
Western Michigan University Western Michigan University 

ScholarWorks at WMU ScholarWorks at WMU 

Master's Theses Graduate College 

12-1985 

The Design and Construction of Microprocessor-Computer The Design and Construction of Microprocessor-Computer 

Controlled Rapid Scanning Fiberoptic Spectrophotometer Controlled Rapid Scanning Fiberoptic Spectrophotometer 

Kathleen Marie Tobin 

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses 

 Part of the Chemistry Commons, and the Optics Commons 

Recommended Citation Recommended Citation 
Tobin, Kathleen Marie, "The Design and Construction of Microprocessor-Computer Controlled Rapid 
Scanning Fiberoptic Spectrophotometer" (1985). Master's Theses. 1472. 
https://scholarworks.wmich.edu/masters_theses/1472 

This Masters Thesis-Open Access is brought to you for 
free and open access by the Graduate College at 
ScholarWorks at WMU. It has been accepted for inclusion 
in Master's Theses by an authorized administrator of 
ScholarWorks at WMU. For more information, please 
contact wmu-scholarworks@wmich.edu. 

http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/masters_theses
https://scholarworks.wmich.edu/grad
https://scholarworks.wmich.edu/masters_theses?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F1472&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/131?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F1472&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/204?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F1472&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/masters_theses/1472?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F1472&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/


THE DESIGN AND CONSTRUCTION OF jMICROPROCESSOR-COMPUTER
CONTROLLED RAPID SCANNING FIBEROPTIC SPECTROPHOTOMETER

by

Kathleen Marie Tobin

A T hesis  
Submitted to  the  

Facu lty  o f  The Graduate College 
in  p a r t i a l  f u l f i l lm e n t  of the  

requirem ents fo r  the 
Degree of Master o f  Arts 

Department of Chemistry

Western Michigan U nivers ity  
Kalamazoo, Michigan 

December 1985

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



THE DESIGN AND CONSTRUCTION OF A MICROPROCESSOR-COMPUTER
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Western Michigan U n iv e rs i ty ,  1985

C o n v e n t io n a l  s p e c t r o p h o to m e te r s  r e q u i r e  th e  t r a n s f e r  o f  a 

sam ple t o  a  c u v e t t e  f o r  o b t a i n i n g  s p e c t r a .  The m easu rem en t of

absorbance in  s i t u  can be a c c o m p lish e d  u s in g  a f i b e r  o p t i c  p robe

which can be p laced  d i r e c t l y  in to  the  sample. The f i b e r  o p t i c  probe 

a lso  minimizes environm ental f a c to r s  such as thermal o r  v i b r a t i o n a l  

w hich  may a f f e c t  th e  a b s o r b in g  s p e c i e s .  A r a p i d  scann ing  speed

allows fo r  e s s e n t i a l l y  sim ultaneous wavelength m o n ito r in g .

The e f f e c t  o f  coupling  a ra p id  scanning spec tropho tom eter  with 

a f i b e r  o p t ic  probe prov ides  fo r  an extrem ely v e r s a t i l e  system . When 

used in  con ju n c t io n  w ith  a m icroprocesso r o r  computer, t h i s  approach 

o f f e r s  a d v a n ta g e s  su ch  as d a t a  m a n i p u l a t i o n ,  t im e  a v e r a g in g  o f 

s i g n a l s ,  low s ig n a l - t o - n o i s e  r a t i o s  w h ile  r e ta in in g  h ig h  p r e c i s io n ,  

dynamic ran g e , and r e s o lu t io n .
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CHAPTER I

INTRODUCTION

H is to r ic a l

Early Visual Instrumentation

S p ec tro sco p y  i s  the  o ld e s t  of the  o p t ic a l  methods of a n a ly s is ,  

o r ig in a t in g  in  1666 with Isaac  Newton’s d iscovery  t h a t  w h i te  l i g h t  

can be d i s p e r s e d  i n t o  i t s  component p a r t s  w ith  th e  su b se q u e n t  

d iscovery  of sp e c t ra  and the in v e s t ig a t io n  of d i s p e r s i o n  ( 1 ) .  The 

measurement o f  th e  a b s o r p t io n  of v i s i b l e  r a d i a t i o n  p r o v id e s  a 

convenient means fo r  the a n a ly s is  of numerous ino rgan ic  and o r g a n ic  

sp e c ie s .  The human eye was the recep to r  in  the f i r s t  types of these  

measurements with the accuracy depending upon the observer (2 ) .  The 

i n t e n s i t y  r e l a t i o n s h i p  o f th e  s p e c t r a l  l i n e s  was e s ta b l i s h e d  by 

comparison to a s e r i e s  of s t a n d a r d s .  Examples of e a r l y  i n s t r u ­

mentation involv ing  these  types of in t e n s i t y  measurements a re  Hehner 

tu b e s ,  N essler tubes and the DuBoscq co lo rim ete r  (3 ) .

F i l t e r  Photometers

F i l t e r  p h o to m e te r s ,  such as the  Klett-Summerson f i l t e r  photo­

m eter, provide a simple r e l a t i v e ly  inexpensive t o o l  f o r  a b s o r p t io n  

a n a l y s e s .  The f i l t e r  choice fo r  a given ana ly te  p lays an im portant

1
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2

r o l e  in  de term in ing  the  s e n s i t i v i t y  of the  measurement. The f i l t e r  

co lo r should be complementary to  the co lo r  of th e  s o l u t i o n  as w e l l  

as e x h i b i t i n g  i t s  maximum transm ittance  in  the wavelength region of 

maximum an aly te  absorbance.

Double beam in s t r u m e n ts  have been developed  f o r  photometer 

system s which com pensate  f o r  so u rc e  i n s t a b i l i t y .  The Spekker 

ph o to m ete r  employs a beam s p l i t t e r  to  send the l i g h t  through both 

the sample and the  re fe re n ce  with th e  em erging l i g h t  f a l l i n g  on a 

p h o to g ra p h ic  p la t e  as two spots (4 ) .  These spots are then compared 

to a p rev iously  prepared p l a t e  so t h a t  th e  darkened  a re a s  may be 

matched to  o b ta in  r e l a t i v e  absorbances.

Photometric Scanning Spectrophotometers

The f i r s t  com m ercial p h o t o e l e c t r i c  s p e c t ro p h o to m e te r  was 

designed by Hardy over f i f t y  years  ago (5 ) .  I t  was developed by the 

General E l e c t r i c  Company and used p rim ari ly  in  the v i s ib l e  reg ion . A 

manual p h o to e l e c t r i c  spectrophotom eter was designed in  1941 by Cary 

and Beckman (5 ) .  This instrum ent requ ired  the manual r e c o rd in g  of 

th e  a b so rb an c e  v a lu e s  f o r  each sam ple a t  a g iv e n  w a v e le n g th .  

Automated absorbance measurements came abou t l a t e r  t h a t  y e a r  when 

Beckman modified th e  instrum ent to p lo t  an absorbance value fo r  each 

wavelength on the  graph . I t  was no t u n t i l  th e  l a t e  1950’s t h a t  a 

continuous ou tpu t o f  absorbance v s . wavelength became a v a i la b le  (6 ) .
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Rapid Scanning Spectrophotometers

Due to  the s lugg ishness  of mechanical wavelength d r iv e s ,  f i n i t e  

response time of d e te c to rs  and th e i r  a ssoc ia ted  measuring c i r c u i t s ,  

th e  p ro c e ss  o f  s c a n n in g  and r e c o rd in g  th e  spectrum over the f u l l  

u l t r a v i o l e t - v i s i b l e  w avelength  range  (200-800  nm) took  an a p p re ­

c i a b l e  l e n g th  o f  t im e ,  f requen tly  varying from one to ten  m inutes. 

The replacement of the ph o to m u ltip lie r  tube with a photodiode a r r a y  

such  as i n  th e  H e w le t t -P a c k a rd  model 8450-A s p e c t r o p h o to m e te r ,  

re su l te d  in  the s im p l i f ic a t io n  of the complete o p t i c a l  system  ( 7 ) .  

Another a l t e r n a t iv e  to  the  photodiode array  i s  demonstrated w ith the 

Rofin Model 6011 O ptical Spectrum A nalyzer which u t i l i z e s  a con­

t in u o u s ly  r o t a t e d  g r a t i n g  to  sep a ra te  the incoming l i g h t  in to  i t s  

component wavelengths (8 ) .

M icroprocessors in  Spectrophotometers

The in co rp o ra t io n  of microprocessors in  spec tropho tom ete rs  has 

rev o lu t io n ized  the p re c ise  co n tro l  of ins trum ents  and the c o l le c t io n  

of experim ental d a ta .  More r e c e n t l y  th e  m ic ro p ro c e s s o r  has been 

used  to  perform lo g ic  func tions  such as s p e c t ra l  comparisons, sca le  

expansions and c o n t ra c t io n s ,  and d i f f e r e n t i a t i o n  v i r t u a l l y  i n s t a n ­

ta n e o u s ly  ( 9 ) .  These f u n c t io n s  have been accomplished la rg e ly  by 

in te r f a c in g  a microprocessor to an ins trum en t,  such as has been done 

w i th  th e  P e rk in -E lm e r  Model 3500 D ata  S t a t i o n  ( 1 0 ) .  However, 

in te r f a c in g  and accompanying software are u su a lly  q u i te  expensive i f  

done on an Instrum ent by instrument b a s i s .
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M o d if ic a t io n s  o f  th e  sp ec tro p h o to m ete r  to  b e t t e r  adapt i t  to 

the  m ic ro p ro c e s s o r  have a l s o  been made. The DU-7 u l t r a v i o l e t -  

v i s i b l e  s p e c t ro p h o to m e te r  (Beckman I n s t r u m e n ts ,  I n c . )  uses  a 

single-beam monochromator with a sp e c ia l ly  s t a b i l i z e d  l i g h t  so u rc e  

and d e t e c t o r .  The in s t ru m e n t  has a m icrocom puter  w hich s to r e s  

re fe rence  d a ta ,  complete wavelength scans, and com ple te  a n a l y t i c a l  

m ethods; computes expended s c a le s ,  d e r iv a t iv e ,  or log in form ation ; 

picks peaks; s u b t r a c t s  o r  d iv id e s  ab so rb an ce  v a lu e s  a t  s e l e c t e d  

w av e le n g th s ;  and performs many fu n c tio n s  th a t  formerly req u ired  the 

use of a da ta  s t a t i o n  (11) . Other m icrocom puter c o n t r o l l e d  s p e c ­

t ro p h o to m e te r s  in c lu d e  t i t r a t o r  and r a p id  s c a n n in g  r e f l e c t a n c e  

systems (12 ,13 ) .

F iber Optics

Physics

A smooth t r a n s p a r e n t  c y l i n d e r ,  such  as a g l a s s  r o d ,  w i l l  

transm it l i g h t  by m u lt ip le  i n t e r n a l  r e f l e c t i o n s  a lo n g  i t s  w a l l s .  

This a lso  occurs when the rod i s  reduced to a small diam eter as in  a 

f i b e r  (14). This p r in c ip le  i s  termed t o t a l  i n t e r n a l  r e l e c t i o n  and 

the  conditions  e x i s t  a t  any smooth in te r f a c e  between two tran sp a ren t  

m a te r ia ls  where the r e f r a c t i v e  in d ex  of th e  o u t e r  medium i s  l e s s  

th a n  t h a t  o f  th e  in n e r  medium, such as th a t  between g la s s  and a i r .  

The presence of contam ination, the cond ition  of f ib e r s  to u c h in g  one 

a n o th e r  o r  m inu te  d e f e c t s  a t  the  su rface  of the  i n t e r f a c e ,  i n t e r ­

fe re s  with the t o t a l  in t e r n a l  r e f l e c t io n  by absorbing or s c a t t e r i n g
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a f r a c t i o n  of th e  l i g h t .  In most o p t ic a l  components, these  losses  

a re  no t ser ious  s ince  only a l im ited  number of in te r n a l  r e f l e c t i o n s  

o c c u r .  However, t h e s e  l o s s e s  become very ser ious  in  f i b e r  o p tic s  

s in ce  each l ig h t  ray may undergo hundreds o r  th o u san d s  of r e f l e c ­

t io n s  as i t  passes through the f ib e r  (15 ) .

When the f ib e r s  a re  brought in to  con tac t  w ith  one a n o th e r  th e  

leakage of l ig h t  from one f ib e r  to  an ad jacen t f ib e r  can occur. This 

i s  c a l le d  o p t ic a l  c ro s s ta lk  and a r i s e s  due to  the  p en e tra t io n  of the  

e l e c t r o m a g n e t i c  f i e l d  i n t o  a r a r e r  medium d u r in g  t o t a l  in te rn a l  

r e f l e c t i o n .  Attempts to  p re v e n t  th e  le ak a g e  in c lu d e  c o a t in g  th e  

f i b e r s  w ith  a h ig h ly  r e f l e c t i n g  m a t e r i a l  such as s i l v e r ,  but the 

sm a l l  amount of a b s o r p t io n  by th e  m e ta l  w ith  every  r e f l e c t i o n  

d e s t r o y s  th e  t r a n s m i s s i o n  e f f i c i e n c y  of the f i b e r s .  The use of a 

t ra n sp a ren t  d i e l e c t r i c  c o a t in g  make i t  p o s s ib l e  to  m inim ize th e  

l e a k a g e  w h ile  m a in ta in in g  a h ig h  t r a n s m is s io n  e f f i c i e n c y .  A 

t ra n sp a ren t  g la ss  co a ting  or cladding of low r e f r a c t i v e  index  over 

th e  h ig h e r  r e f r a c t i v e  index f ib e r  i s  one way of accomplishing th is  

(1 6 ) .  This a lso  perm its  t i g h t ly  packing of the cladded f i b e r s  i n t o  

bundles with each f i b e r  conducting l i g h t  independently .

O ptical f ib e r s  a re  b a s i c a l l y  w aveguides f o r  e l e c t r o m a g n e t i c  

r a d ia t io n  a t  o p t i c a l  frequencies  but many of th e i r  p ro p e r t ie s  can be 

expressed in  terms of geometric o p t ic s .  The numerical a p e r a tu r e  of 

o p t i c a l  f i b e r s  i s  a measure of the l i g h t  ga thering  power as in  the 

case of simple lens  o p t ic s  and i s  one of the  p r in c ip a l  p ro p e r t ie s  of
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a f i b e r  o r  a bund le  of f i b e r s .  Figure 1 shows two types of cy l in ­

d r i c a l  f i b e r s ,  (a) uncoated and (b) coated with l i g h t  e n t e r in g  th e  

f i b e r  and r e f l e c t i n g  from th e  innermost in te r f a c e  a t  the c r i t i c a l  

a n g le  l c< The c r i t i c a l  an g le  i s  th e  l a r g e s t  a n g le  a t  which an 

en te r in g  ray can be r e f le c te d  t o t a l l y  thus d e te rm in in g  th e  maximum 

angle from the m erid ional ray which can be accepted fo r  transm ission  

along the f i b e r .  The same condition  e x i s t s  a t  the  o th e r  end of th e  

f ib e r  w ith  the  emerging l i g h t  (17 ) .

The n u m erica l  ap e ra tu re ,  N.A., of a f ib e r  o p t ic  element can be 

derived from S n e l l ' s  Law and may be ca lc u la te d  from Equation 1:

N.A. ■ n^sin  « ^n i^” 

w here n ^ ,  n£ and n^ a r e  th e  r e f r a c t i v e  i n d i c e s  f o r  th e  co re  

m a t e r i a l ,  th e  c la d d in g  m a t e r i a l  and th e  medium su r ro u n d in g  th e

i n c i d e n t  o r  em ergen t r a y ,  r e s p e c t i v e l y .  From th e  N.A. one may

c a lc u la te  the f/Number by Equation 2:

f/Number * N.A./2

As the s iz e  of the f ib e r  i s  reduced  th e  l i m i t i n g  a n g le  i s  n o t  as 

s h a r p ly  de fined  as the  formula im p lie s .  Factors tending to  d i f fu se  

the  acceptance an g le  a r e  d i f f r a c t i o n ,  s t r i a e  and s u r f a c e  i r r e g ­

u l a r i t i e s  on the  f i b e r  w a l ls .  As a r e s u l t ,  i t  i s  bes t  to  assume the

e f f e c t iv e  N.A. to be somewhat l e s s  than the c a lc u la te d  N.A.

