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ABSTRACT

Charge d if fe r e n c e  sp ectra  were determ ined fo r  ty r o s in e  and seven  

model compounds. A p ertu rb in g  charge may cause e i th e r  an in t e n s i t y  de­

crea se  or an in t e n s i t y  in c r e a se  depending on i t s  s ig n  and o r ie n ta t io n  

w ith  r e sp e c t  to  the hydroxyl group. The magnitude o f  a spectrum dim in­

is h e s  as the d is ta n c e  betw een the charge and the chromophore i s  in c r e a se d 0 

The sp ec tra  observed must be la r g e ly  due to  in t e n s i t y  ch an ges; an equa­

t io n  fo r  the change in  d ip o le  s tren g th  o f  a charge-perturbed  tr a n s it io n  

i s  derived  and a p p lied  to  sp ec tra  o f p henols and in d o le s » Only t r a n s i ­

t io n  d ip o le s  are im portant in  the in t e n s i f i c a t io n  o f  phenol sp ectra  but 

both, permanent and t r a n s it io n  d ip o le s  co n tr ib u te  to  in t e n s i t y  changes in  

in d o le s .  The magnitude o f  phenol d if fe r e n c e  sp ectra  i s  g e n e r a lly  sm a ller  

than th a t o f  in d o le  spectra* I t  appears th a t in d u c tiv e  e f f e c t s  cannot 

be the p r in c ip a l cause o f  the d if fe r e n c e  sp ec tra  ob served . A p p lic a tio n s  

o f  th ese  r e s u l t s  to  p r o te in  sp ec tra  are con sid ered .



CHAPTER 1

INTRODUCTION

U l t r a v i o l e t  s p e c tr o s c o p y  i s  among th e  p h y s i c a l  m ethods th a t  have  

been  m ost e x t e n s i v e l y  a p p l ie d  in  th e  s tu d y  o f  p r o t e i n  s t r u c t u r e .  Much 

in fo r m a t io n  about the  env iron m ents  o f  i n d i v id u a l  p r o t e i n  chromophores  

can be ga in ed  u s in g  s p e c tr o p h o to m e tr ie  t e c h n iq u e s  i n  th e  u l t r a v i o l e t  

r e g io n  o f  the  spectrum .

P r o t e in s  c o n t a in  s e v e r a l  ty p e s  o f  chromophores t h a t  absorb u l t r a ­

v i o l e t  l i g h t ;  t h e s e  in c lu d e  the  amino a c id s  c y s t e i n e ,  p h e n y la la n in e ,  

t y r o s i n e ,  tryp top h an  and h i s t i d i n e ,  th e  d i s u l f i d e  bond o f  c y s t i n e  and 

the  p e p t id e  bond i t s e l f .  A l l  o f  t h e s e  chromophores have a b s o r p t io n  bands  

betw een  200 and 250 run. I t  i s  the r e g io n  above 250 run, how ever, th a t  i s  

most c h a r a c t e r i s t i c  o f  p r o t e i n  s t r u c t u r e  (Donovan 1969) s i n c e  a t  low er  

w a v e le n g th s  t h e r e  i s  much o v e r la p p in g  o f  a b s o r p t io n s  due t o  d i f f e r e n t  

chrom ophores. W hile c y s t i n e  shows an a b s o r p t io n  maximum a t  250 nm, o n ly  

the  arom atic  amino a c id s  p h e n y la la n in e ,  t y r o s i n e  and tryp top h an  have  

a b s o r p t io n  maxima above 250 nm. They c o n t a in  the p h e n y l ,  p h e n o l i c  and 

i n d o l y l  chrom ophores, r e s p e c t i v e l y ,  and in  each c a se  a b s o r p t io n  i s  due 

to  a rr t t  * t r a n s i t i o n .  P h e n y la la n in e  can o r d i n a r i l y  be n e g le c t e d  s i n c e  

i t s  a b s o r p t io n  i s  ~ 1 0  t im es  weaker than  t h a t  o f  e i t h e r  t y r o s i n e  or  

tryp top h an  (Donovan 1 9 6 9 ) .
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U n derstanding  th e  u l t r a v i o l e t  s p e c tr a  o f  p r o t e i n s  i s  a form id ab le  

problemo A chromophore in  s o l u t i o n  i s  a f f e c t e d  by i n t e r a c t i o n  w i th  i t s  

environm ent;  w ith  r e s p e c t  to  the  vapor p h ase  spectrum , a b s o r p t io n  bands  

may be s h i f t e d  and v i b r a t i o n a l  s t r u c t u r e  may d im in is h  or d isa p p e a r  a l ­

t o g e t h e r .  For a chromophore i n  a p r o t e i n  m o le c u le ,  th e  environm ent  

i n c lu d e s  n o t  o n ly  s o lv e n t  m o le c u le s  but a l s o  the  r e s t  o f  the  macro­

m o le c u le ;  thus  p r o t e i n  s p e c tr a  may depend m arkedly  on c o n fo rm a tio n .

L o ca l  env iron m ents  may d i f f e r  even  f o r  chromophores o f  the  same ty p e .

The r e s p e c t i v e  c o n t r i b u t i o n s  o f  the  d i f f e r e n t  chromophores must a l s o  be  

d eterm in ed .

Two approaches have b een  tak en  to  make the  i n t e r p r e t a t i o n  o f  

p r o t e i n  s p e c tr a  a t r a c t a b l e  problem. The f i r s t  i s  th e  u se  o f  model com­

pounds; th e  second  i s  d i f f e r e n c e  s p e c tr o s c o p y .

Much e f f o r t  has b een  d evo ted  to  th e  s tu d y  o f  s m a l l  model compounds 

c o n t a in in g  o n ly  a s i n g l e  chromophore ( s e e  below ) , Such s p e c t r a  show no 

o v e r la p p in g  o f  a b s o r p t io n s  and t h e r e  are  no c o n fo rm a tio n -d ep en d en t  e f ­

f e c t s .  We1 1 - c h a r a c t e r iz e d  s y n t h e t i c  p o ly p e p t id e s  have b een  used  as  

m odels f o r  c o n fo r m a t io n a l  changes (G la zer  and Smith 1961 , G lazer  and 

Rosenheck 1 9 6 2 ) .
)

D i f f e r e n c e  s p e c tr o s c o p y  has proved e s p e c i a l l y  u s e f u l  in  d e t e r ­

m in ing  th e  e f f e c t  o f  environm ent on chromophore a b s o r p t io n .  In  t h i s  

t e c h n iq u e ,  the  absorbance o f  a compound in  a p a r t i c u l a r  t e s t  s t a t e  i s  

measured r e l a t i v e  t o  the  ab so rb a n ce  o f  the  same compound a t  th e  same 

c o n c e n t r a t io n  in  a r e f e r e n c e  s t a t e ;  the  d i f f e r e n c e  spectrum  thus  ob­

t a in e d  shows the d i f f e r e n c e  i n  absorbance o f  the  two s t a t e s .  The r e f e r ­

ence  s t a t e  may be d e f in e d  a r b i t r a r i l y .
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I f  a m o le c u le  c o n t a in in g  a c i d i c  or b a s i c  groups h a s  d i f f e r e n t  

ch arges  in  the  two s t a t e s ,  i t  i s  s u b j e c t  to  a charge p e r tu r b a t io n ;  the  

m o le c u l e 1s charge can be changed by a d j u s t i n g  the pH o f  th e  s o l u t i o n .  

