic 
absorption  spectrophotometer  in  which  the  loss  of 
measurement  light  caused  by  the  windows  is  elimin- 
ated. 

The  invention  will  now  be  further  described,  by 
way  of  illustrative  and  non-limiting  example,  with  ref- 
erence  to  the  accompanying  drawings,  in  which: 

Fig.  1  is  a  time  chart  including  a  heating  program, 
5  valve  position,  inner  gas  flow  and  a  cap  position; 

Fig.  2  is  a  construction  diagram  of  a  flameless 
atomic  absorption  spectrophotometer  according 
to  a  first  embodiment  of  the  invention; 
Fig.  3  is  a  cross-sectional  view  of  an  atomizing 

10  section  of  the  first  embodiment; 
Fig.  4  is  a  time  chart  including  a  heating  program, 
window  position  and  an  inner  gas  flow; 
Fig.  5  is  a  construction  diagram  of  a  flameless 
atomic  absorption  spectrophotometer  according 

15  to  a  second  embodiment  of  the  invention; 
Fig.  6  is  a  cross-sectional  view  of  an  atomizing 
section  of  the  second  embodiment; 
Fig.  7Ais  a  plan  view  of  an  atomizing  section  with 
another  window  moving  mechanism,  and  Fig.  7B 

20  is  an  end  view  thereof; 
Fig.  8  is  an  end  view  of  an  atomizing  section  with 
still  another  window  moving  mechanism; 
Fig.  9  is  a  cross-sectional  view  of  a  heating  tube; 
and 

25  Fig.  10  is  a  cross-sectional  view  of  an  atomizing 
section  of  a  previously  proposed  flameless  atom- 
ic  absorption  spectrophotometer. 
Afirst  embodiment  of  the  present  invention  is  ex- 

plained  referring  to  Figs.  1  to  3.  As  shown  in  Fig.  2,  a 
30  hollow  cathode  lamp  1  generates  a  bright  line  spec- 

trum  light  including  the  resonance  line  of  the  object 
element  or  elements  (the  light  is  hereinafter  referred 
to  as  the  measurement  light),  and  passes  through  a 
graphite  tube  20  (Fig.  3)  placed  in  an  atomizing  sec- 

35  tion  2,  in  which  a  sample  is  atomized  and  the  object 
element  in  the  atomized  sample  absorbs  the  reso- 
nance  line  of  the  measurement  light.  Then,  irrelevant 
components  of  the  measurement  light  (i.e.,  light  that 
is  not  absorbed  by  the  object  element  or  light  whose 

40  absorbing  ratio  is  rather  low)  are  separated  and  an 
object  bright  line  (resonance  line)  is  chosen  by  a  light 
separator  3.  The  intensity  of  the  chosen  object  bright 
line  is  measured  by  a  detector  4.  A  half  mirror  12  is 
placed  before  the  atomizing  section  2  in  the  optical 

45  path  of  the  measurement  light  to  pass  the  light  from 
a  deuterium  (D2)  lamp  13  through  the  tube  20,  too. 
The  D2  light  is  used  to  correct  the  background  devia- 
tion  in  the  measurement. 

The  signal  from  the  detector  4  is  converted  loga- 
50  rithmically  in  a  signal  processor  5  and  a  signal  corre- 

sponding  to  the  absorbing  ratio  or  a  signal  corre- 
sponding  to  the  concentration  of  the  object  element 
is  sent  to  a  controller  6.  The  controller  6  sends  the  sig- 
nal  to  a  display  11  (CRT,  LCD,  etc.)  to  show  the  meas- 

55  urement  result.  A  console  (including  a  keyboard  or  a 
joystick)  1  0  is  connected  to  the  controller  6  to  send  di- 
rections  to  the  controller  6. 

In  the  atomizing  section  2,  as  shown  in  Fig.  3,the 

3 



5 EP  0  587  444  A2 6 

graphite  tube  20  is  secured  by  a  pair  of  graphite 
sleeves  21a  and  21  b  (side  closing  members),  and  the 
graphite  sleeves  21a  and  21b  are  held  by  a  pair  of 
copper  electrode  rings  22a  and  22b.  At  the  ends  of 
electrode  rings  22a  and  22b  are  inserted  a  pair  of 
plugs  23a  and  23b  (end  closing  members  ).  The 
sleeve  21a,  the  electrode  ring  22a  and  the  plug  23a 
are  constructed  as  a  unit,  and  another  set  21b,  22b 
and  23b  are  also  constructed  as  a  unit.  Each  unit  is 
supported  by  a  substrate  25a  or  25b  via  an  insulating 
plate  24a  or  24b,  and  the  two  units  are  made  slidable 
in  the  direction  of  the  optical  path  by  a  guide  bar  26 
penetrating  through  a  substrate  25b,  whereby  the 
graphite  tube  20  is  replaceable. 

