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©  An  interferometric  apparatus  for  monitoring 
changes  of  the  refractive  index  of  fluid  samples  in 
capillary  tubes  comprises  a  source  (2)  of  coherent 
light,  which  is  arranged  such  with  respect  to  a  capil- 
lary  tube  (5)  being  part  of  a  capillary  liquid 
chromatographic  system  or  a  capillary  elec- 
trophoretic  system,  that  the  coherent  light  beam  (L) 
strikes  the  capillary  tube  (5)  about  perpendicular  to 
its  longitudinal  extension.  In  forward  direction  of  the 
coherent  light  beam  (L),  behind  the  capillary  tube  (5) 
the  apparatus  (1;  10)  comprises  a  photoelectric  de- 
tector  (7)  for  monitoring  a  resulting  interference 

fringe  pattern  (F)  and  the  shifts  thereof,  which  is 
connected  to  an  evaluation  electronics  (8).  Between 
the  light  source  (2)  and  the  capillary  tube  (5)  there  is 
arranged  a  beam  splitting  optical  element  (4)  for 
generating  a  converging  probe  beam  (P),  which  trav- 
els  along  a  probe  beam  axis  (p)  and  strikes  the 
capillary  tube  (5)  at  its  bore  (52),  and  a  converging 
reference  beam  (R),  which  is  travelling  along  a  refer- 
ence  beam  axis  (r),  that  extends  generally  parallel  to 
the  probe  beam  axis  (p)  and  is  located  in  close 
vicinity  to  it,  and  which  does  not  strike  the  capillary 
bore  (52). 
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The  invention  relates  to  an  interferometric  ap- 
paratus  for  monitoring  changes  of  the  refractive 
index  of  fluid  samples  in  capillary  tubes,  in  particu- 
lar  to  a  refractive  index  based  measurement  sys- 
tem  used  for  example  in  capillary  liquid  chromatog- 
raphy  or  capillary  electrophoresis,  according  to  the 
precharacterizing  clause  of  patent  claim  1  . 

In  modern  analysis  of  chemical  samples  there 
exists  a  great  demand  for  techniques  involving  only 
a  small  volume  of  the  test  sample.  Capillary  liquid 
chromatography  and  capillary  electrophoresis  be- 
long  to  the  most  exciting  and  potentially  useful 
microvolume  separation  techniques  seeked  for. 
Among  the  most  important  features  of  these  new 
instrumental  techniques  are  high  peak  resolution, 
short  analysis  time,  and  the  minimal  amounts  of 
test  sample  required.  The  total  column  volume  in 
these  new  techniques  amounts  to  as  little  as  only  a 
few  microliters,  and  the  required  sample  volumes 
are  in  the  nanoliter  or  even  in  the  picoliter  range. 
Various  instrumental  aspects  of  these  capillary- 
based,  fluid-phase  separation  schemes  contribute 
to  the  overall  system  performance.  A  major  in- 
strumental  limitation  of  the  performance  of  these 
techniques  is  the  lack  of  highly  sensitive  micro- 
volume  detectors  and  the  fact,  that  the  so-called 
"off-column"  detection,  where  the  separated  bands 
of  the  test  sample  are  transfered  to  the  detection 
cell,  is  associated  with  unwanted  re-mixing  effects. 

As  a  solution  to  the  problems  associated  with 
the  "off-column"  detection  these  capillary-based 
techniques  employ  so-called  "on-column"  detec- 
tion  methods,  which  do  not  distort  the  spatial  pro- 
file  of  the  eluting  peaks.  Among  these  "on-column" 
detection  methods  the  monitoring  of  changes  of  the 
refractive  index  of  the  fluid  test  sample  proves  to 
be  most  promising.  This  technique  is  based  on  the 
detection  of  the  phase  shift  of  a  coherent  light 
beam  passing  through  the  fluid  test  sample,  which 
occurs  due  to  refractive  index  changes  of  the  test 
sample  with  respect  to  the  carrier  buffer  or  the 
solvent  contained  within  the  capillary  tube.  The 
method  makes  use  of  the  fact,  that  the  phase  shifts 
of  the  light  beam  transversing  the  fluid  test  sample 
flowing  through  the  capillary  tube  are  linearly  re- 
lated  to  the  changes  of  the  refractive  index  of  the 
test  sample. 