S o lv e n t  p e r tu r b a t io n s  may be brought about by p u t t in g  th e  compound in  

s o l v e n t  system s o f  d i f f e r i n g  c o m p o s i t io n ,  ( I t  i s  im p ortan t  to  n o te  t h a t  

a sm a ll  amount o f  p e r tu r b a n t  may produce s p e c t r a l  changes w ith o u t  a l t e r ­

in g  the  p r o t e i n  con form ation  w h i le  a la r g e  amount o f  th e  same p er tu rb a n t  

may cau se  d e n a t u r a t i o n , )

Four p o s s i b l e  c a u s e s  o f  pH d i f f e r e n c e  s p e c tr a  have been  s u g g e s te d  

(Leach and Scheraga 1960, H e r s k o v i t s  1967, Donovan 1 9 6 9 ) ,  These are:

1, V i c i n a l  charge e f f e c t s ,  i » e , , e f f e c t s  o f  c h a r g e s  near  chromo- 

p h ores  a c t i n g  a lo n g  the  c o v a le n t  bonds o f  the m o le c u le  or  

d i r e c t l y  through sp a c e ,

2 ,  Hydrogen b on d in g ,

3 ,  Changes in  p o l a r i t y  and p o l a r i z a b i l i t y  o f  chromophore e n v ir o n ­

m ent, perhaps i n v o lv i n g  s o lv e n t  m o le c u le s ,

4 ,  I o n i z a t i o n  o f  t y r o s y l  r e s i d u e s  i n  a l k a l i n e  s o l u t i o n .

A l l  o f  t h e s e  f a c t o r s  may be im portant i n  d i f f e r e n c e  s p e c t r a  due to  

t y r o s y l  r e s i d u e s .

I o n i z a t i o n  o f  t y r o s y l  r e s id u e s  can  be r e a d i l y  d e t e c t e d  by 

s p e c tr o p h o to m e tr ic  t i t r a t i o n .  As the  p h e n o l i c  chromophore i s  i o n iz e d ,  

th e r e  i s  a pronounced s h i f t  in  w a v e le n g th  (from 270 to  287 nm) and a 

la r g e  i n t e n s i f i c a t i o n  (from  log£ = 3 ,1 6  to  logC = 3 ,4 1 )  (Donovan 1 9 6 9 ) ,  

Much work h as  a l s o  been  done on hydrogen bond ing  o f  t y r o s i n e  and 

r e l a t e d  model compounds (G rinspan , Birnbaum and F e i t e l s o n  1966; C h ig n e l l
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and G ratzer  1968; B a i l e y  e t  a l„  1968; S tr ic k la n d  e t  a l»  1 9 7 2 ) .  I t  has  

been  r e p o r te d  t h a t  hydrogen bonding o f  t y r o s y l  r e s id u e s  i s  p rob ab ly  

r e s p o n s ib l e  fo r  the  pH d i f f e r e n c e  spectrum  o f  b ov in e  plasma albumin  

(W ill ia m s and F o s t e r  1 9 5 9 ) .

L e ss  a t t e n t i o n ,  how ever , has been  d i r e c t e d  toward v i c i n a l  charge  

e f f e c t s  or p o l a r i t y  and p o l a r i z a b i l i t y  ch a n g es .  The a c id  v e r s u s  n e u t r a l  

charge d i f f e r e n c e  spectrum  o f  t y r o s i n e  i t s e l f  has b een  r e p o r te d  

(W e t la u fe r ,  E d s a l l  and H o ll in g w o r th  1958; M ih a ly i  1968; A 'z a r y  and 

B ige low  1 9 7 0 ) ,  a s  have th o s e  fo r  a few model compounds (W et la u fe r  e t  a l .  

1958, Y anari and Bovey 1 9 6 0 ) .

Furtherm ore, th e re  i s  l i t t l e  u n d ers ta n d in g  o f  how such e f f e c t s  

m ight o p e r a t e .  Yanari and Bovey (1960) have c la im ed  t h a t  i n d u c t iv e  

v i c i n a l  charge  e f f e c t s  are  n o t  s u f f i c i e n t  to  accou n t f o r  pH d i f f e r e n c e  

s p e c tr a  i n  p r o t e i n s ,  bu t th e y  a l s o  m a in ta in  t h a t  v i c i n a l  ch arges  may be  

im portant  i n  s p e c i f i c  c a s e s .  I t  i s  a p p a r e n t ,  how ever, t h a t  a charge  

must be q u i t e  c l o s e  to  a chromophore i f  i t  i s  to  a f f e c t  th e  a b s o r p t io n  

(W etla u fer  e t  a l .  1958; Donovan, Laskow ski and Scheraga 1 9 6 1 ) .  I t  i s  

n ot  known w hether  such e f f e c t s  are t r a n s m it t e d  to  th e  chromophore p r i ­

m a r i ly  by an i n d u c t iv e  r o u te  a lo n g  c o v a le n t  bonds w i t h in  th e  m o le c u le  

or  w hether  th e y  are  m ed ia ted  by the  s o l v e n t .

Such q u e s t io n s  are e s p e c i a l l y  im portant in  v iew  o f  the  f a c t  t h a t  

Donovan e t  a l .  (1961) have r e p o r te d  t h a t  pH d i f f e r e n c e  s p e c t r a  o f  

lysozym e are  due to  c h a r g e s  near i n d o l y l  chromophores. Andrews and 

F o r s t e r  (1972) have s tu d ie d  charge d i f f e r e n c e  s p e c tr a  o f  a v a r i e t y  o f  

in d o le  d e r i v a t i v e s .  I t  i s  d e s i r a b l e  to  d eterm in e  i f  a n a lo g o u s  e f f e c t s
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are a s s o c i a t e d  w ith  the  t y r o s y l  r e s id u e s  o f  o th e r  p r o t e i n s  and to  make 

a s tu d y  o f  model compounds c o n t a in in g  the p h e n o l i c  group0

T his work i s  an a ttem p t to  determ in e  charge d i f f e r e n c e  s p e c tr a  

f o r  model compounds c o n t a in in g  the  p h e n o l i c  chromophore, to  determ ine  

i f  p o s s i b l e  how such e f f e c t s  occur and to  o f f e r  g e n e r a l i z a t i o n s  t h a t  

would be  a p p l i c a b le  to  p r o t e i n  d i f f e r e n c e  s p e c t r a .



CHAPTER 2

METHODS AND MATERIALS

T echniques o f  d i f f e r e n c e  sp e c tr o p h o to m etr y  are  w e l l - e s t a b l i s h e d *  

P o s s i b l e  s o u r c e s  o f  e r r o r  are o f  two ty p e s :  e r r o r s  i n  p r e p a r a t io n  o f  

s o l u t i o n s  and in s tr u m e n ta l  e r r o r s .