When  the  graphite  tube  20  is  clamped  by  the  two 
units,  electric  power  is  given  from  a  power  supply  7 
(Fig.  2)  to  the  graphite  tube  20  through  the  electrode 
rings  22a,  22b  and  the  graphite  sleeves  21a,  21b.  A 
cooling  water  passage  32a  or  32b  is  formed  in  each 
of  the  electrode  rings  22a  or  22b. 

A  quartz  window  27a  or  27b  is  tightly  secured  in 
each  of  the  plugs  23a  and  23b  to  enclose  the  space 
formed  by  the  two  plugs  23a  and  23b  and  the  sleeves 
21a  and  21b  and  to  pass  the  measurement  light. 

A  small  hole  (inner  gas  passage)  28a  or  28b  is 
formed  in  each  plug  23a  or  23b,  and  also  a  small  hole 
(outer  gas  passage)  29a  or  29b  is  formed  in  each 
electrode  ring  22a  and  22b.  A  through  hole  (sampling 
hole)  30  is  formed  in  the  side  wall  of  the  sleeve  21a 
and  in  the  side  wall  of  the  graphite  tube  20.  The  top 
of  the  sampling  hole  30  is  enlarged  as  shown  in  Fig. 
3  and  a  cap  31  is  provided  for  the  sampling  hole  30. 
The  cap  31  is  moved  vertically  (and  preferably  later- 
ally)  by  a  cap  driver  9  to  open  and  close  the  sampling 
hole  30. 

Agas  pipe  (inner  gas  pipe)  33a  or  33b  is  connect- 
ed  to  the  inner  gas  hole  28a  or  28b,  and  another  gas 
pipe  (outer  gas  pipe)  is  connected  to  the  outer  gas 
hole  29a  or  29b.  The  inner  gas  pipes  33a  and  33b  are 
joined  and  connected  to  a  two-position  valve  34.  The 
two-position  valve  34  connects  the  inner  gas  pipes 
33a  and  33b  either  to  a  gas  supply  8  or  to  an  outer  at- 
mosphere.  The  two-position  valve  34  is  driven  by  a 
valve  changer  14  (Fig.  2). 

The  power  supply  7,  gas  supply  8,  valve  changer 
14  and  cap  driver  9  are  electrically  connected  to  the 
controller  6  and  controlled  by  the  controller  6  with  the 
heating  program  as  shown  in  Fig.  1  .  When  an  operator 
starts  the  system,  the  controller  6  controls  the  power 
supply  7  to  heat  the  graphite  tube  20  according  to  a 
preset  heating  program  as  shown  at  the  top  of  Fig.  1  . 
The  heating  program  is  given  by  theoperatorthrough 
the  console  10  or  previously  stored  in  an  external 
data  storage  or  in  a  ROM  (read  only  memory)  provid- 
ed  to  the  controller  6.  The  power  supply  7  supplies  a 
large  electric  current  through  the  electrode  rings  22a, 
22b  and  sleeves  21a,  21b  to  the  graphite  tube  20. 

In  the  drying  stage  and  in  the  burning  stage  of  the 

heating  program,  the  controller  6  sends  a  signal  to  the 
valve  changer  14  to  set  the  two-position  valve  34  to 
connect  the  inner  gas  pipes  33a  and  33b  to  the  gas 
supply  8.  The  gas  supply  8  is  directed  by  the  controller 

5  6  to  supply  inert  gas  through  the  pipe,  and  the  cap 
driver  9  is  given  a  direction  from  the  controller  6  to  lift 
the  cap  31  to  open  the  sampling  hole  30.  By  the  gas 
flow  configuration  thus  realized,  inert  gas  is  intro- 
duced  through  the  inner  gas  passage  28a  and  28b 

10  into  the  tube  20  from  the  open  ends,  whereby  the 
cloud  of  water  vapor  or  organic  vapor  generated  from 
water  component  or  organic  component  of  the  sam- 
ple  is  expelled  out  of  the  tube  20  through  the  sam- 
pling  hole  30.  Thus,  at  the  end  of  these  stages,  dele- 

15  terious  cloud  of  vapors  constituting  a  background  of 
absorbing  ratio  measurement  is  cleared  from  the  in- 
side  of  the  tube  20.  Inert  gas  is  also  supplied  through 
the  outer  gas  holes  29a  and  29b  to  the  space  be- 
tween  the  tube  20  and  the  sleeves  21a  and  21b  to 