For  monitoring  the  changes  of  the  refractive 
index  of  the  test  sample  in  capillary  tubes  a  refrac- 
tive  index  measurement  system  has  been  devel- 
oped.  The  refractive  index  measuring  system  con- 
sists  basically  of  an  interferometer,  having  a 
source  of  coherent  light,  which  is  directed  at  the 
capillary  tube,  a  photoelectric  detector,  and  an 
evaluation  electronics.  The  light  beam,  usually 
comming  from  a  laser  source,  strikes  the  capillary 
tube;  part  of  it  transverses  the  flowing  path  of  the 
test  sample  and  interacts  with  it,  whereas  part  of  it 

is  reflected  at  the  glass  walls  of  the  capillary.  Thus, 
the  light  beam  is  split  at  the  capillary  tube,  more 
specifically  at  its  inner  optical  interface,  into  a 
probe  beam  and  into  a  reference  beam  having  a 

5  phase  difference,  which  upon  recombination  of  the 
two  beams  results  in  a  generally  asymmetric  inter- 
ference  fringe  pattern  in  the  far  field.  The  interfer- 
ence  fringe  pattern  is  measured  by  the  photoelec- 
tric  detector  in  the  forward  direction  of  the  probe 

io  beam,  and  shifts  laterally  as  the  refractive  index  of 
the  test  sample  flowing  through  the  capillary  tube 
changes. 

Refractive  index  measuring  systems  of  the  kind 
described  before  are  known  from  the  prior  art,  such 

75  as,  for  example,  from  an  article  by  D.J.  Bornhop 
and  N.J.  Dovichi,  Anal.Chem.,  1986,  58,  page  504. 
The  performance  of  these  measuring  systems  was 
distinctly  increased  by  arranging  the  capillary  tube 
within  material,  which  matches  or  allmost  matches 

20  the  refractive  index  of  the  material  the  capillary 
tube  is  made  from,  as  described  in  an  article  by 
A.E.  Bruno,  B.  Krattiger,  F.  Maystre  and  H.M.  Wid- 
mer,  Anal.Chem.,  1991,  64,  page  2689.  In  doing  so, 
the  boundary  optical  interfaces,  which  the  laser 

25  beam  encounters  upon  its  propagation  along  the 
light  path  and  striking  the  capillary  tube,  are  re- 
duced,  the  interference  fringe  pattern  becomes 
more  simple  and  easier  to  evaluate,  and  the  sig- 
nal/noise  ratio  is  enhanced.  In  spite  of  the  good 

30  results,  which  are  achieved  with  the  thus  improved 
refractive  index  measuring  systems  known  from  the 
prior  art,  these  devices  still  can  be  further  im- 
proved.  In  case  that  the  capillary  tube  is  not  sur- 
rounded  by  a  matching  material,  the  resulting  inter- 

35  ference  fringes  pattern  is  rather  complex  and  can- 
not  be  reliably  evaluated  and  interpreted.  Also, 
irregularities  on  the  boundary  surfaces  of  the  capil- 
lary  tube  may  modify  the  reference  beam  in  an 
unexpected  way. 

40  In  micro-analysis  there  exists  a  great  demand 
for  detection  methods,  which  need  only  very  little 
test  sample  volumes.  It  is  also  known,  that  the 
separation  efficiency  is  increased  if  capillary  tubes 
with  very  small  internal  diameters  are  used  as 

45  separation  columns.  However,  the  mere  replace- 
ment  of  the  usually  applied  capillary  tubes  having 
internal  diameters  ranging  from  for  example  50  urn 
up  to  for  example  500  urn,  with  capillary  tubes 
having  internal  diameters  of  25  urn  and  even  less, 

50  in  a  refractive  index  measuring  system,  results  in  a 
degradation  of  the  instrument's  performance. 