S tock  s o l u t i o n s  o f  the  m odel compounds used  in  t h i s  s tu d y  were  

prepared  by d i s s o l v i n g  dry sam ples i n  d i s t i l l e d  w a ter  i n  500 or 1000 ml
_3

f l a s k s ;  t h e s e  s t o c k  s o l u t i o n s  had c o n c e n t r a t io n s  around 2 x  10 M.

A b so r p t io n  s p e c tr a  were ta k en  o f  s o l u t i o n s  10 -20  t im e s  more d i l u t e ;  the
-3

s o l u t i o n s  used  f o r  d i f f e r e n c e  s p e c tr a  were about 10 M. In  a l l  c a s e s ,  

th e  s p e c tr a  were o b ta in e d  the  same day th e  s o l u t i o n s  were made up; s e v e r ­

a l  o f  the  s t o c k  s o l u t i o n s  showed d e c r e a s e s  i n  peak h e i g h t s  a f t e r  two or  

more d ays .

A Cary 14 doub le  beam s p e c tr o p h o to m ete r  was used  i n  a l l  e x p e r i ­

ments* The scan s  were begun a t  350 nm, w e l l  above th e  r e g io n  o f  a b so r p ­

t i o n .  D i f f e r e n c e  s p e c t r a  were taken  w ith  th e  dynode v o l t a g e  s e t t i n g  a t  

2 and the  s l i t  c o n t r o l  a t  25; s l i t  w id th s  were be low  0 .8  mm u n t i l  about  

235 nm, when the  s l i t  began  to  open r a p i d l y .  The ab so rb a n ces  o f  the  

s o l u t i o n s  used  were around 1 .5  and i n  no c a s e  g r e a t e r  than  2 . D ir e c t  

a b s o r p t io n  s p e c tr a  were o b ta in e d  w ith  a dynode s e t t i n g  o f  1.

The ab sorb an ces  o b ta in e d  i n  t h i s  s tu d y  are  w e l l  w i t h i n  th e  l i m i t s  

s u g g e s te d  by H e r s k o v i t s  and Sorensen  (1968) a f t e r  t h e i r  s tu d y  o f  s o lv e n t

6



p e r tu r b a t io n s  o f  model compounds0 U sing  a Cary 14 in s tr u m e n t ,  th e y  

found t h a t  a p l o t  o f  absorbance  v e r s u s  c o n c e n t r a t io n  w i l l  be l i n e a r  

below  2 . 2 - 2 , 5  absorbance  u n i t s ,  i . e . ,  C w i l l  be in d ep en d en t  o f  con­

c e n t r a t i o n .  P h o to m etr ic  e r r o r s  t h e r e f o r e  are  presumed to  be a b s e n t .  

A ls o ,  H e r s k o v i t s  and Soren sen  (1968) found t h a t  AC i s  in d ep en d en t  o f  

s l i t  w id th  as  lon g  as the  w id th  i s  b e low  0 .7 5  mm. S p e c t r a l  bandwidth  

i s  n o t  as  c r i t i c a l  f o r  the  a c c u r a te  d e te r m in a t io n  o f  a d i f f e r e n c e  s p e c ­

trum as  i t  would be f o r  a d i r e c t  a b s o r p t io n  spectrum  (Donovan 1969);  

the  h e i g h t  o f  a d i f f e r e n c e  spectrum  i s  determ in ed  by th e  s lo p e  o f  the  

a b s o r p t io n  spectrum  and a t  a r e s o l u t i o n  i n s u f f i c i e n t  to  d eterm in e  th e  

h e ig h t  o f  an a b s o r p t io n  spectrum  a c c u r a t e l y ,  the  a b s o r p t io n  a t  the s i d e s  

o f  the  peak , and thus  th e  d i f f e r e n c e  spectrum , w i l l  be determ in ed  some­

what more a c c u r a t e l y .  Donovan (1969) e s t im a t e d  t h a t  s l i t  w id th s  t h r e e  

to  f i v e  t im e s  g r e a t e r  than o p t im a l  can  be used  w ith o u t  l o s s  o f  r e s o l u ­

t i o n  o f  a d i f f e r e n c e  spectrum*

The s to c k  s o l u t i o n  o f  each compound i n v e s t i g a t e d  was d i lu t e d  i n  

0 .1  M HCl and pH 7 b u f f e r .  A 5 ml p i p e t  and 10 ml v o lu m e t r ic  f l a s k s  

were used  f o r  the  p r e p a r a t io n  o f  th e  d i l u t e d  s o l u t i o n s .  Both the  b u f f e r  

and the  a c id  s o l u t i o n s  u sed  i n  making th e  d i l u t i o n s  were n o n -a b so rb in g  

over  th e  w a v e le n g th  r e g io n  o f  i n t e r e s t .  R e f e r e n c e -r e f e r e n c e  b a s e l i n e s  

were run b e f o r e  each d i f f e r e n c e  spectrum,. These were n e a r ly  f l a t  

( c o r r e c t i o n s  0 .0 0 5  or l e s s )  down to  2 3 0 -240  nm, i n d i c a t i n g  t h a t  the  

c e l l s  were w e l l -m a tc h e d .  The b u f f e r  s o l u t i o n  was u sed  f o r  th e  r e f e r ­

ence  and th e  a c id  s o l u t i o n  (about pH 1° 3) was used  f o r  th e  sample f o r  

a l l  compounds e x c e p t  p - h y d r o x y p h e n y la c e t ic  a c id ,  f o r  w h ich  th e  r e v e r s e



i s  t r u e .  The spectrum  o f  t h i s  compound i s  shown in  F ig u r e  1 as i f  the  

n e u t r a l  s o l u t i o n  had been  used  as  th e  r e f e r e n c e ,  how ever. A f t e r  d e t e r ­

m in a t io n  o f  the  b a s e l i n e ,  the  sample c e l l  was em p tied , r i n s e d ,  d r ie d  

and f i l l e d  w ith  the  sample s o l u t i o n .  The d i f f e r e n c e  spectrum  was th en  

o b ta in e d .