20  prevent  oxidization  of  the  tube  20  in  these  stages. 
Just  before  the  atomizing  stage,  the  controller 

controls  the  valve  changer  14  to  set  the  two-position 
valve  34  at  the  position  to  connect  the  inner  gas  pipes 
33a  and  33b  to  the  atmosphere,  and  controls  the  cap 

25  driver  9  to  drop  the  cap  to  close  the  sampling  hole  30. 
Owing  to  the  gas  system  thus  realized,  the  ends  of 
the  tube  20  is  conducted  to  the  outer  atmosphere 
through  the  outer  gas  holes  29a  and  29b,  and  the 
cloud  of  atomized  sample  expands  only  toward  the 

30  ends  along  the  optical  path.  If  the  sampling  hole  30 
is  very  small,  it  is  not  necessary  to  cap  the  sampling 
hole  30  (and  the  cap  driving  mechanism  is  unneces- 
sary).  Since  the  measurement  time  (i.e.,  the  time  for 
measuring  the  light  passing  through  the  atomized 

35  sample)  is  generally  very  short,  exhaustion  of  the 
atomized  sample  from  the  ends  of  the  tube  20  is  in- 
significant.  The  inert  gas  supply  through  the  inner 
gas  passages  29a  and  29b  is  also  stopped  in  this 
atomizing  stage. 

40  A  second  embodiment  of  the  present  invention  is 
explained  referring  to  Figs.  4  to  6.  The  basic  structure 
of  the  system  is  the  same  as  that  of  the  previous  em- 
bodiment,  and  the  corresponding  elements  are  num- 
bered  the  same  in  Figs.  2  and  3  and  in  Figs.  5  and  6. 

45  The  feature  of  the  present  embodiment  is  that  the 
windows  27a  and  27b  fixed  in  the  plugs  23a  and  23b 
in  the  previous  embodiment  are  made  movable.  In  the 
present  embodiment,  a  quartz  window  127a  or  127b 
is  fixed  to  an  end  of  a  window  holder  140a  or  140b, 

so  and  the  window  holder  with  the  window  is  movably  in- 
serted  in  a  slot  141a  or  141b  formed  at  the  end  of  a 
plug  123a  or  123b.  As  shown  in  Fig.  5,  a  window  driver 
15  is  provided  and  connected  to  the  controller  6  to 
slide  the  window  holder  140a  and  140b  in  the  slots 

55  141a  and  141b  to  place  the  window  127a  and  127b 
in  the  optical  path  or  out  of  the  optical  path.  No  two- 
position  valve  is  used  in  the  present  embodiment,  and 
the  outer  gas  pipes  33a  and  33b  are  always  connect- 
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ed  to  the  gas  supply  8. 
In  the  present  embodiment,  the  controller  6  con- 

trols  the  window  driver  15  and  the  gas  supply  8  as  fol- 
lows.  When  an  operator  starts  the  system,  the  con- 
troller  6  controls  the  power  supply  7  to  heat  the  graph- 
ite  tube  20  according  to  a  preset  heating  program  as 
shown  at  the  top  of  Fig.  4.  The  heating  program  is  giv- 
en  by  the  operator  through  the  console  11  or  previ- 
ously  stored  in  an  external  data  storage  or  in  a  ROM 
(read  only  memory)  provided  to  the  controller  6.  The 
power  supply  7  supplies  a  large  electric  current 
through  the  electrode  rings  22a  and  22b  and  sleeves 
21a  and  21b  to  the  tube  20.  In  the  drying  and  burning 
stages  of  the  heating  program,  the  controller  6  sends 
a  signal  to  the  window  driver  15  to  insert  the  windows 
127a  and  127b  in  the  slot  141a  and  141b  to  shut  the 
space  enclosed  by  the  plugs  123a,  123b  and  the 
sleeves  21a,  21  b.  The  controller  6  furthersends  a  sig- 
nal  to  the  gas  supply  8  to  flow  inert  gas  (Ar  gas,  N2 
gas,  etc.)  through  the  inner  gas  passages  28a  and 
28b  into  the  enclosed  space.  The  inert  gas  introduced 
in  the  tube  20  from  the  open  ends  expels  the  water 
vapor  or  organic  vapor  generated  from  the  sample  in 
the  drying  and  burning  stages  out  of  the  sampling 
hole  30.  Thus,  at  the  end  of  these  stages,  deleterious 
cloud  of  vapors  constituting  a  background  of  absorb- 
ing  ratio  measurement  is  cleared  from  the  inside  of 
the  tube  20.  Inert  gas  is  also  supplied  through  the  out- 
er  gas  holes  29a  and  29b  to  the  space  between  the 
tube  20  and  the  sleeves  21a  and  21b  to  prevent  ox- 
idization  of  the  tube  20  in  these  stages. 