In g la ss -co a ted  g la s s -c o re  f ib e r s  th e re  i s  a f a i r l y  la rg e  range 

of r e f r a c t iv e  in d ices  to choose from. By s e le c t in g  various  p a irs  of 

g l a s s e s  i t  i s  p o s s i b l e  to  o b ta in  a lm o s t  any v a lu e  o f  n u m erica l  

apera tu re  up to about 1.2 fo r  v i s ib le  s tu d ie s  and down to  as sm all
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OC Axial Ray

Meridonal Ray

a .  Uncoated F ib e r

A xial Ray

Meridonal Ray

b . Coated F ib e r

F igure  1. L im iting  Meridonal Ray in  an O p tica l  F ib e r .
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an amount as d e s i r e d ,  l im i t e d  by the  v a r ia t io n s  in  the  r e f r a c t iv e  

index in  the  m a te r ia ls  them selves  (1 8 ) .  In ch o o s in g  th e s e  g l a s s  

p a i r s ,  t h e i r  m u tu a l  compatability must a lso  be considered  such as: 

chemical and thermal com patab ili ty , s t a b i l i t y ,  l i g h t  a t te n u a t io n  and 

c o s t .  In  g e n e r a l  th e  higher the r e f r a c t iv e  index o f the  co re ,  the 

h igher the  N.A., but the  lower the transm ittance  in  the b lu e  re g io n  

o f  th e  sp e c tru m . The r e l a t i o n s h i p  betw een r e f r a c t i v e  index and 

x  wavelength i s  i l l u s t r a t e d  in  Figure 2.

The g la s se s  normally used in  f ib e r  o p t ic s  t ransm it l i g h t  in  the 

v i s ib l e  re g io n ,  400-1300 nm. F ig u re  3 shows th e  nom ina l t r a n s ­

m is s io n  c h a r a c t e r i s t i c s  f o r  a g l a s s  c o re  commonly used in  f ib e r  

o p t ic s  (19 ) .  Glass s t ro n g ly  a t t e n u a t e s  e l e c t r o m a g n e t i c  r a d i a t i o n  

beyond 1300 nm. An a rsen ic  t r i s u l f i d e  g la s s  core (nQ = 2 .47) and a 

m o d if ie d  a r s e n i c  s u l f i d e  c lad d in g  (n^  =» 2 .4 1 6 )  i s  a v a i la b le  fo r  

i n f r a r e d  t r a n s m i s s i o n  up to  seven m ic ro n s .  I t s  t r a n s m is s io n  

c h a r a c t e r i s t i c s  a r e  shown in  Figure 4 (20 ) .  For wavelengths below 

350 nm where again g la s s  a t t e n u a t e s  s e v e r e l y ,  u l t r a v i o l e t  t r a n s ­

p a r e n t  m a te r ia l s  a re  necessary fo r  the  core and c ladding  m a te r ia l s .  

Due to  chemical and physica l d i f f i c u l t i e s  a s s o c i a t e d  w i th  most of 

th e s e  m a t e r i a l s ,  q u a r t z  appears  to  be th e  b e s t  c o re  m a t e r i a l  

a v a i lab le  a t  th i s  tim e. F ig u re  5 i l l u s t r a t e s  th e  nom ina l t r a n s ­

m is s io n  c h a r a c t e r i s t i c s  f o r  a m id -u l t r a v io le t  f i b e r  o p t ic s  bundle 

( 21).

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



9

x<u•ocH
<D
54J
Ont
)-i«W<U

PS

§
2

1.9-

LaSF-9

1 . 6 .

■»- Bak-1

UBK-7
TT rTT

300 500 700
Wavelength (nm)

900

Figure 2. R e la t io n sh ip  Between Mean R efrac tiv e  Index and 
Wavelength

i:

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



10

1.00  ■

0.80 •

g 0.60 '
c(0
4-1
4 J
•Hecn
c 0.40 - co h H

0.20  ■

0.00
400200 600 800 16001000 14001200

Wavelength (nm)

Figure  3. R e la t iv e  Transmittance Curve of a 6 f t .  F iber Bundle

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



11

1.001

0.80-

2 0 .60- 
S
4 J4J•H
8
§
2 0.40 '
H

0.20

0.00
14010080

Wavelength (Microns)

F igure 4. R e la t iv e  Transm ittance Curve fo r  a Coated Arsenic 
T r i s u l f id e  F ib e r  Bundle

I;

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



T
ra

ns
m

it
ta

nc
e

12

200 400 600 800 1000

Wavelength (nm)

Figure 5. Nominal Transmittance fo r  a Mid-UV F iber  Optic Bundle.

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



13

A pplications

F ib e r  o p t i c s  have been u s e f u l  in  the so lu t io n  of many unique 

o p t ic a l  problems. One of the e a r l i e r  a p p lic a t io n s  was t h e i r  use fo r 

the  reading of computer tapes and cards (2 2 ) .  The medical f i e l d  has 

a lso  made s ig n i f i c a n t  use of f ib e r  o p t ic s ;  fo r  example "co ld  l i g h t "  

can be o b ta ined  over a surgeons opera ting  ta b le  by piping i t  from a 

source in  an o th e r  room. T h is  same type  of i l l u m i n a t i o n  i s  a l s o  

advan tageous  on microscope s ta g e s .  The development fo r  viewing the 

a l im e n ta r y  c a n a l  and b r o n c h ia l  tu b e s  as w e l l  as th e  h e a r t  and 

v iew in g  o f  f e t u s e s  a r e  o th e r  advances in  the medical f i e l d  due to 

f ib e r  o p t ic s .  The use of f i b e r s c o p e s  in  th e  a u to m o tiv e  i n d u s t r y  

makes i t  p o ss ib le  to  examine the inner workings of machines without 

following conventional methods (24).

Many components of conventional spec tro scop ic  systems are  being 

r e p la c e d  by f i b e r  o p t i c s .  The o p t i c a l  f i b e r s  can be used f o r  

s c a n n in g  t h i n - l a y e r  chromatograms and m easuring  t h e i r  d i f f u s e  

r e f le c ta n c e .  In th i s  type of system a second f i b e r  bundle  can be 

used to monitor the blank space ad jacen t to  the spots fo r  background 

v a r ia t io n  c o r r e c t i o n s .  T h is  doub le  beam o p e r a t io n  a l s o  used in  

o th e r  a n a ly t ic a l  techniques such as f lu o r im e try ,  e le c t ro p h o re s is  and 

m onitoring p a r t i c u la te  and th in  film s during vacuum d e p o s i t io n . (25). 

O p t i c a l  f i b e r s  a re  a lso  used fo r  the determ ination  of c o lo r im e tr ic  

end po in ts  with the f i b e r  o p t ic  bundle e lim ina ting  the  need f o r  th e  

sample c e l l .  A two bundle design using one f ib e r  bundle to  conduct 

l i g h t  to the  sample and th e  o th e r  to  c a r r y  l i g h t  t h a t  has passed
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th ro u g h  th e  s o l u t i o n  to  a p h o to c e l l  has been r e p o r t e d  ( 2 6 ,2 7 ) .  

Another adap ta tion  fo r  co lo rim eter  usage  i s  th e  p robe  c o l o r i m e t e r  

where h a l f  th e  f i b e r  bundle transm its  l i g h t  in to  the  t e s t  so lu t io n  

and the l i g h t  i s  re tu rned  to  the  instrum ent by the  o th e r  h a l f  a f t e r  

be in g  r e f l e c t e d  by a m irror a t  a f ix ed  d is tan ce  from the  end o f the 

f i b e r  o p t ic  bundle (28-30).
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CHAPTER II

RAPID SCAN FIBER OPTIC SPECTROPHOTOMETERS 

Advantages

F iber Optic Spectrometers

C o n v en t io n a l  spectrophotom eters re q u ire  the t r a n s f e r  of sample 

to a cu ve tte  f o r  o b t a in in g  s p e c t r a .  A f i b e r  o p t i c  s p e c t ro m e te r  

p ro v id e s  f o r  d i r e c t  p lacem en t of th e  f i b e r  o p t i c  probe in to  the 

sample, thus allowing the measurement o f  ab so rb an ce  in  s i t u .  The 

f i b e r  o p t i c  sy s tem s o f f e r  o th e r  a d v an ta g e s  over th e  t r a d i t i o n a l  

cuvette  system such as m in im iz in g  th e r m a l ,  v i b r a t i o n a l  and o th e r  

e n v iro n m e n ta l  f a c t o r s  which might a f f e c t  the absorbing spec ies  and 

i t s  measurement. The sm all  s i z e  of th e  o p t i c a l  b u n d le s  can a l s o  

allow measurement of very small samples and in  some in s tan ces  s in g le  

f ib e r s  fo r  in  vivo a n a ly s is .  The f l e x i b i l i t y  of the f i b e r s  p e rm its  

rem ote  m o n i to r in g  o f  h ighly  ra d io a c t iv e  samples as w ell as samples 

over wide ranges o f  temperature and p re s su re .

Rapid Scanning Spectrophotometers

Rapid scann ing  spectrophotom eters permit the monioring of f a s t  

re a c t io n s  through r e p e t i t i v e  scanning. High scan  sp eed s  a llow  f o r  

e s s e n t i a l l y  s im u l ta n e o u s  w avelength  m onitoring . A rap id  scanning

15
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system i n  c o n j u n c t io n  w i th  a m ic ro p ro c e s s o r  or  computer  o f f e r s  o th e r  

advantages  such as t ime averag ing  i n  o rd e r  to  a c c o m o d a te  e x t e n s i v e  

d a t a  h a n d l i n g  o p e r a t i o n s  when low s i g n a l - t o - n o i s e  r a t i o s  a r e  

e n c o u n t e r e d  i n  s i n g l e  beam s y s t e m s  w h i l e  s t i l l  r e t a i n i n g  h i g h  

p r e c i s i o n ,  dynamic range  and r e s o l u t i o n .

The e f f e c t  of  coup l ing  a r a p i d  scanning  s p e c t r o p h o t o m e t e r  w i t h  

f i b e r  o p t i c s  combines th e s e  c h a r a c t e r i s t i c s  to  p rov ide  an ex t remely  

v e r s a t i l e  sys tem.  A d d i t i o n a l l y  such an i n s t r u m e n t  can  be u s e d  to  

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

d i m e t r i c ,  o r  n e p h e lo m e t r ic  t i t r a t i o n s ,  k i n e t i c  s t u d i e s ,  and f l u o ­

r e s c e n c e  m o n i t o r i n g .  The a p p l i c a t i o n  of  m ic ro p ro c e s s o r  o r  computer  

c o n t r o l  and d a t a  m a n i p u l a t i o n  makes s p e c t r a l  d e r i v a t i z a t i o n  on 

f e a s i b l e ,  th u s  enhanc ing  minor s p e c t r a l  f e a t u r e s  i n  the  s p e c t r a .

Design and C o n s t ru c t io n

Design P r i n c i p l e s

Optics

T h e r e  a r e  two e f f e c t  two systems f o r  o b ta in in g  r a p id  s p e c t r a l  

s c a n n i n g :  t h e  d i o d e  a r r a y  d e t e c t o r  and t h e  s c a n n i n g  g r a t i n g

m o n o c h ro m a to r .  A t y p i c a l  d iode  a r r a y  c o n s i s t s  o f  a row o f  s i l i c o n  

p h o to d io d e s ,  each w i th  an a s s o c i a t e d  s t o r a g e  c a p a c i t o r  f o r  i n t e ­

g r a t i o n  o f  t h e  p h o t o c u r r e n t  and a m u l t i p l e x e r  sw i tch  f o r  readout  

(3 1 ) .  Th i s  i s  i l l u s t r a t e d  i n  F igure  6. The l i g h t  i n c i d e n t  on t h e  

s e n s i n g  a r e a  p e r m i t s  t h e  p a s s a g e  of  charge  which i s  c o l l e c t e d  and
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s t o r e d  d u r i n g  t h e  i n t e g r a t i o n  p e r i o d .  The accumulated cha rges  are 

s e q u e n t i a l l y  switched  f o r  o u t p u t .  The p h o t o c u r r e n t  i s  t h e  p r o d u c t  

o f  the d iode  r e s p o n s i v i t y  and the  l i g h t  i n t e n s i t y .

The scann ing  monochromator u s u a l l y  c o n s i s t s  o f  a s i n g l e  p a s s  

Czerny-Turner  g r a t i n g  w i th  a p r e c i s i o n  le a d  screw s i n e - b a r  assembly .  

This  s i n e - b a r  assembly d r i v e s  the  d i f f r a c t i o n  g r a t i n g  and p r o v i d e s  

a c c u r a t e  w a v e l e n g t h  s e l e c t i o n  and r e s e t t a b i l i t y  ( 3 2 ) .  A t y p i c a l  

scanning  monochromator system i s  shown i n  F ig u r e  7 .  T h e s e  g r a t i n g  

m o n o c h ro m a to r s  a r e  r e l a t i v e l y  i n e x p e n s i v e  and have good wave leng th  

accuracy .

E l e c t r o n i c s

The p u r p o s e  of  an i n t e r f a c e  i s  to  ac c e p t  th e  e x p e r im e n ta l  da ta  

a n d / o r  p a r a m e t e r s  f ro m  an  i n s t r u m e n t  and  t r a n s m i t  them t o  t h e  

co m p u te r  i n  a c o m p a t a b l e  f o r m a t  a s  w e l l  as  p ro v id in g  a means f o r  

r e v e r s e  communications t o  a l low  the  computer  to  c o n t r o l  t h e  i n s t r u ­

ment. A l l  i n t e r f a c e s  c o n s i s t  of  hardware between th e  i n s t r u m e n t  and 

computer or  i n  the  i n s t ru m e n t  i t s e l f .  The p r o p o r t i o n  of i n t e r f a c i n g  

f u n c t i o n s  t h a t  a r e  p rov ided  va ry  by hardware  and s o f tw a re  w i th  each 

type of i n t e r f a c e .  They may a l s o  v a r y  w i t h  t h e  amount of  d e s i g n  

i n t e r f a c i n g  t h a t  th e  u s e r  must do.

Most i n s t r u m e n t s  p r o v i d e  an analog  o u t p u t .  The purpose  of  an 

analog i n t e r f a c e  i s  to  co n v e r t  the  a n a l o g  s i g n a l  t o  a b i n a r y  form 

t h a t  can  be r e a d  by the  d i g i t a l  compute r .  Analog to  d i g i t a l  (A/D) 

c o n v e r t e r s  a re  c h a r a c t e r i z e d  by t h e i r  r e s o l u t i o n ,  a c c u r a c y ,  c o n ­

v e r s i o n  t ime (maximum th roughpu t )  and t h e i r  dynamic r a n g e .