The pH 7 b u f f e r  u sed  was pHydrion b u f f e r  m anufactured  by M icro  

E s s e n t i a l  L a b o ra to ry ,  I n c .  Of th e  model compounds s t u d ie d ,  tyram ine  

h y d r o c h lo r id e , o - h y d r o x y p h e n y la c e t ic  a c id ,  m -h y d r o x y p h e n y la c e t ic  a c i d ,  . 

p -h y d r o x y p h e n y la c e t ic  a c id  and 3 - ( p -h y d r o x y p h e n y l ) -p r o p io n ic  a c id  were  

o b ta in e d  from A ld r ic h  Chem ical Company. L ~ ty r o s in e  e t h y l  e s t e r  and 

N - a c e t y l - D L - t y r o s in e  were from Schwartz/Mann w h i le  L - t y r o s i n e  was g o t t e n  

from Calbiochem . The compounds were d r ie d  b e f o r e  u se  b u t  n o t  f u r th e r  

p u r i f i e d .
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F igu re  1. Acid v e r s u s  N e u tr a l  D i f f e r e n c e  S p ectra  o f  (Top to  Bottom) o -H yd roxyp h en y lacetic  
A c id ,  3 - (p -H y d ro x y p h en y l) -P ro p io n ic  Acid and p -H yd roxyp h en y lace t ic  A cid .
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CHAPTER 3

THEORY

There are  t h r e e  p o s s i b l e  c a u s e s  o f  d i f f e r e n c e  s p e c tr a :  s p e c t r a l

s h i f t s ,  i n t e n s i t y  changes and broad en in g  or sh arp en in g  o f  v i b r a t i o n a l  

s tr u c tu r e o

A lthough  changes i n  s t r u c t u r e  may be im portant i n  s o lv e n t - in d u c e d

d i f f e r e n c e ,  s p e c tr a  ( C o g g e s h a l l  and Lang 1 9 4 8 ) ,  th e y  w i l l  n o t  be c o n s id ­

e r ed  f u r t h e r  h e r e .  Water was th e  o n ly  s o lv e n t  used i n  t h e s e  e x p er im en ts  

so  i n d i v id u a l  v i b r a t i o n a l  t r a n s i t i o n s  were n o t  r e s o lv e d  i n  the  a b so rp ­

t i o n  s p e c t r a .  F urtherm ore, i t  i s  d i f f i c u l t  to  s e e  how a p e r tu r b in g  

charge  c o u ld  a f f e c t  v i b r a t i o n a l  bands d i f f e r e n t l y  to  produce a d i f f e r e n c e  

spectrum .

r e s u l t  from a s h i f t  o f  th e  e n t i r e  a b s o r p t io n  spectrum . As d i s c u s s e d  by  

Donovan e t  a l .  ( 1 9 6 1 ) ,  i f  an a b s o r p t io n  spectrum  d e s c r ib e d  by £ (X) i s  

s h i f t e d  to  a lo n g e r  w a v e le n g th  by an amount AX, the r e s u l t i n g  spectrum  

i s  g iv e n  by £ (X -  AX) and may be expanded i n  a T aylor  s e r i e s  about a 

w ave len g th

As a f i r s t  a p p r o x im a t io n ,  a d i f f e r e n c e  spectrum  i s  c o n s id e r e d  t o

00

n = l
( i )

10



I f  o n ly  the  f i r s t  d e r i v a t i v e  i s  r e t a i n e d ,  the  d i f f e r e n c e  spectrum  i s  

g iv e n  by

d£AC (X)  = G( X AX) -  E ( X )  = -AXgg- ( 2 )

Thus the  d i f f e r e n c e  i n  e x t i n c t i o n  c o e f f i c i e n t  i s  d i r e c t l y  p r o p o r t io n a l  

to  the w a v e le n g th  s h i f t ,  the  p r o p o r t i o n a l i t y  c o n s ta n t  b e in g  the  n e g a t iv e  

o f  the s l o p e .  E q uation  (2) w i l l  be m ost a c c u r a te  a t  extrem a o f  th e

• • d 2 e

d i f f e r e n c e  spectrum ; a t  such w a v e le n g th s ,  — r w i l l  be zero*
dX

A bathochrom ic  or  red s h i f t  o c c u r s  when the  spectrum  i s  s h i f t e d  

toward lo n g e r  w a v e le n g th s .  I f  the s h i f t  i s  toward s h o r t e r  w a v e le n g th s ,  . 

i t  i s  termed a hypsochrom ic  or b lu e  s h i f t .

I t  i s  o f  i n t e r e s t  to  n o te  t h a t  i f  a symmetric a b s o r p t io n  peak z 

showing no s t r u c t u r e  i s  s h i f t e d  w i th o u t  i n t e n s i f i c a t i o n ,  a d i f f e r e n c e  

spectrum  w ith  p o s i t i v e  and n e g a t iv e  lo b e s  o f  the  same s i z e  and shape  

w i l l  r e s u l t .

From Tinoco and Bush ( 1 9 6 4 ) ,  th e  freq u en cy  s h i f t  i n  an e l e c t r o n i c  

t r a n s i t i o n  due to  a s t a t i c  e l e c t r i c  f i e l d  i s

Av = ~(E » A|jl) (3 )

where Av i s  the fre q u en cy  s h i f t ,  h i s  P la n c k 9 s c o n s t a n t ,  E i s  the

e l e c t r i c  f i e l d  v e c t o r  o f  the  p e r tu r b in g  charge and Ap i s  th e  d i f f e r e n c e  

in  the d i p o l e  moment v e c t o r s  o f  th e  ground and e x c i t e d  s t a t e s .  Con­

v e r t i n g  t h i s  e x p r e s s i o n  to  one in  term s o f  w a v e le n g th ,  one o b t a in s
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Thus the  w a v e le h g th  s h i f t  i s  s e e n  to  depend on the  r e g io n  o f  th e

spectrum  where the  s h i f t  o c c u r s ,  th e  m agnitude o f  the e l e c t r i c  f i e l d  due 

to  the c h a r g e ,  the m agnitude o f  th e  d i f f e r e n c e  in  d ip o le  moment betw een  

th e  i n i t i a l  and f i n a l  s t a t e s  and the r e l a t i v e  o r i e n t a t i o n  o f  th e  two 

v e c t o r s .

The i n t e n s i t y  o f  an e l e c t r o n i c  t r a n s i t i o n  may be d e f in e d  in  

s e v e r a l  w ays , b u t  th e  q u a n t i t y  u s u a l l y  d i s c u s s e d  i s  th e  o s c i l l a t o r  

s t r e n g t h ,  which  can be r e l a t e d  d i r e c t l y  to  the e x p e r im e n ta l  s p e c t r a l  

d ata  a s  w e l l  a s  to  the  computed t r a n s i t i o n  d ip o le  moment (Suzuk i 1967)»

The in t e g r a t e d  i n t e n s i t y  o f  an a b s o r p t io n  band i s  the  area  under  

th e  band and may be determ in ed  from th e  spectrum . I f  th e  e x t i n c t i o n  c o ­

e f f i c i e n t  i s  g iv e n  as  a f u n c t i o n  o f  wave number, the  i n t e g r a t e d  i n t e n s i t y  

i s  the  i n t e g r a l

The l i m i t s  o f  th e  i n t e g r a t i o n  may be ambiguous i f  d i f f e r e n t  a b s o r p t io n

The o s c i l l a t o r  s t r e n g t h  f ^  i s  p r o p o r t io n a l  t o  th e  in t e g r a t e d  

i n t e n s i t y .  In  g a u s s ia n  u n i t s .