Just  before  the  atomizing  stage  begins,  the  con- 
troller  6  sends  a  signal  to  the  window  driver  15  to  re- 
move  the  windowsl27a  and  127b  from  the  optical 
path,  and  sends  a  signal  to  the  gas  supply  8  to  stop 
the  inert  gas  supply.  With  these  measures,  the  cloud 
of  atomized  sample  expands  toward  the  ends  of  the 
tube  20,  whereby  more  amount  of  atomized  sample  is 
involved  in  the  absorbing  ratio  measurement.  Fur- 
ther,  no  part  of  measurement  light  is  lost  by  the  win- 
dows  127a  and  127b  when  the  intensity  of  the  light  is 
measured  by  the  detector  4.  These  enhances  the 
sensitivity  of  the  measurement  which  enables  deter- 
mination  of  less  amount  of  object  substance.  The  out- 
er  gas  is  continued  to  flow  in  this  stage,  too. 

In  the  present  embodiment,  the  windows  127a 
and  127b  are  removed  from  the  optical  path  when  the 
light  passing  on  the  optical  path  is  measured,  the  win- 
dow  127a  and  127b  need  not  be  transparent.  Though 
in  the  second  embodiment,  the  cap  is  not  moved  ac- 
cording  to  the  heating  program,  it  is  of  course  possible 
to  adopt  the  same  mechanism  as  in  the  previous  em- 
bodiment  to  close  the  sampling  hole  30  in  the  atom- 
izing  stage. 

Some  other  structures  of  the  window  driver  15 
are  shown  in  Figs.  6Ato  7.  The  mechanism  shown  in 
Figs.  6A  and  6B  uses  a  motor  241  and  gears  242  to 
rotate  window  holders  240a  and  240b.  The  mecha- 

nism  shown  in  Fig.  7  uses  a  (electrical  or  pneumatic) 
pusher  341  to  slide  the  window  holders  340a  and 
340b. 

5 
Claims 

1.  A  method  of  measuring  a  content  of  an  object  ele- 
ment  in  a  sample  with  a  flameless  atomic  absorp- 

10  tion  spectrophotometer  in  which  the  sample  is 
atomized  at  a  high  temperature  in  a  heating  tube 
(20)  and  an  intensity  of  light  passing  through  the 
atomized  sample  is  measured,  the  heating  tube 
(20)  having  open  ends  and  a  sampling  hole  in  the 

15  side  wall,  the  method  comprising: 
pre-heating  the  heating  tube  (20)  to  a  tem- 

perature  lower  than  the  high  temperature  to 
evaporate  irrelevant  components  of  the  sample; 

introducing  an  inert  gas  from  the  open 
20  ends  and  expelling  the  evaporated  irrelevant 

components  out  of  the  heating  tube  (20)  through 
the  sampling  hole  in  the  pre-heating  step;  and 

stopping  the  introduction  of  inert  gas,  and 
connecting  the  open  ends  of  the  heating  tube 

25  (20)  to  the  outer  atmosphere,  when  the  sample  is 
atomized  at  the  high  temperature. 

2.  A  method  according  to  claim  1  ,  which  comprises 
closing  the  sampling  hole  of  the  heating  tube  (20) 

30  when  the  sample  is  atomized  at  the  high  temper- 
ature. 

3.  A  method  according  to  claim  1  orclaim  2,  wherein 
a  change  valve  (34)  is  used  for  connecting  the 

35  open  ends  of  the  heating  tube  (20)  eithertoan  in- 
ert  gas  source  or  to  the  outside  atmosphere. 

4.  A  method  according  to  claim  1  orclaim  2,  wherein 
a  pair  of  windows  (27a,  27b;  127a,  127b)  placed 

40  in  the  path  of  light  outside  of  the  open  ends  of  the 
heating  tube  (20)  are  removed  for  connecting  the 
open  ends  of  the  heating  tube  (20)  to  the  outside 
atmosphere. 

