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TRANSMISSION MEASUREMENTS OF SELECTED LIQUIDS 
I N  THE FAR INFRARED 

* M. A. Walker, R. K. Richards, and D. P. Hutchinson 

ABSTRACT 

Measurements were taken o f  t he  t ransmiss ion  o f  0.119 mm r a d i a t i o n  
through 22 l i q u i d s  us ing  a v a r i a b l e  l eng th  absorpt ion c e l l  f o r  t h e  pre-  
p a r a t i o n  o f  t he  design o f  an acousto-opt ic  modulator. Seven o f  these 
l i q u i d s  were then se lec ted  t o  be tes ted  a t  wavelengths o f  0.185 mn, 
0.307 mn, and 0.447 mn. It was found t h a t  a l i g h t  grade o f  minera l  o i l  

proved t o  have e x c e l l e n t  t ransmiss ion i n  t h e  f a r - i n f r a r e d  ( F I R )  
spectrum. We were able,  from the  data co l lec ted ,  t o  es t imate  t h e  index 
o f  r e f r a c t i o n  o f  these l i q u i d s  a t  wavelengths longer  than 0.3 mn. 

INTRODUCTION 

The need f o r  new plasma d iagnos t ics  has generated an i n t e r e s t  i n  
t h e  development o f  an acousto-opt ic  modulator which w i  11 frequency s h i f t  
an F I R  laser .  For  t h i s  i n v e s t i g a t i o n ,  l i q u i d s  were t e s t e d  f o r  t h e i r  
a p p l i c a t i o n  as t r a n s m i t t i n g  ma te r ia l s .  Transmission measurements o f  the  
l i q u i d s  a t  se lec ted  wavelengths between 0.1 mn and 0.5 mn, there fore ,  
were taken i n  an absorp t ion  c e l l  wi th the  des i re  t o  f i n d  some w i t h  an 
absorp t ion  l eng th  o f  about 2.5 cm. This  was considered t o  be a con- 
ven ien t  l eng th  f o r  cons t ruc t i on  o f  such a c e l l .  

A s i m i l a r  experiment by Vogel and Dodel 1 has been performed i n  
which they i n v e s t i g a t e d  t h e  absorp t ion  p r o p e r t i e s  o f  cyclohexane and 
carbon t e t r a c h l o r i d e .  I n  our study, we compared these l i q u i d s  t o  others 

Summer undergraduate research i n t e r n  from Morehouse College, A t lan ta ,  
GA 30314. 

* 



2 

which would be eas ie r  t o  use. I n  choosing t h e  l i q u i d s  t o  be t e s t e d  i n  
o u r  study, i t  was d e s i r a b l e  t o  use l i q u i d s  t h a t  were r e a d i l y  a v a i l a b l e ,  
c o n s i s t e n t  i n  q u a l i t y ,  and r e l a t i v e l y  safe t o  handle. 

EXPERIMENTAL SETUP 

The exper imental  setup i s  shown i n  Fig. 1. The l a s e r  beam was 
s p l i t  before e n t e r i n g  t h e  absorpt ion c e l l  t o  p rov ide  a re ference o f  
l a s e r  power. The var ious wavelengths were se lec ted  by changing t h e  
l a s i n g  medium i n  an FIR l a s e r  which was pumped by a CO, l aser .  For  a l l  
of these Wavelengths t h e  F I R  power was t y p i c a l l y  10 mW which was su f -  
f i c i e n t  f o r  measurements by t h e  p y r o e l e c t i c  de tec tors  used i n  t h i s  
experiment. The windows i n  the  c e l l  were made o f  c r y s t a l  quar tz  t o  
a l l o w  f o r  maximum t ransmiss ion and t o  be non-react ive w i t h  the  l i q u i d s .  
One window was f i x e d  and t h e  o ther  was mounted t o  a motor ized assembly 
which could t r a n s l a t e  t h e  window, g i v i n g  a c e l l  leng th  v a r i a t i o n  from 0 

GEAR ASSEH 
TRANSLATICIN STAGE 

WINDOW ASSEMBLY 

RE CE POTENTIOMETER 
POWER 

DETECTOR 

Fig. 1. A schematic of t h e  F I R  t ransmiss ion  experiment f o r  
measurements o f  t ransmiss ion o f  se lected l i q u i d s  a t  wavelengths between 
0.1 mn and 0.5 mn. 
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t o  2.5 cm. A potent iometer  was connected t o  the  t r a n s l a t i o n  stage i n  
such a way as t o  g i ve  r i s e  t o  a l i n e a r  p r o p o r t i o n a l i t y  o f  t he  vo l tage 
across the  potent iometer  t o  the  window displacement. The reference and 
t r a n s m i t t e d  power s igna ls  were then recorded by an X-Y  p l o t t e r  as a 
f unct  i on of w i  ndow d i  s p l  acement . 