Here m and e are  th e  mass and charge o f  an e l e c t r o n ,  r e s p e c t i v e l y ,  c i s  

th e  speed  o f  l i g h t  and N. i s  A vogadro’ s number. The t r a n s i t i o n  i s  from  

s t a t e  i  to  s t a t e  f ,

A =
r  2  -  ^

£ (v )d v (5)

bands are  n o t  c l e a r l y  se p a r a te d  from one a n o th e r .

10 ( InlCQmc (6)



For a s u f f i c i e n t l y  narrow a b s o r p t io n  band, f  w i l l  be propor­

t i o n a l  to  th e  square o f  the  t r a n s i t i o n  moment i n t e g r a l

f i f  = ^  W f  <7)

2
i s 3 c a l l e d  the  d i p o l e  s t r e n g t h  and i s  g iv e n  by

Mi£ - [ J ( I  \  J 1 V i)* /7] (8)
i  I . '

and i|r̂  a re  the  v i b r o n ic  wave f u n c t io n s  o f  the  i n i t i a l  and f i n a l
— > —>

s t a t e s ,  r^ i s  th e  p o s i t i o n  v e c t o r  o f  th e  i t h  e l e c t r o n  and Ẑ . and r̂ .

are  th e  atom ic  number and p o s i t i o n  v e c t o r  o f  th e  I t h  n u c l e u s 0

No tre a tm e n t  o f  i n t e n s i t y  changes due to  in tr a m o le c u la r  charge

p e r tu r b a t io n s  has been  p u b l i s h e d ,  A d e r i v a t i o n  o f  a g e n e r a l  e x p r e s s io n  

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

a lo n g  w ith  the  e x p r e s s i o n  f o r  th e  s p e c i a l  c a s e  o f  a th r e e  l e v e l  system .

The p o t e n t i a l  en e r g y  o f  a sy stem  c o n s i s t i n g  o f  a charge  and an

e l e c t r i c  d i p o l e  i s

U = -p o E (9 )
—& —>

where p i s  th e  d i p o l e  moment and E th e  e l e c t r i c  f i e l d  due to  the  ch a r g e .

The d i s t a n c e  from the  charge  t o  th e  d i p o l e  i s  assumed to  be much g r e a t e r

than th e  l e n g th  o f  th e  d i p o l e  i t s e l f .

The p e r t u r b a t io n  H a m ilto n ia n  w i l l  be taken  to  be



R i s  the d is ta n c e  betw een the charge and the d ip o le , R a u n it  v e c to r ,  

q the p ertu rb in g  charge and e the charge o f  an e le c tr o n . For a system  

o f  axes f ix e d  in  the chromophoric p o r tio n  o f  the m o lec u le , the p o s it io n

chromophore. I t  i s  assumed th a t the p ertu rb in g  charge i s  n ot p art o f  

the chromophore i t s e l f .  In  choosing t h is  form fo r  the H am ilton ian , the  

a d d it io n a l ssum ption i s  made th a t the p ertu rb in g  charge a c ts  d ir e c t ly  

through space and not in d u c t iv e ly  a long bonds.

U sing f i r s t  order p er tu rb a tio n  th eory  fo r  n on -degen erate energy  

l e v e l s ,  the p er tu rb a tio n  m atrix  elem ents can be w r it te n

o f the kth e le c tr o n  i s  g iv en  by r^; the sum i s  over a l l  e le c tr o n s  o f  the

k
( i d

The wave fu n c tio n s  i|r ? and i|r? are assumed to  be r e a l  and norm alized . I f

( 12)
k

w h ile  i f  i  ^ j .

(13)

k

The v e c to r s  p . .  and M .. correspond to  the r e a l  d ip o le  o f  the m olecule

in  s ta t e  i  and the t r a n s i t io n  d ip o le  fo r  the j -» i  t r a n s i t io n .

r e s p e c t iv e ly .
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The t r a n s i t i o n  d ip o le  f o r  th e  0 -> 1 a b s o r p t io n  i s ,  i n  g e n e r a l .

(*?le I ;kl*0) " J [ * l + 1 7 ^ 0 * m ] e I  r
k m rl 1 m . k

k

1
H

n*0 E0"En

0The en ergy  E L (i = 0 3l 5m,n) i s  th a t  o f  an unperturbed m o le c u le  in  th e  i t h  

s t a t e  and the  t r a n s i t i o n  d i p o l e s  e t c * ,  are  th o se  o f  unperturbed

t r a n s i t i o n s ,

2Squaring t h i s  e x p r e s s i o n  and k e e p in g  o n ly  the term s in  q/R , 

th e r e  r e s u l t s

2 2 2M1 0 ° -» . 
M =! M10 + /T,0 „0 ~2 M10 ° ^OO ~ plV

<E1 - V R

V  MnooR  ̂ V  Mm l°Rq

" 2 1  Mi°  ‘ M i n ' 2 1  Mi °  ■ M“ °  (1 5 )

The H erm it ian  p r o p e r ty  o f  th e  d ip o le  moment o p e r a to r  h as  been  used  i n  

c o l l e c t i n g  term s.
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I f  o n ly  th r e e  en e r g y  l e v e l s  a re  c o n s id e r e d ,  th e  summations g i v e

s im p ly

2 2
M = M10 +  , 0 0 2 M10 * (P00 " Pl l )

 ̂ 0

2M2 0 -Rq _  _  2M2 1 -Rq _  ^

(B ^ -E ^ R 2 M l°  '  Ml2 " ( E ^ R 2 M l°  " M20 (16)

The i n t e n s i t y  change produced by a charge i s  t h e r e f o r e  se en  to  

depend on g e o m e t r ic a l  f a c t o r s ,  v a r io u s  a c t u a l  and t r a n s i t i o n  d i p o l e s ,  

th e  s p a c in g  o f  the  en ergy  l e v e l s  and th e  s i g n  o f  th e  charge*



CHAPTER 4

RESULTS AND DISCUSSION

The r e s u l t s  o b ta in e d  in  t h i s  s tu d y  are  shown in  F ig u r e s  1 and 2 ,  

and T ab les  1 ,  2 ,  and 3 , The f i g u r e s  show th e  d i f f e r e n c e  s p e c tr a  o b ta in e d  

fo r  t y r o s i n e  and f o r  se v e n  model compounds0 The s p e c tr a  have been  o f f ­

s e t  f o r  c l a r i t y  and th e  absorbance s c a l e  i s  n o t  the  same f o r  d i f f e r e n t  

sp ec tra *  N um erical d a ta  from the  d i f f e r e n c e  s p e c tr a  are  g iv e n  in  Table  

3* T ab les  1 and 2 g i v e  d a ta  from a b s o r p t io n  s p e c tr a  w h ich  are  n o t  r e ­

produced h e r e ;  th e  a b s o r p t io n  spectrum  o f  t y r o s i n e  c l o s e l y  re sem b les  

th o s e  o f  a l l  the  model compounds e x c e p t  o -  and m -h y d r o x y p h e n y la c e t ic  

acid*  '