It  is  therefore  an  object  of  the  present  invention 
to  provide  an  interferometric  apparatus  for  monitor- 
ing  changes  of  the  refractive  index  of  fluid  sam- 

55  pies,  in  particular  a  refractive  index  measurement 
system  used  for  example  in  capillary  liquid 
chromatography  or  capillary  electrophoresis,  which 
overcomes  the  drawbacks  of  the  interferometric 
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apparatus  known  from  the  prior  art.  The  invention 
shall  provide  an  interferometric  apparatus,  which 
allows  it  to  be  used  with  capillary  tubes  having 
internal  diameters  of  25  urn  and  even  less.  The 
sensitivity  of  the  produced  interference  fringe  pat- 
tern  with  respect  to  refractive  index  changes  of  the 
test  sample  shall  be  identical  for  all  fringes.  The 
fringes  shall  be  equally  displaced,  and  displace- 
ment  shall  occur  in  one  direction  only.  The  inven- 
tion  shall  provide  an  interferometric  apparatus,  in 
which  all  of  the  light  source  intensity  may  be  used 
for  detection,  thus  increasing  the  overall  perfor- 
mance  of  the  apparatus. 

All  these  objects  are  met  by  an  interferometric 
apparatus  for  monitoring  changes  of  the  refractive 
index  of  fluid  samples  in  capillary  tubes,  in  particu- 
lar  a  refractive  index  measurement  system  used  for 
example  in  capillary  liquid  chromatography  or 
capillary  electrophoresis,  according  to  the  char- 
acterizing  clause  of  patent  claim  1.  Preferred  em- 
bodiments  of  the  invention  are  subject  of  the  re- 
spective  dependent  patent  claims.  Further  objects 
will  become  apparent  from  the  description  of  exem- 
plary  embodiments  of  the  invention  with  reference 
to  the  accompanying  drawings.  In  the  drawings: 

Fig.  1  is  a  schematic  representation  of  a  first 
embodiment  of  an  interferometric  ap- 
paratus  according  to  the  invention, 
and 

Fig.  2  is  a  schematic  representation  of  a 
second  embodiment  of  the  inter- 
ferometric  apparatus  according  to  the 
invention. 

In  the  schematic  representation  in  Fig.  1  a  first 
exemplary  embodiment  of  an  interferometric  ap- 
paratus  for  monitoring  changes  of  the  refractive 
index  of  a  fluid  sample  is  designated  reference 
numeral  1.  The  interferometric  apparatus  1  com- 
prises  a  source  2  of  coherent  light  L,  preferably  a 
laser  diode,  which  is  arranged  such  with  respect  to 
a  capillary  tube  5,  having  a  bore  52,  that  is  part  of 
a  capillary  chromatographic  system  or  of  a  capil- 
lary  electrophoretic  system,  that  the  laser  beam  L 
strikes  the  capillary  tube  5  about  perpendicular  to 
its  longitudinal  extension.  In  the  schematic  drawing 
of  Fig.  1  the  longitudinal  extension  of  the  capillary 
tube  having  a  central  bore  of  a  certain  diameter  5 
is  perpendicular  to  the  drawing  plane.  An  optical 
lens  system  3  is  arranged  in  the  light  path  after  the 
laser  source  2  and  focusses  the  laser  beam  L  in 
the  desired  manner.  In  the  forward  direction  of  the 
laser  beam  L,  behind  the  capillary  tube  5,  there  is 
arranged  a  photoelectric  detector  7  for  monitoring 
an  interference  fringe  pattern  F  resulting  from  the 
light  comming  from  the  capillary  tube  5.  Preferably 
the  photoelectric  detector  7  is  a  position  sensitive 
diode,  which  is  located  on  or  near  the  laser  beam 
axis.  Upon  changes  of  the  refractive  index  of  the 

fluid  sample  in  the  capillary  tube  the  interference 
fringe  pattern  is  changed  and  shifted.  The  changes 
of  the  fringe  pattern  are  indicated  in  Fig.  1  by  the 
double  arrow  A.  The  photoelectric  detector,  which 