45  5.  A  flameless  atomic  absorption  spectrophotomet- 
er  comprising: 

a  heating  tube  (20)  for  heating  a  sample, 
the  heating  tube  having  a  sampling  hole  in  a  side 
wall; 

so  a  pair  of  end  closing  members  (23a,  23b) 
each  for  enclosing  a  respective  open  end  of  the 
heating  tube  (20); 

a  pair  of  gas  passages  (28a,  28b)  each 
provided  in  a  respective  one  of  the  end  closing 

55  members  (23a,  23b)  for  introducing  an  inert  gas 
into  the  space  within  the  heating  tube  (20); 

a  valve  (34)  for  connecting  the  gas  pas- 
sages  (28a,  28b)  either  to  an  inert  gas  source  (8) 

5 
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or  to  an  atmosphere; 
a  heating  controller  (6)  for  heating  the 

heating  tube  (20)  according  to  a  preset  heating 
program;  and 

a  valve  controller  (6)  for  connecting  the  5 
gas  passages  (28a,  28b)  to  the  inert  gas  source 
(8)  before  the  sample  is  atomized  in  the  heating 
tube  (20)  and  for  connecting  the  gas  passages 
(28a,  28b)  to  the  atmosphere  when  the  sample  is 
atomized  in  the  heating  tube  (20).  10 

6.  A  spectrophotometer  according  to  claim  5,  com- 
prising: 

a  cap  (31)  for  closing  the  sampling  hole  of 
the  heating  tube  (20);  and  15 

a  cap  controller  (6,  9)  operative  to  cause 
the  cap  (31)  to  open  the  sampling  hole  before  the 
sample  is  atomized  in  the  heating  tube  (20)  and 
to  close  the  sampling  hole  when  the  sample  is 
atomized  in  the  heating  tube.  20 

7.  A  flameless  atomic  absorption  spectrophotomet- 
er  comprising: 

a  heating  tube  (20)  for  heating  a  sample; 
a  pair  of  end  closing  members  (23a,  23b)  25 

each  for  enclosing  a  respective  open  end  of  the 
heating  tube  (20),  each  of  the  end  closing  mem- 
bers  (23a,  23b)  having  an  end  hole  at  an  end  for 
the  passage  of  light  through  the  end  holes  and 
the  heating  tube  (20);  30 

a  pair  of  movable  windows  (127a,  127b) 
each  for  closing  a  respective  one  of  the  end 
holes; 

a  heating  controller  (6)  for  heating  the 
heating  tube  (20)  according  to  a  preset  heating  35 
program;  and 

a  window  controller  (6,  15)  for  closing  the 
end  holes  with  the  windows  (127a,  127b)  before 
the  sample  is  atomized  in  the  heating  tube  (20) 
and  for  opening  the  end  holes  when  the  sample  40 
is  atomized  in  the  heating  tube. 

vided  in  a  side  wall  of  the  heating  tube  (20);  and 
a  cap  controller  (6,  9)  operative  to  cause 

the  cap  (31)  to  open  the  sampling  hole  before  the 
sample  is  atomized  in  the  heating  tube  (20)  and 
to  close  the  sampling  hole  when  the  sample  is 
atomized  in  the  heating  tube. 

10.  A  spectrophotometer  according  to  claim  6  or 
claim  9,  wherein  a  side  closing  member  (21a, 
21b)  is  provided  around  the  heating  tube  (20)  for 
the  flow  of  inert  gas  between  the  side  closing 
member  (21a,  21b)  and  the  heating  tube  (20)  to 
prevent  oxidization  of  the  heating  tube,  the  side 
closing  member  (21a,  21b)  has  a  hole  (30)  corre- 
sponding  to  the  sampling  hole  of  the  heating  tube 
(20),  and  the  cap  (31)  is  operative  to  open  and 
close  the  sampling  hole  of  the  heating  tube  by 
opening  and  closing  the  hole  (30)  of  the  side  clos- 
ing  member  (21a,  21b). 

8.  A  spectrophotometer  according  to  claim  7,  com- 
prising: 

a  pair  of  gas  passages  (28a,  28b)  each  45 
provided  in  a  respective  one  of  the  end  closing 
members  (23a,  23b);  and 

a  gas  flow  controller  (6)  for  supplying  an  in- 
ert  gas  from  an  inert  gas  source  (8)  through  the 
gas  passages  (28a,  28b)  to  the  space  within  the  50 
heating  tube  (20)  before  the  sample  is  atomized 
in  the  heating  tube  and  for  stopping  the  supply  of 
inert  gas  when  the  sample  is  atomized  in  the 
heating  tube. 

55 
9.  A  spectrophotometer  according  to  claim  7  or 

claim  8,  comprising: 
a  cap  (31)  for  closing  a  sampling  hole  pro- 
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