The a b s o r p t io n  s p e c tr a  o f  o -  and m -h y d r o x y p h e n y la c e t ic  a c id  are  

q u a l i t a t i v e l y  q u i t e  d i f f e r e n t  from th o s e  o f  the  o th e r  compounds0 A l l  

th e  o t h e r  compounds have an a b s o r p t io n  maximum a t  275-276  ran and a n o th e r  

a t  22 1 -2 2 4  nm» W hile th e  o r t h o - .a n d  m e t a - s u b s t i t u t e d  compounds have  

maxima a t  2 7 2 -273  nm, th e y  have no o th e r  maxima above 200 nm0 There are  

sh o u ld e r s  a t  about 215 nm, b u t  th e y  are  n o t  prom inent. These r e s u l t s  a re  

i n  accord  w ith  th o s e  o f  Dearden and F orb es  ( 1 9 5 9 ) ,  who s t u d ie d  many sub­

s t i t u t e d  p h e n o ls  and found t h a t  o r th o -  and m e t a - s u b s t i t u t e d  p h e n o ls  had  

low w a v e le n g th  a b s o r p t io n  s p e c tr a  q u i t e  d i f f e r e n t  from th o s e  o f  para  

isom ers* In  a d d i t io n ,  th e  a b s o r p t io n  o f  o -h y d r o x y p h e n y la c e t ic  a c id  a t

17
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F igu re  2. Acid  v e r s u s  N e u tr a l  D i f f e r e n c e  S p ectra  o f  (Top to  Bottom) T y r o s in e ,  N -A cety l  
T y r o s in e ,  T yros in e  E th y l  E s t e r ,  Tyramine and m -H ydroxyphenylacetic  A cid .

00
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T able 1 , A b so r p tio n  Maxima 200 -3 0 0  run.

Compound C (1 /m o le -cm )x lO   ̂max

t y r o s in e 2 7 5 .0 1 .4 2
2 2 3 .0 8 .0 6

o -h y d r o x y p h e n y la c e t ic  a c id 2 7 2 .2 1 .9 8

m -h y d ro x y p h e n y la c e tic  a c id 2 7 2 .8 1 .4 2

p -h y d r o x y p h e n y la c e t ic  a c id 2 7 6 .0 1 .3 7
2 2 3 .6 6 .7 6

3 - (p -h y d r o x y p h e n y l)-p r o p io n ic  a c id 2 7 5 .7 1 .5 0
2 2 2 .0 7 .3 1

N - a c e ty l  t y r o s in e 2 7 5 .5 1 .2 4
2 2 3 .0 7 .7 6

tyram ine- HCl 2 7 5 .0 1 .4 0
-

2 2 1 .3 7 .0 9

t y r o s in e  e t h y l  e s t e r 2 7 5 .5 1 .3 3
2 2 3 .0 7 .8 3
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T able 2 . Extrema in  D if fe r e n c e  S p e c tra  250 -3 0 0  nm„

Compound X(nm) AC (M ^cm ■*")

t y r o s in e 2 8 5 .1 - 57 0 .0 4 0
2 7 7 .8 - 19 0 .0 1 3

tyram ine°H C l 2 8 6 .7 29* 0 .0 2 1

t y r o s in e  e t h y l  e s t e r 2 8 5 .1 - 80 0 .0 6 0
2 7 7 .9 - 42 0 ,0 3 2

N - a c e ty l  t y r o s in e 2 8 5 .8 - 59 0 ,0 4 8
2 7 7 .9 13 0 ,0 1 0

o -h y d r o x y p h e n y la c e t ic  a c id 2 8 2 .2 - 62 0 .0 3 1
2 6 8 .1 + 58 0 .0 2 4

m -h y d ro x y p h e n y la c e tic  a c id 2 8 3 .8 + 73 0 .0 5 1
2 7 5 .7 110 0 ,0 7 7 5
2 6 8 .3 107 0 .0 7 5 4

p -h y d r o x y p h e n y la c e tic  a c id 2 8 5 .5 «* 324 0 .2 3 6
2 7 7 .7 - 161 0 .1 1 8
2 6 4 .6 + 53 0 ,0 3 9

3 - (p -h y d r o x y p h e n y l)-p r o p io n ic  a c id 2 8 6 .2 - 9 6 .3 0 .0 6 4 2
2 7 8 .3 - 41 0 .0 2 7

r e fe r e n c e  a t  pH 7 ,  sam ple a t  pH 1 .3

* low er l i m i t
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T able 3 . A b so r p tio n  o f  T y ro sin e  i n  I^O.

X(nm) C (1 /m o le-cm ) X(nm) C (1 /m o le-cm )

204 6370 275 1420
206 5300 276 1390 •
208 5000 278 1240
210 5060 280 1200
212 5310 282 1130
214 5690 284 910
216 6210 286 548
218 6850 288 . .260
220 7520 290 121
222 7970 292 19
223 8060 294 1
2 2 4 . 7970 296 1
226 • 7440 298 0
228 6370 300 0
230 4880
232 3300
234 1940
236 1120
238 631

.240 390
242 288
244 241
246 251
248 260
250 269
252 288
254 306
256 362
258 455
260 557
262 659
264 752
266 910
268 1020
270 1180
272 1320
274 . 1400 .
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272*2 ran i s  fa r  more in t e n s e  than  th e  lo n g  w a v e le n g th 'a b s o r p t io n  o f  any  

o f  th e  o th e r  compounds* The e x t i n c t io n  c o e f f i c i e n t  fo r  the m eta iso m e r 9 

h ow ever9 i s  th e  same as th a t  o f  t y r o s in e  and com parable to  th o s e  o f  th e  

o th e r  p a r a - s u b s t i tu te d  compounds*

The d i f f e r e n c e  s p e c tr a  o f  a l l  th e  p a r a - s u b s t i tu te d  p h en o ls  (pH 

1 ,3  v e r su s  pH 7) a re  q u it e  s im i la r  in  sh ap e , show ing two n e g a t iv e  peaks  

to  th e  red  o f  th e  a b s o r p t io n  maximum and a broad s t r u c t u r e le s s  p o s i t i v e  

peak a t  s h o r te r  w a v e le n g th s . The p o s i t i v e  peaks a r e  o f  much sm a lle r  

area  than  th e  n e g a t iv e  p e a k s . D if fe r e n c e  s p e c tr a  o f  o -  and m -hydroxy- 

p h e n y la c e t ic  a c id  d i f f e r  in  appearance from th o se  o f  th e  para compounds 

and from each  o th e r . The d i f f e r e n c e  spectrum  o f  m -h y d ro x y p h e n y la c e tic  

a c id  shows th r e e  peaks and d oes n o t  c r o s s  th e  b a s e l in e ;  o -h y d ro x y p h en y l-  

a c e t i c  a c id  has b o th  a n e g a t iv e  and a p o s i t i v e  peak b u t th e  p o s i t i v e  

peak h as a g r e a te r  a r e a .