5  is  sensitive  to  the  changes  and  shifts  of  the  inter- 
ference  fringe  pattern  is  also  connected  to  an  eval- 
uation  electronics  8  for  amplification,  transformation 
and  evaluation  of  the  signals  produced  by  the 
photoelectric  detector  7  in  response  to  the  de- 

io  tected  changes  in  the  interference  fringe  pattern. 
In  order  to  reduce  the  complexity  of  the  inter- 

ference  fringe  pattern  F  and  in  order  to  enhance 
the  signal/noise  ratio  of  the  interferometric  appara- 
tus,  where  at  the  capillary  tube  5  the  laser  beam  L 

is  is  split  into  a  probe  beam  P  and  into  a  reference 
beam  R,  in  the  exemplary  embodiment  according 
to  the  invention  depicted  in  Fig.  1  the  capillary  tube 
5  is  surrounded  by  a  material  6,  which  has  good 
transmissivity  for  the  laser  light  L  provided,  and 

20  which  has  a  refractive  index  approximately  or  com- 
pletely  matching  the  refractive  index  of  the  walls  51 
of  the  capillary  tube  5.  So  far  the  interferometric 
apparatus  1  for  monitoring  changes  of  the  refrac- 
tive  index  of  fluid  samples  corresponds  to  the 

25  interferometric  apparatus  described  in  Analytical 
Chemistry,  1991,  Vol.63,  No.23,  page  2689. 

In  contrary  to  the  prior  art  apparatus,  in  the 
interferometric  apparatus  according  to  the  present 
invention  the  probe  beam  P  and  the  reference 

30  beam  R  are  not  produced  at  the  capillary  tube  (e.g. 
the  reference  beam  R  by  total  reflection  at  the 
walls  51  of  the  capillary  tube).  Instead,  the  laser 
beam  L  generated  by  the  laser  source  2  is  directed 
at  a  beam  splitting  optical  element  4,  which  is 

35  arranged  in  the  light  path  between  the  source  2 
and  the  capillary  tube  5.  The  beam  splitting  optical 
element  4  generates  two  converging  laser  beams, 
the  probe  beam  P  travelling  along  a  probe  beam 
axis  p,  which  intersects  the  capillary  bore  52  about 

40  perpendicular  to  its  longitudinal  extension,  and  the 
reference  beam  R,  travelling  in  close  vicinity  of  the 
probe  beam  P  along  a  reference  beam  axis  r, 
without  striking  the  bore  52.  The  reference  beam 
axis  r  extends  generally  parallel  to  the  probe  beam 

45  axis  p  and  is  separated  from  the  probe  beam  axis 
p  by  a  distance  x,  which  is  greater  than  the  radius 
of  the  bore  52  of  the  capillary  tube  5,  but  amounts 
to  less  than  about  20  times  the  radius  of  the  bore 
52  of  the  capillary  tube  5. 

50  The  arrangement  of  the  beam  splitting  optical 
element  4  in  the  path  of  the  laser  beam  L  from  the 
laser  source  2  is  such,  that  the  generated  converg- 
ing  probe  beam  P  has  a  waist  O,  whose  narrowest 
portion  is  preferably  located  within  the  capillary 

55  bore  52  in  such  a  way,  that  most  of  its  intensity 
transverses  the  bore  52  preferably  along  its  center. 
The  generated  converging  reference  beam  R  has  a 
waist  S,  which  is  located  such,  that  its  waist  does 

3 
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not  strike  the  capillary  bore  52  and  that  most  of  its 
intensity  does  not  interact  with  the  bore  52.  The 
waists  0  and  S  of  the  probe  beam  P  and  of  the 
reference  beam  R,  respectively,  have  narrowest 
portions  which  are  smaller  than  the  radius  of  the 
bore  52  of  the  capillary  tube  5.  Preferably  the 
intensities  of  the  probe  beam  P  and  of  the  refer- 
ence  beam  R  are  of  about  comparable  magnitude. 