I:
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T h e r e  a r e  two type s  of  e f f e c t i v e  A/D c o n v e r t e r s  dominating  the

f i e l d .  They a re  the  s h i f t  programmed s u c c e s s i v e  a p p r o x i m a t i o n  and

t h e  d u a l  s l o p e  i n t e g r a t i o n  t y p e s .  In  a dua l  s lo p e  i n t e g r a t i n g  A/D

c o n v e r t e r ,  F i g u r e  8 a ,  t h e  c o n v e r s i o n  i s  a c c o m p l i s h e d  by f i r s t

c h a r g i n g  an i n t e g r a t i n g  c a p a c i t o r  and then  d i s c h a r g i n g  i t  back to

ze ro .  The analog  s i g n a l  i s  used to  charge  th e  c a p a c i t o r  f o r  a f ix e d

t im e  i n t e r v a l ,  de te rmined  by th e  c o n v e r t e r ' s  c lock  r a t e  and d i g i t a l

co u n te r  c a p a c i t y .  Then a f t e r  r e s e t t i n g  t h e  c o u n t e r ,  an i n t e r n a l

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

the c a p a c i t o r  i s  d i s c h a rg e d  back to  z e r o .  The d i g i t a l  c o u n t e r  now

r e g i s t e r s  a c o u n t ,  , w h ich  i s  r e l a t e d  to  the  i n t e r n a l  s t a n d a rd

v o l t a g e ,  E , t h e  i n p u t  s i g n a l  v o l t a g e ,  E , and the  c o u n te r  value  r  s

from the  i n p u t  s i g n a l ,  N , as  shown i n  Equat ion  3:s

Nr  -  <Er /E s ) * Ns  (3)

S i n c e  E and N a r e  f i x e d  by th e  c i r c u i t  p a r a m e te r s ,  the  s t a t e  ofs s

the  d i g i t a l  c o u n t e r  a t  th e  end of  t h e  c o n v e r s i o n  w i l l  be l i n e a r l y

p r o p o r t i o n a l  to  E^, and may thus  be e a s i l y  s c a l e d  and read d i r e c t l y

(33) .

Dual s lo p e  i n t e g r a t i n g  A/D c o n v e r t e r s  have many advan tages  over 

s u c c e s s iv e  a p p r o x i m a t i o n  c o n v e r t e r s .  S in c e  t h e  i n p u t  s i g n a l  i s  

i n t e g r a t e d  over  p r e c i s e  time i n t e r v a l s ,  t h e  convers ion  i s  e f f e c t i v e  

in  no isy  e l e c t r i c a l  e n v i r o n m e n t s .  T h e s e  d e v i c e s  a l s o  have  wide 

dynamic ranges  and a lower c o s t  f o r  a g ive n  r e s o l u t i o n  and accuracy .  

However, s in c e  the  c a p a c i t o r  i s  c h a r g e d  and d i s c h a r g e d  w i t h  each  

c o n v e r s i o n ,  t h e  c o n v e r s i o n  speed i s  s i g n i f i c a n t l y  s lower  than  t h a t
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of the  su ccess iv e  approximation co n v er te r .

S h if t  programmed success ive  a p p ro x im a tio n  c o n v e r t e r s ,  F ig u re  

8b , o p e r a t e  by s u c c e s s i v e l y  com paring  th e  analog in p u t w ith  pre­

programmed f r a c t io n s  of a re fe ren ce  s ig n a l  generated by the  computer 

th ro u g h  a d i g i t a l  to  analog (D/A) c o n v e r te r .  As each comparison i s  

made, the  ou tpu t of the  comparator i s  monitored and in te r p r e te d  in to  

g r e a t e r  than  o r l e s s  than s t a t e s .  The comparison process continues 

u n t i l  the  l e a s t  s i g n i f i c a n t  b i t  (LSB) has  been e s t a b l i s h e d  as a 

b in a r y  one o r  z e r o ,  a f t e r  which an end of conversion (EOC) s ig n a l  

in d ic a te s  the  ou tpu t i s  ready fo r  record ing  (34 ) .

Speed i s  the  in h e re n t  advantage of success ive  approximation A/D 

c o n v e r te r s .  Some of th e s e  d e v ic e s  a re  a v a i l a b l e  w i th  c o n v e r s io n  

t im e s  in  th e  nanosecond  range. In near ly  a l l  o th e r  r e s p e c t s ,  e .g .  

c o s t  and r e l i a b i l i t y ,  the  in te g r a t in g  A/D co n v er te rs  a re  su p e r io r  to 

the  success ive  approximation A/D c o n v e r te rs .

The conversion  of d i g i t a l  values to p ro p o r t io n a l  analog  v a lu e s  

i s  a n e c e s s a r y  t a s k  t h a t  r e s u l t s  in  d i g i t a l  o p e r a t i o n s  be ing  

understood in  the  analog world. There are  two ty p e s  o f  d i g i t a l  to  

a n a lo g  (D/A) c o n v e r te rs  commonly used , a constan t r e s i s ta n c e  ladder 

network w ith  branches switched in  and out depending on th e  d i g i t a l  

v a lu e  to  be c o n v e r t e d ,  and a summing o p e r a t i o n a l  a m p l i f ie r  with 

b inary  weighted in p u t r e s i s t a n c e s .  Both types r e l a t e  to  th e  ty p e  of 

r e s i s t o r  network used in  the c i r c u i t .

Weighted r e s i s t o r  D/A c o n v e r te rs  in c lu d e  a r e f e r e n c e  v o l t a g e  

sou rce , a s e t  of sw itch es ,  a s e t  of b inary  weighted r e s i s t o r s  and an
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o p e r a t i o n a l  a m p lif ie r  as i l l u s t r a t e d ' i n  Figure 9a . Each b i t  of the 

b inary  in p u t  c o n tro ls  a sw itch , c lo s in g  when th e  v a lu e  i s  a b in a ry  

one and o p en in g  f o r  a b in a ry  z e r o .  When th e  s w i tc h  c lo s e s ,  the 

re fe re n ce  v o ltag e  c ro sses  th e  w e ig h ted  r e s i s t o r s  in  s e r i e s  and a 

c u r r e n t  f lo w s  i n t o  the  summing a m p l i f ie r .  When a l l  the  in p u ts  are 

summed in  the  a m p l i f i e r ,  t h e  o u tp u t  v o l t a g e  o f th e  a m p l i f i e r  i s  

p r o p o r t i o n a l  to  th e  t o t a l  c u r r e n t ,  i . e .  th e  a n a lo g  value  of the 

d i g i t a l  in p u t  code.

The c o n s t a n t  r e s is ta n c e  lad d er  network co n v er te rs  a l s o  con tain  

a r e fe re n c e  vo ltag e  source, a s e t  o f  s w i t c h e s ,  and an o p e r a t i o n a l  

a m p l i f i e r .  I n s t e a d  o f  a s e t  o f  b in a r y  w e ig h ted  r e s i s t o r s ,  they 

c o n t a i n  two r e s i s t o r s  pe r  b i t .  One i s  in  s e r i e s  w i th  th e  b i t  

s w i t c h ,  th e  o th e r  i s  in  the summing l i n e .  Figure 9b shows a simple 

four b i t  c o n v e r t e r  w ith  t h i s  l a d d e r  n e tw o rk .  The s w i tc h e s  must 

s w i tc h  a dc r e f e r e n c e  v o l t a g e  w i th  a h ig h  d e g re e  o f  a c c u r a c y ,  

i d e a l ly  having zero re s i s ta n c e  when closed and i n f i n i t e  r e s i s t a n c e  

when o p e n .  O utpu t r e s i s t a n c e  i s  c o n s t a n t  r e g a r d l e s s  o f  sw i tch  

p o s i t i o n ,  so t h a t  a f ix e d  r e s i s t a n c e  lo a d  does  n o t  p roduce  non - 

l i n e a r i t y  e r r o r s .  Each s w i tc h  c o n t r i b u t e s  i t s  a p p r o p r i a t e l y  

weighted component to the  ou tpu t v o l ta g e ,  r e s u l t i n g  in  a n e t  o u tp u t  

v o l ta g e  th a t  i s  p ro p o r t io n a l  to  the  b inary  inpu t (3 5 ) .

The D/A c o n v er te r ,  p rovid ing  the m icroprocessor w ith th e  means 

f o r  g e n e r a t i n g  the  analog s ig n a l s ,  and the A/D c o n v e r te r ,  providing 

the  means fo r  measuring the  analog s ig n a l s ,  p ro v id e  th e  b a s i s  of a 

c o n v e r s io n  s y s te m . The p e r i p h e r a l  in t e r f a c e  ad ap te r  (PIA) allows
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f o r  com m unication  betw een th e s e  e x t e r n a l  c i r c u i t s  and the  micro­

p ro c e sso r .

O ptic a l  System

The o p t i c a l  com ponents used  i n  th e  c o n s t r u c t io n  of both the 

m icroprocessor c o n tro l le d  and the  computer c o n t r o l l e d  f i b e r  o p t i c s  

r a p id  s c a n n in g  s p e c t r o p h o to m e te r  sy s tem s  a re  th e  same. A Rofin 

Model 6000 m onochrom ator was chosen  f o r  i t s  low c o s t  and h ig h ly  

v e r s a t i l e  system of measuring and d isp lay in g  s p e c t ra .  The accuracy 

of the  u n i t  was improved with a Rofin Model 6001 w a v e le n g th  m arker 

( 3 6 ) .  The R o fin  s i l i c o n  d e t e c t o r  assem bly  was a lso  used in  con­

j u n c t i o n  w i th  th e  i n t e r n a l  t ra n s im p e d an c e  a m p l i f i e r  whose com­

b i n a t i o n  p r o v id e s  f o r  a v e ry  h igh  transimpedance g a in  w ith  medium 

response speed . A complete d e s c r ip t io n  of the  R ofin  system  may be 

found in  Appendix A.

L ig h t  i s  t r a n s m i t t e d  th ro u g h  th e  sample w ith a fo u r  channel 

l i g h t  g u id e .  In o p e ra t io n ,  th re e - fo u r th s  of the  f i b e r  o p t i c  bundle  

t r a n s m i t s  l i g h t  i n t o  th e  sample r e g i o n .  The re m a in in g  f o u r t h  

r e tu rn s  l i g h t  to  the  monochromator u n i t  where the  l i g h t  i s  d ispersed  

i n t o  i t s  component w a v e le n g th s  b e f o r e  im p in g in g  on th e  s i l i c o n  

d e t e c to r .  L ight may be re tu rn ed  to  the  l i g h t  guide by the  probe t i p ,  

F ig u r e  10, on which i s  mounted a back su rface  aluminum oxide m irror 

a t  a s p e c i f ie d  d is ta n c e  from the  end of the  f i b e r  o p t ic  bundle. This 

d i s t a n c e  i s  h a l f  th e  e f f e c t i v e  p a th  l e n g th  s in c e  l i g h t  t r a v e l s  

through the  sample tw ice ,  f i r s t  to  the  m irror and th e n  back to  th e
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l i g h t  g u i d e .  For r e f l e c t a n c e  s t u d i e s ,  the  probe t i p  i s  removed and 

th e  l i g h t  g u i d e  p l a c e d  on t h e  s a m p l e .  Thus  r e f l e c t e d  l i g h t  i s  

r e tu r n e d  to  the  monochromator.

M icroprocesso r  System

Hardware

The H e a th k i t  Model ET-3400 Microcomputer  Lea rn ing  System i s  the 

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

p r o c e s s o r  c o n t r o l l e d  r a p i d  s c a n n i n g  f i b e r  o p t i c  s y s t e m .  The 

H ea th k i t  Model ETA-3400 Memory I /O Accessory was u s e d  as an e x p a n ­

s i o n  u n i t ,  by a d d i n g  T i n y  BASIC and a t e rm in a l  m o n i to r ,  expans ion  

RAM, and aud io  c a s s e t t e  p ro g ram  s t o r a g e ,  t h e  m i c r o p r o c e s s o r  was 

u p g r a d e d  t o  a u s a b l e  s y s t e m .  A s e r i a l  I /O  p o r t  p ro v id e s  commun­

i c a t i o n  to  a Lear S i e g l e r  ADM 3A dumb te rm ina l  w i t h  a baud r a t e  o f  

9 00 .  The A nalog  D e v i c e s  ADC 1140 s u c c e s s i v e  a p p r o x i m a t i o n  A/D 

c o n v e r t e r  was u sed ,  p ro v id in g  high accuracy ,  16 b i t  r e s o l u t i o n ,  h igh  

s t a b i l i t y ,  and a 35 us conve rs ion  t im e .  The ADC 1140 was used w i th  

a Motoro la  MC 6821 " 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 )  f o r  i n t e r ­

f a c i n g  t o  t h e  m i c r o p r o c e s s o r .  The H ea th k i t  Microcomputer  Learn ing  

Sys tem ,  Memory I /O  A c c e s s o r y  and t h e  PIA a r e  d e s c r i b e d  i n  more 

d e t a i l  i n  Appendix B.

Sof twa re

Whatever the  type of  hardware i n t e r f a c e ,  a p p l i c a t i o n s  o f  so f tw are  

must be w r i t t e n  f o r  the  computer to handle the  d a t a  i n  a p r o c e s s i b l e
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fo rm . A c q u is i t io n  of d a ta  takes  p lace  when the instrum ent has da ta  

to send and the  computer i s  prepared to  accept i t .  C o o rd in a t io n  of 

th e  d a t a  t r a n s f e r  i s  p ro v id e d  by th e  handshaking softw are  of the 

c o m p u te r .  In  g e n e r a l ,  th e  han d sh ak in g  p ro c e d u re  i n v o lv e s  th e  

in s t r u m e n t  s e n d in g  a s i g n a l  to  th e  com puter when i t  i s  ready to 

t ra n sm it  d a t a .  I f  th e  com puter i s  read y  to  a c c e p t  th e  d a t a ,  i t  

s en d s  an acknowledgement pulse  on ano ther l in e  and then o b ta in s  the 

d a ta  sen t  by the  in s tru m en t.

The m ic r o p r o c e s s o r  system  m o n i to r s  th e  w a v e le n g th  m a rk e r ,  

tak ing  a read ing  every 10 nm fo r  both b a se l in e  and sample d a t a .  To 

do t h i s ,  th e  m arke r  pulse  v o ltage  must be TTL com patib le , 5 v o l t s .  

Since the  marker pu lse  i s  1.5 v o l t s  fo r  each nm an a m p l i f i c a t i o n  i s  

r e q u i r e d .  T h is  i s  acco m p lish ed  u s in g  an o p e r a t i o n a l  a m p l i f i e r  

c i r c u i t  as i l l u s t r a t e d  in  F ig u re  11, where th e  o u tp u t  v o l t a g e  i s  

a p p ro x im a te ly  t h r e e  t im es  t h a t  of the inpu t v o l ta g e .  The program 

f o r  a c q u i r i n g  d a t a  u s e s  th e  t e n t h  co u n t as a p u l s e  f o r  th e  A/D 

c o n v e r t e r .  As soon  as th e  "end of count" (EOC) pu lse  reaches the 

PIA, the  d a ta  a r e  s t o r e d  in  memory. T h is  c o n t in u e s  u n t i l  ev ery  

w a v e le n g th  v a lu e  has been s to r e d  f o r  b a se lin e  (P^) and sample (P) 

s p e c t r a .  D i v i s i o n  o f th e  an a lo g  v a lu e s  P / P q » r e s u l t s  in  t r a n s ­

m ittance  va lues  fo r  each wavelength. The a lgorithm  and program fo r  

d a t a  a c q u i s i t i o n  and t r a n s m i t t a n c e  c a l c u l a t i o n  may be found in  

Appendix C.

The s o f tw a r e  i n  th e  m icroprocessor system a lso  has two output 

o p t i o n s ,  one f o r  b in a r y  coded d e c im a l  (BCD) r e p r e s e n t a t i o n  of
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t r a n s m i t t a n c e  and t h e  o t h e r  f o r  o u t p u t  t o  t h e  D/A c o n v e r t e r  f o r  

ou tpu t  to  th e  o s c i l l o s c o p e  and x - y  r e c o r d e r  f o r  h a r d  copy o f  t h e  

s p e c t r a .  The a lg o r i th m s  and programs f o r  BCD co n v e r s io n  and ou tpu t  

are a l s o  found i n  Appendix C. The d a t a  from the  BCD convers ion  were 

e n t e r e d  i n t o  a c h r o m a t i c i t y  c o o r d i n a t e  p rogram  on t h e  H e w l e t t -  

Packard Model HP-85 computer .  The program f o r  t h i s  c a l c u l a t i o n  may 

be found i n  Appendix C a l s o .

