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CHAPTER 1

INTRODUCTION

I n f r a r e d  S p e c t r o s c o p y

I n f r a r e d  ( I . R . ) s p e c t r o s c o p y  i s  o n e  o f  t h e  m ore w id e ly  u s e d  i n ­

s t r u m e n t a l  t e c h n i q u e s  f o r  s t u d y i n g  t h e  s t r u c t u r e  o f  c h e m ic a l  com p o u n d s. 

S in c e  i t s .  d i s c o v e r y  by s i r  W il l ia m  H e r s c h e l  i n  1800 ( 1 ) ,  i t  h a s  f o u n d  

a p p l i c a t i o n  i n  many d i s c i p l i n e s  th r o u g h o u t  t h e  s c i e n t i f i c  w o r ld .  I n f r a ­

r e d  s p e c t r o s c o p y  h a s  becom e v e r y  i m p o r t a n t  t o  t h e  p h y s i c i s t ,  t h e  b i o l o ­

g i s t ,  and  t h e  c h e m is t  a s  a  t o o l  f o r  s o l v i n g  a  w id e  v a r i e t y  o f  p r o b le m s .  

I n f r a r e d  s p e c t r o s c o p y  p r o v i d e s  i n v e s t i g a t o r s  w i t h  a  p o w e r f u l  i n s i g h t  

i n t o  m o l e c u l a r  s t r u c t u r e  a n d  c h e m ic a l  i d e n t i f i c a t i o n .

The i n f r a r e d  r e g i o n  o f  th e  e l e c t r o m a g n e t i c  s p e c tru m  l i e s  b e tw e e n  

th e  v i s i b l e  a n d  m ic ro w av e  r e g i o n s .  T h is  r e g i o n  s t a r t s  n e a r  t h e  r e d  

end  o f  th e  v i s i b l e  s p e c tru m  a t  1 4 ,0 0 0  cm ^ o r  0 .7  pm a n d  e x te n d s  t o  

a p p r o x im a te ly  10 cm ^ o r  1 0 0 0  pm. B o th  m ic r o m e te r s  (pm) a n d  w avenum bers 

i n  r e c i p r o c a l  c e n t i m e t e r s  (cm  a r e  u s e d  t o  c h a r a c t e r i z e  i n f r a r e d  w ave­

l e n g t h s .  As shown i n  F i g u r e  1 , t h e  i n f r a r e d  s p e c tru m  c a n  b e  d i v i d e d  

i n t o  t h r e e  s u b d i v i s i o n s  a c c o r d i n g  t o  t h e  d i f f e r e n t  k i n d s  o f  m o le c u la r

NIR F u n d a m e n ta l  F IR
    ' 1 ‘ \  S' '

v(cm  ) 1 4 ,0 0 0  4000 1 2 5 0  400  10
»--------— i  f—‘---------------------- 1—  ------ -----------------------— *------- — \  f-----------1

A(pm) 0 .7 5  2 .5  8 25  1000
.  ------   '  . N------ ---------v----- ------ — '
G roup F r e q .  F i n g e r p r i n t

F ig u r e  1 .  Common S u b d i v i s i o n s  o f  t h e  I n f r a r e d  R e g io n

1
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2

i n f o r m a t i o n  w h ich  t h e y  c a n  p r o v i d e .  T h e  f i r s t  r e g i o n ,  r a n g in g  from

1 4 .0 0 0  t o  4 ,0 0 0  cm \  i s  c a l l e d  t h e  n e a r  i n f r a r e d  (NIR) r e g i o n .  Ab­

s o r p t i o n  b a n d s  in  t h e  NIR r e g i o n  r e s u l t  fro m  o v e r t o n e s  o r  c o m b in a t io n s  

o f . h y d ro g e n , s t r e t c h i n g  v i b r a t i o n s .  T h is  r e g i o n  can  b e  e a s i l y  u s e d  f o r  

q u a n t i t a t i v e  a n a l y s i s  o f  c e r t a i n  f u n c t i o n a l  g r o u p s  c o n t a i n i n g  u n iq u e  

h y d ro g e n  a to m s  w i t h i n  a  com pound.

T he m a j o r i t y  o f  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  w ork  i s  d o n e  in  t h e  

m id d le  r e g i o n  o r  t h e  f u n d a m e n ta l  i n f r a r e d  r e g i o n .  T h i s  r e g i o n 's  a b s o r p ­

t i o n  b a n d s  r e s u l t  f ro m  v i b r a t i o n  a n d  r o t a t i o n  o f  f u n c t i o n a l  g r o u p s .

T he f u n d a m e n ta l  r e g i o n  i s  d i v i d e d  i n t o  a  g ro u p  f r e q u e n c y  r e g i o n  fro m

4 .0 0 0  t o  1 ,2 5 0  cm ^ a n d  a  f i n g e r p r i n t  r e g i o n  f ro m  1 ,2 5 0  to  400  cm \

I n  t h e  g ro u p  f r e q u e n c y  r e g i o n  t h e  a b s o r p t i o n  b a n d s  t e n d  t o  b e  c h a r a c ­

t e r i s t i c  o f  s p e c i f i c  g ro u p s  o f  a to m s  w i t h i n  t h e  s t r u c t u r e  o f  t h e  m o le ­

c u l e .  The f i n g e r p r i n t  r e g i o n  b a n d s ,  on t h e  o t h e r  h a n d , r e s u l t  from  

e f f e c t s  o f  t h e  t o t a l  m o le c u la r  s t r u c t u r e .

T he f a r  i n f r a r e d  (FIR ) r e g i o n  g iv e s  i n f o r m a t i o n  m a in ly  a b o u t  

r o t a t i o n a l  t r a n s i t i o n s ,  v i b r a t i o n a l  m odes o f  c r y s t a l  l a t t i c e s ,  an d  

s k e l e t a l  v i b r a t i o n s  o f  l a r g e  m o le c u le s .  T h is  r e g i o n  s t a r t s  a t  400 cm ^ 

a n d  e x t e n d s  t o  th e  m ic ro w a v e  r e g i o n  a t  10  cm I t  i s  g e n e r a l l y  h o t  

u s e f u l  f o r  q u a n t i t a t i v e  a n a l y s i s  d u e  to  t h e  r e l a t i v e l y  p o o r  s i g n a l - t o -  

n o 'i s e  r a t i o  i m p l i c i t  i n  l o n g  w a v e le n g th  s p e c t r o s c o p y  a n d  by t h e  r e l a ­

t i v e l y  low  i n t e n s i t y  o f  t h e  a b s o r p t i o n  b a n d s  ( 1 ) .

M o st q u a n t i t a t i v e  i n f r a r e d  s p e c t r o s c o p i c  m e a s u re m e n ts  a r e  p e r ­

fo rm e d  i n  t h e  f u n d a m e n ta l  r e g i o n .  S e v e r a l  d i f f i c u l t i e s  com m only o c c u r  

i n  q u a n t i t a t i v e  I .R .  a n a l y s i s .  T h e  m a jo r  p ro b le m  a r i s e s  from  a n  i n s t r u ­

m e n ta l  s o u r c e  a n d  i s  com m only r e f e r r e d  t o  a s  s t r a y  o r  s c a t t e r e d
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r a d i a t i o n .  Due t o  t h e  s m a l l  r a d i a t i o n  e n e r g y  a v a i l a b l e  f ro m  I . R .  

s o u r c e s ,  r e l a t i v e l y  w id e  s l i t  w id th s  a r e  u s e d .  T h i s  c a u s e s  a  p r o p o r ­

t i o n a l  i n c r e a s e  i n  t h e  s c a t t e r e d  r a d i a t i o n  a n d  a  b r o a d e n in g  o f  t h e  

a b s o r p t i o n  b a n d s .  T h i s  d i s t o r t i o n  i n  t h e  m axim a c a u s e s  d e v i a t i o n s  from  

B e e r 's  Law (2) ,  t h e  b a s i c  q u a n t i t a t i v e  r e l a t i o n s h i p  i n  s p e c t r o s c o p i c  

a n a l y s i s .

A n o th e r  d i f f i c u l t y  i n  I . R .  q u a n t i t a t i v e  a n a l y s i s  i s  t h e  u n c e r ­

t a i n t y  i n  d e te r m in in g  t h e  100 p e r c e n t  t r a n s m i t t a n c e  l e v e l .  T h is  u n ­

c e r t a i n t y  i s  c a u s e d  b y  t h e  v a r i a b i l i t y  o f  p a t h  l e n g t h  o f  t h e  v e r y  t h i n  

c e l l s  com m only u s e d  i n  I .R .  s p e c t r o s c o p y .  T he p ro b le m  o f  d e te r m in in g  

t h e  100 p e r c e n t  l e v e l  c a u s e s  v a r i a t i o n s  i n  t h e  b a s e l i n e  o v e r  t h e  w id th  

o f  an  a b s o r p t i o n  maximum. T h u s , i t  i s  n e c e s s a r y  t o  draw  t h e  b e s t  a p p ro x ­

im a te  b a s e l i n e  a c r o s s  t h e  p e a k  f o r  q u a n t i t a t i o n .  T h i s  m e th o d  i s  r e f e r ­

r e d  t o  a s  t h e  b a s e - l i n e  m eth o d  a n d  a s su m e s  t h a t  t h e  b a c k g ro u n d  i s  l i n e a r  

o v e r  t h e  w id th  o f  th e  b a n d .  T h i s  a s s u m p t io n  i s  o f t e n  u n j u s t i f i e d  a s  

b a n d s  o v e r l a p ,  t h u s  p r o d u c in g  e r r o r  i n  t h e  p e a k  h e i g h t  m e a s u re m e n ts .

O th e r  common s o u r c e s  o f  e r r o r  i n  q u a n t i t a t i v e  I . R .  a r i s e  f ro m  

s o l v e n t  a b s o r p t i o n ,  a tm o s p h e r ic  a b s o r p t i o n  ( h u m id i ty  and  c a rb o n  d i o x i d e ) ,  

a n d  h e a t  o f  r a d i a t i o n .  As a b s o r p t i o n  c e l l s  a r e  e x p o s e d  t o  t h e  f a i r l y  

i n t e n s e  beam  o f  i n f r a r e d  r a d i a t i o n ,  a  w arm ing  e f f e c t  o c c u r s .  T he 

r e s u l t  i s  t h a t  t h e  t e m p e r a tu r e  o f  t h e  s o l u t i o n  i n c r e a s e s  c a u s in g  t h e  

a b s o r p t i o n  b a n d s  t o  v a r y .

In  s p i t e  o f  a l l  t h e s e  p r o b le m s ,  i n f r a r e d  s p e c t r o s c o p y  can  b e  u se d  

t o  e f f e c t  q u a n t i t a t i v e  a n a l y s e s  w i th  a c c u r a c i e s  on t h e  o r d e r  o f  1 p e r ­

c e n t  ( 1 ) .  I n  o r d e r  t o  a c h ie v e  t h i s ,  e x tre m e  c a r e  m u s t  b e  t a k e n  t o  use  

o n l y  th e  b e s t  a n a l y t i c a l  t e c h n i q u e s .  T h e se  t e c h n i q u e s  i n c l u d e :  c h o o s in g
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t h e  a n a l y t i c a l  w a v e le n g th  f o r  m inimum i n t e r f e r e n c e ,  a d j u s t i n g  t h e  sam ­

p l e  t h i c k n e s s  and  c o n c e n t r a t i o n  s u c h  t h a t  t r a n s m i t t a n c e  o f  t h e  a n a l y t i ­

c a l  b a n d  i s  b e tw e e n  30 a n d  40  p e r c e n t ,  s e l e c t i n g  th e  op tim um  s l i t  w id th  

f o r  h i g h e s t  s i g n a l - t o - n o i s e  r a t i o  w i t h o u t  l o s i n g  r e q u i r e d  r e s o l u t i o n ,  

p r e p a r i n g  t h e  s t a n d a r d s  a t  e x p e c te d  s a m p le  c o n c e n t r a t i o n s ,  a n d  m in i­

m iz in g  th e  a tm o s p h e r i c  i n t e r f e r e n c e s .

D e r i v a t i v e  S p e c t r o s c o p y

D e r i v a t i v e  s p e c t r o s c o p y  i s  a  r e l a t i v e l y  new a n a l y t i c a l  t e c h n i q u e .  

E ven  th o u g h  i t  was i n t r o d u c e d  m ore th a n  t w e n t y - f i v e  y e a r s  a g o , i t  h a s  

b e e n  a c c e p t e d  o n ly  h e s i t a n t l y .  T h i s  was p a r t l y  d u e  t o  t h e  h i g h  c o s t  

o f  i n s t r u m e n t a t i o n .  R e l i a b l e  d e r i v a t i v e s  c a n  now  b e  t a k e n  e l e c t r o n ­

i c a l l y  and  c o n s e q u e n t l y  t h i s  h a s  r e s u l t e d  i n  a  s i g n i f i c a n t  r e d u c t i o n  

i n  t h e  c o s t  o f  i n s t r u m e n t a t i o n .  T h e  d e r i v a t i v e  o f  a s p e c t ru m  (3 ) i s  

a  g r a p h i c  r e p r e s e n t a t i o n  o f  th e  m a th e m a t i c a l  d i f f e r e n t i a t i o n  o f  an 

a b s o r b a n c e  s p e c t r u m .

dA1 s t  d e r i v a t i v e   --------  (1 )
dv

w h e re  A = a b s o r b a n c e  and  v = w avenum ber.

A c t u a l l y ,  m o st e l e c t r o n i c a l l y  g e n e r a t e d  d e r i v a t i v e  s p e c t r a  a r e  

d i f f e r e n t i a t i n g  th e  c h a n g e  i n  th e  a b s o r b a n c e  s i g n a l  w i th  r e s p e c t  t o  

•the t i m e ,  r a t h e r  t h a n  th e  w a v e le n g th  o r  w av en u m b er (4) . H o w ev er, s i n c e  

s p e c t r a  a r e  c o l l e c t e d  a t  a  c o n s t a n t  w a v e le n g th  s c a n n in g  s p e e d , t h e s e  

f u n c t i o n s  becom e e q u i v a l e n t .

. - fo  = (2 )
d t  dv

w h e re  t  = t i m e .
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T h ere  a r e  g e n e r a l l y  f o u r  m e th o d s  f o r  o b t a i n i n g  d e r i v a t i v e  s p e c t r a .  

The f i r s t  a n d  m o s t  e x p e n s iv e  i s  t o  u s e  a  s p e c i a l l y  d e s i g n e d  o p t i c a l  

i n s t r u m e n t .  T h is  i n s t r u m e n t  r e q u i r e s  tw o  m o n o c h ro m a to rs  t o  p r o d u c e  

tw p s e p a r a t e  s c a n s  a t  t h e  same t i m e .  T h is  m e th o d , r e f e r r e d  t o  a s  

d u a l - w a v e le n g th  (5 )  , s c a n s  s i m u l t a n e o u s l y  w i t h  b o th  m o n o c h ro m a to rs  one 

o f  w h ic h  h a s  a  s m a l l  w a v e le n g th  o f f s e t  r e l a t i v e  to  t h e  o t h e r .  T h i s  

p r o d u c e s  t h e  d e r i v a t i v e  b y  p r o v id in g  a  d i f f e r e n c e  i n  t h e  a b s o r b a n c e  

r e a d i n g s  b e tw e e n  t h e  tw o m o n o c h ro m a to rs  w ith  r e s p e c t  t o  t h e  d i f f e r e n c e  

in  t h e i r  w a v e le n g th .

The s e c o n d  m e th o d  f o r  p r o d u c in g  d e r i v a t i v e  s p e c t r a  a l s o  e m p lo y s  

o p t i c a l  m o d i f i c a t i o n  o f  t h e  i n s t r u m e n t .  In  t h i s  m e th o d , c a l l e d  w a v e ­

l e n g t h  m o d u la t io n  ( 6 ) ,  t h e  w a v e le n g th  t o  w h ich  th e  m o n o c h ro m a to r  i s  

s e t  i s  r e p e t i t i v e l y  and r a p i d l y  s c a n n e d  b ack  a n d  f o r t h  o v e r  a  s m a l l  

s p e c t r a l  i n t e r v a l .  T h is  m o d u la t io n  i n t e r v a l  p r o d u c e s  a n  a l t e r n a t i n g  

c u r r e n t  a t  t h e  d e t e c t o r  w h ic h  r e p r e s e n t s  th e  d e r i v a t i v e  o f  t h e  s p e c t r a  

w ith  r e s p e c t  t o  w a v e le n g th .  B o th  th e  d u a l - w a v e le n g th  an d  t h e  m o d u la ­

t i o n  w a v e le n g th  m e th o d s  h a v e  b e e n  l i m i t e d  to  f i r s t  d e r i v a t i v e  s p e c t r o ­

s c o p y .

M ore r e c e n t l y ,  d e r i v a t i v e  s p e c t r a  h a v e  b e e n  t a k e n  u s in g  e l e c t r o n i c  

c i r c u i t s .  E l e c t r o n i c  c i r c u i t s  u s e  th e  . o r i g i n a l  o u tp u t  o f  t h e  d e t e c t o r  

to ' p ro d u c e  t h e  d e r i v a t i v e  i n s t e a d  o f  e x t e n s i v e  i n s t r u m e n t a l  m o d i f i c a ­

t i o n .  T h is  m e th o d , r e f e r r e d  to  a s  e l e c t r o n i c  d i f f e r e n t i a t i o n  (3) , i s  

a c h ie v e d  by u s i n g  a n  o p e r a t i o n a l  a m p l i f i e r  in  t h e  d i f f e r e n t i a t o r  c o n f i g ­

u r a t i o n .  T h e  s i g n a l  from  t h e  d e t e c t o r  i s  c o n n e c te d  t o  th e  a m p l i f i e r  

t o  p ro d u c e  t h e  f i r s t  d e r i v a t i v e  o f  th e  s p e c t r a .  M u l t i d e r i v a t i v e  s p e c t r a  

can  b e  p ro d u c e d  by c o n n e c t in g  t o g e t h e r  a  s e r i e s  o f  d i f f e r e n t i a t i n g
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a m p l i f i e r s .  T he m a jo r  p ro b le m  in v o lv e d  w i t h  t h e  e l e c t r o n i c  d i f f e r e n t i ­

a t i o n  t e c h n i q u e  r e s u l t s  f ro m  th e  n o i s e  i n t r o d u c e d  i n t o  t h e  s p e c t r a  b y  

t h e  o p e r a t i o n a l  a m p l i f i e r s .

A s a  r e s u l t  o f  a d v a n c e m e n ts  i n  c o m p u te r  i n t e r f a c i n g  th e  f o u r t h  

m e th o d , n u m e r ic  a n a l y s i s  ( 3 ) ,  h a s  becom e p o s s i b l e .  T he a n a lo g  s i g n a l  

f ro m  t h e  d e t e c t o r  i s  c o n v e r t e d  t o  a  d i g i t a l  s i g n a l  u s i n g  an  e l e c t r o n i c  

c i r c u i t  c a l l e d  an  a n a l o g - t o - d i g i t a l  (A/D) c o n v e r t e r .  T h e se  d a t a  p o i n t s ,  

w h ic h  r e p r e s e n t  a b s o r b a n c e  r e a d i n g s  v e r s u s  w a v e le n g th ,  a r e  s t o r e d  i n  

m em ory w i t h i n  a  c o m p u te r  f ro m  th e  A /D . T h e  d i g i t a l  s p e c tru m  i s  th e n  

n u m e r i c a l l y  d i f f e r e n t i a t e d  b y  s u b t r a c t i n g  c o n s e c u t i v e  a b s o r b a n c e  

r e a d i n g s .  T h e r e f o r e ,  t h e  d e r i v a t i v e  by t h i s  t e c h n iq u e  i s  th e  c h a n g e  i n  

a b s o r b a n c e  w i t h  r e s p e c t  t o  t h e  c h a n g e  in  w a v e le n g th  w h ic h  c a n  b e  a 

g o o d  a p p r o x im a t io n  o f  t h e  t r u e  d e r i v a t i v e  ( 5 ) .

t . A dA , _ ,l im  -------- =   (3 )
A\h -0 Av dv

w h e re  Aa  = c h a n g e  i n  a b s o r b a n c e  a n d  Av = c h a n g e  i n  w avenum ber. The

v a l i d i t y  o f  t h i s  e q u a t io n  i s  im p ro v e d  a s  t h e  c h a n g e  i n  w a v e le n g th

in c r e m e n t s  becom e s m a l l e r .  T he l i m i t  o f  c h a n g e  i n  w a v e le n g th  i s  i n h e r ­

e n t l y  r e s t r i c t e d  by t h e  r e s o l u t i o n  o f  th e  s p e c t r o p h o to m e te r  u s e d .

H ig h e r  o r d e r  d e r i v a t i v e s  a r e  e a s i l y  o b t a i n e d  b y  r e p e t i t i v e  d i f f e r e n t i a ­

t i o n  b y  t h e  c o m p u te r .

T h e  d e r i v a t i v e  t e c h n i q u e  h a s  fo u n d  m any a p p l i c a t i o n s  th r o u g h o u t  

t h e  f i e l d  o f  s p e c t r o s c o p y .  D e r i v a t i v e  s p e c t r o s c o p y  h a s  b e e n  a p p l i e d  

i n  U V - v is ib le  ( 3 ) ,  f l a m e  e m is s io n  ( 7 ) ,  f la m e  a b s o r p t i o n  ( 8 ) ,  lu m in ­

e s c e n c e  (7 ) , f l u o r e s c e n c e  ( 9 ) ,  and  a l s o  i n f r a r e d  (1 0 ,1 1 )  s p e c t r o s c o p i c  

i n s t r u m e n t s .  M ost e x p e r i m e n t a t i o n  h a s  b e e n  p e r fo rm e d  i n  th e  U V - v i s ib l e
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r e g i o n  a n d  h a s  b e e n  r e s t r i c t e d  t o  t h e  u s e  o f  t h e  f i r s t  d e r i v a t i v e .

T h e  p r i n c i p a l  a d v a n ta g e  o f  d e r i v a t i v e  m e a s u re m e n ts  i s  t h e  im p ro v e m e n t 

i n  t h e  d e t e c t a b i l i t y  o f  m in o r  s p e c t r a l  f e a t u r e s .  T h is  s p e c t r a l  e n h a n c e ­

m e n t r e d u c e s  t h e  p o t e n t i a l  f o r  m e a su re m e n t e r r o r s  c a u s e d  b y  o v e r l a p ­

p i n g  an d  u n r e s o lv e d  b a n d s .  M in o r d i f f e r e n c e s  i n  t h e  s p e c t r a  c a n  be 

s o  e n h a n c e d , t h a t  q u a n t i t a t i o n  c a n  becom e p o s s i b l e .

• The d e r i v a t i v e  i s  a  m e a s u re  o f  t h e  r a t e  c h a n g e  i n  t h e  s l o p e  o f  

t h e  s p e c t r a .  F i g u r e  2 show s t h e  a b s o r b a n c e  s p e c t r a  o b t a i n e d  f o r  com­

p o u n d s  A , B , a n d  a  m ix tu r e  o f  A a n d  B . B e tw een  w a v e le n g th s  c a n d  d , 

t h e  r a t e  c h a n g e  i n  t h e  s lo p e  f o r  s p e c t r a  B i s  g r e a t e r  t h a n  t h a t  f o r  A. 

O v e r  t h e  sam e w a v e le n g th  r a n g e  on  s p e c t r a  A + B, t h e  r a t e  c h a n g e  in  

t h e  s lo p e  i s  m ore  s e n s i t i v e  t o  c h a n g e s  i n  com pound B t h a n  i t  i s  t o  

c h a n g e s  i n  com pound A. T h u s , t h e  d e r i v a t i v e  e m p h a s iz e s  s lo p e  c h a n g e  

w i t h  r e s p e c t  t o  w a v e le n g th  a n d  c a n  s e q u e n t l y  p r o v id e  s e l e c t i v i t y  o f  B 

r e l a t i v e  t o  A.