The  diameters  of  the  bores  of  the  capillary 
tubes  5  used  in  capillary  chromatographic  systems 
or  in  capillary  electrophoretic  systems  amount  to 
from  about  1  urn  to  about  500  urn.  The  prefered 
diameters  amount  to  from  about  5  urn  to  about  50 
linn,  in  particular  to  less  than  about  25  urn. 

The  criteria  which  the  beam  splitting  optical 
element  4  must  meet  are,  that  it  must  be  able 
generate  two  converging  generally  parallel  extend- 
ing  coherent  light  beams  from  a  coherent  light 
beam;  the  axis  of  the  two  generated  beams  must 
be  located  in  close  vicinity  to  each  other,  in  order 
to  have  external  perturbations,  such  as  for  example 
inhomogenities  in  the  temperature  of  the  surround- 
ing  environment,  act  on  both  beams  in  the  same 
manner;  the  shapes  of  the  wavefronts  of  the  two 
generated  converging  light  beams  shall  correspond 
to  each  other,  preferably  the  beams  have  Gaussian 
properties.  Thus,  the  beam  splitting  optical  element 
4  can  be  a  difractive  element. 

Preferably  the  difractive  element  has  focussing 
properties  such,  that  the  probe  beam  P  and  the 
reference  beam  R,  respectively,  are  focussed  with- 
out  the  need  of  additional  lenses  or  the  like  optical 
elements. 

In  the  most  prefered  embodiment  of  the  ap- 
paratus  according  to  the  present  invention  the 
difractive  element  4  is  a  holographically  recorded 
optical  element  (HOE),  or  a  computer-generated 
hologram  (CGH)  or  a  binary  or  a  multilevel  of  a 
continuous  surface  relief  element,  or  a  combination 
of  them. 

The  illuminatig  system  2,  3,  4  of  the  inter- 
ferometric  apparatus  1  according  to  the  invention 
generates  two  converging  beams  of  coherent  light 
with  similar,  preferably  Gaussian,  wavefronts,  a 
probe  beam  P,  which  strikes  the  capillary  bore  52, 
and  a  reference  beam  R,  which  does  not  strike  the 
capillary  bore  52.  The  probe  beam  P  and  the 
reference  R  beam  extend  in  close  vicinity  of  each 
other,  so  that  external  perturbations,  such  as  for 
example  temperature  gradients  in  the  surrounding 
environment,  vibrations,  etc.,  influence  both  beams 
in  the  same  manner.  The  diameters  of  the  waists  of 
the  beams  P,  R  are  smaller  than  the  radius  of  the 
bore  52  of  the  capillary  tube  5.  The  probe  beam 
passes  through  the  test  sample  flowing  through  the 
capillary  tube  5  and  is  modified  by  it.  The  refer- 
ence  beam  passes  close  to  the  capillary  bore  52 
but  does  not  strike  it  and  thus  remains  unaltered.  In 

forward  direction  of  the  beam  paths,  behind  the 
capillary  tube  5,  the  superposition  of  the  probe 
beam  P  and  the  reference  beam  R  results  in  a 
interference  fringe  pattern  F,  whose  changes  are 

5  monitored  by  the  photoelectric  detector  7.  The 
signals  produced  by  the  photoelectric  detector  7 
are  amplified,  transformed  and  evaluated  by  the 
evaluation  electronics  8. 