Block Diagram

The complete  m ic ro p ro c e s s o r  system i s  i l l u s t r a t e d  i n  F igu re  12. 

The l i g h t  i s  t r a n s m i t t e d  th rough  t h r e e  c h a n n e l s  o f  a f o u r  c h a n n e l  

o p t i c a l  c a b l e  t o  t h e  p r o b e  t i p .  The rem a in in g  channe l  t r a n s m i t s  

l i g h t  b a c k  t o  t h e  m o n o c h ro m a to r .  The s i g n a l  g e n e r a t e d  by t h e  

d e t e c t o r  i s  m o n i t o r e d  by t h e  ADC 1140 and t h e  p u l s e  f rom th e  

wave leng th  marker by the  a m p l i f i e r / c o u n t e r  c i r c u i t .  The s i g n a l s  

f rom t h e s e  co m p o n e n t s  go to  the PIA and then to  the m ic ro p ro ces s o r  

f o r  d a t a  s t o r a g e  and m a n ip u la t io n .

A p p le / I s a a c  System

Hardware

Cyborg C o r p o r a t i o n ’ s i n t e g r a t e d  s y s t e m  f o r  a u t o m a t e d  d a t a  

a c q u i s i t i o n  and c o n t r o l  (ISAAC) o f f e r s  t h e  c a p a c i t y  f o r  e n h a n c e d  

p e r f o r m a n c e  w i t h  t h e  I n t e g r a t i o n  o f  s o f t w a r e  and h a r d w a r e  com­

ponen t s .  The A/D and D/A c o n v e r t e r s  employed  a r e  m a n u f a c t u r e d  by
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A nalog  D e v i c e s .  The  a n a l o g  i n p u t s  w i l l  accomodate s e v e r a l  s e l e c ­

t a b l e  v o l t a g e  r a n g e s ,  making f o r  a f u l l  r a n g e  o f  i n p u t  v o l t a g e s  

e x t e n d i n g  f rom 0 . 2 5  t o  100 v o l t s .  Channel a c q u i s i t i o n  t ime i s  100 

us and co n v e r s io n  time i s  25 u s ,  fo r  a t o t a l  o f  125 us p e r  s a m p l e .  

H owever ,  u s i n g  m a ch in e  language g r e a t l y  i n c r e a s e s  ISAAC’S sampling 

r a t e  w i thou t  convers ion  t ime p e n a l t i e s .

The D/A o u t p u t s  span the same v o l t a g e  range as the  A/D i n p u t s .  

The b in a ry  i n p u t s  and o u tp u t s  a re  a v a i l a b l e  a t  s e p a r a t e  t e r m i n a l s  

and can  be t r e a t e d  as p a r a l l e l  1 6 - b i t  words,  b ina ry  coded decimal 

d a t a  or  as  32 s e p a r a t e  c h a n n e l s .  The S c h m i t t  t r i g g e r  i n p u t  s u b -  

assembly has four  s e p a r a t e  i n p u t s  w i th  t h e i r  th r e s h o ld  l e v e l s  s e t  by 

e i t h e r  f r o n t  panel  p o t e n t io m e te r s  o r  e x t e r n a l  r e f e r e n c e s .

The 1 6 - b i t  t i m e r / c o u n t e r  has  1 ms r e s o l u t i o n  and i s  c r y s t a l  

c o n t r o l l e d  us ing  the c e n t r a l  p ro ces s in g  u n i t ’s c l o c k .  The c o u n t e r  

has  one low l e v e l  ana log  in p u t  and seven TTL l e v e l  m u l t ip l e x e d  c lock  

i n p u t s .  The f i b e r  o p t i c  scanning  spec t ropho tom ete r  system u t i l i z e s  

t h e  A/D c o n v e r t e r s ,  t h e  t i m e r / c o u n t e r  and the Schmitt  t r i g g e r s  of 

t h e  ISAAC d a t a  a c q u i s i t i o n  system.

Sof tware

L a b s o f t ,  an e x t e n d e d  v e r s i o n  o f  A p p l e s o f t  BASIC, o f f e r s  an 

a d d i t i o n a l  f o r t y  new i n p u t / o u t p u t ,  g r a p h i c s  and u t i l i t y  commands,  

t a i l o r i n g  A p p le so f t  to  the  d a t a  a c q u i s i t i o n  t a s k .

As i n  the  m i c r o p r o c e s s o r  s y s t e m  the  w a v e l e n g t h  m a rk e r  p u l s e  

a c t s  as  t h e  i n i t i a l i z i n g  p u l s e .  The pu lse  inpu t  c a l l s  an assembly 

based i n p u t / s t o r a g e  s u b r o u t i n e ,  TRANSIENT.OBJ. L a b s o f t ,  a l o n g  w i t h
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t h e  memory a v a i l a b l e  i n  t h e  A p p le ,  a l l o w s  f o r  s i g n a l  a v e ra g in g ,  

t r a n s m i t t a n c e  and absorbance  c a l c u l a t i o n s ,  d e r i v a t i z a t i o n s , k i n e t i c  

c a l c u l a t i o n s ,  and end p o in t  d e t e r m i n a t i o n s .  I t  a l s o  p ro v id e s  f o r  a 

g r a p h ic s  o p t io n  and d a t a  s t o r a g e / r e t r i e v a l  to / f rom  the  d i s k .

The a s s e m b l y  b a s e d  s u b r o u t i n e  f o r  i n p u t  and s t o r a g e ,  

TRANSIENT.OBJ s t o r e s  d a t a  va lues  in a preprogrammed a r ray  fo r  e i t h e r  

b a s e l i n e  o r  s am p le  d a t a .  The ze ro  r e a d in g  i s  then s u b t r a c t e d  from 

each d a t a  p o i n t  and the b a s e l i n e  s c a l i n g  f a c t o r  c a l c u l a t e d  f o r  a 

maximum r a n g e .  From the se  d a t a  v a l u e s ,  t r a n s m i t t a n c e  o r  absorbance  

a re  c a l c u l a t e d  and then p r i n t e d ,  p l o t t e d ,  d e l e t e d ,  s t o r e d  o r  a l l  

o p t i o n s .

I f  t h e  u s e r  d e s i r e s  d e r i v a t i z a t i o n , b o t h  t r a n s m i t t a n c e  and 

absorbance  o p t i o n s  are a v a i l a b l e  fo r  enhanc ing s p e c t r a l  s e n s i t i v i t y .  

D e r i v a t i v e s  a l low f o r  p r e c i s e  wave leng th  d e t e rm in a t io n  of  a b s o rp t io n  

maxima, improved r e s o l u t i o n  of  a spectrum and a l so  f o r  q u a n t i t a t i v e  

d e t e r m i n a t i o n s  i n  m u l t i c o m p o n e n t  s y s t e m s  o r  i n  t h e  p r e s e n c e  of 

t u r b i d i t y  (2 9 ) .

The p ro g ram  and f lo w  c h a r t s  f o r  the Apple/ISAAC sys tem,  with  

a l l  the  o p t i o n s  combined i n t o  a use r  f r i e n d l y  main p r o g r a m ,  may be 

found in  Appendix D.

Block Pi agram

The c o m p l e t e  Apple / ISSAC s y s t e m  i s  i l l u s t r a t e d  in  F igure  13. 

As in  the  m ic ro p ro ces s o r  s y s t e m ,  t h e  l i g h t  i s  t r a n s m i t t e d  to  t h e  

p r o b e  t i p  by t h r e e  c h a n n e l s  o f  an o p t i c a l  g u i d e  w i t h  the  fo u r th  

channel  r e t u r n i n g  the l i g h t  to the monochromator u n i t .  The s i g n a l s

I: '
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from th e  d e t e c t o r  and th e  w a v e le n g th  marker are  monitored by the 

ISAAC u n i t s  A/D co n v e r te r  and th e  S c h m it t  t r i g g e r ,  r e s p e c t i v e l y .  

The ISAAC u n i t  then t r a n s f e r s  the  d a ta  to  the  Apple f o r  m anipulation 

and s to ra g e .
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CHAPTER I I I

RAPID SCANNING FIBER OPTICS SPECTROPHOTOMETER APPLICATIONS

I n t r o d u c t i o n

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

s p e c t r o p h o t o m e t e r  was t e s t e d  u s i n g  e s t a b l i s h e d  a n a l y t i c a l  p roce­

d u re s .  The m i c r o p r o c e s s o r  s y s t e m  was u sed  to  o b t a i n  r e f l e c t a n c e  

d a t a ,  show ing  one o f  t h e  many p o t e n t i a l  a p p l i c a t i o n s .  The Apple/ 

BASIC s y s t e m  was u sed  t o  o b t a i n  t r a n s m i t t a n c e  and a b s o r b a n c e  

s p e c t r a ,  b o t h  w i t h  and w i t h o u t  d e r i v a t i v e s ;  t o  s t u d y  a k i n e t i c  

system a t  normal and e l e v a t e d  t e m p e r a t u r e s ;  and to  d e t e r m i n e  end 

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

re scence  end p o i n t s .  The p r e c i s i o n  o f  t h e  Apple s y s t e m  was e v a l ­

ua ted  by the  s t a n d a r d  d e v i a t i o n  from the  mean of  the  d a t a .

Since the  i n t e n s i t y  of  the mercury vapor c a l i b r a t i o n  lamp was 

lower than r e q u i r e d  f o r  c a l i b r a t i o n  p u rp o s e s ,  a holmium oxide  f i l t e r  

and a d idymium g l a s s  c a l i b r a t i o n  f i l t e r  were u s e d  as  t o o l s  f o r  

w a v e l e n g t h  c a l i b r a t i o n .  The holmium o x i d e  f i l t e r ,  w i th  s h a rp e r  

peaks ,  was used as a primary  c a l i b r a t i o n  s o u r c e .  A r e p r e s e n t a t i v e  

s p e c t r u m  i s  shown i n  Figure 14. The didymium f i l t e r  was then used 

to  check the  waveleng th  c a l i b r a t i o n ,  a t y p i c a l  s p e c t r u m  i s  i l l u s ­

t r a t e d  in  F igure  15.
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F igure  14. Holmium Oxide C a l ib ra t io n  F i l t e r  Standard Compared With 
Spectrum Obtained From F ib e r  Optic Spectrophotometer.
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F igure  15. Didymium C a l ib ra t io n  F i l t e r  Spectrum Compared to  Spectrum 
Obtained From F iber  Optic Spectrophotom eter.
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The s p e c t r a l  t r a n s m i t t a n c e s  and absorbances of  aqueous s o lu ­

t i o n s  of  copper s u l f a t e  and c o b a l t  ammonium s u l f a t e  were  used  t o  

ch e c k  t h e  pho to m e t r i c  s c a l e  o f  the scann ing  s p e c t ro p h o to m e te r .  The 

r e s u l t s  may be found i n  Tab les  1 and 2 f o r  the s o l u t i o n s  o f  c o p p e r  

s u l f a t e  and c o b a l t  ammonium s u l f a t e ,  r e s p e c t i v e l y .

Data

M icroprocesso r  System

The m i c r o p r o c e s s o r  c o n t r o l l e d  r a p i d  s c a n  f i b e r  o p t i c s  spec­

t ro p h o to m e te r  was used to  measure the r e f l e c t a n c e  s p e c t r a  of  co lo red  

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

Bausch & Lomb Model S p e c t ro n i c  20 with  the  r e f l e c t a n c e  a t t a c h m e n t .  

E i g h t  d i f f e r e n t  s a m p l e s  were  e x a m in e d ,  t h e  t r a n s m i t t a n c y  va lues  

o b ta in e d  and the  c h r o m a t i c i t y  c o o r d in a t e s  c a l c u l a t e d .  Tab le  3 shows 

t h e  r e s u l t s  of  the  r e f l e c t a n c e  s tu d y .  The c h r o m a t i c i t y  c o o r d in a t e s  

o b ta in ed  from the  m ic rop roces so r  sy s tem  c o r r e l a t e  w e l l  w i t h  t h o s e  

from the S p e c t ro n i c  20.

Apple/ISAAC System

Absorbance and D e r iv a t iv e  S pec t ra

To t e s t  t h e  v e r s a t i l i t y  of  t h e  s p e c t r o p h o t o m e t r i c  s y s t e m ,  

s e v e r a l  s t u d i e s  were  under taken .  Absorbance s p e c t r a  of  KMnÔ  were 

o b ta in e d  w i th  t h e  Apple/ISAAC s y s t e m  and t h e n  compared  to  t h o s e  

o b t a i n e d  from a Beckman Model DU-6 s p e c t r o p h o t o m e t e r  as shown in
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Table 1

Values o f  Transm ittancv f o r  S tandard Copper S u l f a te  S o lu tion

Wavelength T .L i t TExp

350 .979 .942
60 .986 .951
70 .989 .963
80 .992 .971
90 .994 .972

400 .995 .972
10 .996 .973
20 .996 .975
30 .997 .977
40 .997 .977

450 .997 .980
60 .997 .980
70 .997 .980
80 .997 .979
90 .996 .979

500 .994 .975
10 .991 .970
20 .987 .969
30 .982 .965
40 .975 .963

550 .965 .956
60 .951 .939
70 .935 .929
80 .9 1 4 .910
90 .888 .889

600 .855 .856
10 .816 .815
20 .772 .773
30 .719 .720
40 .6 6 1 .660

650 .597 .595
60 .532 .535
70 .466 .465
80 .406 .404
90 .348 .351
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Table 2

Values o f  Transmittancy fo r  S tandard Cobalt Ammonium S u lfa te

Wavelength T .

350 .991 .974
60 .991 .974
70 .989 .970
80 .985 .966
90 .980 .964

400 .972 .959
10 .962 .945
20 .950 .937
30 .925 .908
40 .887 .867

450 .837 .828
60 .789 .772
70 .756 .749
80 .733 .729
90 .713 .711

500 .686 .664
10 .670 .647
20 .678 .674
30 .716 .712
40 .774 .734

550 .837 .803
60 .892 .868
70 .932 .899
80 .953 .907
90 .964 .912

600 .969 .920
10 .972 .922
20 .974 .929
30 .975 .930
40 .975 .930

650 .976 .946
60 .978 .949
70 .980 .942
80 .983 .945
90 .985 .947
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Table 3

C hrom atic ity  Coordinates o f  S e lec ted  Samples

Color X
S pec tron ic  20 

Y Z X
F ib e r  Optic 

Y Z

Pink (1) .3592 .3026 .3382 .3591 .3029 .3389

Pink (2) .3217 .3189 .3593 .3215 .3185 .3600

Orange (1) .3888 .3637 .2455 .3882 .3639 .2479

Orange (2) .3901 .3687 .2411 .3897 .3688 .2415

Green .2920 .3555 .3525 .2922 .3549 .3592

Yellow .3703 .4034 .2263 .3700 .4041 .2259

Blue-green .2875 .3126 .3999 .2872 .3129 .3999

O ff-w hite .3206 .3286 .3508 .3189 .3297 .3514
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Figure  16. Comparison o f 0.001M KMnO, Spec tra  From Beckman Model
DU-6 Spectrophotometer ana th e  Computer C on tro lled  Rapid 
Scanning F ib e r  O ptics Spectrophotom eter.
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F i g u r e  16.  The h i g h e r  r e s o l u t i o n  of  the DU-6 was e v i d e n t  from the 

s t a n d a r d  s p e c t r a  o f  CuSO^ and CoS0^(NH^)S0^ s o l u t i o n s ,  n e v e r t h e l e s s  

the g e n e r a l  shape of  the  curve i s  q u i t e  s i m i l a r .  Once t h e  d a t a  i s  

o b t a i n e d  and s t o r e d ,  o t h e r  m a s s a g in g  o p e r a t i o n s  can  be employed 

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

volume c o r r e c t i o n s  f o r  absorbance or  t r a n s m i t t a n c e  measurements.  To 

i l l u s t r a t e  th e  d e r i v a t i v e  t e c h n iq u e ,  the  f i r s t  and s e c o n d  d e r i v a ­

t i v e s  o f  KMnO^ s p e c t r a  from the Apple/ISAAC system compared to  the 

s p e c t r a  from the Beckman Model DU-6 are shown i n  F i g u r e  17.  S i n c e  

t h e  Beckman s y s t e m  has  l i t t l e  a v a i l a b l e  memory f o r  d a t a  s t o r a g e ,  

each spectrum ob ta ined  r e q u i r e d  the sample to be rescanned  w i t h  t h e  

i n s t r u m e n t  i n  t h e  c o r r e s p o n d i n g  d e r i v a t i v e  mode. Thus the  Apple/ 

ISAAC system i s  much f a s t e r  than the DU-6 in  th e se  a p p l i c a t i o n s ,  but  

a t  the expense of  some r e s o l u t i o n .