The a p p l i c a t i o n  o f  q u a n t i t a t i v e  d e r i v a t i v e  s p e c t r o s c o p y  i s  b a s e d  

o n  t h e  m e a s u re m e n t o f  t h e  m axim a a n d  m in im a o f  t h e  d e r i v a t i v e  s p e c t r a .  

F i g u r e  3 a  d e p i c t s  tw o o v e r l a p p i n g  a b s o r p t i o n  b a n d s .  F i g u r e  3b d e p i c t s  

t h e  c o r r e s p o n d in g  d e r i v a t i v e  m ax im a. 'The d e r i v a t i v e  maximum w i t h  t h e  

g r e a t e s t  r e s p o n s e  r e l a t i v e  t o  c o n c e n t r a t i o n  a r e  u s u a l l y  u s e d  f o r  q u a n t i ­

t a t i o n .  O c c a s i o n a l l y  a  l e s s e r  maximum may b e  u se d  i n  o r d e r  t o  im p ro v e  

s e l e c t i v i t y .

M ost d e r i v a t i v e  s p e c t r o s c o p y  p e r f o r m e d  i n  t h e  i n f r a r e d  r e g i o n  h a s  

b e e n  d o n e  i n  t h e  g ro u p  f r e q u e n c y  r e g i o n  b e tw e e n  4 a n d  8 pm. I n  s e v e r a l  

i n v e s t i g a t i o n s  ( 1 0 ,1 1 ) ,  t h e  h a l f - w i d t h  p e a k  h e i g h t  r a t i o s  f o r  t h e  o v e r ­

l a p p i n g  b a n d s  w e re  i n  t h e  o r d e r  o f  1 : 2 .  T he l i m i t i n g  f a c t o r  i n

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A
bs

or
ba

nc
e 

(R
el

.-
 

U
n

it
s)

8

Compound A 
Compound B 
Compund A + B

W a v e le n g th

F i g u r e  2 . O v e r la p p in g  A b s o rb a n c e  C u rv e s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ith 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

•H

W a v e le n g th

(a )  U n r e s o lv e d  A b s o r p t io n  B an d s

W a v e le n g th

(b ) F i r s t  D e r i v a t i v e  o f  A b s o r p t io n  B ands

W a v e le n g th W a v e le n g th

(c )  S e c o n d  D e r i v a t i v e  o f  A b s o r p t io n  B an d s  (d ) T h i r d  D e r i v a t i v e  o f  A b s o r p t io n  B an d s

F i g u r e  3 .  A b s o r p t io n  M axima a n d  D e r i v a t i v e  S p e c t r a
10



10

d e r i v a t i v e  i n f r a r e d  s p e c t r o s c o p y  i s  t h e  i n h e r e n t  n o i s e  acco m p a n y in g  

t h e  s i g n a l .  A s t h e  s i g n a l - t o - n o i s e  r a t i o  d e c r e a s e s  w i t h i n  t h e  s p e c t r a ,  

t h e  e r r o r  i n  t h e  d e r i v a t i v e  m e a s u re m e n ts  b eco m es m ore s i g n i f i c a n t .

C o m p u te rs

T h e  c o m p u te r  h a s  made a  d y n am ic  im p a c t  o n  m odern  s c i e n t i f i c  i n s t r u ­

m e n ta t i o n .  I t  h a s  m ade d a t a  a c q u i s i t i o n ,  d a t a  p r o c e s s i n g ,  a n d  i n s t r u ­

m en t c o n t r o l  e x t r e m e ly  e f f i c i e n t  a n d  s im p le .  Many m o d ern  s p e c t r o p h o t o -  

m e t ic  i n s t r u m e n t s  a r e  b e i n g  d e s ig n e d  w i th  c o m p u te r  i n t e r f a c e s .  T h is  

m akes d e r i v a t i v e  s p e c t r o s c o p y  p o s s i b l e  i n  th e  m a j o r i t y  o f  i n s t r u m e n t s  

c u r r e n t l y  a v a i l a b l e .

T h e  d i g i t a l  c o m p u te r  (1 2 ) p e r f o r m s  o p e r a t i o n s  i n  r e s p o n s e  t o  com ­

m ands c a l l e d  i n s t r u c t i o n s .  To p e r f o r m  a  t a s k ,  t h e  c o m p u te r  u s e s  a 

s e q u e n c e  o f  t h e s e  i n s t r u c t i o n s  c a l l e d  a  p ro g ra m . The d e v i c e  w i t h i n  

t h e  c o m p u te r  t h a t  e x e c u te s  t h e  p ro g ra m  i s  r e f e r r e d  t o  a s  t h e  c e n t r a l  

p r o c e s s i n g  u n i t  (C PU ). M o st CPUs i n c l u d e  a  c i r c u i t  t h a t  p r o v i d e s  a r i t h ­

m e t ic  a n d  l o g i c  o p e r a t i o n s  (ALU) a n d  a  v a r i e t y  o f  r e g i s t e r s  f o r  tem p o ­

r a r y  d a t a  s t o r a g e .  T h is  CPU w h ich  c o n t a i n s  o n ly  a  few  i n t e g r a t e d  c i r ­

c u i t s  i s  r e f e r r e d  t o  a s  a  m i c r o p r o c e s s o r .  In  m o s t  s m a l l e r  c o m p u te r s ,  

t h e  m i c r o p r o c e s s o r  i s  t h e  CPU. T h i s  ty p e  o f  c o m p u te r  i s  c a l l e d  a  m ic r o ­

c o m p u te r .

T h e  p r i n c i p a l  c o m p o n e n t o f  t h e  m ic ro c o m p u te r  i s  t h e  m ic r o p r o c e s s o r  

o r  C P U .. The CPU c o n t r o l s  a l l  m ain  c o m m u n ic a tio n  t o  a n d  fro m  t h e  c o m p u te r  

t h r o u g h  e l e c t r i c a l  l i n e s  c a l l e d  t h e  p r o c e s s o r  b u s .  As show n i n  F ig u r e  

4 a l l  o t h e r  p a r t s  o f  t h e  c o m p u te r ,  i n c l u d i n g  i n p u t / o u t p u t  d e v i c e s  a n d  

m em ory, a r e  c o n n e c te d  t o  t h e  CPU th r o u g h  t h e  d a t a ,  a d d r e s s ,  a n d  c o n t r o l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11

M P O' aP -H

P *H

D isc  y.
rTape ►—-----

C lo c k  — (>---- --
A/D C o n v e r t e r —̂ —  

K ey b o ard H H

D is c  ^ ______ _
T ape —-d------------

D/A C o n v e r t e r - ^ --------
p r i n t e r - ^ -----

D is p la y

iW
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

F
ig

ur
e 

4.
 

st
ru

ct
u

re
 

of
 

a 
B

as
ic

 
D

ig
it

al
 

C
om

pu
te

r



12

l i n e s  o f  t h i s  b u s .  The c o n t r o l  b u s  u s e s  t h e  d a t a  a n d  a d d r e s s  b u s s e s  t o  

i n p u t  i n t o  t h e  CPU ( r e a d )  a n d  o u t p u t  f ro m  th e  GPU ( w r i t e ) .

T h e  s t a n d a r d  m ic r o p r o c e s s o r  to d a y  i s  an  8 - b i t  p r o c e s s o r .  E x am p les  

a r e  t h e  INTEL 8080A an d  8 0 8 8 ,  t h e  Z i l o s  Z 80 , t h e  M o to ro la  MC6800, t h e  

MOS T e c h n o lo g y  MCS6500j a n d  t h e  S i g n e t i c s  2650 ( 1 3 ) .  T h e se  m ic r o p r o ­

c e s s o r s  a r e  t h e  b u i l d i n g  b l o c k s  f o r  m o s t m ic r o c o m p u te r s  on t h e  m a r k e t .  

More r e c e n t l y ,  1 6 - b i t  m i c r o p r o c e s s o r s  h a v e  b e e n  i n t r o d u c e d .  T h e se  

p r o c e s s o r s  h a v e  s u p e r i o r  s p e e d  o v e r  t h e  c o n v e n t i o n a l  8 - b i t  p r o c e s s o r s .

The m o s t  w id e ly  u s e d  1 6 - b i t  m i c r o p r o c e s s o r s  a r e  t h e  M o to ro la  M C68000, 

t h e  Z i l o s  Z 8 0 0 0 , t h e  I n t e l  8 0 8 6 , t h e  T e x a s  I n s t r u m e n t  9 9 0 0 , t h e  D i g i t a l  

E q u ip m e n t L S I -1 1 ,  a n d  th e  F a i r c h i l d  9940 ( 1 4 ) .

W i th in  t h e  c o m p u te r ,  t h e  CPU h a s  a  s y s te m  o f  d a t a  s t o r a g e  and  

r e t r i e v a l  c a l l e d  t h e  m em ory. The memory c o n t a i n s  s p a c e  f o r  b o t h  p r o ­

g ram , n e e d e d  t o  p e r f o r m  t h e  c u r r e n t  t a s k ,  an d  d a t a  s t o r a g e .  T h e re  a r e  

tw o t y p e s  o f  m em ory. The f i r s t  i s  t h e  r e a d - w r i t e  m em ory. T h e  b i n a r y  

d i g i t s  w i t h i n  t h i s  t y p e  o f  m emory c a n  b e  c h a n g e d ,  a s  w e l l  a s  r e a d  b y  

t h e  CPU. R e a d - w r i t e  memory i s  com m only r e f e r r e d  t o  a s  random  a c c e s s  

m em ory o r  RAM. The s e c o n d  t y p e  o f  memory i s  c a l l e d  r e a d  o n ly  memory 

o r  ROM. The b i n a r y  d i g i t s  o f  t h e  ROM c a n  be  r e a d ,  b u t  n o t  c h a n g e d  b y  

t h e  CPU.

D a ta  a r e  t r a n s f e r r e d  t o  t h e  m ic ro c o m p u te r  a s  b i n a r y  d i g i t a l  s i g n a l s .  

T h e re  a r e  tw o  w ays t o  i n p u t  a n d  o u t p u t  d i g i t a l  s i g n a l s .  The f i r s t  i s  

c a l l e d  p a r a l l e l  c o m m u n ic a tio n  ( 1 2 ,1 5 ) .  P a r a l l e l  c o m m u n ic a tio n  d e v i c e s  

l a t c h  o n  t o  e i g h t  b i t  d i g i t a l  w o rd s  from  a  p e r i p h e r a l  s o u r c e  a n d  a l l o w  

t h e  c o m p u te r  t o  a c c e s s  t h i s  i n f o r m a t i o n  th r o u g h  t h e  d a t a  b u s .  They 

a l s o  h o l d  d a t a  from  t h e  c o m p u te r  i n  t h e i r  " l a t c h e s "  f o r  u se  b y  a
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p e r i p h e r a l  d e v i c e .  The d a t a  t r a n s f e r r e d  b e tw e e n  a  p a r a l l e l  com m unica­

t i o n  d e v ic e  a n d  a  p e r i p h e r a l  s o u r c e  i s  i n  t h e  fo rm  o f  a  p a r a l l e l  d i g i t a l  

w o rd . M ost p a r a l l e l  c o m m u n ic a tio n  d e v i c e s  a r e  p ro g ra m m a b le . T h e se  

d e v i c e s ,  c a l l e d  p ro g ra m m a b le  p a r a l l e l  i n p u t - o u t p u t  d e v i c e s  (P IO ) , p e r ­

fo rm  a  v a r i e t y  o f  f u n c t i o n s .  T h e  PIO  p r o v i d e s  a d d r e s s  d e c o d in g ,  d a t a  

I /O  b u f f e r i n g ,  a n d  s t a t u s  i n f o r m a t i o n  g a t h e r i n g  fro m  t h e  p e r i p h e r a l  

d e v i c e .  T h ro u g h  i n t e r n a l  r e g i s t e r s ,  t h e  PIO c a n  b e  p ro g ram m ed  by  t h e  

c o m p u te r  t o  i n p u t  o r  o u t p u t  d a t a  f ro m  a n y  s e l e c t e d  b i t  o f  t h e  p a r a l l e l  

p o r t .  Due t o  t h e  a d d r e s s  d e c o d e r ,  t h e  c o m p u te r  ca n  t r e a t  t h e  d e v ic e  

a s  a d d r e s s a b l e  m em ory. P a r a l l e l  c o m m u n ic a tio n  d e v ic e s  s u p p ly  p a r a l l e l  

d i g i t a l  w o rd  c o m m u n ic a tio n  b e tw e e n  t h e  c o m p u te r  an d  p e r i p h e r a l  d e v i c e s .

The o t h e r  t y p e  o f  d i g i t a l  c o m m u n ic a tio n  i s  c a l l e d  s e r i a l  com m uni­

c a t i o n  ( 1 2 ,1 5 ,1 6 ) .  I n s t e a d  o f  l a t c h i n g  e i g h t  b i t s  o f  p a r a l l e l  d a t a ,  a  

s e r i a l  d e v i c e  g a t h e r s  d a t a  on a  s i n g l e  l i n e ,  o n e  b i t  a t  a  t i m e ,  u n t i l  

i t  h a s  t h e  c o m p le te  e i g h t  b i t  w o rd . T h e re  a r e  tw o w ay s i n  w h ic h  t h e  

s e r i a l  t r a n s m i s s i o n  may b e  u t i l i z e d .  T h e  f i r s t  i s  s y n c h r o n o u s  t r a n s ­

m is s i o n  w h ic h  r e q u i r e s  t h e  c o m p u te r  a n d  t h e  p e r i p h e r a l  d e v i c e  t o  c o n ­

c u r r e n t l y  know  when d a t a  t r a n s m i s s i o n  s t a r t s  a n d  e n d s .  T h u s , a  c o n ­

s i s t e n t  t im e  i n t e r v a l  m u s t  b e  u t i l i z e d  b e tw e e n  t h e  c o m p u te r  a n d  t h e  

p e r i p h e r a l  t o  t r a n s m i t  d a t a .  T he s e c o n d  s e r i a l  t r a n s m i s s i o n  ty p e  i s  

a s y n c h r o n o u s  d a t a  t r a n s m i s s i o n .  I n  t h i s  ty p e  o f  c o m m u n ic a tio n , t h e  

p e r i p h e r a l  d e v i c e  s i g n a l s  t h e  c o m p u te r  t h a t  i t  h a s  d a t a  t o  b e  t r a n s m i t ­

t e d .  Upon r e c e i v i n g  th e  p r o p e r  r e s p o n s e s  fro m  t h e  c o m p u te r ,  t h e  p e r i ­

p h e r a l  d e v i c e  s e n d s  t h e  d a t a .  S e r i a l  c o m m u n ic a tio n  d e v i c e s  h a v e  tw o  

f u n c t i o n s :  t o  t a k e  p a r a l l e l  d a t a  a n d  c o n v e r t  i t  t o  s e r i a l  b i t  s t r e a m s ,

an d  t o  t a k e  a  s e r i a l  s t r e a m  an d  c o n v e r t  i t  t o  p a r a l l e l  d a t a .  The
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S ta n d a r d  s e r i a l  d e v i c e  i s  c a l l e d  t h e  u n i v e r s a l  s y n c h r o n o u s - a s y n c h r o n o u s  

r e c e i v e r - t r a n s m i t t e r  (USART).

P a r a l l e l  an d  s e r i a l  c o m m u n ic a tio n  d e v i c e s  a r e  t h e  b a s i c  b u i l d i n g  

b l o c k s  i n  d a t a  a c q u i s i t i o n  s y s te m s  fro m  t h e  r e a l  w o r ld .  W ith in  t h e  

c o m p u te r ,  a l l  d a t a  t r a n s f e r  i s  a c h ie v e d  i n  t h e  d i g i t a l  w o r ld .  O u ts id e  

t h e  c o m p u te r ,  i n  t h e  r e a l  w o r ld ,  m o s t m e a s u re m e n ts  o r  d a t a  t r a n s f e r  a r e  

a n a l o g .  A n a lo g  s i g n a l s  o r  v o l t a g e  f l u c t u a t i o n s  a ssu m e  a  c o n t in u o u s  

r a n g e  o f  v a l u e s ,  w h e re a s  d i g i t a l  s i g n a l s  a ssu m e  o n ly  a  f i n i t e ,  num ber o f  

v a l u e s .  F o r  a n  i n p u t  s i g n a l  t o  g o  i n t o  t h e  c o m p u te r ,  a n  a n a lo g  to  

d i g i t a l  (A/D) c o n v e r s io n  m u s t  t a k e  p l a c e .  F o r  a  d i g i t a l  s i g n a l  t o  b e

u n d e r s to o d  i n  t h e  r e a l  w o r ld ,  a  d i g i t a l  t o  a n a lo g  (D/A) c o n v e r s io n

m u s t t a k e  p l a c e .

The d e v i c e  w i t h i n  a n  i n t e r f a c e  s y s te m  t h a t  i s  t h e  l i n k  f ro m  t h e  

r e a l  ( a n a lo g )  w o r ld  t o  t h e  c o m p u te r  ( d i g i t a l )  w o r ld  i s  c a l l e d  a n  a n a lo g  

t o  d i g i t a l  c o n v e r t e r .  T h e r e  a r e  g e n e r a l l y  f o u r  t e c h n i q u e s  f o r  A/D c o n ­

v e r s i o n  ( 1 5 - 1 7 ) .  T h e  f i r s t  i s  t h e  s u c c e s s i v e  a p p r o x im a t io n .  T h is  t e c h ­

n iq u e  g e n e r a t e s  a n  i n i t i a l  g u e s s  o f  t h e  i n p u t  v a l u e ,  c o n v e r t s  i t  t o  a n  

a n a lo g  v a l u e ,  a n d  t h e n  c o m p a re s  i t  t o  t h e  a c t u a l  i n p u t .  D e p e n d in g  o n

t h e  r e s u l t  o f  t h e  c o m p a r is o n ,  t h e  i n i t i a l  g u e s s  w i l l  b e  i n c r e a s e d  o r

d e c r e a s e d .  S u c c e s s iv e  a p p r o x im a t io n  i s  o n e  o f  t h e  m o s t  f r e q u e n t l y  u s e d  

A/D c o n v e r t e r  w i th  m i c r o p r o c e s s o r  i n t e r f a c e  s y s te m s  b e c a u s e  o f  t h e  h ig h  

s p e e d ,  h ig h  r e s o l u t i o n ,  a n d  low  c o s t .

The s e c o n d  t e c h n iq u e  f o r  A/D c o n v e r s io n  i s  c a l l e d  i n t e g r a t i o n .

The d u a l  s l o p e  i n t e g r a t i n g  A/D i s  t h e  b a s i c  t y p e  o f  i n t e g r a t i n g  c o n ­

v e r t e r .  T h is  m e th o d  m e a s u re s  t h e  t im e  i t  t a k e s  f o r  a  c a p a c i t o r  t o  

c h a r g e  t o  a n  unknow n v o l t a g e  an d  t o  d i s c h a r g e  u n d e r  a n  unknow n r e f e r e n c e
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v o l t a g e .  T h e  r a t i o  o f  t h e  t im e s  m e a s u re d  e q u a ls  t h e  r a t i o  o f  t h e  

unknow n and  known v o l t a g e s .  T h is  t e c h n i q u e  i s  o f t e n  t o o  s lo w  t o  u s e  

f o r  m any m ic r o p r o c e s s o r  i n t e r f a c i n g  a p p l i c a t i o n s .  I t  i s  com m only u s e d  

i n  d i g i t a l  v o l t m e t e r s  b e c a u s e  o f  i t s  e x c e l l e n t  p r e c i s i o n  and  n o i s e  

im m u n ity .

T h e  c o u n t e r  t y p e  c o n v e r t e r  i s  t h e  t h i r d  t y p e  o f  A/D c o n v e r s io n .

I n  t h i s  t e c h n i q u e ,  t h e  a n a lo g  i n p u t  v o l t a g e  i s  c o m p a re d  w i th  t h e  o u t ­

p u t  o f  a  D /A . The i n p u t  o f  t h e  D/A i s  s u p p l i e d  b y  a  c o u n t e r .  When 

th e  r e f e r e n c e  v o l t a g e  from  t h e  D/A e x c e e d s  th e  unknow n v o l t a g e ,  t h e  

o u t p u t  o f  t h e  c o m p a ra to r  t u r n s  o f f  t h e  c o u n t e r .  T he v a l u e  i n  t h e  

c o u n t e r  i s  p r o p o r t i o n a l • t o  t h e  unknow n v o l t a g e .  The s p e e d  o f  t h i s  

t e c h n i q u e  i s  d e p e n d e n t  on t h e  unknow n v o l t a g e .

T h e  f o u r t h  t e c h n iq u e  f o r  A/D c o n v e r s i o n  i s  c a l l e d  p a r a l l e l  c o n ­

v e r s i o n .  T h i s  t e c h n iq u e  o f  d i r e c t  c o m p a r is o n  c o n v e r t s  s im u l t a n e o u s l y  

a l l  p o s s i b l e  d i g i t a l  v a lu e s  i n t o  t h e i r  a n a lo g  f o rm , an d  c o m p a re s  them  

t o  t h e  i n p u t  s i g n a l .  T h is  m e th o d  i s  e x t r e m e ly  f a s t ,  b u t  i t s  p r e c i s i o n  

i s  p o o r .

T h e  d e v i c e  w i t h i n  an  i n t e r f a c e  s y s te m  w h ich  i s  t h e  l i n k  f ro m  th e  

d i g i t a l  w o r ld  t o  t h e  a n a lo g  w o r ld  i s  t h e  d i g i t a l  t o  a n a lo g  c o n v e r t e r  

( 1 2 ,1 5 - 1 7 ) .  T he b a s i c  D/A c o n v e r t e r  u s e d  to d a y  i s  c a l l e d  th e  w e ig h te d  

r e s i s t o r  l a d d e r .  I n  t h e  r e s i s t o r  l a d d e r  t e c h n i q u e ,  a v a r i e t y  o f  r e s i s t o r s  

a r e  c o n n e c te d  i n  a  p a r a l l e l  c o n f i g u r a t i o n  t o  a r e f e r e n c e  v o l t a g e  s o u r c e  

t h r o u g h  s w i t c h e s .  E a c h  r e s i s t o r  r e p r e s e n t s  a  b i t  i n  t h e  d i g i t a l  v a l u e .

T he m o s t  s i g n i f i c a n t  b i t  o f  t h e  d i g i t a l  num ber h a s  t h e  l e a s t  r e s i s t a n c e .  

T h u s , a s  a  d i g i t a l  v a l u e  a p p e a r s ,  i t  c l o s e s  th e  r e s p e c t i v e  s w i t c h e s  a n d  

a n  .a n a lo g  v a l u e  i s  p ro d u c e d  th r o u g h  t h e  r e s i s t o r s .  F ix e d  g a in e d
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a m p l i f i e r s  a r e  c o n n e c te d  a t  t h e  o u t p u t  o f  t h e  l a d d e r  t o  i n c r e a s e  th e  

a n a lo g  v a l u e .  M ost D/A c o n v e r t e r s  u s e  t h i s  b a s i c  c o n c e p t  o f  l a d d e r e d  

r e s i s t o r s .  T h e  p r e c i s i o n  o f  t h e  l a d d e r  D/A c o n v e r t e r  i s  d e p e n d e n t  on  

t h e  p r e c i s i o n  o f  t h e  r e s i s t o r s  u s e d .

D/A an d  A /D  c o n v e r t e r s  a r e  t h e  e s s e n t i a l  c o n n e c t io n  b e tw e e n  th e  

d i g i t a l  an d  a n a lo g  w o r ld s .  W ith in  a n  i n t e r f a c e  s y s te m , t h e y  p r o v id e  

d a t a  a c q u i s i t i o n  an d  c o n t r o l  o f  t h e  r e a l  w o r ld  th r o u g h  t h e  c o m p u te r  

w o r ld .