D if fe r e n c e  s p e c tr a  o f  a l l  e ig h t  compounds have t h e ir  lo n g e s t  

w a v e len g th  extrem a ab ou t 10 nm to  th e  red  o f  th e  a b s o r p t io n  maxima. For  

th e  para compounds, th e s e  extrem a o ccu r  a t  285-287  ran; o -  and ra­

lly dr oxypheny la c e  t i c  a c id  have extrem a a t  s l i g h t l y  s h o r te r  w a velen g th s*  

There a re  w ide d i f f e r e n c e s  in  th e  m agn itudes o f  th e  d i f f e r e n c e

s p e c tr a  a s  m easured by | a£ /£  L  V a lu es  o f  I AC /£ I v a r y  from 0*2361 m ax1 1 max'
1fo r  p -hydroxypheny la c e  t i c  a c id  to  l e s s  th an  -zj t h i s  number. The v a lu e

f o r  p -h y d r o x y p h e n y la c e tic  a c id  i s  much h ig h e r  than th a t  fo r  any o f  th e

o th e r  compounds s tu d ie d ;  th e  n e x t l a r g e s t  v a lu e  ( f o r  m -h yd roxyp h en y lacet i c  

a c id )  i s  o n ly  about o n e - th ir d  th a t  o f  th e  para isom er .
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In  c o n s id e r a t io n  o f  pH d i f f e r e n c e  s p e c tr a , i t  h as o f t e n  been  

agreed  th a t  a p e r tu r b in g  charge m ust be q u ite  c lo s e  to  a chrom ophore-- 

w it h in  o n ly  a few  bond le n g th s - - - to  produce a m easu reab le  d i f f e r e n c e  

spectrum *

The e f f e c t  o f  th e  s e p a r a t io n  o f  th e  p e r tu r b in g  ch arge  and th e  

t y r o s y l  chromophore has b een  c o n s id e r e d  p r e v io u s ly  by W etla u fe r  e t  a l 0 

(1958)*  They found th a t  th e  d i f f e r e n c e  spectrum  due to  th e  io n iz a t io n  

o f  the amino group in  g ly c y l-O -m e th y lty r o s in e  ( in  w hich  th e  amino group  

i s  th r e e  atoms removed from  th e  a  c a r b o n ) is  b a r e ly  d e t e c t a b le ,  w h ile  fo r  

th e  com parable d i f f e r e n c e  spectrum  o f  0 -m eth y11 y r o s in e  AS~230 l /m o le -c m 0 

These w orkers p r e d ic te d  th a t  a ch arge w i l l  have no e f f e c t  on a chromo­

phore u n le s s  th e y  a re  c lo s e r  than  ~ 1 0  2, a p a r t „

In  t h i s  s tu d y  th e  e f f e c t  o f  d is ta n c e  i s  shown in  th e  d i f f e r e n c e  

s p e c tr a  o f  p -h y d r o x y p h e n y la c e tic  a c id  and 3 - (p -h y d r o x y p h e n y l)-p r o p io n ic  

acid *  A lthough  th e  s p e c tr a  are  v e r y  s im i la r  in  shape ( s e e  F ig u re  1 ) ,  

th e  AC fo r  p -h y d r o x y p h e n y la c e t ic  a c id  i s  more than th r e e  tim es g r e a te r  

than  th a t  fo r  3 - (p -h y d r o x y p h e n y l)-p r o p io n ic  a c id .  The in c r e a s e  in  

charge-chrom ophore d is ta n c e  w ith  c h a in  le n g th  can be se e n  by com paring  

th e  s p a c e - f i l l i n g  m o le c u la r  m odels shown in  F ig u r e s  3 and 4* W hile  

3 - (p -h y d r o x y p h e n y l)-p r o p io n ic  a c id  d oes have c e r t a in  c o n fo rm a tio n s  in  

w hich  th e  charge i s  c lo s e r  to  th e  chromophore than in  th e  m odel shown in  

F ig u r e  4 ,  th e s e  c o n fo rm a tio n s  are  s t e r i c a l l y  somewhat crow ded.

The amino group o f  tyram ine i s  v e r y  c lo s e  to  th e  p h e n o lic  r in g - -  

no more th an  one van der W aals r a d iu s  away a s  i l l u s t r a t e d  in  F ig u re  5 ,  

The d i f f e r e n c e  spectrum  o f  t y  ram in e  i s  v e r y  sm a ll b u t t h i s  can be



F ig u re  3 . M o lecu la r  Model o f  p -H yd roxyp h en y lacetic  A cid Showing 
T y p ica l C onform ation.



F ig u re  4 . M olecu lar  Model o f  3 - (p-H ydroxyphenyl) -P r o p io n ic  A cid  
Showing U n stra in ed  C onform ation.
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F igu re  5 . M olecu lar  Model o f  Tyramine Showing T y p ica l C on form ation .
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a t t r ib u t e d  to  th e  f a c t  th a t  a t  pH. 7 n e a r ly  a l l  th e  tyram in e  m o le c u le s  

w i l l  a lr e a d y  have b een  p r o to n a te d ; th e  AC v a lu e  d eterm in ed  fo r  t h i s  com­

pound i s  th e r e fo r e  a low er l im it*  The a c tu a l  v a lu e  can n ot be d eterm in ed  

s in c e  a t  pH v a lu e s  s u f f i c i e n t l y  h ig h  fo r  th e  amino group to  be unch arged , 

th e  p h e n o la te  io n  w i l l  be formed and i t s  spectrum  w i l l  o b scu re  th a t  o f  

th e  amino group (W etla u fer  e t  a l*  1958)» The sm a ll o b serv ed  spectrum  

may be due to  d i f f e r e n c e s  in  i o n ic  s tr e n g th  b etw een  th e  sam ple and th e  

r e fe r e n c e *  Such an e f f e c t  presum ably w ould be the same fo r  a l l  o f  th e  

d if f e r e n c e  s p e c tr a  o b ta in e d  so  th e  r e s u l t  fo r  tyram ine g iv e s  an upper  

l im i t  to  th e  p o s s ib le  e r r o r  in  th e  s p e c tr a  due to  th e  p r e se n c e  o f  s a l t s *  

I t  h as b een  n o ted  s e v e r a l  t im es  th a t  in o r g a n ic  s a l t s  can produce  

d if f e r e n c e  s p e c tr a  when added to  s o lu t io n s  o f  p h e n o lic  compounds 

(W etla u fer  e t  a l*  1958 , B ige low  and G eschwind 1960, A 1z a r y  and B ig e lo w  

1970)* In  p a r t ic u la r ,  A$z a r y  and B ig e lo w  (1970) found th a t  c o n c e n tr a te d

HCl c a u se s  an in c r e a s e  in  AC fo r  th e  L  band o f  t y r o s in e  a f t e r  p r o to n a -
b

t io n  o f  th e  c a r b o x y la te  group i s  co m p le te ; th e  1^ band i s  u n a ffe c te d *
a