K i n e t i c s  Photometer

T h e  a b s o r p t i o n  specL ra  of  both t h e  b l u e  and t h e  v i o l e t  forms of 

e t h y l e n e d i a m i n e t e t r a a c e t i c  (EDTA) complex with  ch rom ium (II I )  io n  and 

t h e  d e p e n d e n c e  o f  t h e s e  fo rms  on t e m p e r a t u r e  and on hydrogen ion  

c o n c e n t r a t i o n  were used to  i l l u s t r a t e  the k i n e t i c s  a p p l i c a t i o n s  of  

t h e  s y s t e m  ( 3 7 , 3 8 ) .  A 0 .0528t i  C r ( ' I I I )  s o l u t i o n  was p rep a red  by 

d i s s o l v i n g  14.612 g Cr(NO^)^ in  500.0 mL o f  doubly d i s t i l l e d  w a te r .

5 .0  mL of th e  C r ( I I I )  s o l u t i o n  was th e n  added  t o  2 . 0 0  g EDTA i n  

s o l u t i o n ,  enough sodium hydroxide or  n i t r i c  ac id  added to  b r in g  the 

pH t o  5 . 0 2  o r  5 . 5 0 ,  and th e  r e a c t i o n  fo l l o w e d  a t  bo th  30.0°C and 

2 2 . 0 ° C  i n  c o n s t a n t  t e m p e r a t u r e  b a t h s .  The i o n i c  s t r e n g t h  was not
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F igure  17. F i r s t  and Second Order D e r iv a t iv es  o f  0.001M KMnÔ  
S pec tra  Comparison Between F ib e r  Optic Instrum ent 
and Beckman Model DU-6
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c o n t r o l l e d  s i n c e  a c c u r a t e  r a t e  c o n s t a n t  d e t e r m in a t io n  was n o t  the 

o b j e c t i v e  of  the  exper im en t .  Data were taken e v e r y  t h i r t y  m i n u t e s  

over a t h r e e  hour t ime per iod  fo r  pH 5.02 and every  ten  minutes  over 

a one hour t ime pe r iod  f o r  pH 5 .50 .  At the  end of  the t im e  p e r i o d ,  

the s o l u t i o n s  were hea ted  a t  100°C f o r  ten minutes i n  o rd e r  to  al low 

the r e a c t i o n  to  reach comple t ion  and then c o o le d ,  thus  o b t a i n i n g  an 

a b s o r b a n c e  v a l u e  f o r  t h e  u n r e a c t e d  c h r o m i u m ( I I I )  a s  shown i n  

Equation A:

AC r ( I I I )  = A -  At

The appa re n t  r a t e  c o n s t a n t  i s  o b ta in e d  by p l o t t i n g  log  (A “A )

v e r sus  t ime as shown in  F igure  18 f o r  t h e  pH 5 .0 2  k i n e t i c  s y s t e m .  

T a b l e  A shows t h e  e x p e r i m e n t a l l y  o b ta in e d  r a t e  c o n s t a n t s  f o r  t h i s  

s e r i e s  of  measurements.  The d a t a  i n d i c a t e s  t h a t  pseudo f i r s t  o r d e r  

k i n e t i c s  a r e  fo l lowed  when the  pH i s  he ld  c o n s t a n t .

Pho tom e tr ic  T i t r a t o r

S p e c t ro p h o to m e t r i c  measurements may be employed i n  l o c a t i n g  the  

eq u iva lence  p o i n t  of  a t i t r a t i o n .  A t y p i c a l  s p e c t r o p h o t o m e t r i c  

t i t r a t i o n  c u r v e  c o n s i s t s  of  a p l o t  of absorbance  ve rsus  th e  volume 

of t i t r a n t  a d d e d .  P r o v i d i n g  t h e  c o r r e c t  c o n d i t i o n s  h ave  b een  

chosen,  the  p l o t  c o n s i s t s  of  two s t r a i g h t  l i n e  segments of  d i f f e r e n t  

s lope  with  the  e q u iv a le n c e  p o in t  taken as the i n t e r s e c t i o n  r e s u l t i n g  

from t h e  e x t r a p o l a t i o n  of  t h e  s t r a i g h t  l i n e  segments .  By p la c in g  

the l i g h t  probe i n t o  the t i t r a t i o n  v e s s e l ,  the a b s o r b a n c e  d a t a  a r e  

c o l l e c t e d  a s  t h e  t i t r a n t  i s  added.  I n d i r e c t  t i t r a t i o n s  employ the 

a d d i t i o n  of i n d i c a t o r  whose absorbance i s  observed  as a f u n c t i o n  of
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Figure  18. K in e t ic  P lo t s  fo r  pH 5.02 f o r  C r( I I )  -  EDTA R eaction  
(numbers in d ic a te  t r i a l s ) .

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

t-h 
(D



Table 4

Rate Constants f o r  th e  Reaction Between Chromium ( I I I )  Ion 
and 0.1M E th y len ed iam in e te traace t icA c id  a t  Various Temperatures 

and Hydrogen Ion C oncentrations

Cr ( I I I )  
M illim oles per 

l i t e r
Temp

°C pH
Number 

of runs K x 10^ sec- *

5.8 22.00 5.02 3 0.97 0.06

5.8 22.00 5.50 3 1.14 0.05

5.8 30.22 5.02 3 2.01 0.07

5.8 30.22 5.50 3 2.16 0.10
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added t i t r a n t .

Acid-Base T i t r a t o r

The a p p l i c a t i o n  t o  p h o t o m e t r i c  endpoin t  d e t e c t i o n  was demon­

s t r a t e d  with  v a r io u s  i n d i c t a t o r s  in  n e u t r a l i z a t i o n  r e a c t i o n s  w i t h  

s t a n d a r d  s o l u t i o n s  o f  0.040M NĤ  and 0.010M HC1. The h y d r o c h lo r i c  

a c i d  s o l u t i o n  was p repared  from a one l i t e r  d i l u t i o n  of  an Acculute 

s t a n d a rd  v o lu m e t r i c  s o l u t i o n  prepared  by Anachremia Chemicals  LTD. , 

Champlain, NY. The ammonia s o l u t i o n  was p repared  by d i l u t i n g  7 .6  mL 

o f  30% c o n c e n t r a t e d  ammonia to  one l i t e r .  Then a one to  t e n  

d i l u t i o n  was made fo l lowed  by s t a n d a r d i z a t i o n  a g a i n s t  the 0.010M HC1 

s o l u t i o n  u s i n g  b r o m o c r e s o l  p u r p l e  (pK = 6 . 2 1 )  as  t h e  i n d i c a t o r  

fo l low ing  the  r e a c t i o n  i n  Equat ion  5 (39 ) :

H+ + NH„ NH.+ (pH = 5 .82)  (5)3 4 eq

The bromocresol  pu rp le  v i s u a l  c o l o r  change i s  p u rp le  to  ye l low ,  thus  

r e q u i r i n g  a b s o r b a n c e  measurements of  ye l low to y e l lo w -g r e e n .  This  

was not used out  of  concern t h a t  the r e s o l u t i o n  oC the monochromator 

m ig h t  n o t  a d e q u a t e l y  r e s o l v e  t h e  w a v e l e n g t h s  of  i n t e r e s t .  In an 

e f f o r t  to t e s t  the system with v a r i o u s  c o l o r  c o m b i n a t i o n s ,  b romo-  

thymol b lue  (pK. = 7 . 8 4 ,  blue to  ye l low)  and phenol  red  (pK = 7 . 1 3 ,
3  3

y e l l o w  t o  r e d )  were u s e d .  The r e a c t i o n s  were  f o l l o w e d  a t  t h e

w a v e l e n g t h  of  maximum absorbance  f o r  each co lo red  i n d i c a t o r  s p e c ie s

with the  endpoin t  then being c a l c u l a t e d  f o r  e a c h  w a v e l e n g t h .  The

c i u l p o i u L  was  a l s o  c a l c u l a t e d  a s  a f u n c t i o n  o f  hoLli  w a v e l e n g t h s  s i n c e

as one i n d i c a t o r  s p e c i e s  d i s a p p e a r s ,  t h e  o t h e r  f o r m s .  T h u s ,  by

f o l l o w i n g  b o t h  w a v e le n g th s  and de te rm in in g  when the maximum change
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i n  a b s o r b a n c e  o c c u r s  p e r  volume c h a n g e ,  the r e s u l t s  shou ld  be an 

endpo in t  more a c c u r a t e  than  the  one ob ta ined  from f o l l o w i n g  e i t h e r  

w a v e l e n g t h  i n d e p e n d e n t l y . Th is  method of  endpoin t  d e t e r m i n a t i o n  i s  

i l l u s t r a t e d  i n  F igure  19 for  phenol r e d  i n d i c a t o r  i n  t h e  n e u t r a l ­

i z a t i o n  r e a c t i o n .

The r e s u l t s  o f  an NH^ v s .  HC1 t i t r a t i o n  u s i n g  p h e n o l  r ed  

i n d i c a t o r  and e m p lo y in g  430 and 620 nm as t h e  w a v e l e n g t h s  o f  

i n t e r e s t  a r e  shown i n  T a b l e  5 .  End p o i n t s  ob ta ined  u s in g  bromo- 

thymol b lue  i n d i a c t o r  w i t h  440 and 620 nm as t h e  w a v e l e n g t h s  o f  

i n t e r e s t  may be seen in  Table  6.  The e x p e r im e n ta l ly  de te rm ined  end 

p o in t s  o b ta in e d  us ing  the  s i n g l e  w a v e l e n g t h  method f o r  p h e n o l  r e d  

i n d i c a t o r  a r e  h ig h e r  than the  c a l c u l a t e d  end p o in t  volume. T h i s  i s  

a l so  t r u e  f o r  the  bromothymol b lu e  i n d i c a t o r  a l t h o u g h  t h e  v a l u e s  

u s i n g  t h e  b rom othym ol  b l u e  s e r i e s  a r e  s l i g h t l y  h ig h e r  than  those  

from the  pheno l  r e d  i n d i c a t o r  s e r i e s .  The p r e c i s i o n  o f  t h e  end 

p o i n t s  vo lum es  i s  a c c e p t a b l e ;  when u s i n g  the dua l  w ave leng th  end 

p o in t  t e c h n iq u e ,

t h e  end p o i n t  s t i l l  e x h i b i t s  a s l i g h t l y  p o s i t i v e  b i a s  b u t  th e  

p r e c i s i o n  i n c r e a s e s  even  when v a r y i n g  i n d i c a t o r s .  The u n e q u a l  

m a g n i t u d e s  o f  s c a t t e r e d  l i g h t  can cause s h i f t s  in  the  b a s e l i n e  a t  

the  d i f f e r e n t  w av e le n g th s .  This  can cause a g r e a t e r  u n c e r t a i n t y  i n  

t h e  r e s u l t i n g  e n d p o i n t s  which could account  fo r  the v a r i a n c e  when 

u s in g  the  s i n g l e  w ave leng th  method f o r  end p o in t  d e t e r m i n a t i o n .

Complexomet r i c  T i t r a t i o n s

The EDTA t i t r a t i o n  of  calcium u s in g  calcei .n i n d i c a t o r  may be
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Figure  19. End P o in t  D eterm ination f o r  25mL 0.040M NH, v s .  
0.010M HC1 Using Phenol Red In d ic a to r
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Table 5

D eterm ination of N e u tr a l iz a t io n  Endpoints fo r  0.0100 M HC1 in
25.00 mL 0.0400M NH„ w ith  Phenol Red In d ic a to r  (Expected 

Endpoint Volume 10.04 mL)

Sample Experim entally  Determined Endpoint Volume of HC1
No 430 nm 560 nm combined

    v o l dev v o l  dev vo l dev

1 10.07 0.03 10.09 0.05 10.08 0.04

2 10.12 0.08 10.27 0.23 10.10 0.06

3 10.23 0.19 10.19 0.15 10.13 0.09

4 10.20 0.16 10.15 0.11 10.06 0.02

5 10.28 0.24 10.23 0.17 10.10 0.06

v=10.18 s=0.08 v=10.19 s=0.07 v=10.09 s=0.03

Table 6

D eterm ination o f  N e u t ra l iz a t io n  Endpoints fo r  0.0100M HC1 in
25.00 mL 0.0400M NĤ  w ith  Bromthymol Blue In d ic a to r  (Expected

Endpoint Volume 10.04 mL)

Sample Experim entally  Determined Endpoint Volume o f HC1
No 440 nm 620 nm Combined

vol dev v o l dev___  vo l dev

1 10.10 0.06 10.08 0.04 10.12 0.08

2 10.24 0.20 10.19 0.15 10.17 0.13

3 10.06 0.02 10.10 0.06 10.08 0.04

4 10.32 0.28 10.21 0.17 10.09 0.05

5 10.18 0.14 10.32 0.28 10.14 0.10

v=10.18 s = 0 .10 v=10.17 s= 0 .12 v=10 .12 s=0.04
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u s e d  t o  i l l u s t r a t e  end p o in t  d e t e c t i o n  f o r  a pho tom etr ic  complexa- 

t i o n  t i t r a t i o n .  At the end po in t  f o r  t h e  t i t r a t i o n ,  t h e  c a l c i u m -  

c a l c i e n  com plex  i s  broken by r e a c t i o n  with  excess  EDTA c a u s in g  the 

c o lo r  to  change from the f l u o r e s c e n t  ye l low -g reen  to brown as shown 

in  Equat ion  6:

C a ( I n ) 2+2 + H2Y-2  %  CaY~2 + 2In + 2H+ (6)

An EDTA s o l u t i o n  was p repared  by d i s s o l v i n g  3.72 g EDTA i n  one l i t e r  

of  double  d i s t i l l e d  w a te r .  The 0.02% c a l c e i n  i n d i c a t o r  was p repa red  

by d i s s o l v i n g  20 .0  mg c a l c e i n  i n  1 0 0 .0  mL d o u b ly  d i s t i l l e d  w a t e r  

w i th  0.1011 KOH to  aid  i t s  d i s s o l u t i o n .  A 1.0% KCN s o l u t i o n  was made 

by d i s s o l v i n g  1.0 g KCN i n  100.0 mL doubly d i s t i l l e d  w a t e r .  A 5.0M 

KOH s o l u t i o n  was p r e p a r e d  by d i s s o l v i n g  27.998 g KOH i n  100.0 mL 

d i s t i l l e d  w a t e r .  The EDTA was th e n  s t a n d a r d i z e d  a g a i n s t  a s t o c k  

s o l u t i o n  of  0.012586M CaCO^ s o l u t i o n  as de s c r ib e d  by Diehl  ( 4 0 ) .  The 

r e s u l t s  o f  the c o l o r i m e t r i c  end p o in t s  may be found in  T ab le  7 .  The 

a v e r a g e  e x p e r i m e n t a l  e n d p o i n t  a p p e a r s  to  be n e g a t i v e l y  b i a s e d  

r e l a t i v e  t o  t h e  t i t r a t i o n s  u s in g  v i s u a l  endpoin t  d e t e c t i o n .  This  

may be the  r e s u l t  of  the pho tom etr ic  system being  more s e n s i t i v e  t o  

the  c o l o r  change than  i s  the  eye .