P ro p o s e d  P ro b le m

T h e  U .S . F o o d  a n d  Drug A d m i n i s t r a t i o n  r e q u i r e s  t h e  d i s c l o s u r e  o f  

t o t a l  u n s a t u r a t i o n  i n  fo o d  a d d i t i v e s ,  s u c h  a s  e d i b l e  o i l s .  T he t o t a l  

u n s a t u r a t i o n  o f  an  o i l  i s  a n  i n d i c a t i o n  o f  t h e  n u t r i t i o n a l  v a l u e ,  a s  

w e l l  a s  a  p a r t i a l  g u id e  t o  i t s  e x p e c te d  s t a b i l i t y .  Food t e c h n o l o g i s t s  

u s e  t h e  te rm  i o d i n e  num ber a s  a n  e x p r e s s i o n  o f  t h e  l e v e l  o f  u n s a t u r a ­

t i o n  i n  a  s a m p le .  I o d i n e  n u m b er o f  a n  o i l  i s  d e f i n e d  a s  t h e  num ber o f  

g ram s o f  i o d i n e  a b s o r b e d  b y  1 0 0  g r a n s  o f  o i l  ( 1 8 ) .

O i l s  a r e  e s t e r s  o f  g l y c e r o l  an d  f a t t y  a c i d s .  As show n i n  F ig u r e

5 ,  t h e  g e n e r a l  s t r u c t u r e  o f  a n  o i l  i s . a  t r i a c y l g l y c e r o l .

. 0 '
II

CH2 -0 -C -R

0

C H - O - i - R 1

0
II

CH2 -0 -C -R "

F i g u r e  5 .  T r i a c y l g l y c e r o l

H y d r o ly s i s  o f  common o i l s  y i e l d s  a c y l  (R) g r o u p s  o r  u n s a t u r a t e d
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f a t t y  a c i d s ,  some o f  w h ic h  a r e  show n i n  T a b le  1 .  The c a r b o n - c a r b o n

T a b le  1

Common P a t t y  A c id s  from  t h e  H y d r o ly s i s  o f  O i l s

O le ic  A c id c h 3 (c h 2 ) ? c h = c h (c h 2 ) 7c o o h

L i n o l e i c  A c id c h 3 (c h 2 ) 4 c h = c h -c h 2 c h = c h - ( c h 2 ) 7co o h

L i n o l e n i c  A c id CH3 CH2 CH=CHCH2CH=CHCH2 CH =CH -(ch2) ?c o o h

E l e o s t e a r i c  A c id CH3 (CH2 ) 3 -CH=CH-CH=CH-CH=CH-(CH2 ) ?COOH

R i c i n o l e i c  A c id C H _(C H .)--C H -C H  -CH=CH-(CH_)_C00H 3 2 5 | 2 2 7
OH

d o u b le  b o n d s  o f  t h e  f a t t y  a c i d s  a r e  t h e  a c t i v e  r e a c t i o n  s i t e s  o f  t h e  

o i l  u t i l i z e d  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  i o d i n e  n u m b er. The i o d i n e  

num ber i s  t r a d i t i o n a l l y  o b t a i n e d  f ro m  a  t i t r a t i o n  t e c h n iq u e  c a l l e d  t h e  

W ijs  o r  H anus m ethod  ( 1 9 ) .  I n  t h e s e  t i t r a t i o n s  e x c e s s  i o d i n e  i s  a d d ed  

t o  a  sa m p le  o f  a n  o i l  i n  o r d e r  t o  a d d  a c r o s s  t h e  c a r b o n - c a r b o n  d o u b le  

b o n d s . The a b s o r b e d  i o d i n e  i s  d e te r m in e d  b y  b a c k  t i t r a t i o n  o f  t h e  

u n r e a c t e d  i o d i n e  w i th  so d iu m  t h i o s u l f a t e .  The i o d i n e  s o l u t i o n s  f o r  

e a c h  m e th o d  a r e  some w h a t d i f f e r e n t .  The W ijs  t i t r a t i o n  a d d s  c h l o r i n e  

t o  i n c r e a s e  t h e  r e a c t i v i t y  o f  t h e  i o d i n e  s o l u t i o n ,  w h e re a s  t h e  H anus 

t i t r a t i o n  a d d s  b ro m in e  ( 2 0 ) .  The t y p i c a l  r e a c t i o n  tim e  o f  t h e  o i l  an d  

t h e  i o d i n e  s o l u t i o n  i s  30 t o  45 m i n u t e s .  M e r c u r ic  a c e t a t e  c a n  b e  a d d e d  

t o  t h e  i o d i n e  s o l u t i o n s  t o  s p e e d  t h e  r e a c t i o n  t im e  t o  3 t o  5 m in u te s  

( 1 9 ) .  T o t a l  a n a l y s i s  t im e  f o r  an  o i l  u s i n g  t h e s e  t i t r a t i o n  m e th o d s  i s  

a t  l e a s t  45 m in u te s .

A n o th e r  m e th o d  f o r  d e t e r m in in g  io d i n e  num ber o f  a n  o i l  i s  t h e  u s e  

o f  a  r e f r a c t o m e t e r  ( 2 1 ) .  T h e  r e f r a c t i v e  i n d i c e s  o f  a n  o i l  c a n  b e  

m e a s u re d  b e f o r e  and a f t e r  i o d i n a t i o n  w i th  t h e  i o d i n e  s o l u t i o n .  A r a t i o
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o f  t h e  r e f r a c t i v e  i n d i c e s  o f  a  s t a n d a r d  v e r s u s  a n  unknow n o i l  c o r r e -  

s p o n d e d s  to  t h e  i o d i n e  n u m b er o f  t h e  unknow n o i l .

I o d i n e  n u m b ers  h a v e  b e e n  d e te r m in e d  u s in g  n u c l e a r  m a g n e t ic  r e s o ­

n a n c e , Raman s p e c t r o s c o p y ,  a n d  e l e c t r o l y t i c  i n s t r u m e n t s .  A lth o u g h  

io d in e  num ber d e t e r m i n a t i o n s  h av e  b e e n  o b ta in e d  th r o u g h  a  v a r i e t y  o f  

i n s t r u m e n t s ,  t h e  so d iu m  t h i o s u l f a t e  t i t r a t i o n  r e m a in s  t h e  s t a n d a r d  

m ethod  u s e d  b y  th e  A s s o c i a t i o n  o f  O f f i c i a l  A g r i c u l t u r e  C h e m is ts  

(A .O .A .C .)  (20) .

M ore  r e c e n t l y  i n f r a r e d  s p e c t r o s c o p y  h a s  b e e n  u s e d  t o  o b t a i n  i o d i n e  

n u m b ers  c o m p a ra b le  t o  t h e  t i t r a t i o n  m e th o d s  ( 2 2 ) .  The i n f r a r e d  s p e c ­

tru m  o f  a  t y p i c a l  o i l  ( s o y b e a n )  i s  show n i n  F ig u r e  6 . Two d i s t i n c t

b a n d s  a r e  o b t a i n e d  d u e  to  t h e  c a r b o n - c a r b o n  d o u b le  b o n d s  w i t h i n  t h e

o i l .  T h e  f i r s t  i s  a t  3018 c m / .  T h i s  b a n d  i s  c a u s e d  b y  t h e  a lk e n e

c a rb o n  t o  h y d ro g e n  s t r e t c h i n g  v i b r a t i o n s .  A lso  i n  t h e  sam e p r o x im i ty  

i s  th e  b a n d  c a u s e d  b y  a lk a n e  c a r b o n  t o  h y d ro g e n  s t r e t c h i n g  v i b r a t i o n s .  

B e c a u se  o f  t h e  h ig h  d e g r e e  o f  o v e r l a p ,  t h e  band  a t  3018 cm ^ c a n  n o t  

r e l i a b l y  be  u s e d  f o r  q u a n t i t a t i o n  o f  i o d i n e  n u m b e rs . A s e c o n d  b a n d  

d u e  t o  t h e  c a r b o n - c a r b o n  d o u b le  b o n d  s t r e t c h i n g  v i b r a t i o n s  i s  i s o l a t e d  

a t  1654 cm ■*■. T h is  w e a k e r  b a n d  c a n  b e  u s e d  f o r  i o d i n e  n um ber d e t e r m in ­

a t i o n s  i n  n e a t  o i l s .  Due t o  t h e  l a r g e  b a c k g ro u n d  c a u s e d  b y  t h e  c a r b o n -  

o x y g en  b a n d  a t  1750 cm a  c o r r e c t i o n  m e th o d  m u s t b e  em p lo y ed  t o  f a c i l ­

i t a t e  q u a n t i t a t i o n .  A c o m p u te r  c o n t r o l l e d  b a c k g ro u n d  c o r r e c t i o n  m eth o d  

h a s  b e e n  u se d  t o  o b t a i n  p e a k  h e i g h t  m e a su re m e n ts  o f  t h e  b a n d  a t  1654  cm ^ 

( 2 2 ) .  S t a n d a r d  o i l s  w i th  know n i o d i n e  v a l u e s  w e re  u se d  t o  co m p are  w ith  

s t a n d a r d  d e v i a t i o n s  o f  1 p e r c e n t  o r  l e s s  w e re  o b t a i n e d  u s i n g  t h e  co m p u t­

e r i z e d  i n f r a r e d  b a c k g ro u n d  c o r r e c t i o n  m e th o d . T he t im e  f o r  an  a n a l y s i s
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w as 2 m i n u t e s .

T h e  t o  m axim a o f  a n  o i l  a t  1654  an d  1 7 5 0  cm ^  o v e r l a p  e a c h  o t h e r  

s i g n i f i c a n t l y .  The p a r t i a l l y  r e s o l v e d  c a r b o n - c a r b o n  d o u b le  b o n d  p e a k  

p r o v i d e s  an  e x c e l l e n t  o p p o r t u n i t y  t o  em p lo y  t h e  d e r i v a t i v e  t e c h n i q u e .  

D e r i v a t i v e  i n f r a r e d  s p e c t r o s c o p y  s h o u ld  im p ro v e  t h e  d e t e c t a b i l i t y  o f  

t h e  p a r t i a l l y  r e s o l v e d  p e a k  a t  1654 cm 1 . T h i s  s h o u ld  p r o d u c e  a n  

im p ro v e m e n t i n  q u a n t i t a t i o n  o f  t h e  i o d i n e  num ber o f  an  o i l .
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CHAPTER I I

DESIGN AND CONSTRUCTION 

I n f r a r e d  S p e c t r o p h o to m e te r

T he i n f r a r e d  s p e c t r o p h o to m e te r  u s e d  i n  t h e  s tu d y  w as a  Beckm an 

A c c u la b  8  ( 2 3 ,2 4 ) .  T h is  i n s t r u m e n t  e m p lo y s  a  r o t a t i n g  w edge f i l t e r  

a n d  a  1 0 0 - l in e /m m  g r a t i n g  (u s e d  i n  tw o o r d e r s )  t o  p r o v i d e  a  s p e c t r a l  

r a n g e  o f  4000  t o  600 c m The o r d e r  b r e a k  o f  t h e  s c a n  i s  a t  2000  cm \  

T he s o u r c e  o f  r a d i a t i o n  f o r  t h e  d o u b le  beam  i n s t r u m e n t  i s  a  n ic h ro m e  

w i r e . . The r e s o l u t i o n  p ro d u c e d  b y  t h e  o p t i c s  a t  1000 cm 1  i s  3 cm \

T he d e t e c t o r  w h ic h  c o n v e r t s  t h e  r a d i a n t  e n e r g y  i n t o  e l e c t r i c a l  s i g n a l s  

i s  a  g e rm a n iu n  l e n s  th e r m o c o u p le .

T he A c c u la b  8  i s  e q u ip p e d  w i t h  a  c o n n e c to r  t e r m i n a l  f o r  l i m i t e d  

a n a J . o g / d i g i t a l  o u t p u t  an d  c o n t r o l .  The o p t i c a l  sy s te m  may be  c o n ­

t r o l l e d  th r o u g h  tw o l i n e s  w h ic h  s t a r t ,  s t o p ,  a n d  r e v e r s e  t h e  w a v e le n g th  

s c a n .  F o u r  o u t p u t  l i n e s  p r o v i d e  b o t h  an  a n a lo g  s i g n a l  fro m  0 t o  1 

v o l t s  o f  t h e  t r a n s m i t t a n c e  an d  a  w avenum ber p u l s i n g  s i g n a l  f ro m  th e  

o p t i c a l  s y s te m . A l l  l o g i c  c i r c u i t  c o m m u n ic a tio n  t o  a n d  fro m  t h e  te r m ­

i n a l  i s  i n  s t a n d a r d  t r a n s i s t o r - t r a n s i s t o r  l o g i c  (T T L ). T h is  t e r m i n a l  

s u p p l i e s  en o u g h  in f o r m a t i o n  an d  c o n t r o l  f o r  d a t a  a c q u i s i t i o n  f ro m  t h e  

i n s t r u m e n t .

H e a t h k i t  E T -3 4 0 0  T r a i n e r  I n t e r f a c e  

H a rd w a re  D e s c r i p t i o n

21
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2 2

I n p u t

A H e a t h k i t  E T -3400  t r a i n e r  (2 5 ) w i t h  an  ETA -3400 m em ory a c c e s s o r y  

(26 ) w as u s e d  i n  t h e  i n i t i a l  s t u d y  f o r  d a t a  h a n d l in g  a n d  in s t r u m e n t  

c o n t r o l .  T h e  E T -3400  c o n t a i n s  a  M o to r o la  MC6800 a s  i t s  c e n t r a l  p r o ­

c e s s i n g  u n i t  (C PU ). The MC6800 i s  a n  e i g h t - b i t  p a r a l l e l  m i r c o p r o c e s s o r .  

The t r a i n e r  p r o v i d e s  512 b y t e s  o f  m em ory, b u t  w i th  t h e  a d d i t i o n  o f  a n  

ETA -3400 a c c e s s o r y  t o  t h e  t r a i n e r  t h e  m emory c a n  b e  e x p a n d e d  t o  4096  

b y t e s .  The ETA 3400  a l s o  p r o v i d e s  an  R S-232C  i n t e r f a c e  f o r  v id e o  t e r m ­

i n a l  c o n n e c t i o n ,  a  c a s s e t t e  r e c o r d e r  i n t e r f a c e  f o r  d a t a  an d  p ro g ra m  

s t o r a g e ,  a n d  a  T in y  B a s ic  i n t e r p r e t e r  i n  ROM f o r  h i g h e r  l e v e l  p ro g ra m ­

m in g .

A p ro g ra m m a b le  p a r a l l e l  i n p u t - o u t p u t  c o m m u n ic a tio n  d e v i c e  (PIO) 

w as u s e d  f o r  d a t a  a c q u i s i t i o n  a n d  i n s t r u m e n t  c o n t r o l  i n  t h e  i n t e r f a c e  

s y s te m . The PIO  u s e d  w as t h e  M o to ro la  MC6820 p e r i p h e r a l  i n t e r f a c e  

a d a p t e r  (P IA ) . A d e s c r i p t i o n  o f  P IA  o p e r a t i o n  i s  g iv e n  in  A p p e n d ix  A. 

T h i r t e e n  l i n e s  o f  t h e  tw o e i g h t  b i t  p o r t s  o f  t h e  PIA 1 a r e  em p lo y ed  t o  

c o l l e c t  d a t a  th r o u g h  an  a n a l o g - t o - d i g i t a l  (A/D) c o n v e r t e r  f ro m  th e  

s p e c t r o p h o to m e te r .  A t ta c h e d  t o  e a c h  o f  t h e  t h i r t e e n  l i n e s  i s  a n  i n v e r ­

t e r  c i r c u i t  t o  c o n v e r t  t h e  o u tp u t  o f  t h e  A/D t o  TTL l o g i c .  T h e  A/D 

c o n v e r t e r  p r o v i d e s  a  f o u r  b i t  b i n a r y  c o d e d  d e c im a l  (BCD) num ber t o  P IA

1 . T h i s  BCD num ber r e p r e s e n t s  t h e  t r a n s m i t t a n c e  fro m  t h e  A c c u la b  8 

w h ic h  i s  a n  a n a lo g  s i g n a l  b e tw e e n  0 .0 0 0  an d  1 .0 0 0  v o l t .  T h is  p r o v i d e s  

t r a n s m i t t a n c e  r e a d i n g s  a s  lo w  a s  0 .1 % . The A/D c o n v e r t e r  em p lo y ed  i n  

t h e  s y s te m  w as a  S y s t r o n  D o n n e r M odel 1234  i n t e g r a t i n g  ram p t y p e  c o n ­

v e r t e r .  A d e s c r i p t i o n  o f  t h e  A/D o p e r a t i o n  a n d  t h e  TTL c o n v e r s io n  

c i r c u i t  i s  a l s o  p r o v id e d  i n  A p p e n d ix  A.
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The c o n t r o l -  o f  t h e  i n t e r f a c e  s y s te m  i s  a c h i e v e d  th r o u g h  f o u r  l i n e s .  

T h re e  l i n e s  fro m  p o r t  A o f  PIA  1 an d  o n e  l i n e  c o n n e c te d  d i r e c t l y  t o  th e  

m i c r o p r o c e s s o r .  T h is  i s  show n i n  F i g u r e  7 a , w h e re  t h e  w avenum ber s c a n  

i n h i b i t  ( p i n  3) a n d  t h e  A/D r e s e t  ( p i n  46) a r e  c o n t r o l l e d  t h r o u g h  l i n e s  

8  a n d  9 o f  PIA 1 r e s p e c t i v e l y .  A d e s c r i p t i o n  o f  t h e  s w i t c h in g  c i r c u i t  

b e tw e e n  l i n e  9 a n d  t h e  A /D  r e s e t  l i n e  i s  p r o v id e d  i n  A p p e n d ix  A. T he 

w avenum ber p u l s e  a n d  t h e  o r d e r  b r e a k  o f  t h e  s p e c t r o p h o to m e te r  a r e  c o n ­

n e c t e d  th r o u g h  a  l o g i c  c i r c u i t  t o  t h e  i n t e r r u p t  r e q u e s t  l i n e  (IRQ) o f  

t h e  MC6800. T h i s  l o g i c  c i r c u i t  p r o v i d e s  w avenum ber p u l s i n g  o n ly  w hen 

t h e  m o n o c h ro m a to r  i s  s c a n n in g .  The w avenum ber p u l s e  from  t h e  mono­

c h r o m a to r  i s  a l s o  c o n n e c te d  t o  l i n e  7 o f  PIA 1 .  T h i s  p r o v i d e s  t h e  

MC6800 m i c r o p r o c e s s o r  w i t h  t h e  w avenum ber p o s i t i o n  i n f o r m a t i o n .  T h u s , . 

t h e  MC6800 n e e d  o n ly  t a k e  d a t a  d u r i n g  t h e  w avenum ber r a n g e  o f  i n t e r e s t .  

The c h a r t  d r i v e  i n h i b i t  ( p i n  4) a n d  t h e  w avenum ber r e v e r s e  ( p i n  6 ) 

l i n e s  o f  t h e  s p e c t r o p h o to m e te r  a r e  c o n n e c te d  t o  common l o g i c  g ro u n d .

T h i s  i n h i b i t s  b o t h  l i n e s  a s  t h e y  a r e  n o t  u s e d  f o r  d a t a  a c q u i s i t i o n .

Output

A f t e r  t h e  a c q u i s i t i o n  o f  t h e  d a t a  fro m  t h e  A c c u la b  8  s p e c t r o p h o t o ­

m e t e r ,  t h e  d e r i v a t i v e  w as c a l c u l a t e d  w i t h i n  t h e  MC6800. T h e  d e r i v a t i v e  

w as o b s e r v e d  u s i n g  PIA 2 a s  a n  o u t p u t  d e v i c e .  D a ta  f ro m  P IA  2 was 

d i r e c t e d  t o  a  d i g i t a l - t o - a n a l o g  (D/A) c o n v e r t e r ,  an d  s u b s e q u e n t ly  s t o r e d  

i n  a  d i g i t a l  s t o r a g e  o s c i l l i s c o p e .  T h i s  way s p e c t r a  w e re  im m e d ia te ly  

v ie w e d  o n  t h e  o s c i l l i s c o p e  s c r e e n .  A p e rm a n e n t  r e c o r d i n g  o f  t h e  s p e c t r a  

w as l a t e r  o b t a i n e d  u s in g  a  X-Y r e c o r d e r  c o n n e c te d  t o  t h e  o s c i l l o s c o p e
S '

o u t p u t .  F ig u r e  7b  show s t h e  s c h e m a t ic  o f  t h e  h a rd w a re  c o n n e c t io n s  f o r
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t h e  o u t p u t  o f  t h e  d e r i v a t i v e .

A H e a th  M odel EU-800-GC D/A c o n v e r t e r  (2 7 ) w as c o n n e c te d  t o  t h e  

e i g h t - b i t  p o r t  A o f  PIA 2 . '  O n ly  e i g h t  o f  t h e  m o s t s i g n i f i c a n t  b i t s  o f  

t h e  1 0 - b i t  b i n a r y  r e s i s t o r  l a d d e r  D/A c o n v e r t e r  w e re  c o n n e c te d  t o  PIA

2 . T he o s c i l l o s c o p e  u s e d  w as a  G o u ld  M odel OS4000 d i g i t a l  s t o r a g e  

o s c i l l o s c o p e  (28) w ith  t h e  4096 b y te  m emory a c c e s s o r y .  T h e  o s c i l l o ­

s c o p e  i s  c o n t r o l l e d  by t h e  m i c r o p r o c e s s o r  th r o u g h  p o r t  B ( l i n e  10) o f  

PIA 2 .  A h ig h  s i g n a l  o n  l i n e  10  a l l o w s  t h e  t r i g g e r  l e v e l  o f  t h e  o s c i l ­

l o s c o p e  t o  b e  a d j u s t e d  m a n u a l ly .  A lo w  s i g n a l  on l i n e  10 a l l o w s  t h e  

o s c i l l o s c o p e  t o  r e c e i v e  d a t a  f ro m  t h e  PIA  th r o u g h  t h e  D/A c o n v e r t e r .

T h i s  d a t a  i s  l a t c h e d  i n  t h e  m em ory o f  t h e  o s c i l l o s c o p e .  By p r e s s i n g  

t h e  m emory o u t p u t  o f  t h e  o s c i l l o s c o p e  a  r e c o r d i n g  o f  t h e  d e r i v a t i v e  

c o u ld  b e  o b t a i n e d  o n  a  P r i n c e t o n  A p p l ie d  R e s e a r c h  M odel RE0074 X-Y 

r e c o r d e r  ( 2 9 ) .