A  change  of  the  refractive  index  of  the  test 
io  sample  flowing  through  the  bore  52  of  the  capillary 

tube  5  induces  a  change  of  the  phase  of  the  probe 
beam  P.  The  change  of  the  phase  of  the  probe 
beam  P  results  in  a  modification  of  the  interference 
fringe  pattern  F,  usually  the  fringes  are  displaced 

is  for  a  small  distance  in  one  direction.  All  fringes  of 
the  original  interference  fringe  pattern  F  are  equally 
displaced.  This  makes  the  monitoring  of  the 
changes  of  the  interference  pattern  F  with  the  pho- 
toelectric  detector  7  particularly  easy.  From  the 

20  detection  of  the  shifts  of  the  interference  fringe 
pattern  the  phase  change  of  the  probe  beam  P  is 
deducted.  The  phase  change  of  the  probe  beam  P 
in  turn  is  linearly  related  to  the  change  of  the 
refractive  index  of  the  fluid  test  sample.  Therefore, 

25  the  monitoring  of  the  changes  of  the  interference 
fringe  pattern  F  allows  an  easy  monitoring  of  the 
refractive  index  changes  of  a  test  sample  flowing 
through  the  capillary  tube  5. 

In  Fig.  2  the  setup  of  a  second  exemplary 
30  embodiment  of  the  interferometric  apparatus  ac- 

cording  to  the  invention  is  schematically  depicted 
and  attributed  reference  numeral  10.  This  embodi- 
ment  of  the  present  invention  is  designed  for  in- 
direct  thermo-optical  absorption  measurements 

35  through  indirect  laser  induced  refractive  index 
changes.  In  addition  to  the  setup  of  the  inter- 
ferometric  apparatus  1  according  to  Fig.  1  it  com- 
prises  a  pump  laser  11,  which  is  arranged  such, 
that  the  pump  laser  beam  C  intersects  the  bore  52 

40  of  the  capillary  tube  5  in  the  interaction  region  of 
the  probe  beam  P  with  the  test  sample  flowing 
through  the  bore  52  of  the  capillary  tube  5  and 
about  perpendicular  to  the  probe  beam  axis  p  and 
to  the  longitudinal  extension  of  the  capillary  tube  5. 

45  An  optical  lens  system  12  is  arranged  such  in  the 
path  of  the  pump  laser  beam  C,  that  the  beam  C  is 
focussed  on  the  bore  of  the  capillary  tube  5.  The 
pump  laser  11  is  intensity  modulated.  The  intensity 
modulation  is  accomplished  by  using  a  pulsed  la- 

50  ser  source,  or  an  intermittently  operated  driving 
power  supply.  A  prefered  and  easy  mode  for  the 
intensity  modulation  of  the  pump  laser  is  the  use  of 
a  chopper  13,  which  is  arranged  in  the  path  of  the 
pump  laser  beam  C  between  the  pump  laser  11 

55  and  the  capillary  tube  5. 
According  to  the  absorbance  properties  of  the 

test  sample  to  be  analyzed  and  to  the  known 
absorbance  properties  of  a  solvent  flowing  through 

4 
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the  capillary  tube  5,  energy  from  the  pump  laser 
beam  C  is  absorbed.  The  absorbed  energy  is  im- 
mediately  released  again  in  form  of  radiative  emis- 
sions,  in  form  of  fluorescence  and/or  phosphores- 
cence,  and  in  the  form  of  non-radiative  transitions, 
mainly  molecular  rotations  and  translations.  The 
non-radiative  part  of  the  absorbed  energy  is  trans- 
ferred  immediately  to  the  solvent,  which  changes 
its  temperature  in  a  modulated  fashion  at  the  same 
frequency  as  the  modulation  frequency  of  the 
pump  laser  11.  The  periodic  changes  of  the  tem- 
perature  of  the  solvent  result  in  periodic  changes  of 
the  refractive  index  of  the  solvent,  according  to  its 
specific  dn/dT,  where  n  stands  for  the  refractive 
index,  T  stands  for  the  Temperature,  and  dn  and 
dT  stand  for  the  respective  changes.  The  laser- 
induced  periodic  changes  of  the  refractive  index 
are  monitored  as  described  hereinbefore  and  eval- 
uated. 

While  the  present  invention  has  been  illustrated 
by  example  of  capillaries  with  bores  of  generally 
circular  cross-sections,  it  is  to  be  understood,  that 
capillaries  having  a  bore  with  square  or  rectangular 
cross-sections  can  equally  well  be  used.  In  that 
instant,  the  radius  of  the  capillary  bore  52  is  de- 
fined  as  half  the  width  of  its  smallest  side. 