I’Muorometer

F l u o r e s c e n c e  i n t e n s i t y  m e a s u re m e n t s  a l s o  can be used i n  end 

p o in t  d e t e r m i n a t i o n s  us ing  the f i b e r  o p t i c  sys tem.  Since f l u o r e s c e n t  

r a d i a t i o n  i s  em i t t e d  a t  a l l  ang les  to  the e x c i t a t i o n  r a d i a t i o n ,  the 

removal of  the  probe t i p  c o n t a in in g  the m i r ro r  p e r m i t s  e s s e n t i a l l y  

only  em i t t ed  l i g h t  from the s o l u t i o n  to  e n t e r  the f i b e r  o p t i c  p robe .
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Table 7

Endpoint D eterm ination  o f  0.012414M EDTA v s .  lOmL 0.012586M CaCO. 
Using 0.02% C alce in  I n d ic a to r  (Visual Endpoint Volume: 10.14 mL;

Sample Experim enta lly  Determined Endpoint Volume
No pho tom etric  F luorescen t

v o l  d e v ___   vo l dev

1 10-18 0.04 10.26 0.12

2 9.92 -0 .22 10.24 0.10

3 10.23 0.09 10.20 0.06

4 9.82 -0 .3 2 9.98 -0 .16

5 9.88

v=10.01 s= 0 .19 v=10.17 s= 0 .13

Table 8

1 ,2 -D ic h lo ro f lu o re sc e in  Endpoint D eterm ination o f  0.01000M HC1 
v s . 25 mL 0.0400M NHg (Expected Endpoint Volume: 10.04 mL)

Sample
No

E xperim en ta lly  Determined Endpoint Volume 
v o l  dev

1 9.78 -0 .26

2 9.96 -0 .0 8

3 9.88 -0 .16

4 9.68 -0 .36

5 9.72 -0 .32

v=9.80 mL s= 0 .12
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The l i g h t  i s  th e n  r e t u r n e d  to  th e  m onochrom ator where the  f lu o ­

re sce n t  peak i s  i s o la te d  by th e  p h o to m e te r /c o m p u te r  sy s te m . The 

com plexom etric  EDTA t i t r a t i o n  of calcium using c a lc e in  as in d ic a to r  

a lso  e x h ib i t s  f luo rescence  p r io r  to the  endpoint and i s  quenched a t  

the  endpo in t.  The d a ta  fo r  t h i s  t i t r a t i o n  may a lso  be seen in  Table 

7. The s c a t t e r  of d a ta  observed fo r  th e  f l u o r e s c e n c e  te c h n iq u e  i s  

n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  ob ta ined  using the  c o lo r i ­

m etric  end po in t d e te rm in a tio n .  The f luorescence  endpoint d e te c t io n  

a p p e a rs  to  have a p o s i t i v e  b i a s  r e l a t i v e  to  the expected endpoint 

volum e. The re a so n  f o r  t h i s  b i a s  i s  n o t  im m ed ia te ly  o b v io u s .  

P e rhaps  some background f lo u re sc e n t  sp ec ie s  a re  p re sen t  and becomes 

quenched only in  excess of EDTA.

1 , 2 - D i c h l o r o f l u o r e s c e i n  may be employed as an in d ic a to r  fo r  

some n e u t r a l i z a t i o n  r e a c t i o n s .  S ta n d a rd  so lu t io n s  of 0.040M NĤ  

v e r s u s  0.010M HC1, were used  to  in v e s t ig a te  the f lu o re s c e n t  ac id -  

base end po in t c h a r a c t e r i s t i c s .  The same standard  s o lu t io n s  used in  

the  c o lo r im e tr ic  endpoint de te rm ina tions  were employed. As shown in  

T a b le  8 ,  th e  p re c is io n  i s  poorer r e l a t i v e  to  photometric technique. 

Also th e re  a p p ea rs  to  be e v id e n c e  o f  a n e g a t i v e l y  b ia s e d  d e t e r ­

m in a t io n  e r r o r .  T hese  r e s u l t s  m igh t have g r e a t e r  p r e c i s i o n  i f  

f i l t e r s  to  i s o l a t e  th e  e x c i t a t i o n  w a v e le n g th  were used  on th e  

incom ing l i g h t  in  o r d e r  to  remove i n c i d e n t  r a d ia t io n  of the  same 

wavelength as th e  e m i t te d  r a d i a t i o n .  T h is  would r e s u l t  i n  l e s s  

s c a t t e r e d  l i g h t  r e tu r n in g  to  the monochromator. The presence of a 

n e g a t i v e l y  b ia s e d  d e t e r m in a t e  e r r o r  i s  a p p a r e n t  and m ight be

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



e x p l a i n e d  due  t o  t h e  d i s p a r i t y  between the eq u iva lence  p o in t  pH o f  

5.82 v e r s u s  t h e  pH range of  the  i n d i c a t o r  o f  4 - 6  f o r  v i s u a l  s t a n ­

d a r d i z a t i o n  measurements.

Nephelometry and T urb id im e t ry

S c a t t e r e d  r a d i a t i o n  due to  a p a r t i c u l a t e  phase can be measured 

by e i t h e r  n e p h e l o m e t r y  o r  t u r b i d i m e t r y .  T hese  m e a s u re m e n t s  h a v e  

s i m i l a r  o p t i c a l  a r r a n g e m e n t s  as f l u o r e s c e n c e  and a b s o r p t i o n  te ch ­

n i q u e s  e x c e p t  t h a t  t h e y  m easu re  s c a t t e r e d  r a d i a t i o n  i n s t e a d  o f  

a b s o r b e d  r a d i a t i o n .  Nephelometr ic  measurements can r e a d i l y  be made 

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

m e a s u r i n g  t h e  power o f  th e  beam s c a t t e r e d  a t  r i g h t  ang les  to  the 

i n c i d e n t  beam. A p l o t  o f  t h e  amount of  l i g h t  s c a t t e r e d  v e r s u s  

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

analogous to t h e  B e e r ' s  law c u r v e  i n  p h o t o m e t r i c  a n a l y s i s .  The 

endpoin t  i n  p r e c i p i t a t i o n  r e a c t i o n s  i n v o lv in g  non-absorb ing  io n s  can 

be de te rmined  by m o n i to r ing  the  wavelength of  g r e a t e s t  s e n s i t i v i t y .  

T h i s  was d e m o n s t r a t e d  u s i n g  Ag+ and CN as the non-absorb ing  ions  

and fo l lo w in g  the r e a c t i o n s  in  Equat ions  7 and 8:

Ag+ + CN~ ^  AgCN (7)

AgCN + CN_ ^  Ag(CN)2"  (8)

The f i r s t  end p o i n t  in v o lv es  the  fo rm a t io n  of  the  AgCN p r e c i p i t a t e  

while  the  second endpo in t  depends on the d i s s o l u t i o n  o f  t h e  p r e c i p ­

i t a t e  i n  e x c e s s  CN . An A c c u lu t e  s t a n d a rd  v o lu m e t r i c  s o l u t i o n  of

16.99 g AgNOg was d i l u t e d  to one l i t e r  to  g ive  a 0.1001_N s o l u t i o n .  A 

s o l u t i o n  was p r e p a r e d  by d i s s o l v i n g  0 . 6 5  g KCN i n  one l i t e r  of
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doub ly  d i s t i l l e d  w a t e r ,  was s t a n d a r d i z e d  by a d d i n g  3 . 0  mL NH^

( c o n c e n t r a t e d )  and 0 .10  g KI to  a 20.00 mL a l i q u o t  and then t i t r a t e d
«

w i t h  0.1001J1 AgN03 s t a n d a r d  u n t i l  t h e  f i r s t  s i g n  o f  p e rm a n e n t  

opa lescence  i n  s o l u t i o n .  The d a t a  f o r  t h i s  l i g h t  s c a t t e r  system can 

be found i n  T a b l e  9.  The s e c o n d  end p o i n t  s h o u l d  be t w i c e  t h e  

f i r s t .  In  a c t u a l i t y  i t  appears  to  be l e s s  than  the expec ted  v a lu e .  

The poor p r e c i s i o n  i n  t h e  o b s e r v e d  d a t a  may be due t o  a l a c k  of  

r e p r o d u c i b i l i t y  i n  p a r t i c l e  s i z e  from one t i t r a t i o n  to  a n o th e r .  

Fac tors  such  as t e m p e r a t u r e ,  s t r a y  l i g h t ,  and t h e  r a t e  o f  r e a g e n t  

a d d i t i o n  a r e  a l l  f a c t o r s  w h ich  can  a f f e c t  p a r t i c l e  s i z e  but  are 

d i f f i c u l t  to  p r e c i s e l y  c o n t r o l  du r ing  the course  of  a t i t r a t i o n .

T u r b i d i m e t r i c  e n d p o i n t s  of  the same Ag+ v e r s u s  CN system are 

found i n  Tab le  10. As i n  the n ep h e lo m e t r ic  measurements,  t h e  f i r s t  

end p o i n t  i s  g r e a t e r  t h a n  e x p e c te d  and the second end p o in t  again 

l e s s  than  tw ice  the f i r s t .  As b e f o r e ,  t h e  s i z e  o f  t h e  p a r t i c l e s  

c o u ld  be an i m p o r t a n t  v a r i a b l e  c o n t r i b u t i n g  to  the s c a t t e r  of  the 

d a t a . '

Emission Photometer

The sys tem was a l s o  used to  e v a l u a t e  s p e c t r a l  em iss ion  measure­

ments.  The em iss ion  program and f low c h a r t  can be found i n  Appendix 

D. No q u a n t i t a t i v e  e m i s s i o n  a n a l y s e s  were c a r r i e d  out  due to  the 

f a c t  t h a t  n e i t h e r  s u i t a b l e  e l e c t r i c a l  o r  f lame e x c i t a t i o n  s o u r c e s  

were r e a d i l y  a v a i l a b l e .  N e v e r t h e l e s s  em is s io n  s p e c t r a  o f  both a 

tungs ten  f i l a m e n t  and a sodium vapor source  were ob ta ined  and may be 

s e e n  i n  F i g u r e s  20 and 21,  r e s p e c t i v e l y .  I t  would appear t h a t  the
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Table 9

Nephelometric Endpoint Determ ination of 0.01001N AgNOo v s .  20 mL 
0.004995 N KCN (Expected Endpoints: 9.,.98 mL, 19,96 mL)

Sample Experim entally  Determined Enpoint Volume o f AgNO^
No 1 s t  Endpoint 2nd Endpoint

v o l dev vo l dev

1 11.08 1.10 21.03 1.07

2 11.51 1.63 21.12 1.13

3 11.81 1.93 21.20 1.24

4 11.23 1.25 21.18 1.22

5 * 20.63 0.73

v = l l .41 s=0.32 v=21.03 s=0.23

* R ejec ted  Using 0 t e s t  c r i t e r i o n (39)

Table 10

T urb id im etr ic  Endpoint Determ ination of 0.1001N  AgNOo v s .  2 0 .0 0  mL
0 .004995  N KCN (Expected Endpints: 9 .9 8  mL, 19796 mL)

Sample Experim entally  Determined Endpoint Volume o f  0.1001N AgNÔ
No 1s t  Endpoint 2nd Endpoint

vo l  dev vo l ________ dev________

1 11.31 1.33 21.41 1.45

2 11.24 1.26 21.27 1.31

3 11.03 1.05 20.98 0.02

4 11.20 1.22 21.14 1.18

5 11.14 1.16 21.08 1.02

v = l l .18 s= 0 .11 v=21.18 s= 0 .17
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Figure  20. Emission Spectrum of Tungsten Source Showing an 
U ncorrected D etec to r Response.

F igure  21. Emission Spectrum o f  Sodium Vapor Source 
Showing an Uncorrected D e tec to r  Response.
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a p p l ic a t io n  of t h i s  instrum ent to  q u a n t i t a t i v e  em ission measurements 

should be reasonably  s t r a ig h t  forward.

Conclusions

M icroprocessor System

The d a t a  o b ta in e d  from th e  m ic r o p r o c e s s o r  c o n t r o l l e d  rapid  

scanning f i b e r  o p t ic s  spec tropho tom ete r  show one o f many p o s s i b l e  

a p p l i c a t i o n s  o f  th e  sy s te m . Due to  l im i te d  memory, tran sm ittan ce  

c a lc u la t io n s  using the r e f le c ta n c e  d a ta  were th e  o n ly  c a l c u l a t i o n s  

p e rfo rm ed  a l th o u g h  th e  c a p a b i l i t y  f o r  d e r i v a t i v e  and e m is s io n  

s p e c t ra  i s  a lso  a v a ilab le  as w ell as o u tp u t  to  a s t o r a g e  o s c i l l o ­

scope  and s u b s e q u e n t ly  to  an x -y  p l o t t e r  f o r  h a rd  copy o f  th e  

s p e c t r a .

A pple /Isaac  System

The com puter c o n t r o l l e d  r a p id  scanning f i b e r  o p t ic s  sp ec tro ­

photometer i s  well su i ted  fo r  t i t r a t i o n s .  The a b i l i t y  to  m o n ito r  

s e v e ra l  wavelengths s im ultaneously  p rov ides  g re a t  f l e x i b i l i t y  in  the 

t i t r a t i o n s  of m ix tu re s  and a l lo w s  f o r  m u l t i p l e  com ponents to  be 

a n a ly z e d .  The rap id  scan c a p a b i l i ty  a llow s fo r  m u lt ip le  wavelength 

m onitoring  during  k in e t ic s  r e a c t io n s  w ith  the  d a t a  b e in g  s t o r e d  on 

d i s k  f o r  l a t e r  c a l c u l a t i o n s .  The p ro b e  t i p  r e tu rn s  the  modified 

e m is s io n  s p e c t r a  to  th e  m onochrom ator p o r t  a l lo w in g  f o r  t r a n s ­

m it ta n c e ,  absorbance and tu rb id im e t r ic  s p e c t r a l  c a c u la t io n s .  Removal 

of the  probe t i p  permits the  sample a t t e n u ta te d  l i g h t  to  r e t u r n  to

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



t h e  m onochrom ator p o r t  p ro v id in g  r e f l e c t a n c e ,  f l u o r e s c e n c e  and 

nephelom etric  d a ta .

The e x p e r im e n t a l  d a t a  show much promise. Improvements of the 

system could inc lude  a l i g h t  probe w ith the  c a p a b i l i ty  to  f i l t e r  out 

c e r t a i n  w a v e le n g th s ,  i n c r e a s i n g  th e  s e n s i t i v i t y  f o r  e n d p o in t  

d e t e c t i o n .  A nother ad v an ta g e  would be to  b u i ld  a b in a ry  coded 

d e c im a l  (BCD) i n t e r f a c e  to co n tro l  the  wavelength marker p o s i t io n ,  

thus  making the  system more automated. Custom softw are u s in g  Apple 

/BASIC co u ld  be d e s ig n e d  f o r  any s p e c i f i c  a p p l i c a t i o n  o r  d a ta  

massaging w ith  the  u ser  accessing  the  d a ta  f i l e s  re q u ire d .
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Rofin Monochromator

The Rofin Model 6000 monochromator i s  the  b a s is  of a compact 

and h ig h ly  v e r s a t i l e  system fo r  d isp la y in g  and measuring o p t ic a l  

s p e c t r a .  The monochromator u n i t  c o n s is ts  of an o p t i c a l  system and 

an e l e c t r i c a l  system w ith in  the  same housing (3 6 ) .