S o f tw a r e  D e s c r i p t i o n

I n p u t

The s o f t w a r e  f o r  d a t a  a c q u i s i t i o n  an d  i n s t r u m e n t  c o n t r o l  c o n s i s t s  

o f  a  T in y  B a s ic  p ro g ra m  a n d  f o u r  a s s e m b ly  la n g u a g e  p r o g r a m s .  The c e n ­

t r a l  b a s i c  p ro g ra m , c a l l e d  "M ain I n p u t " , i n t e r f a c e s  b e tw e e n  t h e  a s s e m b ly  

la n g u a g e  p ro g ra m s  an d  t h e  r e a l  w o r ld .  As s e e n  i n  A p p e n d ix  B , F lo w c h a r t  

B - l ,  "3400  I n p u t " ,  th e  b a s i c  p ro g ra m  s e t s  t h e  p a r a m e te r s  f o r  d a t a  a c q u i ­

s i t i o n .  T h e s e  p a r a m e t e r s  c o n s i s t  o f  t h e  s t a r t i n g  w avenum ber o f  t h e  

i n s t r u m e n t  a n d  t h e  w avenum ber r a n g e  o f  i n t e r e s t .  T h e s e  a r e  i n p u t  t h r o u g h  

t h e  k e y b o a r d .  T h e  b a s i c  p ro g ra m  th e n  b r a n c h e s  t o  a n  a s s e m b ly  la n g u a g e  

p ro g ra m  c a l l e d  " I n p u t  C o n t r o l " .  T h is  p ro g ra m  s e t s  t h e  s y s te m  f o r  i n p u t
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a n d  s t a r t s  t h e  m o n o c h ro m a to r  s c a n .  I t  a l s o  c o u n t s  t h e  w avenum ber p u l s e s  

f ro m  t h e  o p t i c a l  s y s te m . O nce t h e  b e g in n in g  o f  t h e  w avenum ber r a n g e  o f  

i n t e r e s t  h a s  b e e n  r e a c h e d , '  t h e  p ro g ra m  e x e c u t e s  t h e  W ait F o r  I n t e r r u p t  

i n s t r u c t i o n .

A h ig h  s t a t u s  f ro m  t h e  w avenum ber p u l s e  t o  t h e  i n t e r r u p t  r e q u e s t  

(IRA) l i n e  s t a r t s  d a t a  a c q u i s i t i o n .  The IRA o v e r r i d e s  a l l  o p e r a t i o n s  

i n  t h e  m i c r o p r o c e s s o r  an d  s t a r t s  a n  i n t e r r u p t  r o u t i n e .  T h i s  i n t e r r u p t  

r o u t i n e  s e a r c h e s  a d d r e s s e s  OOFA an d  OOFB o f  t h e  RAM and  l o a d s  t h e i r  c o n ­

t e n t s  i n t o  t h e  p ro g ra m  p o i n t e r .  T h i s  r e s u l t s  i n  t h e  s t a r t i n g  o f  a  new 

a s s e m b ly  l e v e l  p ro g ra m  c a l l e d  "T ak e  D a ta " .  The "T a k e  D a ta "  p ro g ra m  

r e s e t s  t h e  A/D c o n v e r t e r  a n d  a c q u i r e s  e i g h t  d a t a  p o i n t s .  I t  t h e n  

b r a n c h e s  t o  a n o t h e r  a s s e m b ly  l a n g u a g e  p ro g ra m  t o  c o n v e r t  t h e  BCD d a t a  

t o  h e x a d e c im a l .  T h is  s u b r o u t i n e ,  "BCD C o n v e r t " ,  t r a n s f o r m s  t h e  e i g h t  

4 - b i t  d a t a  p o i n t s  t o  t h e i r  h e x a d e c im a l  e q u i v a l e n t s .  S u b r o u t in e  "BCD 

C o n v e r t"  t h e n  r e t u r n s  t o  t h e  i n t e r r u p t  s u b r o u t i n e ,  "T ake D a ta " .  A f t e r  

t h e  d a t a  p o i n t s  a r e  a c q u i r e d ,  t h e  "T ak e  D a ta "  p ro g ra m  r e t u r n s  f ro m  th e  

i n t e r r u p t  r o u t i n e  t o  t h e  a s s e m b ly  l e v e l  p ro g ra m  " I n p u t  C o n t r o l " .  The 

" I n p u t  C o n t r o l "  p ro g ra m  c h e c k s  f o r  t h e  en d  o f  t h e  w avenum ber r a n g e .  I f  

t h e  d a t a  a c q u i s i t i o n  i s  c o m p le te ,  i t  r e t u r n s  t o  t h e  b a s i c  p ro g ra m  "M ain 

I n p u t " .  I f  t h e  e n d  o f  t h e  w avenum ber r a n g e  i s  n o t  r e a c h e d ,  i t  r e t u r n s  

t o  W ait F o r  I n t e r r u p t  a n d  c o n t i n u e s  t o  t a k e  d a t a .

T he "M ain I n p u t "  p ro g ra m  b r a n c h e s  t o  a n o t h e r  a s s e m b ly  la n g u a g e  p r o ­

g ram  t o  s t o p  t h e  m o n o c h ro m a to r  s c a n .  T h is  p ro g ra m , c a l l e d  " S to p  S c a n " , 

r e s e t s  t h e  s y s te m  t o  o u t p u t  a n d  i n h i b i t s  t h e  i n s t r u m e n t  f ro m  s c a n n in g .

T he d a t a  p o i n t s  a r e  l o c a t e d  b e tw e e n  memory p o s i t i o n s  0720 t o  ODFF.

'
T h ey  c a n  th e n  b e  s t o r e d  o n  a  c a s s e t t e  r e c o r d e r  o r  d i s p l a y e d  on t h e
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m o n i t o r .  L i s t i n g s  o f  a l l  i n p u t  p ro g ra m s  m ay be  fo u n d  i n  A p p e n d ix  B.

D a ta  P r o c e s s in g

T he d a t a  o b t a i n e d  fro m  t h e  i n f r a r e d  s p e c t r o p h o to m e te r  r e p r e s e n t s  

t h e  t r a n s m i t t a n c e  r e a d i n g s  f ro m  t h e  w avenum ber s c a n .  I n  o r d e r  t o  a v e r ­

a g e  d a t a  p o i n t s  an d  c a l c u l a t e  t h e  d e r i v a t i v e ,  t r a n s m i t t a n c e  v a l u e s  

m u s t  b e  c o n v e r t e d  t o  a b s o r b a n c e  v a l u e s .  T h e  s o f tw a r e  f o r  t h e  c o n v e r ­

s i o n  i s  c o m p ile d  i n  A p p e n d ix  B . T he c o n v e r s io n  i s  a c h i e v e d  u s i n g  a 

t r a n s m i t t a n c e - a b s o r b a n c e  lo o k - u p  t a b l e .

R e f e r r i n g  t o  A p p en d ix  B , F lo w c h a r t  B -2 , "3 4 0 0  D a ta  P r o c e s s i n g " ,  

t h e  s o f tw a r e  c o n s i s t s  o f  tw o  a s s e m b ly  la n g u a g e  p ro g ra m s  a n d  a b a s i c  

p ro g ra m . The o n l y  f u n c t i o n  o f  t h e  b a s i c  p ro g ra m  i s  t o  b r a n c h  t o  t h e  

a s s e m b ly  l e v e l  p ro g ra m  c a l l e d  " T r a n s m i t ta n c e - A b s o r b a n c e  C o n v e r s io n "

(TA C ). T h i s  p ro g ra m  c o n v e r t s  a  h e x a d e c im a l  d a t a  p o i n t  i n t o  a  4 - b i t  

d e c im a l  n u m b e r. T h is  d e c im a l  v a lu e  d e p i c t s  t h e  p e r c e n t  t r a n s m i t t a n c e  

± 0 .1 ' p e r c e n t .  T h e  p ro g ra m  t h e n  b r a n c h e s  t o  a  s u b r o u t i n e  c a l l e d  " S e t  

M em ory". T h is  s u b r o u t i n e  u s e s  t h e  d e c im a l  v a l u e  t o  f i x  t h e  c o r r e s p o n ­

d i n g  a b s o r b a n c e  v a lu e  i n  a  p r e s t o r e d  t a b l e .  I t  t h e n  r e t u r n s  t o  "TAC" 

f o r  d a t a  p o i n t  a v e r a g i n g .  A f t e r  t h e  c o n v e r s i o n  o f  t h e  d a t a  s e t  i s  com­

p l e t e ,  t h e  d a t a  i s  s t o r e d  o n  a  c a s s e t t e  r e c o r d e r  o r  d i s p l a y e d  o n  a  

m o n i t o r .

O u tp u t

The s o f t w a r e  f o r  o u t p u t t i n g  t h e  d a t a  c o n s i s t s  o f  f o u r  p ro g ra m s .

A s show n i n  A p p en d ix  B , F lo w c h a r t  B -3 ,  "3 4 0 0  O u tp u t" ,  a  b a s i c  p ro g ra m  

a c c e s s e s  t h r e e  a s s e m b ly  la n g u a g e  p ro g ra m s .  T he f i r s t  t a s k  i n  t h e
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s o f tw a r e  i s  t o  c a l c u l a t e  t h e  f i r s t  d e r i v a t i v e  o f  t h e  a b s o r b a n c e  d a t a .

T h is  i s  a c h i e v e d  b y  b r a n c h in g  t o  a n  a s s e m b ly  l e v e l  p ro g ra m  c a l l e d  

" D e r i v a t i v e " .  T h i s  p ro g ra m  c a l c u l a t e s  t h e  f i r s t  d e r i v a t i v e  a n d  s t o r e s  

i t  i n  h a l f  t h e  memory s p a c e  n e e d e d  f o r  t h e  o r i g i n a l  d a t a .  I t  th e n  

b r a n c h e s  b a c k  t o  t h e  b a s i c  p ro g ra m , "M ain  O u tp u t" .  T h i s  p ro g ra m  s e t s  

t h e  t r i g g e r  o f  t h e  s t o r a g e  o s c i l l o s c o p e  f o r  m a n u a l l e v e l  a d j u s tm e n t .

O nce t h e  t r i g g e r  l e v e l  i s  a d j u s t e d  m a n u a l ly  on  t h e  o s c i l l o s c o p e ,  t h e  

b a s i c  p ro g ra m  b r a n c h e s  t o  a  s e c o n d  a s s e m b ly  la n g u a g e  p ro g ra m . T h is  

p ro g ra m , c a l l e d  " O u tp u t D a t a " ,  o u t p u t s  t h e  d e r i v a t i v e  f ro m  t h e  PIA 

th r o u g h  t h e  D/A c o n v e r t e r  t o  t h e  m em ory o f  t h e  o s c i l l o s c o p e .  The d e r i v ­

a t i v e  c a n  b e  v ie w e d  im m e d ia te ly  o n  t h e  s c r e e n  o f  t h e  o s c i l l o s c o p e .

H ig h e r  o r d e r  d e r i v a t i v e s  a r e  c a l c u l a t e d  b y  b r a n c h in g  f ro m  t h e  b a s i c  

p ro g ra m  t o  a n  a s s e m b ly  l e v e l  p ro g ra m  c a l l e d - " M u l t i d e r i v a t i v e " . The 

o r d e r  o f  t h e  d e r i v a t i v e  o f  i n t e r e s t  i s  e n t e r e d  th r o u g h  t h e  b a s i c  p r o ­

g ram . The p ro g ra m  " M u l t i d e r i v a t i v e "  t h e n  c a l c u l a t e s  t h e  d e r i v a t i v e  

and  r e t u r n s  t o  t h e  b a s i c  p ro g ra m . The b a s i c  p ro g ra m  t h e n  r e u s e s  t h e  

a s s e m b ly  l e v e l  p ro g ra m  " O u tp u t  D a ta "  t o  s e n d  t h e  d e r i v a t i v e  t o  t h e  

o s c i l l o s c o p e .  T h is  lo o p  c o n t i n u e s  u n t i l  t h e  o p e r a t o r  e n t e r s  a  s to p  

c o d e  o f  10 f o r  t h e  o r d e r  o f  d e r i v a t i v e . .  L i s t i n g s  o f  t h e  o u t p u t  p r o ­

g ram s a r e  c o n t a i n e d  i n  A p p e n d ix  B.

■ A p p le / I s a a c  I n t e r f a c e  

H ard w are  D e s c r i p t i o n

I n p u t

A s e c o n d  i n t e r f a c e  s y s te m  w as d e v e lo p e d  i n  o r d e r  t o  a c q u i r e  d a t a
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from  t h e  i n f r a r e d  s p e c t r o p h o t o m e t e r .  T h i s  s y s te m  i n c lu d e d  t h e  A p p le  

I I  (3 0 )  a s  t h e  m ic r o c o m p u te r .  T h e  A p p le  I I  c o n t a i n s  a n  e i g h t - b i t  MOS 

T e c h n o lo g y  MCS6502 a s  i t s  c e n t r a l  p r o c e s s i n g  u n i t .  T h e  MCS6502 i s  

t h e  m o s t  com m only u s e d  m i c r o p r o c e s s o r  o f  MOS T e c h n o lo g y 's  6 5 0 0  s e r i e s .

The m ic ro c o m p u te r  s y s te m  p r o v i d e s  48 k i l o b y t e s  o f  RAM w ith  a n  o n b o a rd  

b a s i c  i n t e r p r e t e r  c a l l e d  A p p l e s o f t .  Two f lo p p y  d i s k  d r i v e s  w e re  a l s o  

c o n n e c te d  t o  t h e  A p p le  I I .  T h is  p r o v i d e d  d a t a  and  p ro g ra m  s t o r a g e  

an d  r e t r i e v a l .  T he d i s k  d r i v e s  e x p a n d  t h e  s t o r a g e  c a p a b i l i t i e s  b y  90 

k i l o b y t e s .  An 8 0 -c o lu m n  E p so n  MX-80 p a r a l l e l  p r i n t e r  an d  a  h ig h  r e s o ­

l u t i o n  m onochrom e m o n i to r  w e re  a l s o  em p lo y ed  f o r  d a t a  p r i n t o u t  and  

r e v ie w .

T h e  h a rd w a re  f o r  t h e  i n t e r f a c e  s y s te m  i s  t h a t  p r o v id e d  i n  t h e  

C y b o rg  I n c .  I s a a c  91A u n i t  ( 3 1 ) .  T h is  u n i v e r s a l  i n t e r f a c e  s y s te m  c o n ­

t a i n s  a l l  t h e  e l e c t r o n i c ,  d e v i c e s  t o  a c h i e v e  a  c o m p u te r  i n t e r f a c e  t o  

m o st r e a l  w o r ld  d e v i c e s .  C o n ta in e d  w i t h i n  t h e  I s a a c  a r e  a n a lo g  I /O ,  

b i n a r y  1 /0 ,  c o u n t e r ,  and t r i g g e r  d e v i c e s .  A l l  t h e s e  d e v i c e s  a r e  c o n ­

t r o l l e d  t h r o u g h  s o f tw a r e  s t o r e d  i n  th e  A p p le  I I .  T h i s  s o f tw a r e  i s  a n  

e x t e n s i o n  o f  t h e  r e s i d e n t  A p p l e s o f t  b a s i c  i n t e r p r e t e r  an d  i s  c a l l e d  

C yborg  I n c .  L a b s o f t  ( 3 2 ) .  L a b s o f t  t a k g s  up 8  k i l o b y t e s  i n  t h e  A p p le  

I I  RAM.

A s shown in  F i g u r e  8 , t o  c o l l e c t  t h e  d a t a  from  t h e  s p e c t r o p h o t o ­

m e te r  1 /0  t e r m i n a l ,  o n e  o f  t h e  s i x t e e n  1 2 - b i t  A/D c o n v e r t e r s  i n  t h e  

I s a a c  u n i t  w a s  u t i l i z e d .  T h e  A/D c o n v e r t e r s  a r e  s u c c e s s i v e  a p p r o x i ­

m a t io n  t y p e s .  T h re e  o f  t h e  f o u r  b i n a r y  r e s i s t o r  l a d d e r  D/A c o n v e r ­

t e r s  a r e  c o n n e c te d  t o  t h e  A c c u la b  8  f o r  i n s t r u m e n t  c o n t r o l .  T h e  

" C o u n te r in  2 "  o f  t h e  I s a a c  u n i t  i s  c o n n e c te d  a s  an  i n p u t  fro m  t h e  o r d e r
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b r e a k ,  l i n e  8  o f  t h e  s p e c t r o p h o t o m e t e r .  L in e  7 ,  t h e  w avenum ber p u l s e  

o f  t h e  A c c u la b  8  1 /0  t e r m i n a l  i s  c o n n e c te d  t o  t h e  " C o u n te r in  1" o f  t h e  

I s a a c  u n i t  f o r  d e t e r m i n i n g  t h e  o p t i c a l  s y s te m  s t a t u s .  T h e s e  c o u n t e r s  

a r e  a n  e x t e r n a l l y  c lo c k e d  TTL u p - c o u n t e r s „  A l l  t h e s e  e l e c t r o n i c  d e v i c e s  

a r e  c o n t r o l l e d  b y  a  b a s i c  p ro g ra m  w h ic h  u t i l i z e s  t h e  L a b s o f t  i n t e r p r e t e r .

Output

The output of the data involves the monitor and printer, which 

are already part of the Apple II system. The software to utilize 

these peripheral devices is described in the Output section in the 

Software Description.

Software Description

Input

Data acquisition and instrument control were achieved with one 

basic program. This program is called "Apple Input". "Apple Input" 

uses the Labsoft basic commands to control the Isaac unit for I/O oper­

ation. The ampersand (&) which preceeds all Labsoft commands is the 

Applesoft's expansion character.' When the Applesoft interpreter 

encounters the ampersand, it branches to the Labsoft interpreter for 

proper operation direction. A listing of "Apple Input" program is 

located in Appendix C.

The "Apple Input" program sets the parameters for data acquisi­

tion. Referring to Appendix C, Flowchart C-l, "Apple/Isaac Input", 

the program then sets the(instrument control lines to acquire data 

through the D/A converter. The optical system status is monitored by
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t h e  p ro g ra m  th r o u g h  t h e  " C o u n te r in '1. T h is  p r o v i d e s  f o r  d a t a  a c q u i s i ­

t i o n  i n  t h e  w avenum ber r a n g e  o f  i n t e r e s t .  T h e  d a t a  i s  a c q u i r e d  u s in g  

a  s u b r o u t i n e  c a l l e d  " A c q u i r e " .  I n  t h e  s u b r o u t i n e ,  e a c h  d a t a  p o i n t  i s  

a n  a v e r a g e  o f  t e n  d a t a  p o i n t s .  T h is  i s  a c h ie v e d  b y  c o n v e r t i n g  t h e  

t r a n s m i t t a n c e  d a t a  t o  a b s o r b a n c e  d u r i n g  d a t a  a c q u i s i t i o n .  An a v e r a g e  

o f  t h e  a b s o r b a n c e  v a l u e s  i s  c a l c u l a t e d  im m e d ia te ly .  The a b s o r b a n c e  

d a t a  i s  t h e n  s t o r e d  b y  t h e  "A p p le  I n p u t "  p ro g ra m  o n  a  d i s k  f o r  f u r t h e r  

a n a l y s i s .

O u tp u t

The o u t p u t  a n d  p r o c e s s i n g  o f  t h e  d a t a  i s  a c h ie v e d  th r o u g h  a  b a s i c  

p ro g ra m  c a l l e d  " D a ta  A n a ly z e r " .  T h is  p ro g ra m  f i r s t  l o a d s  t h e  d a t a  

f ro m  t h e  d i s k  d r i v e .  D a ta  sm o o th in g  i s  p r o v id e d  i n  t h e  p ro g ra m  u s in g  

t h e  b o x c a r  m e th o d . I n  t h i s  t e c h n i q u e ,  a  d a t a  p o i n t  v a lu e  i s  c a l c u l a t e d  

b a s e d  on t h e  a v e r a g e  o f  i t s e l f  w i th  tw o  s u b s e q u e n t  d a t a  p o i n t  v a l u e s .

T h is ' d a t a  s m o o th in g  t e c h n iq u e  s i g n i f i c a n t l y  d e c r e a s e s  t h e  n o i s e  i n  t h e  

d a t a .  A f t e r  t h e  d a t a  sm o o th in g  o p t i o n ,  t h e  p ro g ra m  d i s p l a y s  t h e  w ave­

num ber r a n g e  o f  i n t e r e s t  on t h e  m o n i t o r .  A c o p y  o f  t h e  a b s o r b a n c e  

v a l u e s  c a n  th e n  b e  p ro d u c e d  on  t h e  p r i n t e r  c o m p le te  w i th  t h e i r  c o r r e ­

s p o n d in g  w avenum ber v a l u e s .

The " D a ta  A n a ly z e r "  p ro g ra m  c a l c u l a t e s  a n y  o r d e r  d e r i v a t i v e  d e s i r e d .  

An i n p u t  .from  t h e  k e y b o a rd  o f  z e r o  f o r  t h e  d e r i v a t i v e  o r d e r  t e r m i n a t e s  

t h e  p ro g ra m . O nce t h e  d e r i v a t i v e  i s  c a l c u l a t e d ,  i t  i s  d i s p l a y e d  o n  

t h e  m o n i to r  an d  s u b s e q u e n t l y  p r i n t e d .  A p p e n d ix  C c o n t a i n s  F lo w c h a r t  

C -2 , " D a ta  A n a ly z e r "  an d  a  l i s t i n g  o f  t h e  p ro g ra m .
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Systems Comparison

T h e  A p p l e / I s a a c  i n t e r f a c e  s y s te m  h a s  m any a d v a n ta g e s  o v e r  t h e  

E T -3400  s y s te m . The h a r d w a r e  d e v i c e s  u t i l i z e d  i n  t h e  c o n n e c t io n  t o  

t h e  s p e c t r o p h o to m e te r  w e re  e s s e n t i a l l y  e q u i v a l e n t .  The I s a a c  9 lA  

u n i t ' s  c a p a b i l i t i e s  w e re  n o t  f u l l y  u t i l i z e d  i n  t h e  i n t e r f a c e  s y s te m .

A s m a l l e r  u n i t ,  t h e  m o d e l 41A , fro m  t h e  m a n u f a c tu r e  c a n  b e  c o n f i g u r e d  

f o r  t h e  m in im a l h a rd w a re  n e e d s  t h a t  a r e  r e q u i r e d .

The major difference in the two interface systems lies in the 

available memory of the microcomputer units. The Apple/Isaac system 

provides 20 times the onboard data' storage, a faster access to mass 

storage, and a higher level programming language.
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CHAPTER I I I

EXPERIMENTAL

P r o c e d u r e

A l l  d a t a  a c q u i s i t i o n  f ro m  t h e  A c c u la b  8  w as t a k e n  a t  t h e  s c a n  

s p e e d  o f  120  cm ' ' ' /m in u te .  The o p t i c s  o f  t h e  s p e c t r o p h o to m e te r  w ere  

s e t  i n  t h e  o r d e r  b r e a k  t o  s t a r t  a l l  s c a n s  a t  2000  cm '''.  The w avenum ber 

r a n g e  o f  i n t e r e s t  w as e n t e r e d  a s  1750  t o  1550 cm T h i s  r a n g e  s u f ­

f i c i e n t l y  c o v e r s  t h e  c a r b o n - c a r b o n ,  b an d  a t  1654 cm \  A so d iu m  c h l o r i d e  

sa m p le  c e l l  w as u s e d  i n  t h e  sam p le  beam  w i th  a  o n e  m i l l i m e t e r  c e l l  

p a t h  t h i c k n e s s .  T h i s  c e l l  w as p o l i s h e d  b e f o r e  e a c h  d a y  o f  a n a l y s i s .

Each sample was scanned three times.

A t t h e  b e g i n n i n g  o f  e a c h  d a y ,  t h e  i n s t r u m e n t 's  o p t i c a l  s y s te m  was 

c h e c k e d  by  s c a n n in g  a  p o l y s t y r e n e  f i l m  v e r s u s  a i r  w i t h i n  t h e  w avenum ber 

r a n g e  o f  i n t e r e s t .  T he 1 0 0  p e r c e n t  t r a n s m i t t a n c e  was s e t  and  t h e  s c a n  

w as t a k e n .  T h e  d a t a  was c h e c k e d  im m e d ia te ly  f o r  t h e  b a n d  a t  1 6 0 1 .8  cm 

I n  a l l  c a s e s ,  t h e  b a n d  w as fo u n d  t o  b e  w i t h i n  t h e  i n s t r u m e n t 's  w ave­

num ber r e s o l u t i o n  o f  3 cm B e f o r e  t h e  sa m p le  w e re  s c a n n e d ,  t h e  A ccu­

l a b  8  w as s e t  a t  2000  cm \  A b lo c k in g  a t t e n u a t o r  was u s e d  i n  t h e  

r e f e r e n c e  b eam , w h i l e  t h e  s a m p le  c e l l  w as p l a c e d  i n  t h e  sa m p le  beam .