The  advantages  of  the  interferometric  appara- 
tus  for  monitoring  changes  of  the  refractive  index 
of  fluid  samples  in  capillary  tubes,  according  to  the 
present  invention  are  apparent.  The  reference 
beam  and  the  probe  beam  are  generated  indepen- 
dent  from  the  capillary  tube  by  a  seperate  beam 
splitting  optical  element,  preferably  by  a  holograph- 
ic  element,  so  irregularities  on  the  surface  of  the 
capillary  tube  cannot  any  more  modify  the  refer- 
ence  beam  in  an  unexpected  manner.  The  two 
beams  are  spaced  apart  only  by  a  small  distance, 
so  external  perturbations,  such  as  for  example  tem- 
perature  gradients  of  the  surrounding  environment 
or  vibrations,  etc.,  effect  both  beams  in  the  same 
manner.  The  shapes  of  the  wavefronts  of  the  refer- 
ence  beam  and  of  the  probe  beam  are  the  same, 
preferably  they  are  Gaussian.  The  sensitivity  of  the 
individual  fringes  of  the  interference  fringe  pattern 
with  respect  to  changes  of  the  refractive  index  of 
the  test  sample  flowing  through  the  capillary  tube 
is  identical  for  all  fringes.  Upon  changes  of  the 
refractive  index  of  the  test  sample  all  fringes  of  the 
interference  fringe  pattern  are  equally  displaced  in 
one  direction  only.  All  the  light  striking  the  capillary 
tube,  including  the  light  travelling  along  the  probe 
beam  axis  can  be  used,  thus  increasing  the  resolu- 
tion  and  the  overall  performance  of  the  inter- 
ferometric  apparatus  for  monitoring  refractive  index 
changes  of  fluid  samples. 

Claims 

1.  Interferometric  apparatus  for  monitoring 
changes  of  the  refractive  index  of  fluid  sam- 

5  pies  in  capillary  tubes  comprising  a  source  of 
coherent  light  (2)  ,  preferably  a  diode  laser, 
which  is  arranged  such  with  respect  to  a  capil- 
lary  tube  (5)  with  a  bore  (52)  being  part  of  a 
capillary  liquid  chromatographic  system  or  of  a 

io  capillary  electrophoretic  system,  that  the  co- 
herent  light  beam  (L)  strikes  the  bore  (52)  of 
the  capillary  tube  (5)  about  perpendicular  to  its 
longitudinal  extension,  and  in  forward  direction 
of  the  coherent  light  beam  (L),  behind  the 

is  capillary  tube  (5)  a  photoelectric  detector  (7) 
for  monitoring  a  resulting  interference  fringe 
pattern  (F)  and  shifts  thereof,  which  is  con- 
nected  to  an  evaluation  electronics  (8),  char- 
acterized  in  that  there  is  arranged  between  the 

20  light  source  (2)  and  the  capillary  tube  (5)  a 
beam  splitting  optical  element  (4)  for  generat- 
ing  a  converging  probe  beam  (P),  which  travels 
along  a  probe  beam  axis  (p)  and  strikes  the 
capillary  bore  (52),  and  a  converging  reference 

25  beam  (r),  which  is  travelling  along  a  reference 
beam  axis  (r),  that  extends  generally  parallel  to 
the  probe  beam  axis  (p)  and  is  located  in  close 
vicinity  to  it,  and  which  does  not  strike  the 
capillary  bore  (52). 

30 
2.  Apparatus  according  to  claim  1,  wherein  the 

beam  splitting  optical  element  (4)  is  arranged 
in  the  light  path  between  the  light  source  (2) 
and  the  capillary  tube  (5)  having  a  bore  (52) 

35  and  a  certain  internal  radius  such,  that  the 
converging  probe  beam  (P)  has  a  waist  (0), 
which  is  located  within  the  bore  (52)  of  the 
capillary  tube  (5),  and  that  the  reference  beam 
(R)  has  a  waist  (S),  which  is  located  in  close 

40  vicinity  of  the  capillary  tube  (5)  without  striking 
its  bore  (52). 