There were several  p r a c t i c a l  cons idera t ions  which arose i n  t h i s  
i n v e s t i g a t i o n .  One was t h a t  the  absorpt ion c e l l  had t o  be cleaned out 
be fore  t h e  next l i q u i d  sample could be tested.  This  was accomplished 
through the  use o f  a dishwashing detergent  fo l lowed by a thorough 
r i n s i n g  w i t h  water and e t h y l  a lcohol .  The a lcohol  had t o  be thoroughly  
evaporated from the  c e l l  due t o  the  extreme absorbency o f  a lcohol  i n  the  
f a r  i n f r a r e d  as tes ted  i n  t h i s  i n v e s t i g a t i o n .  Because l i q u i d s  such as 
cyclohexane and carbon t e t r a c h l o r i d e  are so l  vents, the  problem o f  main- 
tenance o f  t he  absorp t ion  c e l l  was compounded due t o  t he  d i s s o l v i n g  o f  
t h e  s i l icone-based l u b r i c a n t  on t h e  O-ring. This r e s u l t e d  i n  t h e  
necess i ty  o f  i t s  r e l u b r i c a t i o n  a f t e r  each t e s t .  

DATA AND ANALYSIS 

The data c o l l e c t e d  were analyzed w i t h  the  a i d  o f  CURVEFIT CRT,* a 
computer sof tware package designed t o  do a least-squares curve f i t t o  a 
g iven set  o f  data po in ts .  It gives the  c o e f f i c i e n t s  o f  s p e c i f i e d  curve 
parameters and the  c o r r e l a t i o n  c o e f f i c i e n t .  Because we are cons ider ing  
absorpt ion,  an exponent ia l  curve 

Aexp ( -kx) 

which represents t ransmi t ted  l a s e r  power was f i t t e d  t o  the  data. The 
f i t t i n g  r o u t i n e  generated values f o r  A, t h e  t ransmi t ted  l a s e r  power w i t h  
no absorpt ion,  and k, t h e  absorp t ion  c o e f f i c i e n t .  The data were then 
normal ized t o  represent  a t ransmiss ion curve, f o r  example minera l  o i l  a t  
0.119 mm i n  Fig. 2. The inverse  o f  k represents the  absorp t ion  l eng th  
( L )  o f  the  sample l i q u i d  and these are given i n  Table 1 and Table 2 f o r  
a l l  l i q u i d s  tested. 

CURVEFIT CKT i s  a r e g i s t e r e d  trademark o f  West Coast Consul tants.  * 
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F i g .  2. The t ransmiss ion  curve o f  a l i g h t  grade o f  mineral  o i l  
scanned a t  0.119 m. 

The s c a t t e r  i n  data about the  best f i t  curve i s  generated by l a s e r  
power f l u c t u a t i o n s .  This i s  apparent w i t h  the  data se ts  generated w i t h  
t h e  l a r g e s t  l a s e r  power f l u c t u a t i o n s  having t h e  smal les t  c o r r e l a t i o n  
c o e f f i c i e n t s .  Cor rec t ions  f o r  t h e  power v a r i a t i o n s  w i t h  respect t o  the  
re fe rence s igna l  reduced t h e  data s c a t t e r  t o  l e s s  than 10%. 