The 100  p e r c e n t  t r a n s m i t t a n c e  was t h e n  s e t  u s in g  t h e  b l o c k in g  a t t e n u a t o r .  

B e tw een  sa m p le  a n a l y s i s ,  a  c e l l  c l e a n i n g  p r o c e d u r e  was f o l l o w e d .  F i r s t ,  

t h e  c e l l  w as r i n s e d  t h r e e  t i m e s  w i t h  c h lo r o f o r m .  I t  w as th e n  d r i e d

' 35
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w ith  a  s t r e a m  of. d r y  n i t r o g e n  an d  r i n s e d  s e v e r a l  t im e s  w i th  t h e  n e x t  

sa m p le  s o l u t i o n .  F i n a l l y ,  t h e  c e l l  was f i l l e d  w i t h  t h e  sam p le  and  

t i g h t l y  c a p p e d .  T he o u t s i d e  o f  t h e  c e l l  w as r i n s e d  w i t h  c h lo r o f o r m  

an d  d r i e d  w i t h  n i t r o g e n  t o  rem o v e  a l l  r e s i d u a l  s a m p le .  C h lo ro fo rm  w as  

u s e d  a s  a  c l e a n i n g  a g e n t  b e c a u s e  i t  e x h i b i t s  no a b s o r b a n c e  b a n d s  i n  

t h e  w avenum ber r a n g e  o f  i n t e r e s t .

C h ro m o p h o re  S tu d y  I

T h e  f i r s t  s tu d y  t o  u t i l i z e  t h e  c o m p u te r iz e d  i n f r a r e d  s p e c t r o ­

p h o to m e te r  in v o lv e d  s t a n d a r d  s o l u t i o n s  c o n t a i n i n g  th e  tw o  c h ro m o p h o re s  

o f  i n t e r e s t .  1 -H e x e n e  was u s e d  t o  s i m u l a t e  t h e  c a r b o n - c a r b o n  b and  

fo u n d  i n  a n  o i l ' s  s p e c tru m  a t  1654 cm \  T h e  1 -h e x e n e  a b s o r b a n c e  maximum 

i s  a t  1640  cm \  2 - B u ta n o n e  was u s e d  t o  p r o d u c e  t h e  c a rb o n -o x y g e n  

b an d  a t  1750 cm M ix tu r e s  o f  t h e s e  s t a n d a r d s  w e re  p r e p a r e d  a n d  

a n a l y z e d .  T he c o n c e n t r a t i o n  r a n g e  o f  t h e  1 - h e x e n e  was a d j u s t e d  so  t h a t  

t h e  i n t e n s i t y  o f  t h e  b and  p r o d u c e d  s i m u l a t e d  t h e  c a r b o n - c a r b o n  b an d  

i n t e n s i t i e s  o f  some common o i l s .  T h e  r a n g e  was b e tw e e n  0 .0 5  a n d  0 .2 5  

m i l l i l i t e r s  o f  1 -h e x e n e  p e r  m i l l i l i t e r  o f  2 - b u ta n o n e .

T h e  p u r p o s e  o f  t h i s  s t u d y  w as t o  d e te r m in e  w h ic h  d e r i v a t i v e  m axim a 

t o  u s e  f o r  t h e  b e s t  q u a n t i t a t i v e  r e s u l t s .  T h is  w as  a c h ie v e d  b y  p e r ­

fo rm in g  l i n e a r  l e a s t  s q u a r e s  a n a l y s i s  on t h e  p l o t  o f  c o n c e n t r a t i o n  o f  

t h e  1 -h e x e n e  v e r s u s  t h e  p e a k  h e i g h t  o f  e a c h  d e r i v a t i v e  m axim a. A l i s t  

o f  t h e s e  v a l u e s  i s  fo u n d  i n  T a b le  2 .  E ach  p e a k  h e i g h t  i s  th e  a v e r a g e  

o f  t h r e e  sa m p le  s c a n s .

W i th in  e a c h  d e r i v a t i v e ,  c o m p a r in g  t h e  s lo p e s  o f  t h e  a n a l y s i s  g i v e s

'
a n  i n d i c a t i o n  o f  w h ic h  m axim a t o  u s e  f o r  q u a n t i t a t i o n .  The maximum w i t h
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T a b le  2

Selected Derivative Spectral Values as a Function of C=C Chromophore Concentration

c = c
(mL/mL
sol)

Abs dAlS-jO

dv
d A (S 2 )

dv
dA (S 3 )

dv
d 2 A (S ) 

dv2
d 2A ( S j

- 2  J  dv
d 2A (S .)

dv2
d 3 A (S ) 

dv3
d 3A (S ) 

dv3
d 3A (S  ) 

dv3

0 .0 5 0 0 .1 3 3 0 .0 2 6 2 0 .0 6 8 3 0 .0 4 7 2 0 .0 3 0 2 0 .0 0 7 5 0 .0 3 0 5 0 .0 3 4 4 0 .0 2 1 5 0 .0 2 6 1

0 . 1 0 0 0 .3 0 1 0 .0 3 3 3 0 .1 0 4 0 .0 5 7 1 0 .0 4 2 9 0 .0 1 7 3 0 .0 3 5 3 0 .0 4 1 7 0 .0 3 8 1 0 .0 3 2 3

0 .1 5 0 0 .4 0 1 0 .0 3 2 8 0 .1 2 5 0 .0 6 6 9 0 .0 4 5 3 0 .0 2 3 9 0 .0 4 1 6 0 .0 3 7 3 0 .0 3 2 8 0 .0 3 5 7

0 . 2 0 0 0 .4 8 6 0 .0 3 7 1 0 .1 5 0 0 .0 7 5 4 0 .0 4 8 5 0 .0 2 1 8 0 .0 4 5 1 0 .0 3 7 5 0 .0 3 7 1 0 .0 3 7 4

0 .2 5 0 0 .5 3 9 0 .0 3 9 5 0 .1 6 8 0 .0 7 7 9 0 .0 4 7 6 0 .0 1 7 6 0 .0 5 2 6 0 .0 4 5 9 0 .0 4 1 4 0 .0 4 2 0

*
c . c . 0 .9 7 8 0 .9 5 0 0 .9 9 2 0 .9 8 2 0 .8 6 0 0 .6 1 8 0 .9 9 5 0 .6 6 2 0 .7 9 4 0 .9 8 2

Y-Int 0 .0 7 3 0 .0 2 6 6 . 0 .0 4 9 0 .0 4 1 0 0 .0 3 0 8 0 .0 1 0 3 0 .0 2 4 8 0 .0 3 3 7 0 .0 2 2 5 0 .0 2 3 6

Slope 1 .9 9 0 .0 6 0 .4 9 0 .1 6 0 .0 8 0 .0 5 0 . 1 1 0 .0 4 0 .0 8 0 .0 7

*C.C = Correlation Coefficient

u>

Cl-
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t h e  g r e a t e s t  s l o p e  r e s p o n s e  s h o u ld  g i v e  t h e  b e s t  q u a n t i t a t i o n .  As 

show n in  T a b le  2 ,  t h e  f i r s t  d e r i v a t i v e  maximum w i th  t h e  g r e a t e s t  s l o p e  

r e s p o n s e  i s  (S 2 ) . The d e g r e e  o f  i n c r e a s e  i n  s lo p e  r e s p o n s e  f o r  m axim a 

(S ^) a s  c o m p a re d  t o  (S^) a n d  (S 3 ) c a n  b e s t  b e  v i s u a l i z e d  i n  t h e  p l o t  

show n in  F i g u r e  9 .  W ith  r e f e r e n c e  t o  T a b le  2 ,  t h e  s e c o n d  d e r i v a t i v e  

maximum w i t h  t h e  l a r g e r  s l o p e  r e s p o n s e  i s  (S ^ ) ; y e t  m axim a s lo p e

v a l u e  i s  n o t  s i g n i f i c a n t l y  s m a l l e r .  B o th  m axim a c o u ld  b e  u s e d  f o r  

q u a n t i t a t i o n .  T he tw o m axim a o f  t h e  t h i r d  d e r i v a t i v e  w i th  t h e  g r e a t e s t  

s l o p e  r e s p o n s e  a r e  (S2 ) a n d  (S 3 ) . Maximum i s  n o t  p a r t i c u l a r l y

l i n e a r  w i th  r e s p e c t  t o  t h e  e t h y l e n e  c o n c e n t r a t i o n ,  a s  w as e v id e n c e d  

by  t h e  c o r r e l a t i o n  c o e f f i c i e n t  o f  t h e  l e a s t  s q u a r e s  a n a l y s i s .  T h u s , 

t h e  m axim a o f  i n t e r e s t  f o r  f u r t h e r  q u a n t i t a t i v e  a n a l y s i s  s t u d i e s  a r e :  

f i r s t  d e r i v a t i v e  (S 2 ) , s e c o n d  d e r i v a t i v e  (S 2 ) an d  ( S ^ ) , a n d  t h i r d  

d e r i v a t i v e  ( S ^ ) .

Chromopore Study II

The s e c o n d  s tu d y  a l s o  in v o lv e d  s t a n d a r d  s o l u t i o n s  f o r  s i m u l a t i o n .

In  o r d e r  t o  s i m u l a t e  t h e  f a t t y  a c i d s  o f  t h e  o i l  m ore  c l o s e l y ,  n - b u t y l  

a c e t a t e  w as u s e d  a s  t h e  s t a n d a r d  f o r  t h e  c a r b o n - o x y g e n  b a n d . T h is  

com pound c o n t a i n s  t h e  e s t e r  g r o u p  common t o  a l l  o i l s .  A l o n g e r  c h a i n  

a l k e n e  was a l s o  u s e d  t o  p r o d u c e  t h e  c a r b o n - c a r b o n  b a n d  o f  t h e  o i l s  a t  

e x a c t l y  1654 cm \  The a l k e n e  u s e d  i n  t h i s  s t u d y  w as c y c l o o c t e n e .

The p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  w as t o  d e te r m in e  t h e  r e l a t i v e  i n d e ­

p e n d e n c e  o f  t h e  q u a n t i t a t i v e  d e r i v a t i v e  m e a s u re m e n ts  f ro m  t h e  c o n c e n ­

t r a t i o n  o f  t h e  c a rb o n -o x y g e n  b a n d .  R a t i o s  o f  t h e  tw o  s t a n d a r d s  w e re  

m ix e d . F o u r  s t a n d a r d  s e t s  w ere  p r e p a r e d .  I n  e a c h  s t a n d a r d  s e t ,  t h e
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F ig u r e  9 .  P l o t  o f  C o n c e n t r a t i o n  o f  1 -H ex en e  v s .  F i r s t  D e r i v a t i v e  M axima V a lu e s
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v o lu m e  o f  c y c l o o c t e n e  w as v a r i e d  fro m  1 . 0  t o  2 .5  m i l l i l i t e r s  w h i le  

t h e  v o lu m e  o f  n - b u t y l  a c e t a t e  r e m a in e d  c o n s t a n t .  T he v o lu m e  o f  t h e  

a c e t a t e  f o r  t h e  f o u r  s t a n d a r d  s e t s  (1  th r o u g h  4 ) w e re  8 . 0 ,  1 0 . 0 ,  1 2 .0 ,  

an d  1 4 .0  m i l l i l i t e r s ,  r e s p e c t i v e l y .  To a s s u r e  t h e  tw o l i q u i d s  w ere  

a d d i t i v e ,  2 0  m i l l i l i t e r s  o f  n - b u t y l  a c e t a t e  w e re  p i p e t t e d  i n t o  a  25 

m i l l i l i t e r  v o l u m e t r i c  f l a s k .  C y c lo o c te n e  was a d d e d  f ro m  a  b u r e t  w i th  

m ix in g  u n t i l  t h e  f l a s k  w as f u l l .  T h e  a m o u n t o f  c y c lo o c t e n e  a d d e d  t o  

t h e  f l a s k  w as fo u n d  t o  b e  4 .9 5 + 0 .0 5  m i l l i l i t e r s .  T h is  e r r o r  o f  1.0% 

i n  t h e  v o lu m e  w as n o t  c o n s i d e r e d  t o  b e  s i g n i f i c a n t  i n  t h e s e  s t u d i e s .

T h u s , w i t h i n  e a c h  s t a n d a r d  s e t ,  t h e  c o n c e n t r a t i o n  o f  t h e  a c e t a t e  

v a r i e s  s l i g h t l y  o v e r  t h e  c y c l o o c t e n e  r a n g e  b u t  t h e  r e l a t i v e  i n t e n s i t y  

o f  t h e  b a n d  r e m a in s  t h e  sam e .

A l i n e a r  l e a s t  s q u a r e s  a n a l y s i s  was p e r f o r m e d  on  t h e  d a t a  from  

t h e  p l o t  o f  t h e  c o n c e n t r a t i o n  o f  c y c l o o c t e n e  v e r s u s  t h e  d e r i v a t i v e  

m axim a v a l u e s .  T he r e s u l t i n g  s l o p e s  fro m  t h e  a n a l y s i s  a r e  c o m p ile d  

i n  T a b le  3 . T he v a r i a t i o n  i n  t h e  s l o p e s  o v e r  t h e  f o u r  s t a n d a r d  s e t s  

r e p r e s e n t s  t h e  d e p e n d e n c y  o f  e a c h  d e r i v a t i v e  m axim a v a l u e  on t h e  

s lo p e  o f  t h e  e s t e r  b a n d .  T h i s  v a r i a t i o n  i s  t h e  p e r c e n t  mean d e v i a t i o n  

o f  t h e  s l o p e s  c o n t a i n e d  i n  T a b le  3 .  The f i r s t  d e r i v a t i v e  maximum (S 2 ) 

i s  t h e  l e a s t  a f f e c t e d  b y  t h e  e s t e r  c o n c e n t r a t i o n  v a r i a t i o n  o f  b u t y l  

a c e t a t e .  H ow ever, t h e  s e c o n d  d e r i v a t i v e  maximum (S^) a n d  t h e  t h i r d  

d e r i v a t i v e  maximum (S^) seem  t o  h a v e  b e e n  e f f e c t e d  s i g n i f i c a n t l y  by 

t h e  e s t e r  c o n c e n t r a t i o n .  T h i s  may n o t  b e  e n t i r e l y  t r u e  s i n c e  a  m ark ed  

l o s s  i n  p r e c i s i o n  f o r  h i g h e r  d e r i v a t i v e s  may b e  o b s c u r in g  t h e  r e a l  

t r e n d s .  N e v e r t h e l e s s ,  t h i s  d e v i a t i o n  i n  t h e i r  s l o p e  c o u ld  c a u s e  a  

l a r g e  u n c e r t a i n t y  i n  q u a n t i t a t i v e  a n a l y s i s .  The m ean d e v i a t i o n s  o f
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T a b le  3

Slope Values from the Least Squares Analysis of Concentration of 
C=C C h ro m o p h o re  v s .  S e l e c t i v e  D e r i v a t i v e  V a lu e s

S ta n d a r d  
S am ple  
S e t  #

S lo p e  V a lu e s a n d  C o e f f i c i e n t s  o f  V a r i a t i o n

mL C=C 
niL COOK

A bs dA (S 2 )

dv

d 2A(S )
■a ~2dv

d 2A (S  )

A "2dv

d 3A (S ) 

d ^

- 1 1 . 0 / 8 . 0  
1 . 5 / 8 . 0  
2 . 0 / 8 . 0  
2 . 5 / 8 . 0  .

0 .3 3 0
( 1 2 .4 )

0 .1 2 1
( 2 .3 )

0 .0 7 6
( 9 .4 )

0 .0 1 6
( 2 4 .0 )

0 .0 5 0
( 1 7 .5 )

2 1 . 0 / 1 0 . 0
1 . 5 / 1 0 . 0
2 . 0 / 1 0 . 0
2 . 5 / 1 0 . 0

0 .4 1 2
( 1 9 .5 ) .

0 .1 0 6
( 4 .9 )

0 .0 9 2
( 2 2 .3 )

0 .0 2 9
( 1 7 .1 )

0 .0 7 0
( 2 6 .1 )

3 1 . 0 / 1 2 . 0
1 . 5 / 1 2 . 0
2 . 0 / 1 2 . 0
2 . 5 / 1 2 . 0

0 .4 3 7
( 9 .4 )

0 .1 0 9
( 2 .7 )

0 .1 0 6
( 1 7 .6 )

.0 .0 4 8
( 6 .9 )

0 .0 7 5
( 4 5 .0 )

4 1 . 0 / 1 4 . 0
1 . 5 / 1 4 . 0
2 . 0 / 1 4 . 0
2 . 5 / 1 4 . 0

0 .3 5 9
(1 6 .5 )

0 .1 1 3
( 1 0 .8 )

0 .0 9 2
( 2 0 .5 )

0 .0 4 5
( 1 9 .8 )

0 .1 2 5
( 1 9 . 8 ) .

% M ean D e v i a t i o n  
o f  S lo p e s

1 0 .4 4 .2 8 .5 3 4 .8 2 8 .1

A v e ra g e  C o e f f i c i e n t  
o f  V a r i a t i o n  (CV)

1 4 .4 5 .2 1 7 .4 1 7 .0 2 7 .1
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t h e  s l o p e s  f o r  t h e  a b s o r b a n c e  p e a k  h e i g h t  and  t h e  s e c o n d  d e r i v a t i v e  

m axim a (S 2 ) a r e  e a c h  a p p r o x im a te ly  tw ic e  t h e  f i r s t  d e r i v a t i v e  m axim a 

(S^) v a l u e .  T he f i r s t  d e r i v a t i v e  w ou ld  t h e r e f o r e  be  p r e f e r r e d  in  

o r d e r  t o  b e t t e r  a c c o m p l is h  q u a n t i t a t i o n  o f  t h e  c a r b o n - c a r b o n  b a n d .

T h e  c o e f f i c i e n t s  o f  v a r i a t i o n  (34) f o r  t h e  s lo p e s  i n  T a b le  3 i s  

a n  i n d i c a t i o n  o f  d a t a  s c a t t e r .  T h e  a v e r a g e  c o e f f i c i e n t  o f  v a r i a t i o n  

(CV) o v e r  t h e  f o u r  s t a n d a r d  s e t s  i s  a l s o  l i s t e d  i n  T a b le  3 . T h is  

v a lu e  show s a n  i n c r e a s e  w i t h  i n c r e a s i n g  o r d e r  o f  d e r i v a t i v e  w h ic h  

s u g g e s t s  t h a t  d a t a  s c a t t e r  from  t h e  n o i s e  w i t h i n  th e  s p e c t r o p h o t o m e t e r  

i s  a m p l i f i e d  a s  h i g h e r  o r d e r  d e r i v a t i v e s  a r e  p r o d u c e d .  I n t e r e s t i n g l y ,  

t h e  CV f o r  t h e  f i r s t  d e r i v a t i v e  maximum (S^) i s  s i g n i f i c a n t l y  s m a l l e r  

th a n  t h e  CV f o r  t h e  s t a n d a r d  b a s e - l i n e  m e th o d  em p lo y ed  o n  t h e  a b s o r b ­

a n c e  p e a k .  T h i s  i s  p r o b a b l y  d u e  t o  t h e  u n c e r t a i n t y  i n  e s t a b l i s h i n g  a  

r e p r o d u c i b l e  b a s e  l i n e  i n  t h e  a b s o r b a n c e  m ode.

S e l e c t e d  O i l  S tu d y

S ix  common u n s a t u r a t e d  o i l s  w e re  p u r c h a s e d  from  l o c a l  f o o d  

r e t a i l e r s  an d  s u b s e q u e n t ly  s t u d i e d .  T hey  w ere  s o y b e a n , c o r n ,  o l i v e ,  

s u n f lo w e r ,  s a f f l o w e r ,  and  p e a n u t  o i l .  E a c h  o i l  w as s c a n n e d  t h r e e  t i m e s  

a s  a  n e a t  l i q u i d .  T he d e t e r m i n a t i o n  o f  t h e  i o d i n e  n u m b ers  o f  t h e  o i l s  

w ere  c a l c u l a t e d  b a s e d  on B e e r 's  Law r e l a t i o n s h i p .

As t d  Au n k   ----------  (4 )
C C

s t d  u n k

w h ere  s t d  = s t a n d a r d  and  u n k  = unknow n. A ls o  c  = i o d i n e  num ber and 

A = d e r i v a t i v e  m axim a v a l u e .  A l l  i o d i n e  n u m b ers  w ere b a s e d  o n  a  s o y -  

b e a n  o i l  a s  a  s t a n d a r d  s a m p le .  T h e  o i l s  w ere  a l s o  a n a ly z e d  b y  th e  H anus
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t i t r a t i o n  m e th o d ' (33) . E x p e r i m e n t a l l y  d e te r m in e d  i o d i n e  n u m b ers  o f  

t h e  s e l e c t e d  o i l s  a r e  l i s t e d  i n  T a b le  4 .  E a c h  i o d i n e  v a l u e  d e te r m in e d  

s p e c t r o s c o p i c a l l y  i s  t h e  a v e r a g e  f ro m  th e  t h r e e  s e p a r a t e  s c a n s .  A ls o  

c o n t a i n e d  w i t h i n  th e  t a b l e s  a r e  t h e  p o o le d  s t a n d a r d  d e v i a t i o n  (3 4 ) and  

t h e  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  e a c h  d e r i v a t i v e  maximum s t u d i e d .

As show n i n  T a b le  4 ,  m o s t  o f  t h e  s p e c t r o s c o p i c a l l y  d e te r m in e d  

i o d i n e  n u m b e rs  f a l l  w i t h i n  t h e  a c c e p te d  r a n g e  o f  l i t e r a t u r e  v a l u e s ,  

w i t h  t h e  e x c e p t i o n  o f  o l i v e  o i l .  T h e  o l i v e  o i l  i o d i n e  v a l u e s  w e re  

s i g n i f i c a n t l y  h i g h .  I n  o r d e r  t o  d e te r m in e  i f  t h e  o r i g i n a l  o l i v e  o i l  

w a s  a d u l t e r a t e d ,  a  s e c o n d  o l i v e  o i l  sa m p le  p r o d u c e d  b y  F i s h e r  C h e m ic a l 

C om pany w as a n a ly z e d .  A g a in ,  t h e  s p e c t r o s c o p i c a l l y  d e te r m in e d  i o d i n e  

n u m b e rs  o f  t h e  o l i v e  o i l  w e re  s t i l l  s i g n i f i c a n t l y  h ig h e r  t h a n  t h e  

a c c e p t e d  r a n g e .  T h is  i m p l i e s  t h a t  t h e  t e c h n iq u e  w as a t  f a u l t  an d  t h e  

o r i g i n a l  o l i v e  o i l  w as n o t  a d u l t e r a t e d .