3.  Apparatus  according  to  claim  2,  wherein  the 
converging  probe  beam  (P)  has  a  diameter 

45  that  is  smaller  than  the  radius  of  the  capillary 
bore  (52)  and  that  a  substantial  part  of  the 
probe  beam  (P)  intensity  transverses  the  cap- 
pillary  bore  (52),  and  wherein  the  reference 
beam  (R)  has  a  diameter  which  is  about  the 

50  size  of  the  probe  beam  (P)  and  its  intensity 
substantially  does  not  impact  on  the  capillary 
bore  (52). 

4.  Apparatus  according  to  any  one  of  the 
55  preceeding  claims,  wherein  the  probe  beam 

axis  (p)  and  the  reference  beam  axis  (r)  are 
separated  by  a  distance  (x),  which  is  greater 
than  the  radius  of  the  bore  (52)  of  the  capillary 

5 
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tube  (5)  but  amounts  to  less  than  about  20 
bore-radius. 

5.  Apparatus  according  to  any  one  of  the 
preceeding  claims,  wherein  at  least  that  part  of 
the  capillary  tube  (5),  which  is  struck  by  the 
probe  beam  (P),  is  surrounded  by  a  light  trans- 
missive  material  (6)  whose  refractive  index  ap- 
proximately  matches  or  totally  matches  the 
refractive  index  of  the  material  of  the  capillary 
tube  (5). 

6.  Apparatus  according  to  any  one  of  the 
preceeding  claims,  wherein  the  diameter  of  the 
bore  of  the  capillary  tube  (5)  amounts  to  from 
about  1  urn  to  about  500  urn,  preferably  to 
from  about  5  urn  to  about  50  urn,  in  particular 
to  less  than  about  25  urn. 

7.  Apparatus  according  to  any  one  of  the 
preceeding  claims,  wherein  the  shapes  and 
intensities  of  the  wavefronts  of  the  probe  beam 
(P)  and  of  the  reference  beam  (R)  are  similar. 

8.  Apparatus  according  to  any  one  of  the 
preceeding  claims,  wherein  the  beam  splitting 
optical  element  (4)  is  a  difractive  element. 

9.  Apparatus  according  to  claim  8,  wherein  the 
difractive  element  has  focussing  properties. 

10.  Apparatus  according  to  claim  8  or  9,  wherein 
the  difractive  element  (4)  is  a  holographically 
recorded  optical  element  (HOE),  or  a  com- 
puter-generated  hologram  (CGH)  or  a  binary  or 
a  multilevel  of  a  continuous  surface  relief  ele- 
ment,  or  a  combination  of  them. 

11.  Apparatus  according  to  any  one  of  the 
preceeding  claims,  wherein  there  is  arranged  a 
pump  laser  (11)  such,  that  the  pump  laser 
beam  (C)  intersects  the  capillary  tube  (5)  in  the 
interaction  region  of  the  probe  beam  (P)  and 
about  perpendicular  to  the  probe  beam  axis  (p) 
and  to  the  longitudinal  extension  of  the  capil- 
lary  tube  (5). 

12.  Apparatus  according  to  claim  11,  wherein  the 
pump  laser  (11)  is  intensity  modulated,  by 
using  a  pulsed  laser  source,  or  an  intermitten- 
dly  operated  driving  power  supply,  or  prefer- 
ably  by  arranging  a  chopper  (13)  in  the  path  of 
the  pump  laser  beam  (C)  between  the  pump 
laser  (11)  and  the  capillary  tube  (5). 

13.  Apparatus  according  to  any  one  of  claims  2  to 
12,  wherein  the  capillary  bore  (52)  has  a 
square  or  a  rectangular  cross-section,  and  fur- 

ther  wherein  the  radius  of  the  bore  (52)  is 
defined  as  half  the  width  of  the  smallest  side  of 
the  capillary  bore  (52). 
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