The o p t ic a l  system u s e s  a b la z e d  d i f f r a c t i o n  g r a t i n g  i n  a 

s i d e  by s id e  Ebert c o n f ig u ra t io n  as i l l u s t r a t e d  in  F igure 7. The 

g r a t i n g  i s  c o n t in u o u s ly  r o t a t e d  by a DC m o to r ,  p ro d u c in g  a 

r e p e a t e d l y  sw ept o p t i c a l  spectrum a t  the  output s l i t .  A r e f l e c ­

t i n g  en co d e r  d i s k  a t t a c h e d  to  th e  motor s h a f t ,  an i n f r a r e d -  

e m i t t i n g  d io d e  and d e t e c t o r  p ro d u ce  a t r i g g e r  p u l s e  f o r  the  

d isp lay  o s c i l lo sc o p e .  The en co d e r  d i s k  s e r v e s  a d u a l  p u rp o s e ,  

s in c e  i t  a l s o  g e n e r a t e s  a t r a i n  o f  p u l s e s  th a t  a re  used by the 

W avelength  Marker a c c e s s o r y  ( d e s c r ib e d  below ) to  g e n e r a t e  an 

a c c u r a t e  w a v e le n g th  c a l i b r a t i o n  s c a l e .  Four o p t i c a l  bandwidths 

a re  a v a i la b le  w ith a s p e c ia l ly  designed s l i t  p l a t e ;  2 , 5 , 10 and 

20 nm.

The e l e c t r i c a l  sy s tem  i s  com prised of a DC motor and asso­

c ia te d  d r iv e  c i r c u i t r y ,  an o sc i l lo sc o p e  t r i g g e r  p u l s e  g e n e r a t o r ,  

i n t e r n a l  v o l t a g e  s t a b i l i z i n g  c i r c u i t r y ,  and a h igh  ga in  t r a n s -  

impedence a m p lif ie r  fo r  use w ith  the  Rofin d e t e c t o r  a sse m b ly .  An 

a c c e s s o ry  s o c k e t  f o r  th e  w a v e le n g th  m arker i s  a lso  provided as
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p a r t  of the  e l e c t r i c a l  system.

The w ave leng th  marker u n i t  in c re a se s  the  wavelength accuracy 

from 8 nm to  0 .5  nm. The w av e len g th  m arker u n i t  combines a 

number of f e a tu r e s  to  in c rease  the  accuracy and v e r s a t i l i t y  of the 

monochromator system. They are  as fo llow s:

1. Scan p e r i o d  C o n tro l  -  The scan  period can be synchro­

n ized with a choice of th re e  s ig n a l s  ( a )  a m u l t i p l e  of 

th e  m ains su p p ly  freq u en cy , (b) an i n t e r n a l  a d ju s ta b le  

o s c i l l a t o r ,  or (c) an e x te rn a l  s ig n a l  so u rce .

2. Phase C o n t ro l  -  In  r e l a t i o n  to  ( a )  above t h i s  allows

e x a m in a t io n  of th e  mains d r iv e n  o p t i c a l  s o u rc e s  a t

d i f f e r e n t  reg ions  on the mains cy c le .

3. Wavelength Marker S e l e c t o r  -  A fo u r  d i g i t  thumbwheel

sw i tc h b a n k  g e n e r a te s  a p u l s e  on c h a n n e l  2 o f  the  

o sc i l lo sc o p e  d is p la y .  The marker pulse  can be moved in  

th e  w a v e le n g th  domain and used  to  l o c a t e  p o i n t s  of 

i n t e r e s t  in  the  spectrum.

4. T r i g g e r  Delay C o n tro l  -  This  f e a tu re  a d ju s ts  the  width

o f th e  t r i g g e r  p u ls e  in  th e  s c o p e .  With t h i s  i t  i s

p o s s ib le  to  move the t r i g g e r  to  a reg ion  of i n t e r e s t  and 

th e n  expand th e  w av e len g th  s c a l e  by ch an g in g  th e  

o s c i l l o s c o p e  tim e  base  c o n t r o l .  The expanded d isp lay  

w i l l  s t i l l  co n ta in  the  s e l e c t e d  w a v e le n g th  m arker and 

o t h e r  w a v e le n g th  p u l s e s  on e i t h e r  s id e  of the  marker, 

th e r e b y  making i t  p o s s i b l e  to  o b t a i n  v e ry  a c c u r a t e  

wavelength measurements.
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Heath Hardware

The Motorola 6800 c e n t r a l  p rocess ing  u n i t  (CPU), F ig u re  IB, 

re q u ire s  a s in g le  f iv e  v o l t  power supply and two p r e c i s e ly  defined 

overlapping  clock s i g n a l s ,  l a b e l e d  a s  01 and 0 2 .  The 01 c lo ck  

s i g n a l  i s  u sed  f o r  i n t e r n a l  i n s t r u c t i o n  sequencing , w hile  the 02 

c lo c k  s i g n a l  i s  u sed  as an I/O  c o n t r o l  l i n e  f o r  t im in g  and 

s e q u e n c in g  the 6800 w ith  I/O d e v ice s .  The s ix te e n  address  l i n e s ,  

A0 through A15, and e ig h t  b id i r e c t io n a l  d a ta  l i n e s ,  DO through D7, 

make up the e x te r n a l  address and d a ta  bu sses .

Control o p e ra t io n s  fo r  r e a d /w r i te  o p e ra t io n s  a re  p ro v id e d  by 

th e  v a l i d  memory a d d re s s  (VMA) and th e  r e a d / w r i t e  l i n e  (R/W) 

c o n t r o l  l i n e s .  The R/W l i n e  i n d i c a t e s  th e  d i r e c t i o n  of d a ta  

t r a n s f e r ,  w hich i s  a t  a l o g i c  1 f o r  "read" and a t  a lo g ic  0 fo r  

"w r i te " .  The VMA l in e  goes to  a lo g ic  1 whenever th e  CPU places a 

v a l id  1 6 -b i t  memory address on the  address  bus.

Hardware i n t e r r u p t s  are  provided th rough th e  r e s e t  (RESET), 

i n t e r r u p t  req u e s t  (IRQ), and non-maskable i n t e r r u p t  (NMI) pins on 

th e  6800 ch ip .  These are  a l l  v e c to r e d  i n t e r r u p t s  t h a t  d i r e c t l y  

a c c e s s  i n t e r r u p t  s e r v i c e  r o u t i n e s  a t  s p e c i f i c  memory lo c a t io n s .  

RESET i s  used f o r  sy s tem  i n i t i a l i z a t i o n  and r e s t a r t .  The IRQ 

i n p u t  i s  a m ask ab le  i n te r r u p t  l i n e  t h a t  i s  ignored  i f  the  i n t e r ­

ru p t  ( I )  f la g  in  the  in t e r n a l  co n d it io n  code r e g i s t e r  i s  s e t .  The
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F igure  IB. Block Diagram of MC 682 1 P e r ip h e ra l  I n te r f a c e  Adapter
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NMI i n p u t , h o w ev er, can never be masked out and i s  norm ally used 

fo r  emergency in te r r u p t  s i tu a t io n s .  The CPU a u to m a tic a lly  s to r e s  

th e  c o n te n ts  o f  i t s  i n t e r n a l  r e g i s t e r s  in  a s ta c k  in  re a d /w rite  

memory when e i th e r  th e  IRQ or the  NMI in te r ru p ts  a re  acknowledged.

E x te r n a l  bus c o n tro l i s  provided w ith the bus c o n tro l l i n e s ,  

bus a v a ila b le  (BA), d a ta  bus enable  (DBE), and th re e  s t a t e  c o n tro l 

(T SC ). T hese  l i n e s  a re  u sed  to  e f f e c t i v e l y  d isco n n ec t the  CPU 

from  th e  e x t e r n a l  bus sy stem  in  o rd e r  to  a llo w  d i r e c t  memory 

access (DMA) by e x te rn a l  d ev ices .

A la r g e  p o r t i o n  o f  I/O  p ro cessin g  i s  handled by in t e l l i g e n t  

p e r ip h e ra l ch ips such as the  M otoro la  6821 p e r ip h e r a l  i n t e r f a c e  

a d a p te r  (P IA ) w ith  th e  d a ta  b e in g  t r a n s f e r r e d  along the  micro­

p ro c e ss o r 's  b id i r e c t io n a l  d a ta  bus. The PIA i s  o rg a n iz e d  as two 

s e t s  o f  d a ta  d i r e c t i o n  r e g i s t e r s  (DDRA and DDRB), c o n tro l reg­

i s t e r s  (CRA and CRB), and d a ta  b u f f e r s  (DBA and DBB) w ith  t h e i r  

a sso c ia te d  c o n tro l l in e s  CA1, CA2, CB1, and CB2 as shown in  Figure 

2B. The d a ta  d i r e c t io n  r e g i s t e r s  d e f in e  th e  d i r e c t i o n  of d a ta  

t r a n s f e r ,  in p u t o r o u tp u t. The c o n tro l r e g is te r s  a re  used to  s e t  

up th e  d a ta  d i r e c t i o n  r e g i s t e r s  and d e f in e  re s p o n s e s  fo r  th e  

c o rre sp o n d in g  d a ta  b u f f e r s  and c o n t r o l  l i n e s .  S ince th e re  are 

on ly  two r e g i s t e r  s e l e c t  l i n e s  (RSO and RSI) to  s e l e c t  th e s e  

l o c a t i o n s ,  a b i t  in  each of the  two c o n tro l r e g is te r s  i s  used in  

co n ju n ctio n  w ith  RSO and RSI to  s p e c i f y  th e  r e g i s t e r s  o r d a ta  

b u f f e r s .

The c h ip  s e l e c t  (CSO, CS1, and CS2) and r e g i s t e r  s e l e c t
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in p u ts  a re  o b ta in e d  from  th e  m ic ro p ro c e sso r  address l in e s  w ith  

d ir e c t io n  determ ined by the  R/W l in e ,  high le v e l in d ic a t in g  "read" 

and low in d ic a t in g  "w rite"  to  the PIA. An enable (E) in p u t to  the 

PIA i s  used fo r  co n d itio n in g  in te r ru p t  c o n tro l and tim in g  p e r ip h ­

e r a l  c o n tro l s ig n a ls  synchronizing  a l l  lo g ic  and tim ing w ith in  the 

PIA. The "A" and "B" I/O  p o rts  (PAO through PA7 and PBO th ro u g h  

PB7) p ro v id e  th e  c o n n e c tio n s  f o r  th e  d a ta  b u f f e r s  to  e x te rn a l 

d e v ice s .

The f o u r  c o n t r o l  l i n e s  can be programmed as i n t e r r u p t s  

between the  e x te rn a l dev ice  and th e  PIA, provid ing  han d sh ak in g  to  

s e t  up and acknow ledge th e  exchange o f d a t a .  T h e re  a re  two 

in te r r u p t  req u est l in e s  (IRQA and IRQB) which s p e c i f y  th e  c o n d i­

t io n s  under which an in te r ru p t  can occur fo r  e i th e r  I/O  p o r t .

Communications betw een  th e  CPU and th e  6821 o c cu r on th e  

b i d i r e c t i o n a l  d a ta  b u s , DO -  D7. A ll the  r e g is te r s  a re  c le a re d , 

s e t  to  zero when the in p u t to  the r e s e t  i s  low.
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M icroprocessor Software

Set-up Subroutine
86 04 LDA Set PIA s id e  A as Input
B7 8001 STA
B6 8000 LDA Check fo r  low w avelength read ing
84 80 ANDA
81 80 CMPA
26 05 BNE
7F 0006 CLR C lear wavelength read ing  coun ter
20 F2 BRA Go back to  tak ing  wavelength read in g
7C 0006 INC Increm ent w avelength read ing  coun ter
86 32 LDA See i f  50 "0" read ings have been taken
91 06 CMPA
23 E9 BLS
7F 0006 CLR C lear wavelength counter
86 8000 LDA Check fo r  high cycle
84 80 ANDA
81 80 CMPA
-26 F7 BNE
7C .0006 INC Increment wavelength counter
96 07 LDA Compare counter w ith  d e s ire d  w avelength
91 06 CMPA I f  no t eq u a l, go back to  checking fo r  h igh
26 EE BNE

Make su re  d a ta  i s  taken on w avelength p u lse

86 04 LDA Set PIA s id e  A as in p u t
B7 8001 STA
B6 8000 LDA
84 80 ANDA Check fo r  low cy c le  o f w avelength p u lse
81 00 CMPA
26 F7 BNE
B6 8000 LDA
84 80 ANDA Check fo r  high cy cle  of w avelength p u lse
81 80 CMPA
26 F7 BNE
86 00 LDA Set PIA s id e  B as ou tpu t
B7 8001 STA
B7 8000 STA
86 40 LDA Pulse A/D co n v erte r
B7 8000 STA
86 04 LDA
B7 8001 STA Set PIA s id e  A as in p u t
B6 8000 LDA
84 20 ANDA Wait fo r  E0C p u lse  from A/D c o n v erte r
81 20 CMPA
27 F7 BEQ
3F SWI Go to  softw are  in te r r u p t  ro u tin e
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FE 0002 LDX Check to  see i f  a l l  d a ta  tak en , going
BC 0004 CPX back to  wavelength pu lse  ro u tin e  i f  not
26 C8 BNE done
39 RTS Go back to  m onitor ro u tin e

In te r r u p t  Subroutine

86 04 LDA Set PIA s id e  A fo r  in p u t of d a ta
B7 8001 STA
B7 8003 STA
FE 0002 LDX Load index r e g i s t e r  w ith  p o in te r
B6 8000 LDA Load MSB and s to re  in  memory
A7 00 STA X
08 INX Increm ent p o in te r
B6 8002 LDA Load LSB and s to re  in  memory
A7 00 STA A
08 INX Increm ent p o in te r
FF 0002 STX Store p o in te r
3B RTI Return from in te r r u p t  ro u tin e

%T C a lcu la tio n  Subroutine

86 60 LDA Load number of d a ta  p o in ts  in to memory
97 05 STA
86 OC LDA Load number of b i t s  in to  memory 0004
97 04 STA
FE 0006 LDX Load index r e g i s te r  w ith d a ta  po in t
A6 00 LDA X Put b a se lin e  MSB in  000A
97 0A STA
08 INX
A6 00 LDA X Put b ase lin e  LSB in  000B
97 0B STA
08 INX
FF 0006 STX Put next d a ta  p o in t in to  memory 0006
FE 0002 LDX
A6 00 LDA X Sample MSB in  A
08 INX
E6 00 LDB X Sample LSB in  B
08 INX
FF 0002 STX
7F oooc CLR Q uotien t C learing  LSB
7F 000D CLR Q uotien t C learing  MSB
78 OOOC ASL
79 000D ROL
91 0A CMPA A-0A (MSB)
2D 09 BLT
DO 0B SUBB B-0B in to  accum ulator B (LSB)
92 oA SBCA A-0A-C in to  accum ulator A (MSB)
25 03 BCS Check to  see i f  neg a tiv e
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7C OOOC INC Increm ent q u o tie n t
58 ASLB S h if t
49 ROLA
7A 0004 DEC Decrement number of b i t s  l e f t  to  s u b tra c t
7D 0004 TST See i f  done
26 E3 BLS Continue p rocess i f  no t done
BD 0F60 JSR Jump to  s to ra g e  su b ro u tin e
BD 0F08 JSR Jump to  BCD conversion  sub rou tine
7A 0005 DEC Decrement number of d a ta  p o in ts
7D 0005 TST See i f  done
27 02 BEQ Continue i f  no t done
20 AD BRA
39 RTS Go back to  m onitor ro u tin e