The p r o b a b l e  c a u s e  f o r  p o s i t i v e l y  b i a s e d  i o d i n e  n u m b e rs  f o r  

o l i v e  o i l  may b e  due  t o  t h e  e f f e c t  o f  t h e  b a n d  s h a p e  r e s u l t i n g  f ro m  

o v e r l a p p i n g  b a n d s  o f  s i g n i f i c a n t l y  d i f f e r e n t  i n t e n s i t i e s .  F ig u r e  2 

d e p i c t s  tw o  o v e r l a p p i n g  b a n d s ,  w h ich  a r e  s i g n i f i c a n t l y  d i f f e r e n t  i n  

i n t e n s i t i e s .  T h i s  s i t u a t i o n  i s  a n a lo g o u s  t o  t h e  s p e c tru m  e n c o u n te r e d  

w i t h  o i l s  w h e re  a  v e ry  i n t e n s e  e s t e r  b a n d  (A i n  F i g u r e  2) o v e r l a p s  a  

v e r y  m uch w e a k e r  e t h y l e n e  b a n d  (B i n  F ig u r e  2 ) .  S in c e  t h e  s p e c t r a l  

d e r i v a t i v e s  a r e  d e p e n d e n t  on t h e  s l o p e  o f  t h e  o r i g i n a l  s p e c t r a ,  h o p e ­

f u l l y  som e r e g i o n  o f  t h e  s p e c tru m  (c t o  d i n  F ig u r e  2) o f  t h e  m ix tu r e  

m ay be fo u n d  w h ic h  i s  s i g n i f i c a n t l y  d e p e n d e n t  on t h e  w e a k e r  c o m p o n e n t. 

N e v e r t h e l e s s ,  t h e  d e g r e e  o f  d e p e n d e n c e  w i l l  n e c e s s a r i l y  b e  a  f u n c t i o n  

o f  t h e  r a t i o  o f  t h e  i n t e n s i t i e s  o f  t h e  m a jo r  b a n d  ( e s t e r )  t o  th e  m in o r
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T a b le  4

I o d i n e  N um bers o f  S e l e c t e d  O i l s

O i l  A c c e p te d  I o d i n e
Name N um ber R a n g e (*)

I o d i n e  Number ± S ta n d a r d  D e v i a t i o n

A b s . dA (S_)
- 2

dv

d 2A ( S j

dv

d 2A (S ) 

d v 2

d 3A (S ) 

d v 3

H anus
T i t r a t i o n

S o y b e a n
( s t d . )

1 2 2 -1 3 4 128 128 128 128 128 12811

C o rn 1 1 1 -1 2 8 120±7 129+4 139+6 12914 129116 128+1

O l iv e 7 9 -8 8 108+5 13212 138+23 102+5 11412 7811

S u n f lo w e r 1 2 2 -1 3 4 126±7 128±7 119112 131+5 12617 1 2611

S a f f lo w e r 1 3 5 -1 5 5 139+2 134+2 10115 151+8 1 54113 1 3611

O l iv e
( F i s h e r )

7 9 -8 8 107±4 124±7 90+5 91+4 125132 82 1 1

S ta n d a r d  D e v i a t i o n  
P o o l e l  ( s  )

1 .5 8 1 .4 8 2 .2 6 1 .6 1 2 .6 4 0 .7 1

C o e f f i c i e n t  o f  
V a r i a t i o n  (CV)

1 .3 2 1 .1 4 1 .9 2 1 .3 3 2 .0 4 0 .6 3
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b a n d  ( e t h y l e n e ) . I n  t h e  c a s e  o f  o l i v e  o i l ,  t h i s  r a t i o ,  d u e  t o  t h e  

lo w e r  d e g r e e  o f  u n s a t u r a t i o n ,  i s  s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  c o r r e s ­

p o n d in g  r a t i o  f o r  s o y b e a n  o i l  w h ic h  w as u s e d  a s  t h e  s t a n d a r d .  T h u s i t  

f o l l o w s  t h a t  t h e  b e s t  r e s u l t s  w i l l  b e  o b t a i n e d  w hen a  s t a n d a r d  i s  

s e l c t e d  s u c h  t h a t  i t s  r a t i o  m ore  n e a r l y  a p p r o x im a te s  t h a t  o f  t h e  sam­

p l e .  A n o th e r  way o f  s t a t i n g  t h i s  i s  t o  s a y  t h a t  t h e  i o d i n e  num ber o f  

t h e  s t a n d a r d  s h o u ld  b e  c l o s e  t o  t h a t  o f  t h e  s a m p le .  T he v a l i d i t y  o f  

t h i s  a rg u m e n t i s  show n t o  b e  t r u e  i n  T a b le  5 . T h e  i o d i n e  num ber o f  

p e a n u t  o i l  w as d e te r m in e d  u s i n g  o l i v e  o i l  a s  t h e  s t a n d a r d .  C o n s id e r in g  

t h e  s t a n d a r d  d e v i a t i o n s ,  a l l  t h e  i o d i n e  v a l u e s  o f  t h e  p e a n u t  o i l  a g r e e  

w i th  t h e  a c c e p te d  l i t e r a t u r e  r a n g e .

T he i o d i n e  n u m b e rs  d e te r m in e d  b y  t h e  d e r i v a t i v e  s p e c t r o s c o p i c  

m e th o d  t e n d  t o  e x h i b i t  a  h i g h  b i a s  a s  co m p ared  t o  t h e  t i t r a t i o n  m e th o d . 

T he d e r i v a t i v e  m axim a t h a t  b e s t  a p p r o x im a te s  v a l u e s  o b t a i n e d  b y  t h e  

t i t r a t i o n  m e th o d  o f  a l l  t h e  o i l s  i s  t h e  f i r s t  d e r i v a t i v e  maximum (S2 ) . 

T h is 'm ax im u m  a l s o  e x h i b i t s  s a t i s f a c t o r y  p r e c i s i o n  a s  c a n  b e  s e e n  fro m  

t h e  c o e f f i c i e n t  o f  v a r i a t i o n  i n  T a b le  4 .  T he CV i n d i c a t e s  t h e  p r e ­

c i s i o n  o f  t h e  t e c h n i q u e  e m p lo y e d . T he f i r s t  d e r i v a t i v e ' s  CV e x h i b i t s  

t h e  lo w e s t ,  v a l u e  an d  t h u s  s u g g e s t s  t h a t  t h e  io d in e - n u m b e r  d e te r m in e d  

b y  t h e  maximum (S 2 ) o f  t h e  f i r s t  d e r i v a t i v e  p r o v i d e s  t h e  b e s t  p r e c i s i o n  

a n d  c o n s e q u e n t l y  s h o u ld  b e  t h e  m axim a o f  c h o i c e .
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o i l
Name

T a b le  5

I o d i n e  N um bers o f  P e a n u t  o i l  v s . O l iv e  O i l

A c c e p te d  I o d i n e  -------
N um ber R ange (*) A b s .

I o d i n e  N um ber ± S t a n d a r d  D e v i a t i o n

dA (S 2 )

d v

d j U S  ) d 2A ( S j  d 3A (S „)
- 2  - 2  - 3d v  d v  dv

H anus
T i t r a ­
t i o n

O l iv e
( s t d . )

7 9 -8 8 78 78 78 .78 78 78±1

P e a n u t 8 8 -9 8 79±2 96±3 92±4 89±1 108± 19
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CHAPTER IV

DISCUSSION 

A d v a n ta g e s  a n d  D is a d v a n ta g e s

The m a in  a d v a n ta g e  o f  d e r i v a t i v e  i n f r a r e d  s p e c t r o s c o p y  l i e s  i n  

t h e  i n c r e a s e d  q u a n t i t a t i v e  c a p a b i l i t i e s  i t  p r o v i d e s  r e l a t i v e  t o  t h e  

s t a n d a r d  q u a n t i t a t i v e  t e c h n i q u e s  em p lo y ed  w i t h  i n f r a r e d  s p e c t r o s c o p y .  

T he i n f r a r e d  r e g i o n  h a s  a lw a y s  b e e n  v e r y  u s e f u l  f o r  q u a l i t a t i v e  a n a l ­

y s i s .  H o w ev er, i t s  u t i l i z a t i o n  f o r  q u a n t i t a t i v e  a n a l y s e s  e n h a n c e s  

i t s  p o w e r .  I n  t h i s  i n v e s t i g a t i o n ,  i t  w as show n t h a t  q u a n t i t a t i o n  o f  

i o d i n e  n u m b ers  o f  o i l s  w as a c c o m p l is h e d  q u i c k l y  an d  a c c u r a t e l y  w i t h  

t h e  d e r i v a t i v e  t e c h n i q u e .  Many o f  t h e  p ro b le m s  e n c o u n te r e d  i n  t h e  

s t a n d a r d  t i t r a t i o n  m e th o d  f o r  d e t e r m i n i n g  i o d i n e  n u m b ers  a r e  e l im ir -  

n a t e d  i n  t h e  s p e c t r o s c o p i c  m e th o d . T h e  t y p i c a l  a n a l y s i s  t i m e  f o r  

t h e  c o m p u te r iz e d  d e r i v a t i v e  i n f r a r e d  t e c h n i q u e  i s  a p p r o x im a te ly  2 

m in u t e s .  T h is  d e c r e a s e s  t h e  a n a l y s i s  t im e  o f  t h e  s t a n d a r d  t i t r a t i o n  

m e th o d  u s e d  by  fo o d  t e c h n o l o g i s t s  by  a p p r o x im a te ly  15 f o l d .

As a  r e s u l t  o f  t h i s  i n v e s t i g a t i o n ,  i t  w as fo u n d  t h a t  t h e  d e r i v a ­

t i v e  t e c h n i q u e  i s  l i m i t e d  b y  t h e  n o i s e  w i t h i n  t h e  s p e c t r o p h o t o m e t e r .  

T h e  i n h e r e n t  n o i s e  i n  t h e  A c c u la b  8 i n f r a r e d  i n s t r u m e n t  l i m i t s  t h e  

u s e f u l n e s s  o f  t h e  q u a n t i t a t i v e  d e r i v a t i v e  t e c h n i q u e  t o  t h e  f i r s t  

d e r i v a t i v e .  I f  h i g h e r  s i g n a l - t o - n o i s e  r a t i o s  c o u ld  b e  a c h i e v e d ,  a s  

w i t h  F o u r i e r  I n f r a r e d  S p e c t r o s c o p y ,  h i g h e r  o r d e r  d e r i v a t i v e s  w ould

V 4 7
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l i k e l y  e l i m i n a t e  t h e  p r o b le m  o f  t h e  c h o ic e  o f  a p p r o p r i a t e  s t a n d a r d  

o i l s  e n c o u n te r e d  i n  t h i s  s t u d y .

C o n c lu s io n

T he i n f r a r e d  d e r i v a t i v e  s p e c t r o s c o p i c  t e c h n i q u e  p r o v i d e s  a  q u a n ­

t i t a t i v e  m e th o d  t h a t  c l o s e l y  a p p r o x im a te s  t h e  a c c e p te d  m e th o d . T he 

q u a n t i t a t i v e  d e r i v a t i v e  m e th o d  p r o v i d e s  d a t a  w i th  a  r e l a t i v e  e r r o r  o f  

a b o u t  1 p e r c e n t .  T h is  t e c h n i q u e  p e r m i t s  q u a n t i t a t i o n  i n  t h e  i n f r a r e d  

r e g i o n  a t  a p p r o x im a te ly  t h e  sam e l e v e l  o f  p r e c i s i o n  and  a c c u r a c y  a s  

t h e  m o re  e l a b o r a t e  c o m p u te r i z e d  b a s e - l i n e  c o r r e c t i o n  m e th o d s .

T h i s  t e c h n i q u e  s h o u ld  b e  a p p l i c a b l e  t o  a n y  com pound o r  com pounds 

c o n t a i n i n g  m e a s u r a b le  a m o u n ts  o f  u n s a t u r a t i o n .  A g o o d  a p p l i c a t i o n  

w o u ld  b e  i n  t h e  a g r i c u l t u r a l  a r e a  t o  m e a s u re  t o t a l  u n s a t u r a t i o n  o f  

fo o d  p r o d u c t s .  A n o th e r  i n d u s t r y  i n v o l v i n g  u n s a t u r a t i o n  m e a s u re m e n ts  

w o u ld  b e  t h e  p e t r o le u m  a n d  a l l i e d  i n d u s t r i e s .  Many i n - p r o c e s s  c h e c k s  

i n v o l v i n g  u n s a t u r a t i o n  o f  t h e  p r o d u c t s  c a n  b e  a c c o m p lis h e d  q u i c k l y  

a n d  a c c u r a t e l y  b y  e m p lo y in g  t h e  d e r i v a t i v e  I . R .  t e c h n i q u e .

R eco m m en d a tio n s

T he c o n s t r u c t i o n  o f  t h e  i n t e r f a c e  s y s te m  u se d  i n  t h e s e  s t u d i e s  

w as b u i l t  a s  a  m a t t e r  o f  c o n v e n ie n c e .  A c o m m e r c ia l ly  b u i l t  u n i t  w o u ld  

l i k e l y  u s e  t h e  optim um  a m o u n t o f  h a rd w a re  c o n s i s t e n t  w i th  t h e  q u a l i t y  

o f  s p e c t r o p h o to m e te r  e m p lo y e d . The b e s t  s y s te m  m ig h t  c o n t a i n ,  w i t h i n  

t h e  i n s t r u m e n t ,  a  m ic r o p r o c e s s o r  i n s t e a d  o f  a  f u l l  m ic ro c o m p u te r .  A l l  

t h e  p ro g ram m in g  n e e d e d  t o  c o n t r o l  t h e  i n s t r u m e n t  a n d  t o  a c q u i r e  a n d  

p r o c e s s  d a t a  w o u ld  be  r e s i d e n t  a s  f i rm w a re  i n  th e  s y s te m . T he minimum

«
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RAM m eeded  to  a c q u i r e  d a t a  o v e r  t h e  f u l l  s p e c t r a l  r a n g e  w o u ld  be 

a p p r o x i m a t e l y  16  k i l o b y t e s  (8 b i t )  . T he  d a t a  a c q u i s i t i o n  h a rd w a re  

w o u ld  be c o m p a ra b le  t o  t h a t  f o u n d  i n  t h e  E T -3 4 0 0  i n t e r f a c e  s y s te m .

T h e  c o s t  o f  s u c h  a  s p e c t r o p h o to m e te r  i n t e r f a c e  s y s te m  w o u ld  b e  s i g n i f ­

i c a n t l y  lo w e r  t h a n  th e  A p p l e / I s a a c  s y s te m  em p lo y ed  i n  t h i s  s t u d y .
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APPENDIX A

P e r i p h e r a l  I n t e r f a c e  A d a p te r  (PIA) O p e r a t io n

The M o to r o la  6820 p e r i p h e r a l  i n t e r f a c e  a d a p t e r  (PIA) (3 5 ,3 6 )  h a s  

tw o  i n p u t / o u t p u t  ( I /O )  p o r t s  e a c h  p o s s e s s i n g  t h r e e  in d e p e n d e n t  r e g i s ­

t e r s .  T h e s e  r e g i s t e r s  a r e  show n i n  F ig u r e  A - l .  T hey  a r e  r e f e r r e d  

t o  a s :  t h e  o u t p u t  r e g i s t e r s  (ORA a n d  ORB), t h e  d a t a  d i r e c t i o n  r e g i s ­

t e r s  (DDRA a n d  DDRB), a n d  t h e  c o n t r o l  r e g i s t e r s  (CRA an d  CRB). T h e s e  

s i x  r e g i s t e r s  a r e  e a c h  i n d i v i d u a l l y  a d d r e s s a b l e  b y  t h e  m i c r o p r o c e s s o r  

u n i t  (MPU). T he A and  B i n d i c a t e  t h e  tw o d i f f e r e n t  p o r t s  o f  t h e  P IA . 

T he PIA  p r o v i d e s  tw o p a r a l l e l  e i g h t - b i t  p o r t s  (A a n d  B) w h ic h  c a n  b e  

p ro g ram m ed  a s  e i t h e r  a n  i n p u t , o u t p u t , o r  s p e c i a l  f u n c t i o n  p o r t .

F i g u r e  A-2 show s a  d ia g ra m  o f  t h e  MPU s y s te m  i n t e r f a c e d  w i th  t h e  

P IA . The MPU s i d e  o f  t h e  t o t a l  s y s te m  i n c l u d e s  t h r e e  c h i p  s e l e c t  

l i n e s  CSO, CS1, a n d  CS2 f o r  s e l e c t i n g  a  p a r t i c u l a r  P IA . T h e s e  l i n e s ,  

a l o n g  w i t h  tw o r e g i s t e r  s e l e c t  l i n e s ,  RSO a n d  R S I, a r e  c o n n e c te d  t o  

t h e  a d d r e s s  b u s  o f  t h e  MPU. RSO an d  R S I a r e  u s e d  i n  c o n j u n c t i o n  w i t h  

f o u r  i n t e r r u p t  c o n t r o l  b i t s ,  CA1, CA2, .CB1, a n d  CB2 t o  a d d r e s s  t h e  

s i x  r e g i s t e r s  w i t h i n  t h e  P IA . The f o u r  i n t e r r u p t  l i n e s  a r e  h e ld  a t  

a  h i g h  s t a t e  i n  t h e  i n t e r f a c e  b y  c o n n e c t in g  e a c h  t o  t h e  f i v e  v o l t

s u p p ly  t h r o u g h  a  o n e  th o u s a n d  ohm r e s i s t e r .  T h i s  i s  t o  p r o h i b i t  a n y

o u t s i d e  i n t e r r u p t i o n  o f  t h e s e  l i n e s  w h ic h  w o u ld  a l t e r  t h e  PIA  f u n c t i o n .  

T he r e a d / w r i t e  (R/W) a n d  r e s e t  (RES) l i n e s  o f  t h e  P IA  a r e  c o n n e c te d  

t o  t h e  sam e c o r r e s p o n d in g  l i n e s  o f  t h e  MPU. T he e n a b le  l i n e  o f  t h e

PIA  i s  p u l s e d  b y  t h e  02 c l o c k  s i g n a l  o f  t h e  MPU. L in e s  IRQA a n d  IRQB

51
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S id e  A

S id e  B

A d d re s s  

8000  <

8001

j ~  | f ~  3  O u tp u t  R e g i s t e r  A (ORA)

1 I  I D a ta  D i r e c t i o n  R e g i s t e r  A (DDRA)

C o n t r o l  R e g i s t e r  A (CRA)

8002 <

| | |  | | |  | | ] O u tp u t  R e g i s t e r  B (ORB)

c D a ta  D i r e c t i o n  R e g i s t e r  B (DDRB)

8003 I 1 I I I  |* | ~ |  C o n t r o l  R e g i s t e r  B (CRB)

F i g u r e  A - l .  A d d re s s  A s s ig n m e n ts  o f  P IA  R e g i s t e r s

-IROA
-IROB

-DB0-DB7

■ RSO 
-RSI
■CS0
■CS1

•R/W
I n a b l e

-Res

C o n t r o l  Bus 

A d d re s s  Bus 

D a ta  Bus

F i g u r e  A -2 ,

CAl-
CA2-

DA0-DA7-

PBQ-PB'5

CB2.
CBl-

PIA I n t e r f a c e
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a r e  i n t e r r u p t  r e q u e s t  l i n e s  f o r  e a c h  s i d e  o f  t h e  P IA . T h e s e  l i n e s  

a r e  c o n n e c te d  t o  t h e  r e s p e c t i v e  IRQ l i n e  o f  t h e  MPU.

The l o g i c  schem e f o r  a d d r e s s i n g  t h e  PIA i s  show n i n  F i g u r e  A - 3 ( a ) . 

A d d re s s  m em ory l o c a t i o n s  8000 t o  8003 r e p r e s e n t  t h e  tw o  s e t s  o f  i n d e ­

p e n d e n t  r e g i s t e r  p o r t s .  T h e se  a d d r e s s e s  on t h e  M PU's a d d r e s s  b u s  

i n i t i a l i z e  t h e  c h i p  s e l e c t  l i n e s  CS0, G S1, a n d  CS2. T he tw o r e g i s t e r  

s e l e c t  l i n e s  RSO a n d  R SI a r e  c o n n e c te d  t o  t h e  l a s t  tw o  s i g n i f i c a n t  

b i t s  o f  t h e  a d d r e s s  b u s .  T h u s , a d d r e s s e s  8 0 0 0  an d  80 0 1  c o n t r o l  p o r t  

A o f  t h e  P IA ; w h i le  a d d r e s s e s  80 0 2  an d  8003 c o n t r o l  p o r t  B o f  t h e  P IA .

F i g u r e  A -3 (b )  show s t h e  l o g i c  c i r c u i t  t h a t  e n a b le s  t h e  d a t a  

i n p u t / o u t p u t  b u s .  When, t h e  v a l i d  m em ory a d d r e s s  (VMA), t h e  a d d r e s s

l i n e  15 (A 1 5 ) , t h e  c o n t r o l  s e l e c t  l i n e s ,  CS0 a n d  C S l ,  an d  t h e  R/W

l i n e s  a r e  a l l  h ig h  s t a t u s ,  t h e  NAND g a t e  e n a b l e s  t h e  r e a d  e n a b le  l i n e

(R E ). O nce t h e  RE l i n e  i s  e n a b le d ,  t h e  t r i s t a t e  d a t a  b u s  f ro m  t h e  PIA

t o  t h e  MPU i s  o p e n e d  w h ic h  m akes d a t a  t r a n s f e r  p o s s i b l e .

R e f e r r i n g  t o  F ig u r e  A - 3 ( a ) , t h e  tw o  r e g i s t e r  s e l e c t  l i n e s ,  RSO 

a n d  R S I , c o n t r o l  t h e  o p e r a t i o n  o f  t h e  P IA . L in e  RSI s e l e c t s  w h ich  

p o r t ,  A o r  B, o f  t h e  PIA w i l l  b e  a d d r e s s e d .  A h ig h  s t a t u s  o n  RSI 

s e l e c t s  p o r t  B , w h i l e  a  lo w  s t a t u s  on R S I s e l e c t s  p o r t  A. L in e  RSO 

s e l e c t s  w h ic h  r e g i s t e r  i s  a f f e c t e d  by t h e  MPU. When RSO i s  a t  h ig h  

s t a t u s ,  t h e  CRA o r  CRB i s  s e l e c t e d .  A lo w  s t a t u s  on  l i n e  RSO s e l e c t s  

t h e  DDRA o r  DDRB.

To i n i t i a l i z e  t h e  P IA , t h e  MPU m u s t  f i r s t  s e t  t h e  c o n t r o l  r e g i s t e r  

t o  e i t h e r  o u t p u t  o r  i n p u t .  An a d d r e s s  o f  S001 on t h e  a d d r e s s  b u s  s e t s  

t h e  R S l l i n e  a t  lo w  s t a t u s .  T h i s  s e l e c t s  A p o r t  o f  t h e  PIA a n d  s e t s  

RSO a t  h ig h  s t a t u s ,  th u s  i n i t i a l i z i n g  t h e  CRA. B it-n u m b e r  2 o f  t h e

i
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MPU

A15
VMA

D e c o d in g  

(1)

~ >
(0) P i n  23

P IA

-O CS2

A14
A13
A12

(0)
(0)

SQ L T >
(1) P i n  24 CS1

A1
AO

P i n  35 ^  R S lY  c h o o s e s  A o r
P i n  36 RSOJ  B s i d e

A l l (0)

o A3
(0)

o  A2 (OX I

(a )  P

VMA (1)
°  A15 r> (1)

CSO (1)
°  CS1 (1)
o  m (1)

(1) P i n  22 -O CSO

(a )  A d d r e s s in g  o f  PIA D e c o d in g

_ >
( 0 )  ------------ -------- O D a ta  I /O  o n  MPU

L o g ic  (0 ) a t  D a ta  I /O  a c t i v a t e s  
I /O  p o r t

(b ) D a ta  I n p u t / O u t p u t  D e c o d in g

F i g u r e  A -3 . A d d r e s s in g  t o  PIA

A
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CRA i s  t h e  c o n t r o l  b i t  f o r  t h e  s e l e c t i o n  o f  i n p u t  o r  o u t p u t  f o r  p o r t  

A . B i t  num ber 2 i s  a t  h ig h  s t a t u s  b y  l o a d i n g  t h e  h e x id e c im a l  num ber 

04 i n t o  memory l o c a t i o n  8 0 0 1 .  T h i s  s e l e c t s  t h e  DDRA a s  a n  i n p u t  r e g ­

i s t e r .  The' d a t a  i n  t h e  DDRA i s  l o c a t e d  a t  m emory l o c a t i o n  8 0 0 0 . The 

MPU o n l y  n e e d s  t o  r e a d  m em ory l o c a t i o n  8 0 0 0  t o  r e c e i v e  t h e  d a t a .  F o r  

t h e  MPU t o  o u t p u t  d a t a ,  t h e  ORA h a s  t o  b e  i n i t i a l i z e d .  T h is  i s  d one  

b y  . s e t t i n g  b i t  num ber 2 o f  t h e  CRA t o  low  s t a t u s  b y  l o a d i n g  00 i n t o  

m emory l o c a t i o n  8 0 0 1 . The MPU c a n  now o u t p u t  d a t a  by  w r i t i n g  d a t a  

i n t o  m em ory l o c a t i o n  8 0 0 0 . The PIA  e s s e n t i a l l y  beco m es f o u r  m em ory 

l o c a t i o n s  f o r  d a t a  t r a n s f e r  i n  an d  o u t  o f  t h e  MPU.