A modulation o f  t h e  t ransmi t ted  power w i t h  respect t o  t h e  window 
displacement became r e a d i l y  apparent i n  t h e  data a t  wavelengths longer 
than 0.3 m wi th t h e  pe r iod  o f  o s c i l l a t i o n  being approximately h a l f  t h e  
l a s e r  wavelength; i n  a i r ,  t he  pe r iod  of o s c i l l a t i o n  became equal t o  h a l f  
t h e  l a s e r  wavelength. We were then ab le  t o  es t imate  t h e  index of 

r e f r a c t i o n  o f  t h e  l i q u i d s ,  w i t h i n  5% accuracy, from t h e  r a t i o  of t he  
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Table 1. Absorptian l eng ths  a t  0.119 mn 

Mineral oi 1-1 i g h t  

Mi neral  o i  1 -ex t ra  h. 

Hexanes 
Inland 19 o i l  

Exxon Univolt  60 o i l  

Cyclohexane 

Carbon t e t  rachl w i d e  

Fomblin Y/25 o i l  

Freon TF 

Freon 113 
Oleic ac id  

1.225 
1 . 126 
1. 100 
1 . 087 
0.993 
0.931 
0.468 
0.447 

0.404 
0.304 
0.185 

Narcoil 10 o i l  0.176 
Dow-Corning 705 o i l  0.168 
Santovac 5 o i l  0.129 
Glycerin 0.118 
Cottonseed o i  1 0.058 

Wesson Sunl ight  o i l  0.051 

Castor  oi 1 0.041 
HE-500 Leybol d- 
Heraeus turbo  o i l  0.049 

Octoi 1 0.036 
Isopropyl a1 coho1 0.025 
Butyric  ac id  0.022 

Table 2. Absorption l e n g t h s  a t  o the r  wavelengths t e s t e d  (cm) 

Liquids  0.185 mn 0.307 mn 0.447 mn 

Mineral oi 1-1 i ght  2.96 5.01 9.58 
Mineral oi 1 -ex. heavy 2.24 3.57 8.44 
Hexanes 1.75 1.87 2.05 
Inland 19 1.76 3.11 7.10 
Exxon U n i v o l t  60 o i l  1.11 2.11 3.22 
Cyclohexane 1.69 2.74 1.02 
Carbon t e t r a c h l o r i d e  0.53 0.59 0.72 
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number o f  o s c i l l a t i o n s  per u n i t  l eng th  i n  the  sample t o  the  number o f  
o s c i l l a t i o n s  per u n i t  l eng th  i n  a i r .  These ind i ces  o f  r e f r a c t i o n  a re  
presented i n  Table 3. 

Table 3. Index o f  r e f r a c t i o n  

L iqu ids  0.307 mn 0.447 nm 

Minera l  o i l  - l i g h t  1.44 1.46 

Mineral  o i l  - e x t r a  heavy 1.44 1.46 

I n l a n d  19 o i l  1.41 1.42 

Exxon U n i v o l t  60 o i l  1.41 1.49 

Cyclohexane 1.36 1.39 

Carbon t e t r a c h l o r i d e  1.33 1.36 

DISCUSSION 

We have determined t h e  absorp t ion  l e n g t h  a t  0.119 mm f o r  22 
l i q u i d s ;  t h e  hydrocarbons tes ted  i n  t h i s  study had t h e  o v e r a l l  longest 
absorp t ion  lengths .  The seven l i q u i d s  w i t h  t h e  l onges t  absorp t ion  
lengths  a t  0,119 mn were se lec ted  f o r  study a t  0.185 mn, 0.307 mm, and 
0.447 mm. A l l  of these l i q u i d s  except f o r  cyclohexane showed an 
inc rease i n  t h e i r  absorp t ion  lengths  fo r  an increase i n  wavelength. For 
t h e  wavelengths longer  than 0.3 m, the  index o f  r e f r a c t i o n  was e s t i -  
mated and found t o  be i n  t h e  general range o f  1.3 t o  1.5. 

For an acousto-opt ic modulator i n  t h e  FIR, mineral  o i l  has exce l -  
l e n t  t ransmission. The r e s u l t s  o f  t h i s  study show it has a convenient 
absorp t ion  l eng th  ( the  i d e a l  c e l l  leng th) ,  i s  r e a d i l y  ava i l ab le ,  and i s  
n e i t h e r  t o x i c  nor reac t ive .  The type of mineral  o i l  se lec ted  does not  
appear t o  be c r i t i c a l  s ince  t h e  l i g h t  and e x t r a  heavy grades had s i m i l a r  
absorp t ion  lengths  a t  a l l  wavelengths tested. 
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