BCD Conversion and S torage Subroutine

CE 0F38 LDX C lear temporary d a ta  s to rag e  lo c a tio n s
4F CLRA
A7 00 STA X
08 INX
8C 0F3F CPX
26 F8 BNE
CE 0F32 LDX Load hex value
96 OC LDA Load tra n sm itta n ce  LSB
D6 0D LDB Load tra n sm itta n ce  MSB
A0 00 SUBA T ransm ittance -  hex value
E2 01 SBCB
25 08 BCS
6C 06 INC Increm ent counter
97 OC STA Put new va lues in  r e g i s te r s  and do again
D7 0D STB
20 F2 BRA
08 INX Increm ent index r e g i s te r  fo r  next conversion
08 INX
8C 0F38 CPX See i f  done
27 OF BEQ
20 E5 BRA Go to  packing and s to rag e  p o rtio n  of 

su b ro u tin e
9A 019A = 0.1
01
29 0029 -  0.01
00
04 0004 = 0.001
00
00

Data lo c a tio n s

00
FE 0008 LDX Load index r e g i s t e r  w ith  s to ra g e  lo c a tio n
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B6 0F36 LDA Load A w ith  MSB
A7 00 STA X
08 INX
B6 0F3A LDA
48 ASLA S h if tin g  decim al values (packing)
48 ASLA
48 ASLA
48 ASLA
BB 0F3C ADDA Add LSB to  MSB
A7 00 STA X Put packed value in to  index r e g i s t e r
08 INX Increm ent index p o in te r
FF 0008 STX S tore index p o in te r
39 RTS Go back to  m onitor ro u tin e
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Tiny Basic R eflec tance  Program

10 PR "THIS PRGRAM SET TAKES REFLECTANCE DATA, CALCULATES XT’
15 PR "IN BCD EQUIVALENTS AND OUTPUTS THE SPECTRUM TO THE

O-SCOPE"
20 PR "THE SCAN STARTS AT 415 FOR CHROMATICITY CALCULATIONS"
30 B=USE(7188,4,2560)
35 PR "INPIT 1 WHEN YOU ARE READY TO TAKE BASELINE DATA"
40 INPUT X 
50 C=USR(7188,4,2620)
55 C=USR(3584)
60 PR
65 PR "INPUT SAMPLE NUMBER WHEN YOU ARE READY TO TAKE SAMPLE 

DATA"
70 INPUT X 
75 D=USR(7188,2,2680)
80 D=USR(7188,4,2620)
90 D=USR(3584)
95 PR
100 PR "TO OBTAIN XT VALUES IN BCD, ENTER 0"
105 PR "TO SEE REFLECTANCE SPECTRA ON THE O-SCOPE, ENTER 1"
110 PR "TO OBTAIN BOTH, ENTER 2"
120 INPUT Y
125 IF Y=1 THEN GOTO 175 
130 A=»USR(3744)
140 PR
150 IF Y=1 THEN GOTO 200 
175 A=USR(3840)
180 PR "BCD VALUES HAVE BEEN CALCULATED AND ARE STORED BETWEEN" 
185 PR "AB5 AND AFO (HEX), GO BACK TO MON TO EXAMINE"
190 IF Y=0 THEN GOTO 220 
200 A=USR(3904)
205 PR
210 PR "THE REFLECTANCE SPECTRUM OF SAMPLE " ,X ,"  IS ON THE 

O-SCOPE"
220 PR "INPUT SAMPLE NUMBER TO TAKE MORE DATA, IF YOU WISH"
230 PR "TO STOP ENTER 0"
235 INPUT X
240 IF X=0 THEN GOTO 75
250 END
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Program for Chromaticity Coordinate Calculation

10 DISP "THIS PROGRAM WILL CALCULATE CHROMATICITY COORDINATES
FOR REFLECTANCE STUDIES"

20 PRINT
30 DISP "INPUT THE REFLECTANCE VALUE FOR THE WAVELENGTH 415"
40 INPUT A
50 X=A*1.97
60 Y=A*.06
70 Z=A*9.6
80 DISP "INPUT THE REFLECTANCE VALUE FOR THE WAVELENGTH 445"
90 INPUT A
100 X=X+A*12.19
110 Y=Y+A*1.03
120 Z=Z+A*63.6
130 DISP "INPUT THE REFLECTANCE VALUE FOR THE WAVELENGTH 475"
140 INPUT A
150 X=X+A*5
160 Y=Y+A*3.94
170 Z+Z+A*37.36
180 DISP "INPUT THE REFLECTANCE VALUE FOR THE WAVELENGTH 505"
190 INPUT A
200 X=X+A*.07
210 Y=Y+A*12.29
220 Z=Z+A*6.56
230 DISP "INPUT THE REFLECTANCE VALUE FOR THE WAVELENGTH 535"
240 INPUT A
250 X=X+A*6.4
260 Y=Y+A*25.79
270 Z=Z+A*.86 i

280 DISP "INPUT THE REFLECTANCE VALUE FOR THE WAVELENGTH 565"
290 INPUT A
300 X=X+A*20.04
310 Y=Y+A*28.74
320 Z=ZfA*.08
330 DISP "INPUT THE REFLECTANCE VALUE FOR THE WAVELENGTH 595"
340 INPUT A
350 X=X+A*27.35
360 Y=Y+A*17.87
370 Z=Z+A*.03
380 DISP "INPUT THE REFLECTANCE VALUE FOR THE WAVELENGTH 625"
390 INPUT A
400 X=X+A*18.78
410 Y=Y+A*7.97
420 DISP "INPUT THE REFLECTANCE VALUE FOR THE WAVELENGTH 655"
430 INPUT A
440 X=X+A*5.47
450 Y=Y+A*2.03
460 DISP "INPUT THE REFLECTANCE VALUE FOR THE WAVELENGTH 685"
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470 INPUT A 
480 X=X+A*.77 
490 Y=Y+A*.28 
500 W=X+Y+Z 
510 X=X/W 
520 Y=Y/W 
530 Z=Z/W 
532 DISP 
534 DISP 
536 DISP 
538 DISP
540 DISP "THE CHROMATICITY COORDINATES FOR THESE READINGS ARE
550 DISP "X= ",X
560 DISP "Y= ",Y
570 DISP "Z= ",Z
572 DISP
574 DISP
576 DISP
578 DISP
580 END
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LOAD EMISSION 
JLIST
300 D$ = CHR$ (4)
310 :
330 X = PEEK. (116) * 256 + PEEK (115)
340 :
360 ADR = X -  690
370 :
390 PRINT D$: "BLOAD TRANSIENT.OBJ,A" :ADR 
400
410 J  » 0
430 HIMEN: ADR
440 :
460 DIM AB%(160)
491 CALL ADR.AB%,0 ,0 ,1
492 DIM AC%(160)
494 CALL ADR.AC%,0 ,0 ,1
496 DIM AD%(160)
498 CALL ADR.AD%,0 ,0 ,1
500 DIM AE%(160)
501 CALL ADR.AE%,0 ,0 ,1
503 DIM AF%(160)
504 CALL ADR.AF%,0 ,0 ,1
506 DIM AG%(160)
508 CALL ADR.AG%,0 ,0 ,1
510 DIM AH%(160)
512 CALL ADR.AH%,0 ,0 ,1
514 DIM AI%(160)
516 CALL ADR.AI%,0 ,0 ,1
518 DIM AJ%(160)
520 CALL ADR.AJ%,0 ,0 ,1
522 DIM AK%(160)
524 CALL ADR.AK%,0 ,0 ,1
525 DIM AV(160)
526 DIM STD(160)
528 FOR N = 0 TO 160
540 AV(N) = (AB%(N) + AC%(N) + AD%(N) + AE%(N) + AF%(N) + AG%(N) 

+ AH%(N) + AI%(N) + AJZ(N) + AK%(N)) /  10 
545 VAR « (AB%(N) * 2 + AC%(N) * 2 + AD%(N) * 2 + AEX(N) * 2 +

AF%(N) ~ 2 + AG%(N) ** 2 + AH%(N) * 2 + AI%(N) * 2 + AJ%(N) ~ 
2 + AK%(N) ** 2 -  10 * AV(N) * 2) /  9 

548 IF VAR '  0 THEN VAR = 0
550 STD(N) = SQR(VAR)
555 IF J  '  AV(N) THEN LET J  = AV(N)
560 NEXT N
565 HOME : CALL 62450
570 & HIRES1
575 & SCROLLSET
576 & OUTLINE
580 & PLTFMT =■ 3
581 J  = J  /  100
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585 FOR N = 0 TO 160
590 & NXTPLT = AV(N) /  J
595 NEXT N
600 & PAUSE = 60
610 NEXT : HOME
620 INPUT "DO YOU WANT PRINT OUT OF DATA?
630 IF A$ '  " "Y" THEN GOTO 700
640 INPUT "KEY IN NAME OF EMISSION SOURCE
650 INPUT "KEY IN STARTING WAVELENGTH
660 PR# 1
670 PRINT N$,A
675 PRINT " " ,
680 PRINT "AVE", "STD"
690 FOR N = 1 TO 50
691 PRINT AV(N),STD(N)
692 NEXT N
695 PR# 0
700 PRINT "EMISSION STUDY COMPLETED"
710 END
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]LOAD FIBER OPTICS 
]LIST

300 D$ = CHR$ (4)
310 :
330 X = PEEK (116) * 256 + PEEK (115)
340 : ONERR GOTO 2000
360 ADR = X -  690
370 : PRINT ADR
390 PRINT D$; " BLOAD TRANSIENT.OBJ,A";ADR
400 :
430 HIMEN: ADR
440 DIM MEAN(60)
442 DIM AV(60)
444 DIM AB(60)
446 DIM TRN(60)
450 DIM AD%(60)
455 HOME
460 PRINT " *MENU*";CHR$ (10)
470 PRINT "A. TAKE DATA”
480 PRINT "B. PRINT OUT DATA"
490 PRINT ”C. GRAPH DATA”
500 PRINT "D. STORE DATA ON DISK"
510 PRINT "E. LOAD DATA FROM DISK
515 PRINT "F. DERIVATIZATION OF CURRENT DATA"
517 PRINT "G. END”
520 PRINT : INPUT "SELECT ONE: ";A$
530 IF A$ = "" THEN & BEEP: GOTO 455
540 J  = ASC (A$) -  64
550 IF J  " 7 OR J  '  0 THEN GOTO 455
555 HOME
560 ON J  GOSUB 600,810,1500,1190,1000,1400,580 
570 GOTO 455
580 END
600 INPUT "DO YOU WANT TO TAKE BASELINE DATA? ";A$
602 IF A$ -  "N" THEN GOTO 690
603 HOME
604 INPUT "ARE YOU READY TO TAKE DATA? ";A$
605 & ARRAYCLR.AV
606 IF A$ -  "N" THEN GOTO 603
608 FOR J  = 0 TO 9
610 CALL ADR,AD%,0 ,0 ,1
620 FOR I  -  0 TO 59
630 AV(I) = AD%(I) + AV(I)
640 NEXT I
650 & ARRAYCLR,AD%
660 NEXT J
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690 HOME
700 INPUT "ARE YOU READY TO TAKE SAMPLE DATA? ";A$
710 IF A$ = "N" THEN GOTO 690 
720 FOR J  -  0 TO 9 
730 & ARRAYCLR,AD%
740 CALL ADR,AD%,0 ,0 ,1
750 FOR I  = 0 TO 59
760 MEAN(I) = AD%(I) + MEAN ( I )
770 NEXT I 
780 NEXT J
782 FOR I  -  0 TO 59
783 IF AV(I) '  10 THEN GOTO 788
784 TRN(I) = (MEAN(I) /  AV(I))
785 IF TRN(I) = 0 THEN GOTO 788
786 AB(I) -  LOG(I) /  TRN(I) /  2.303 
788 NEXT I
804 RETURN 
810 HOME
822 INPUT "ENTER SAMPLE NAME? ";N$: INPUT "EMTER SAMPLE NUMBER 
" mZ
824 PR# 1
825 PRINT CHR$ (12)
826 PRINT N$,Z: PRINT " PRINT "%T", "ABS"
830 FOR I  -  1 TO 49
840 PRINT TRN(I),AB(I)
850 NEXT I 
855 PR# 0 
880 RETURN
1000 INPUT "DO YOU WANT TO INPUT BASELINE DATA ?";Z$
1001 IF Z$ = "N" THEN GOTO 1091
1004 INPUT "NMAME OF BASELINE FILE ";Z$
1005 PRINT D$; "VERIFY” ;Z$
1010 PRINT D$"OPEN ";Z$
1020 PRINT D$"READ ";Z$
1060 FOR I  -  0 TO 59 
1070 INPUT A: AV(I) = A 
1080 NEXT I
1090 PRINT D$"CLOSE ";Z$
1091 INPUT "NAME OF SAMPLE FILE ";Z$
1092 PRINT D$"VERIFY ";Z$
1093 PRINT D$"OPEN ";Z$
1095 PRINT D$"READ ";Z$
1100 FOR I  -  0 TO 59 
1110 INPUT A:MEAN(I) -  A 
1120 NEXT I
1130 PRINT D$"CLOSE ";Z $: GOTO 782 
1190 HOME
1202 PRINT "PRESS RTN WHEN DATA DISK IS INSERTED"
1204 GET A$
1205 INPUT "BASELINE OR SAMPLE ? ";A$
1206 INPUT "NAME OF TEXT FILE? ";Z$
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1210 PRINT D$"0PEN " ;Z$
1220 PRINT D$"DELETE ";Z$
1230 PRINT D$"OPEN " ;Z$
1250 PRINT D$" WRITE ";Z$
1270 IF A$ = SAMPLE THEN GOTO 1320
1280 IF A$ ..........BASELINE" THEN GOTO 1260
1290 FOR I  = 0 TO 59
1300 PRINT AV(I)
1310 NEXT I
1316 PRINT D$"CLOSE ";Z$: RETURN
1320 FOR I  = 0 TO 59
1330 PRINT MEAN(I)
1340 NEXT I
1350 PRINT D$"CLOSE ";Z$
1363 RETURN
1400 HOME
1405 IF A$ = "ABS" GOTO 1450
1410 FOR 1= 1 TO 58
1415 TRN(I) = TRN(I) -  TRN(I + 1)
1455 AB(I) -  AB(I) -  AB(I -  1)
1460 NEXT I
1480 RETURN
1500 HOME : INPUT "%T OR ABSORBANCE VALUES ";A$: CALL 62450
1501 INPUT "TITLE OF GRAPH? ";N$: CALL 62450: & LABEL = N$ AT
1505 & OUTLINE
1510 & HIRES2
1520 & SCROLLSET
1530 & PLTFMT = 2
1535 IF A$ = "ABS" GOTO 1600
1540 FOR N -  1 TO 59
1550 * NXTPLT = TRN(N) * 100
1560 & NXTPLT = TRN(N) * 100
1570 NEXT N
1590 GET A$: TEXT : RETURN
1600 FOR N * 1 TO 59
1605 IF AB(N) '  0 THEN LET AB(N) -  0
1610 & NXTPLT -  AB(N) * 80
1615 & NXTPLT = AB(N) * 80
1620 NEXT N
1625 GET A$: TEXT : RETURN
2000 TEXT : HOME
2010 PRINT PEEK (222)
2015 POKE 216,0
2020 & PAUSE = 10
2030 GOTO 455

] PRV/0
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