A n a l o g - t o - D i g i t a l  C o n v e r te r  O p e r a t i o n  
( S y s t r o n  D onnor M odel 1 2 3 4 )

M odel 1234  a n a l o g - t o - d i g i t a l  (A/D) c o n v e r t e r  (37) i s  an  i n t e r ­

g r a t i n g  ram p t y p e  c o n v e r t e r .  The c o n v e r t e r  c o n t a i n s  f i v e  m a jo r  e l e c ­

t r o n i c  c o m p o n e n ts . T h e s e  a r e  a  v o l t a g e  ra m p  g e n e r a t o r ,  tw o  v o l t a g e  

c o m p a r a to r s ,  a  c r y s t a l  o s c i l l a t o r ,  a n d  a  c o u n t e r .  The v o l t a g e  g e n e r ­

a t o r  c o n s i s t s  o f  a c u r r e n t  s o u r c e  a n d  an  o p e r a t i o n a l  a m p l i f i e r  i n  th e  

i n t e g r a t o r  c o n f i g u r a t i o n .  T h e  g e n e r a t o r  p r o v i d e s  a  l i n e a r i l y  d e c r e a ­

s i n g  v o l t a g e  ram p  f ro m  +12 t o  -1 2  v o l t s .  R e f e r r i n g  t o  t h e  s c h e m a t ic  

o f  t h e  c o n v e r t e r  i n  F i g u r e  A - 4 ,  t h e  o p e r a t i o n  o f  t h e  c o n v e r t e r  s t a r t s  

w i t h  a  h ig h  s t a t u s  a t  t h e  r e s e t  l i n e .  T h i s  s i g n a l s  t h e  v o l t a g e  ram p 

g e n e r a t o r  t o  s t a r t  a n d  a l s o  r e s e t s  t h e  c o u n t e r  t o  z e r o .  The ra m p  v o l t ­

a g e  i s  c o n n e c te d  to  t h e  i n p u t s  o f  t h e  two c o m p a r a to r s .  T he .ram p v o l t ­

a g e  i s  c o m p a re d  t o  z e r o  v o l t s  by c o m p a r a to r  (1) a n d  t o  t h e  i n p u t  v o l t ­

a g e  th r o u g h  c o m p a r a to r  ( 2 ) .  A t t h e  t im e  t h e  ram p v o l t a g e  i s  e q u a l  t o  

z e r o  a  p u l s e  i s  g e n e r a t e d  a t  t h e  o u t p u t  o f  c o m p a r a to r  ( 1 ) .  T h i s  o u t p u t
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I n p u t  v o l t a g eV o l ta g e  Ramp G e n e r a to r

H e

( 2 )

Counter
V o l ta g e  C o m p a ra to r  (2 )S o l i d  S t a t e  

S w itc h
C u r r e n t
S o u rc e

V o l ta g e  C o m p a ra to r  (1 )

C r y s t a l
O s c i l l a t o r

(1)

.6
R e s e t  
( l i n e  46)

F i g u r e  A—4 .  M odel 1234 A n a lo g —t o - D i g i t a l  C o n v e r t e r
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g a t e s  t h e  c r y s t a l  o s c i l l a t o r  t o  t h e  c o u n t e r .  T he c o u n t e r  c o n t i n u e s  t o  

c o u n t  t h e  o s c i l l a t i o n s  u n t i l  a  n e g a t i v e  s i g n a l  o c c u r s  a t  t h e  i n p u t  o f  

c o m p a r a to r  ( 2 ) .  T h i s  i s  c a u s e d  w hen t h e  v o l t a g e  ram p r e a c h e s  t h e  n e g a ­

t i v e  v a l u e  o f  t h e  i n p u t  v o l t a g e .  T he d i g i t a l  v a l u e ,  a  f o u r  b i t  BCD 

num ber i n  t h e  c o u n t e r ,  i s  p r o p o r t i o n a l  t o  t h e  a n a lo g  i n p u t  v o l t a g e .

TTL' C o n v e r s io n  C i r c u i t  O p e r a t io n

T h e  o u t p u t  o f  t h e  M odel 1234 A/D c o n v e r t e r  i s  n o t  TTL c o m p a t i b l e .

To a c c o m o d a te  t h i s ,  t h e  e l e c t r i c a l  c i r c u i t  show n i n  F i g u r e  A -5  w as 

c o n s t r u c t e d .  One o f  t h e s e  c o n v e r s io n  c i r c u i t s  w as c o n n e c te d  t o  e a c h

+5 v o l t s

P  O u tp u t  t o  
PIAI n v e r t e rI n p u t  f ro m  A/D

F ig u r e  A -5 . TTL C o n v e r s io n  C i r c u i t

o f  t h e  t h i r t e e n  l i n e s  b e tw e e n  t h e  A/D c o n v e r t e r  a n d  t h e  P IA . T he d e v ic e  

c o n s i s t e d  o f  a n  i n v e r t e r ,  a  d i o d e ,  an d  a  1 megohm r e s i s t o r .  When a  

" l o g i c  1" from  t h e  A/D c o n v e r t e r  ( - 1 5  v o l t s )  i s  i n p u t ,  t h e  d i o d e  c o n ­

d u c t s  t o  g ro u n d .  T h i s  c o n n e c t s  t h e  i n p u t  o f  t h e  i n v e r t e r  t o  g ro u n d  a l s o .  

T h i s  c a u s e s  t h e  o u tp u t  o f  t h e  i n v e r t e r  t o  h a v e  a  h ig h  TTL s t a t u s  o f
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a p p r o x im a te ly  3 .4  v o l t s .  A " l o g i c  0" (0  v o l t s )  f ro m  t h e  A/D c o n v e r t e r  

p r e v e n t s  t h e  d io d e  fro m  c o n d u c t i n g .  T h i s  a l l o w s  t h e  +5 v o l t s  s o u r c e  

t o  f l o a t  t h e  i n p u t  o f  t h e  i n v e r t e r  t o  +5 v o l t s  c a u s in g  a  lo w  TTL s t a t u s ,  

z e r o  v o l t s ,  a t  t h e  i n p u t  o f  t h e  i n v e r t e r .

R e s e t  S w itc h  O p e r a t io n

T h e  s w i t c h  (38 ) u s e d  b e tw e e n  t h e  P IA  and  t h e  r e s e t  l i n e  o f  t h e  

A/D c o n v e r t e r  i s  i l l u s t r a t e d  i n  F i g u r e  A -6 . I t  c o n s i s t s  o f  a  PNP ty p e

-1 5  v o l t s

■O  O u tp u t  t o  
R e s e t  l i n e

I n p u t  fro m  
P IA B -  b a s e  

C -  c o l l e c t o r  
E -  e m i t t e r

O +5 v o l t s

F i g u r e  A -6 . R e s e t  S w itc h  C i r c u i t

t r a n s i s t o r ,  w h ic h  f u n c t i o n s  a s  a  s w i t c h ;  a n s  t h r e e  10 k i lo h m  r e s i s t o r s .  

An i n p u t  f ro m  t h e  P IA  o f  z e r o  v o l t s  o p e n s  th e  b a s e  o f  t h e  t r a n s i s t o r .  

T h is  d r a i n s  t h e  -1 5  v o l t  s o u r c e  a c r o s s  t h e  t r a n s i s t o r  an d  p r o v i d e s  

a n  o u t p u t  t o  t h e  r e s e t  l i n p  o f  z e r o  v o l t s .  To r e s e t  t h e  A/D c o n v e r t e r  

t h e  PIA o u t p u t s  a  h i g h  s t a t u s  o f  +5 v o l t s .  T h i s  c l o s e s  t h e  b a s e  o f
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"Main Input" (Tiny Basic)

10 PRINT "INPUT STARTING WAVENUMBER OF SCAN IN CMa-1'•
15 PRINT "INPUT WILL BE 4000 CM a - 1  OR 2000 C M a - 1 "
20 INPUT A
3 0  PRINT "INPUT WAVENUMBER RANGE TO BE STUDIED IN CMa- 1 "  
4 0  PRINT "WAVENUMBER (MAX.)"
50 INPUT B
G0 PRINT "WAVENUMBER (MIN.)"
70 INPUT C
80 PRINT "MAKE SURE THE I.R. IS SET AT",A," C M a - 1 "
90 PRINT "THE AREA TO BE RECORDED IS BETWEEN"
100 PRINT B," C M a - 1  AND",C," C M a - 1 "
110 IF A=4000 GOTO 140
120 D=A-B
130 GOTO 150
140 D=(A-B)/2
150 LET G=0
1S0 IF D <256 GOTO 230
170 D=D-25E
180 G=G+1
190 GOTO 160
230 D=USR(7192, 0001,D )
240 G=USR(7192,0000,G)
250 IF A=4000 GOTO 230
260 E=B-C
270 GOTO 290
280 E=(B-C)/2
290 LET G=0
300 IF E <256 GOTO 370'
310 E=E-256
320 G=G+1
360 GOTO 300
370 E=USRC7192, 0003, E)
380 G=USR(7192, 0002, G)
385 PRINT "NOW, START THE I.R. "
386 PRINT "BY PRESSING THE SCAN BUTTON"
387 J=USRC1680)
388 PRINT "YOU MAY STOP THE SCAN NOW"
400 K=USR(1456)
410 PRINT
420 PRINT "NOW, ENTER NEXT PROGRAM FROM RECORDER"
430 END

A
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"I n put Control" (AssembIy)

0690 LDAA 36 07
0692 STAA B7 00 04
0695 LDAA 36 20
0697 STAA B7 00 05
063A SEI 0F
069B LDAA B6 80 00
069E LSRA 44 44 44
06A1 LSRA 44 44 44
06A4 LSRA 44
05A5 TSTA 4D
06 A6 BEG 27 IB
06A8 NOP 01
06A9 LDAA 86 04
0GAB STAA B7 80 01
06AE LDAA B6 80 00
06B1 LDAB C6 40
06B3 SBA 10
06B4 LSRA 44 44 44
06B7 LSRA 44 44
06B9 TSTA 4D
06BA BEG 27 17
06BC BRA 20 EB
06BE LDAA 36 04
06C0 STAA B7 80 01
06C3 LDAA B6 80 00
06C6 LDAB CS C0
06CS SBA 10
06C9 LSRA 44 44 44
0SCC LSRA 44 44
06CE TSTA 4D
06CF BEG 27 02
06D1 BRA 20 EB
0SD3 LDAA 36 00
0SD5 STAA B7 80 01
06DS ■CL I 0E
06D3 WAI 3E

06DA SEI 0F
06DB LDX CE 00 00
06DE CPX BC 00 02
06E1 BEG 27 02

<
06E3 BRA 20 F3

06E5 RTS 33

Load memory locations with 
initialization data.

Set interrupt mash- so wave­
number pulse does not interrupt 
Load from PIA wavenumber inhibi 
status.
Check wavenumber inhibit status

Branch if no wavenumber inhibit 
Set PIA port A to input.
Load PIA port A into Accum. A. 
Check wavenumber pulse status.

Branch to start scan.
Set PIA port A to input.
Load PIA port A into Accum. A. 
Check wavenumber pulse status.

Branch to start scan.
Set PIA port A to output.
Clear interrupt mask.
Wait for wavenumber pulse 
to interrupt» branch to 
interrupt subroutine Take Data. 
Check wavenumber range covered.

If spectra range is covered 
return to Tiny Basic.
If spectra range is not 
covered return to wait for 
interrupt or wavenumber pulse. 
Return to Main Input program.
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"Take Data" (Assembly)

0E00 LDX CE 00 00 Check wavenumber status.
0E03 CPX BC 00 00
0E0S BEQ 27 02 Branch to acquire data.
0803 BRA 20 73 Branch to input control.
0600 LDX CE 00 00 Check wavenumber status.
0E0D CPX BC 00 02
0E10 BEQ 27 63 Branch to input control.
0E12 LDX FE 00 02 Set current memory location
0615 DEX 09 for data entry.
0E1E STX FF 00 02
0619 CLR 7F 00 0C Initialize memory locations.
0E1C CLR 7F 00 0D
0E1F LDAB C6 08 Set number of data point
0E21 STAB F7 00 0E to be taken.
0624 LDAA 86 00 Set PIA port A to output.
0626 STAA B7 S0 01
0E29 LDAA 86 40 Reset A/D converter.
0E2B STAA B7 80 00
062E LDX CE 01 FS
0E31 DEX 09
0E32 BNE 26 FD
0634 LDX FE 00 04
0637 LDAA 86 00 Reset output status.
0639 STAA B7 80 00
0E3C LDAA 86 04 Set PIA ports A and B
0E3E STAA B7 80 01 to input.
0641 STAA B7 80 03
0644 LDAA B6 80 00 Store A/D converter BCD
0E47 STAA 07 00 03 number.
064fl LDAA BE 80 02
0E4D STAA A7 00 08
0650 JSR BD 0E 00 .Branch to subroutine BCD 

Convert.
0653 LDAA B6 00 0E
0656 DECA 4A
0657 BEQ 27 05 Check number of data points.
0659 STAA B7 00 0E
065C BRA 20 C6
065E LDX FE 00 04 Store converted data into
0661 LDAA B6 00 0C proper memory location.
0664 STAA 07 00 08
0667 LDAA B6 00 0D
0660 STAA A7 00 08
066D STX FF 00 04
0670 LDAA 86 00' Set PIA port A to output.
0672 STAA B7 80 01
0675 LDX CE 78 00 Timer loop for data acquire.
067S DEX 09
0679 BNE 26 FD
067B BRA 20 0D
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067D LDX CE 80 00
0680 DEX 03
0GS1 BNE 26 FD
0683 LDX FE 00 00
0686 DEX 03
0687 STX FF 00 00
063ft RTI 3B

Timer loop for no data, 
acquire.
Decrement wavenumber status.

Ret u rn f rom i nte r r u pt 
to Input Control program.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



"BCD Convert" (Assembly)

0E00 LDX FE 00 04
0E03 STX FF 00 0E
0E06 I NT 03
0E07 STX FF 00 03
0E0A NOP 01
0E0B CLR 7F 00 0A
0E0E CLR 7F 00 0B
0E11 LDX FE 00 0E
0E14 LDAA A6 00
0E1E ASLA 43 48 43
0E13 LSRA 44 44 44
0E1C LSRA 44 44 44
0E1F • LSRA 44
0E20 TSTA 4D
0E21 CLC 0C
0E22 BED 27 07
0E24 NOP 01
0E25 LDX CE 03 ES
0E2S STX FF 00 0A
0E2B LDX FE- 00 0E
0E2E LDAA AE 00
0E30 ASLA 43 48 CO•d

0E33 ASLA 43
0E34 LSRA 44 44 44
0E37 LSRA 44
0E33 TSTA 4D
0E33 CL.C 0C
0E3A BEQ 27 17
0E3C DECA 4A
0E3D LDAB CE E4
0E3F ADDB FB 00 0B
0E42 ■ STAB F7 00 0B
0E45 BCS 25 02
0E47 BRA 20 EF
0E43 LDAB CE 01
0E4B ADDB FB 00 0A
0E4E STAB F7 00 0A
0E51 BRA 20 E5
0E53 BRA 20 02
0E55 BRA 20 B7
0E57 LDX FE 00 03
0E5A LDAA AE 00
0E5C LSRA 44 44 44
0E5F LSRA 44
0EE0 TSTA 4D
0E61 CLC 0C
0EE2 BED 27 17
0F.E4 DECA 4A
0EE5 LDAB CE 0A
0E67 ADDB FB 00 0B

Move data to new memory 
location.

Initiali se memory Iocat ions.
Check status of BCD number 
b i t 4.

Add hexadecimal equivalent 
of BCD bit 4 to memory. 
Check status of BCD munber 
bit 3.

Odd hexadecimal equivalent 
of BCD bit 3 to memory.

Check status of BCD number
b i t  ^ 1

Add hexadecimal equivalent 
of BCD bit 2 to memory.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



0E6R STAB F7 00 0B
0E6D BCS 25 02
0EGF BRA 20 EF
0E71 LDAB CS 01
0E73 ftDDB FB 00 0R
0E7S STRB F7 00 0A
0E73 BRR 20 E5
0E7B LDX FE 00 08
0E7E LDRR AS 00
0ES0 RSLR 48 48 48
0ES3 RSLR 48
0E34 LSRR 44 44 44
0E87 LSRR • 44
0E88 NOP 01
0E83 CLC 0C
0E8A RDDR BB 00 0B
0E8D STAR B7 00 0B
0E30 BCS 25 02
0E32 BRR 20 03
0E34 LDAB CS .01
0E3B ADDB FB 00 0fl
0E33 STRB F7 00 0R
0E3C CLC 0C
0E3D LDRR BS 00 0B
0ER0 RDDR BB 00 0D
0ER3 STRR B7 00 0D
0ERS BCS 25 02
0EA3 BRR 20 03
0ERR LDRB CS 01
0EAC RDDR FB 00 0C
0EAF STRB F7 00 0C
0EB2 CLC 0C
0EB3 LDRR BE 00 0fl
0EBG RDDR BB 00 0C
0EB3 STRR B7 00 0C
0EBC ' RTS 33

Check status of BCD number 
bit 1.

Odd hexadecimal equivalent 
of BCD bit 1 to memory.

Return to Take Data interrupt 
subrout i ne.
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"Stop Scan" (Assembly.-)

05B0 LDAA S6 00 Set PIA port A to output.
05B2 .STAA B7 30 01
05B5 LDAA 36 30 Inhibit instrument scan.
05B7 STAA B7 80 00
05BA RTS 33 Return from subroutine to

Tiny Basic program Main 
Input
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"Data Processor" (Tiny Basic)

•10 PRINT "THIS PROGRAM CONVERTS TRANSMITTANCE TO ABSORBANCE 
20 H=USR(153S)
30 PRINT "ENTER NEXT PROGRAM FROM RECORDER"
40 END
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"TAC" (Assembly)

0600 LDX CE 07 20
0503 • STX FF 00 06
0606 LDX CE 07 21
0609 STX FF 00 03
060C LDX CE 0F 90
060F STX FF 0F 80
0612 LDAB C6 04
061A STAB F7 0F 98
0617 LDX FE 00 08
061A LDAA A6 00
061C LDAB ce 44
06 IE SBA 10
061F STAA A7 00
0621 BCS 25 02
0623 BRA 20 06
0625 CLC 0C
0626 LDX FE 00 06
0629 DEC 6A 00
062B LDAB C6 09
062D STAB F7 00 00
0630- LDX FE 00 08
0633 LDAB E6 00
0635 CLR 7F 00 01
063S LDX FE 00 08
063B LDAA A6 00
063D - ABA IB
053E STAA A7 00
0640 NOP 01
0641 BCS 25 02
0643 BRA 20 04
0645 CLC 0C
0646 INC 7C 00 01
0649 LDAA B6 00 00
064C DECA 4A
064D BEQ 27 05
064F STAA B7 00 00
0652 BRA 20 E4
0654 LDAB C6 09
0656' STAB F7 00 00
0659 LDX FE 00 06
065C LDAB EG 00
065E STX EF 00 06
0661 LDAA AG 00
0663 ABA IB
0664 STAA A7 00
0666 LDAA B6 00 00
0659 DECA 4A
065A BEQ 27 05

Initialize temporary memory 
■for beginning of the data.

Convert binary LSB’s of data 
to decimal percent 
transmi ttance enu i vaIent.

Increment temporary memory 
for LSB larger than 99.

Check if conversion is com­
plete for LSB’s.

Convert binary MSB’S of data 
to decimal percent 
transmittance equivalent.
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0G6C STOO B7 00 00
066F BRA 20 ED
0G71 LDX FE 00 06
0674 LDAO 06 00
0676 LDOB F6 00 01.0679 . OBO IB
0670 STOO A7 00
067C BRA 20 0D
067E BRA 20 02
0630 BRA 20 EF
0682 LDOB C6 01
0684 ADDB FB 00 0A
0687 BRA 20 S3
0689 BRA 20 O0
068B LDAA 36 05
063D STAA B7 00 00
0690 LDAA 36 30
0692 STAA B7 00 0B
0695 CLR 7F 00 0E
0693 LDX CE 00 0B
0G9B LDOB EG 00
063D STX EF 00 03
0600 LDAA A6 00
0602 STAA B7 00 0D
0605 SBA 10
0606 STAA A7 00
0603 LDX FE 00 06
06OB LDAA AG 00
06OD STAA B7 00 0C
06B0 - LDX CE 00 00
06B1 SBCA A2 00
06B3 BMI 2'B 0B
06B5 LDX FE 00 06
06B8 STAA 07 00
06BO INC 7C 00 0E
06BF CLC 0C
06C0 BRA 20 DC
06C2 CLC 0C
06C3 LDAA B6 00 0E
06C6 LDX FE 0F 30
06C9 STAA 07 00
06CB I NX 03
06CC STX FF 0F 30
06CF LDAO B6 00 0C
06D2 LDX FE 00 06
06D5 STAA 07 00
06D7 LDAA B6 00 0D
0EDO LDX FE 00 03
06DD STAA 07 00
06DF LDAO B6 0F 93
06E2 DECA 40
06E3 BEQ 27 05
06E5 STAA B7 0F 93

Odd carry to MSB’s from LSB’S.

Check for complete convers i on.

Store decimal percent 
transmittance in memory
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positions 0F90 through 0F93.0SES BRA 20 9F
0EEA JSR BD 0E 00 Jump to subroutine Set Memo r y0EED LDX FE 00 06 Check for end of data.0EF0 CPX BC 00 04
0EF3 . BEQ 27 02
0EF5 BRA 20 90
0EF7 RTS 39 Return from subroutine to

Tiny Basic pros ram Data 
Processor.
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"Set Memory" (Assembly)

75

0E00 LDX CE 0F 93 Set bit 1 from tenths position
•0E03 . LDAA AG 00 of percent transmittance.
0E05 LDAB CG 05
0E07 SBA 10
0E0S BMI 2B 33
0E0A LDX CE 0F 92 Set bit 2 from ones position
0E0D LDAA AG 00 of percent transmittance.
0E0F LDAB CG 01
0E11 ABA IB
0E12 STAA B7 0F 92
0E15 LDAB CG 0A
0E17 SBA 10
0E1S BEQ 27 02
0E1A BRA 20 27
0E1C CLR 7F 0F 92
0E1F NOP 01 01
0E21 LDX CE 0F 91 Set bit 3 from tens position0E24 LDAA AG 00 of Percent transmittance.
0E2E LDAB CG 01
0E2S ABA IB
0E23 STAA B7 0F 910E2C LDAB CG 0A
0E2E SBA 10
0E2F BEQ 27 02
0E31 BRA 20 10
0E33 CLR 7F 0F 31
0E3E NOP 01 01
0E38 LDX CE 0F 90 Set bit 4 f rom hund reds pds i t i on0E3B LDAA AG 00 of percent transmittance.
0E3D LDAB CG 01
0E3F ABA IB
0E40 . STAA B7 0F 90
0E43 CLR 7F 00 00
0E46 CLR 7F 00 01
.0E49 LDAA B6 0F 90 Count memory positions for
0E4C TSTA 4D bit 1.
0E4D BEQ 27 14
0E4F LDAB CG 64
0E51 ADDB FB 00 01
0E54 STAB F7 00 01
0E57 BCS 25 05
0E53 DECA 4A
0E5A BEQ 27 07
0E5C BRA 20 FI
0E5E INC 7C 00 00
0EE1 BRA 20 F6
0EG3 LDAA BG 0F 31 Count memory positions for
0EG6 TSTA 4D bit 2.
0ES7 BEQ 27 14
0E69 LDAB CG 0A
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0E6B ADDB FB 00 01
0EGE STAB F7 00 01
0E71 BCS 25 05
0E73 DECA 4A
0E74 BEQ 27 07
0E7S BRA 20 FI
0E7S INC 7C 00 00
0E7B BRA 20 FG
0E7D LDAA BG 0F 92 Count memory positions for
0ES0 ADDA BB 00 01 bit 3.
0E83 STAA B7 00 01
0ES6 BCS 25 02
0E8S BRA 20 03
0ESA INC 7C 00 00
0E8D LDX CE 0F 92
0E90 LDAB EG 00
0E92 LDX CE 0F 91
0E35 LDAA AG 00
0E97 ASLA 48 48 48
0E9A ASLA 48
0E9B ABA IB
0E9C STAA A7 00
0E9E LDAB CG 05
0EA0 LDAA BG 0F 30 Count memory positions for
0EA3 SBA 10 bit 4.
0EA4 BGT 2E 74
0EA6 BLT 2D 08
0EA8 LDAB CG 5G
0EAA LDAA BG 0F 91 Logic for determining LSB
0EAD SBA 10 of memory position of look-up
0EAE BGE 2C GA table.
0EB0 LDAB CG 03
0EB2 LDAA BG 0F 90
0EB5 SBA 10
0EBS BGT 2E 5E
0EBS BLT 2D 08
0EBA LDAB CG 08
0EBC LDAA BG 0F 31
0EBF SBA 10
0EC0 BGE 2C 54
0EC2 LDAB CG 01
0EC4 LDAA BG 0F 90
0EC7 SBA 10
0ECS BGT 2E 48
0ECA BLT 2D 08
0ECC LDX CE 70 00
0ECF CPX BC 0F 31
0ED2 BMI 2B 3E
0ED4 LDAB CG 01

. 0ED6 LDAA BG 0F 30
0ED3 SBA 10
0EDA BEQ 27 32
0EDC NOP 01 01

. OEDE LDX CE 94 00
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□EE1 CPX BC OF 91
0EE4 BMI 2B 23
0EE6 LDX CE 52 00
0EE9 CPX BC OF- 91
0EEC BMI 2B 1C
0EEE LDX CE 90 00
0EF1 CPX BC OF 91
0EF4 BMI 2B 10
0EF6 LDX CE IB 00
0EF3 CPX BC OF 91
0EFC BMI 2B 04
0EFE LDRR SB 07 Logic for determining MSB of
0F00 BRR 20 lfl memory position of look-up
0F02 LDRR SB 0G table.
0F04 BRR 20 16
0F0B LDRR SB 05
0F0S BRR 20 12
0F0R LDRR SB 04
0F0C BRR 20 0E
0F0E LDRR SB 03
0F10 BRR 20 0R
0F12 LDRR SB 02
0F14 BRR 20 06
0F16 LDRR SB 01
0F1S BRR 20 02
0F1R LDRR SB 00
0F1C LDX FE 00 0G Replace MSB of transmittance
0F1F STRR R7 00 with absorbance value from

look-up table.
0F21 LDRB CG 02
0F23 RDDB FB 00 00
0F26 STRB F7 00 00
0F23 LDX FE 00 00
0F2C LDRR RB 00
0F2E LDX FE 00 OS Replace LSB of transmittance
0F31 STRR R7 00 with absorbance value from

look-up table.
0F33 INT 0S 03
0F35 STX FF 00 08
0F3S LDX FE 00 06
0F3B INT 03 03
0F3D STX FF 00 06
0P'40 RTS 39 Return from subroutine to

TRC Program.

1
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"Main Output" (Tiny Basic)

10 PRINT "MAKE SURE YOU HAVE STORED YOUR ORIGINAL DATA"
20 PRINT "BECAUSE THE CALCULATED DATA WRITES OVER THE ORDINAL 

DATA"
25 PRINT "IF YOU HAVEN7T THEN ENTER A 0 (ZERO) AFTER THE ? 

MARK"
26 PRINT "AND RECORD DATA USING THE MONITOR"
30 PRINT "TO CALCULATE FIRST DERIVATIVE OF SPECTRA"
40 PRINT ENTER A 1 (ONE) FOR INPUT AFTER THE ? MARK"
50 INPUT A
55 IF A=0 GOTO 60
53 GOTO 71
60 C=1S24
61 D=USR(718S»0005)
62 E=USR(7133,0004)
63 E=E*256
64 E=E+D
65 PRINT "THE DATA IS BETWEEN", C, "AND",E
66 PRINT "REMEMBER THIS IS IN DECIMAL AND THE MONITOR"
67 PRINT "IS IN HEXADECIMAL SO CONVERT"
63 PRINT "AFTER STORING DATA RESTART THIS PROGRAM BY"
63 PRINT "PRESSING THE B ON THE KEYBOARD AND TYPING RUN"
70 B=USR(5120)
71 B=USR(3696)
30 L=(E-C>/2
90 PRINT "THE OUTPUT PROGRAM TAKES UP 55 USEC"
100 PRINT "YOUR DATA TAKES UP",L,"LOCATIONS IN MEMORY"
110 PRINT "MULTIPLY THESE TWO NUMBERS AND ADJUST THE TIME"
120 PRINT "ON THE O-SCOPE TO COORDINATE"
130 PRINT "NOW ADJUST THE TRIGGER LEVEL ON THE O-SCOPE"
140 PRINT "SO THAT THE L-E.D. LIGHTS UP"
150 F=0 •
160 F=USRC7192,32763,F)
• 170 F=USR(7132, 32771, F)
•130 G=1
130 G=USR(7192,32770,G)
200 PRINT
210 PRINT "NOW TO DISPLAY THE DERIVATIVE IN THE 

NUMBER", A,"ORDER"
220 PRINT "INPUT A 1 (ONE) AFTER THE ?' MARK"
230 INPUT Y 
235 J=USR(3584)
240 PRINT "IF THE DISPLAY DOESN’T LOOK RIGHT ENTER A 1 AFTER 

THE ? MARK"
250 PRINT "IF THE DISPLAY IS RIGHT ENTER A 2 AFTER THE ?

MARK"
260 INPUT Z
270 IF Z=1 GOTO 90
230 PRINT "ENTER NEXT ORDER, IF DESIRED, OF DERIVATIVE"
290 PRINT "ENTER A 10 IF YOU WISH TO STOP"
295 INPUT A
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2 9 6  L = L -1
300 IF 0=10 GOTO 400 
310 K=USR «:3632:>
320 GOTO 90 
400 END
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"Output Data" (Assembly)

0E00 LDAA SB 00
0E02 STAA B7 S0 03
0E05 NOP 01
0E0S LDAA SB 00
0E0S STAA B7 80 01
0E0B LDX CE 07 20
OE0E STX FF 00 00
0EH LDAA SB 00
0E13 STAA B7 80 02
0E16 LDX FE 00 00
0E19 LDAA A6 00
0E1B STAA B7 80 00
0E1E I NX 03
0E1F STX FF 00 00
0E22 DEX 09
0E23 CPX BC 00 04
0E2G BEQ 27 04
0E28 NOP 01 01
0E2A BRA 20 EA
0E2C RTS 39

Set PIA port B to output.

Set PIA port A to output.
Load fi rst memory pos i t i on 
o-f data.
Trigger oscilloscope to 
rece i ve data.
Send data to osc i lloscope.

Check for end of data.

Return from subroutine to 
Tiny Basi c program Ma i n 
Output.
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"Derivative" (Assembly)

0E70 LDX CE 07 21 In i tia Iize temporary memory
0E73 STX FF 00 02 for the beginning of the
0E76 LDX CE 07 20 data.
0E73 STX FF 00 00
0E7C LDX CE 07 23
0E7F STX FF 00 03
0E82 LDX CE 07 22
0ES5 STX FF 00 06
0E83 LDX FE .00 02 Load LSB of Nth. data point.
0E8B LDAA AG 00
0E8D LDX FE 00 08 Load LSB of Nth.+1 data point.
0E30 SUBA A0 00
0E92 STAA B7 00 0F Subtract LSB’s of data points.
0E35 LDX FE 00 00 Load MSB of Nth. data point.
0E3S LDAA A6 00
0E9A LDX FE .00 06 Load MSB of Nth.+1 data point.
0E9D SBCA A2 00 Subtract MSB’s of data points.
0E9F STAA B7 00 0E
0EA2 CLC 0C
0EA3 LDAA BG 00 0E
0EA6 LDX FE 00 00
0EA3 STAA A7 00
0EAB LDAA BG 00 0F
0EAE LDX FE 00 02
0EB1 STAA A7 00
0EB3 LDX FE 00 00 Advance temporary memory
0EBG INX 08 08 positions.
0EBS STX FF 00 00
0EBB LDX FE 00 02
0EBE INX 08 03
0EC0 STX FF 00 02
0EC3 " LDX FE 00 0G
0EC6 INX 03 08
0EC8 STX FF 00 06
0ECB LDX FE 00 03
0ECE INX 08 03
0ED0 STX FF 00 03
0ED3 DEX 03
0ED4 CPX BC 00 04 Chech for end of data.
0ED7 NOP 01
0ED3 BEQ 27 05
0EDA NOP 01 01 01
0EDD BRA 20 A9
0EDF LDX CE 07 20 Reset data positions.
0EE2 STX FF 00 02
0EE5 LDX CE 07 21
0EES STX FF 00 06
0EEB LDX FE 00 06 Crunch data into minimum
0EEE LDAA A6 00 storage.
0EF0 • LDX FE 00 02
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0EF3 STAA A7 00
0EF5 INX 03
0EFE STX FF 00 02
0EFS LDX FE 00 0E
0EFC INX 03 08
0EFE STX FF 00 0E
0F01 INX 03
0F02 CPX BC 00 04
0F05 BEG 27 02
0F07 BRA 20 E2
0F09 CLC 0C
0F0A LDX CE 00 04
0F0D LDAA A6 .00
0F0F LSRA 44
0F10 STAA A7 00
0F12 BCS 25 02
0F14 BRA 20 OE
0F1E CLC 0C
0F17 LDAB C6 30
0F13 BRA 20 .03
0F1B CLC 0C
0F1C LDAB CE 00
0F1E LDX CE 00 05
0F21 LDAA AE 00
0F23 LSRA 44
0F24 ABA IB
0F25 STAA A7 00
0F27 LDAA AE 00
0F23 LDAB CE 30
0F2B ABA IB
0F2C STAA A7 00
0F2E BCS 25 02
0F30 BRA 20 0B
0F32 CLC 0C
0F33 LDAB CE 01
0F35 ' LDX CE 00 04
0F33 LDAA AE 00
0F3A ABA IB
0F3B STAA A7 00
0F3D LDX CE 00 04
0F40 LDAA AE 00
0F42 LDAB CE 03
0F44 ABA IB
0F45 STAA A7 00
0F47 LDX CE 07 20
0F4A STX FF 00 10
0F4D LDX FE 00 10
0F50 LDAA 3E 30
0F52 ADDA AB 00
0F54 STAA A7 00
0F5E INX 03
0F57 STX FF 00 10
0F5A CPX BC 00 04
0F5D ■ BEQ 27 02

Reset temporary memory 
positions of start and end 
data.

Load memory position of 
bes inn i ns of data. 
Convert data to positive 
numbers.
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0F5F BRA 20 EC
0FG1 LDX FE 00 04 Decrement end of data memor0F64 DEX 03 posi t.ion by one.0FG5 STX FF 00 04
0FGS RTS 39 Retu rn f rom subrout i ne to

Tiny Basic pros ram Main 
Output.
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"Mu 11iderivative" (Assembly)

0E30 LDX CE 07 21
0E33 STX FF 00 02
0E36 LDX CE 07 20
0E33 STX FF 00 05
0E3C LDX FE 00 02
0E3F LDAB E6 00
0E41 LDX FE 00 06
0E44 LDAA AS 00
0E4E SBA 10
0E47 LDAB CS 30
0E43 ABA IB
0E4A LDAA A7 00
0E4C INX 03
0E4D STX FF 00 05
0E50 LDX FE 00 02
0E53 INX 03
0E54 STX FF 00 02
0E57 CPX BC 00 04
0E5A BEQ 27 02
0E5C BRA 20 DE
0E5E CLC 0C
0E5F LDX FE 00 04
0ES2 DEX 03
0EE3 STX FF 00 04
0EBE RTS 39

Initialise temporary memory 
pos i t i ons for bes i nn ins of 
data.
Load Nth. data point.
Load Nth.+1 data point.
Subtract data points. 
Convert difference to 
p o s  i t i ve. n umbe r.

Store der i vat i ve data po i nt 
in cur rent memo ry p o s  i t i on.

Check for end of data.

Decrement end of data memory 
p o s  i t i on by one.
Return f r om subroutine t o 
Tiny Basic pros ram Main 
Output.
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"APPLE INPUT" (BASIC)
89

3 D IM  B ( 2 0 )
4 D IM  A < 2 4 0 0 )
5 M=1 
E Q=0 
7 P=0

■ S' B <0 : i=0
10 'P R IN T '"E N T E R  STARTING WAVENUMBER P O S IT IO N  OF INFRARED 

MONOCHROMATOR"
.20 PR IN T
3 0  PR IN T  "FOR THE ACCULAB 8  I . .R .  T H IS  W ILL  BE E ITHER 4 0 0 0  

C M A - l  OR 2 0 0 0  CMa - 1 "
40  PR INT
50  INPUT S
51 I F  S = 4 0 0 0  THEN GOTO 70
52  I F  3 = 2 0 0 0  THEN GOTO 70
53  GOTO 3 0  
G0 PR INT 
7 0 . PR IN T
80  PR INT "ENTER WAVENUMBER RANGE TO BE S T U D IE D "
90  PR INT
100 PR IN T "WAVENUMBER MAXIMUM <CMa - 1 ) "
110 PRINT 
120 INPUT L 
130 PRINT
140 PR IN T "WAVENUMBER MINIMUM <CMa - 1 )
150 PR IN T 
180 INPUT D
183 PRINT
184 PRINT
165 I F  L ) D  THEN GOTO 185
188 PRINT "R E-EN TER WAVENUMBERS CORRECTLY"
187 PRINT 
168 GOTO 8 0  
180 -PRINT
185 I F  S> L  GOTO 190
188 GOTO 1 6 6
190 PR IN T "PRESS ONE OF THE SCAN SPEED BUTTONS ON THE 

ACCULAB 8 "
2 0 0  PRINT
2 1 0  PRINT "ENTER THE SCAN SPEED"
2 1 5  PRINT "SL.QW=1 ■? MEDIUM=2 ? F A S T = 3 "
2 2 0  PRINT
2 3 0  INPUT G
231 I F  G=1 THEN C =700
2 3 3  I F  G> 3  GOTO 2 0 0
234  I F  G < 1 GOTO 2001
2 3 5  I F  G=1 THEN C =700
237  '&• AOUT, <DV) = 4 0 9 5 ,  < C tf )= 3
2 3 8  & AQIJT, <DV ) =W, <C # ') = 1
2 3 9  8- AOUT, <DV)=Q, < C tt )= 2
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2 4 0  PR IN T
241 PR IN T  "ENTER -SAMPLE NAME"
2 4 2  PR IN T
2 4 3  INPUT m  
2 4 5  PR IN T
2 5 0  & AOUT7 CDV>=0, C C# 5 — 1 
2 8 0  & AOUT, CDV>=0, CC#:>=2
261 P R IN T
2 6 2  P R IN T  "PRESS THE SCAN BUTTON"
2E3 PR IN T
2E4 P R IN T  "ARE YOU READY CY OR N il"
2 8 5  INPUT E *  '

•268 I F  E $ = " Y "  THEN GOTO 2 7 0  
2 8 7  GOTO 2 8 1  
2 7 0  F = S - L  
2 7 5  Z = L -D  ■
2 8 2  I F  S=4.000 THEN 1=1/2 .
2 8 3  I F  S = 4 0 0 0  THEN' F = F / 2
2 8 6  S- AOUT, < D V >=4 095 , < C # ) = i
2 8 7  & AOUT, CDV:>=4095, <:C#> = 1
3 0 5  & CLRC0UNTER,.CC#).=2 '
3 0 6  & COUNTERIN',• CTV)=E .
3 0 7  I F  E=1 GOTO 3 0 5
3 0 9  & CLRCOUNTER, CC#>=1
3 1 0  & COUNTERIN, CTV)=W
3 1 2  I F  W=0 THEN 0 = 0
3 1 5  I F  W=0 GOTO 3 1 0
3 2 0  I F  0=1 GOTO 3 1 0
3 2 5  Q=Q+W
3 3 0  I F  Q> =F GOTO 3 5 0  
3 3 5  0 = 1  
3 4 0  GOTO 3 1 0  
3 5 0  GOSUB 2 0 0 0  
3 6 0 .  P=P+1-
3 7 0  I F  P>=Z GOTO 1000  
3 8 0  GOTO 3 1 0
1 0 0 0 '&  AOUT, < D V )= 0 ,  cc#:> = i
1010  PR IN T
1011 P R IN T  "PLACE DATA D IS K  IN  D R IV E  # 1 "
1012  P R IN T  "ARE YOU READY"
1013  IN PU T m
1014  PRINT
1015  PR IN T  "DATA BEING STORED UNDER" 

-1020 PR IN T  "SAMPLE NAME , N$
1025  LET D$=CHR$C4>
1030  P R IN T  D S »"O P E N " ?N$
1035  PR IN T  D«? "W R IT E "  5IM$
1040  FOR J= 1  TO Z 
1045  PR IN T  ACJ’>
1050 NEXT J
1055  PR IN T  D $ !; "CLO SE" »N$
1060 END
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"ACQUIRE". (BASIC !)

2 0 0 0 'FOR 1=1 TO 10 ’
2 0 2 0  & A IM ,  CTV>=X, <C#!>=0 
2 0 3 0  B ( I  !> =LDG ( X !> * - .  4 3 4 2 3 4 4 3 3  
2 0 4 0  A CM)=A C M )+B ( I  )
2 0 4 5  X=0 
2 0 5 0  NEXT I  
2 0 5 0  M=M+1 
2 0 5 5  0=1 
2 0 7 0  RETURN
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' I n i t i a l i z e .  
D isk  D r iv e  \  •

' I n i t i a l i z e '
D a ta
A n a ly z e r

I n p u t  d a t a  
from  d i s k T e s t

i n p u t   I n p u t
d e c i s i o n  to  
sm o o th  d a t a

NO

YES

Sm ooth d a t a /  I n i t i a l  iz i 
/  L a b s o f t  
\  g r a p h i c s

O u tp u t  dafa 
t o  m o n ito r .

O u tp u t  d a t, 
t o  p r i n t e r

v 'T e s t ^  
p ^ f o r  s t o p  

c o d e  „

YESI n p u t
o r d e r  o f  
d e r i v a t i v e

C a l c u l a t e
d e r i v a t i v e S to p

F lo w c h a r t  c - 2 .  D a ta  A n a ly z e r
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" d a t a  An a l y z e r *'- c b a s i o

10 L = 0  
20 K —1 7 5 0  
30 P = 0
500  D IM  D C 2 5 0  ) ,  B C250 ) , f l (  250  !>
505 INPUT m  
510 FOR 1=1  TO 1 0  
520 PRINT DC I )
530  NEXT I
5 3 5  LE T  P$=CHR$<4>

.5 4 0  PRINT D$ ;J  "OPEN" 5 N$
550 PRINT D$ 3 " READ" 3 N$
5G0 FOR J = 1  TO 2 0 0  
570 INPUT DC J) .
580 NEXT J
5 8 5 ' PRINT D $ 5"C L O S E "5 N $
588 FOR 1=1  TO 2 0 0
587 I F  L CABS CD CI !> > THEN L=ABS CD CI
58S NEXT I
535  FOR 1 =  1 TO 2 0 0
538 B C I ) = D C I ) + L
533 NEXT I
500  GOTO G 20
510 PRttl.
511 PRINT "SMOOTHED DATA"
512 PRINT m
513  PRINT "WAVENUMBER ABS. "
514  FOR 1 = 6 0  TO 150
515 PRINT K - I . B C I )
518  NEXT I
513  P R#0
520 & HI RES 1
530 & SCROLLSET
540 FOR 1 = 5 0  TO 130
545 FOR J = 1  TO 2
550 & NXTPLT=B< I I  :+:120
555 NEXT J
550 NEXT I
555  PRINT "DATA SMOOTH AND PLOT?"
570 INPUT m
575 I F  lv1$-",,N" GOTO 7 0 0
580 I F  M T = "Y "  GOTO 1 0 0 0  '
530 GOTO 6 6 5
700 PRINT "D E R IV A T IV E  ? "
710 INPUT m
720 I F  M * = " Y "  GOTO 2 0 0 0
730 I F  |vl$ -• :"N" GOTO 5 0 0 0
740 GOTO 7 0 0
1000 FOR 1=1  TO 137
10 J. 0  B C I ) =  8  CI :> -I- B C I  -I* .1. > +  B CI +2> .
1020 B C : [ ) = B C n / 3  •
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1 0 3 0  NEXT I.
1 0 4 0  GOTO 610 
2 0 0 0  P=0
2 0 0 5  IN P U T  Z
2 0 0 6  TEXT
2 0 1 0  P R IN T  "ENTER NUMBER OF DERI V O T IV E "  
2 0 2 0  IN P U T  R
2 0 2 2  FOR 1=1 TO 200
2 0 2 3  A CI !> =B < I )
2 0 2 4  NEXT 1
2 0 2 5  IF R =0 GOTO 6 0 0 0  
2 0 3 0  FOR 1=1 TO 10 
2 0 4 0  FOR J=1 TO 138 '
2 0 5 0  F lC J l^O C J - i-D -O C J :)
2 0 6 0  NEXT J
2 0 7 0  IF  I - R  GOTO 2 0 3 2  
2 0 3 0  NEXT I  
2 0 S 2  PR#1
2 0 S 4  P R IN T  IMS, "D E R IV A T IV E  ~ " , R
2 0 S 6  P R IN T  ."WAVENUMBER- DER. VALUE"
2 0 3 8  FOR 1=60 TO 150
2 0 3 0  P R IN T  K - 1 7  0 CI >
2 0 6 2  NEXT I  
2 0 3 4  PR#0
3 0 0 0  FOR 1=1 TO 130 
3 0 0 6  E=P
3 0 1 0  I F  P IABSCP i C I ) )  THEN P = A B S < A <1>)
3 0 6 0  NEXT I  
3 0 7 0  & H I  RES1 
3 0 8 0  & SCROLLSET 
3 0 3 0  FOR 1=70 TO 130 
4 0 0 0  FOR 1 = 1 TO' 2
4 0 1 0  ■&' NXTPLT=CA'<I)+P)*(l-27/P)H4. 5
4 0 2 0  NEXT J
4 0 3 0  NEXT I
4 0 3 5  & RETROE
4 0 4 0  'PR IN T
4 0 5 0  GOTO 2000
6 0 0 0  END
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