Data o f  th e s e  w orkers s u g g e s ts  th a t  such  an e f f e c t  o c c u r s  below  about  

pH 2*

In  N - a c e ty l  t y r o s in e  and 3 - (p -h y d r o x y p h e n y l)-p r o p io n ic  a c id ,  

th e r e  a re  th r e e  carbon atom s betw een  th e  arom atic  r in g  and th e  oxygen  

atom s o f  th e  ca r b o x y l group* S t e r ic  s t r a i n  i s  im p ortan t in  many con­

fo rm a tio n s  o f  N - a c e ty l  t y r o s in e ;  in  th e  l e s s  s tr a in e d  c o n fo r m a tio n s , 

th e  c a r b o x y l group i s  q u it e  fa r  from th e  chromophore ( s e e  F ig u r e  6)*  

Crowding i s  l e s s  s e r io u s  f o r  the s im p le r , l e s s  b u lk y  s u b s t i t u e n t  o f  

3 - (p -h y d r o x y p h e n y l)-p r o p io n ic  a c id ,  and th e  ca r b o x y l group o f  t h i s



4

F ig u re  6 . M olecu lar  M odel o f  N -A cety l T yrosin e  Showing U n stra in ed  
C onform ation.
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m o le c u le  w ould be e x p e c te d , on the a v e r a g e s to  be somewhat c lo s e r  to  th e  

p h e n o lic  chromophore than  th e  c a r b o x y l group o f  N -a c e ty l  t y r o s in e ,  . T h is  

in t e r p r e t a t io n  i s  in  agreem ent w ith  th e  d i f f e r e n c e  s p e c tr a ;  AC i s  -59  

fo r  N - a c e ty l  t y r o s in e  and - 9 6 03 fo r  3 - (p -h y d r o x y p h e n y l)-p r o p io n ic  acid *

For t y r o s in e ,  t y r o s in e  e t h y l  e s t e r  and p -h y d r o x y p h e n y la c e tic  a c id ,  

th e r e  are two carb on .a tom s b etw een  th e  a rom atic  r in g  and th e  charged a tom s, 

When th e  th r e e  m o le c u le s  a re  in  c o n fo rm a tio n s  such th a t  th e  ch a rg e -  

chromophore d is ta n c e  i s  a maximum, th e  amino groups a re  somewhat fu r th e r  

from th e  chromophore than  i s  th e  c a r b o x y l group o f  p -h y d r o x y p h e n y la c e tic  

a c id  ( s e e  F ig u r e s  3 , 7 and 8 ) ,  On th e  o th e r  hand, th e  ch arge  o f  a ca rb o x y -  

l a t e  group w i l l  be d iv id e d  b etw een  th e  two oxygen atom s (a c c o r d in g ly ,  th e  

charge may n o t behave as a p o in t  c h a r g e , e s p e c i a l l y  c lo s e  to  th e  chromo­

p h ore , so  E q u ation  (16 ) may n o t be a d e q u a te ) , and th e  oxygen  atom s o f  

p -h y d r o x y p h e n y la c e ta te  can n ot s im u lta n e o u s ly  be b rou gh t a s  c lo s e  to  th e  

chromophore as th e  n i tr o g e n  atom o f  t y r o s in e  or t y r o s in e  e t h y l  e s t e r .

Data f o r  th e  th r e e  compounds in d ic a t e s  th a t  an in d u c t iv e  e f f e c t  

cannot be th e  p r in c ip a l  ca u se  o f  t h e s e  d i f f e r e n c e  s p e c tr a . An in d u c t iv e  

e f f e c t  w ould depend o n ly  on th e  number o f  carbon atom s b etw een  the ch arge  

and th e  chrom ophore, so i f  th e  p e r tu r b a t io n  a c te d  in d u c t iv e ly ,  |a£ | f o r  

th e  th r e e  compounds sh ou ld  be th e  same. For p -h y d r o x y p h e n y la c e tic  a c id ,  

how ever, i t  i s  more than  fo u r  tim es  g r e a te r  than th a t  fo r  e i t h e r  t y r o s in e  

or ty r o s in e  e t h y l  e s t e r .  Charge d i f f e r e n c e  s p e c tr a  o f  p h e n o ls  th e r e fo r e  

a re  p ro b a b ly  p r im a r ily  due to  in t e r a c t io n s  d i r e c t l y  through  sp a c e .

These r e s u l t s  fo r  p h e n o ls  may be compared w ith  th o s e  o f  Donovan 

e t  a l .  (1961) and Andrews and F o r s te r  (1972) fo r  in d o le  d e r iv a t i v e s .
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F ig u re  7 . M olecu lar Model o f  T y ro sin e  Showing Maximum Charge- 
Chromophore D is ta n c e .



F ig u re  8 . M olecu lar  Model o f  T yrosine E th y l E ste r  Showing Maximum 
Charge- Chromophore D is ta n c e .
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Donovan e t  a l*  (1961) compared the amino group i o n iz a t io n s  o f  g l y c y l -  

tryp top h an  and try p to p h a n . In  tryp top h an  th e r e  are  two atom s s e p a r a tin g  

th e  amino group from th e  in d o ly l  chrom ophore; in  g ly c y ltr y p to p h a n  th e r e  

are  f i v e 0 These w orkers found th a t  AC i s  te n  tim es l e s s  in  g ly c y l t r y p t o -  

phan th an  in  try p to p h a n . Andrews and F o r s te r  (1972) s tu d ie d  3 - in d o le -  , 

b u t y r ic  a c id ,  3 - in d o le p r o p io n ic  a c id  and 3 - in d o le a c e t i c  a c id e The AC 

v a lu e s  fo r  th e se  compounds w ere a p p r o x im a te ly  in  th e  r a t i o  1 : 3 :8 .

I t  i s  c le a r  th a t  b oth  fo r  p h en o l and in d o le  d e r iv a t iv e s  th e r e  i s  

a pronounced d e c r e a se  in  th e  m agnitude o f  charge d i f f e r e n c e  s p e c tr a  as  

th e  d is ta n c e  b etw een  th e  charge and th e  chromophore i s  in c r e a s e d . The 

a c tu a l  s i z e  o f  th e  d e c r e a s e , h ow ever, v a r ie s  w id e ly  among d i f f e r e n t  m odel 

compounds.

As m en tion ed  a b o v e , th e  a b s o r p t io n  s p e c tr a  o f  o -  and m -hyd roxy-  

p h e n y la c e t ic  a c id  have a c lo s e  resem b lan ce b u t b o th  d i f f e r  from th e  s p e c ­

trum o f  th e  para iso m er . The d i f f e r e n c e  s p e c tr a  o f  th e  th r e e  iso m e r s , 

h ow ever, are a l l  d i f f e r e n t .  As w ould be e x p e c te d , th e  s u b s t i t u e n t s  o f  

th e  o r th o  isom er are  in  c lo s e  p r o x im ity  ( s e e  F ig u r e  9 ) .  S p e c i f i c  i n t e r ­

a c t io n s  such as in tr a m o le c u la r  hydrogen  bond ing a re  th e r e fo r e  p o s s ib le  i f  

th e  s u b s t i t u e n t s  are  o r th o . S p a c e - f i l l i n g  m o le c u la r  m odels r e v e a l ,  how­

e v e r ,  th a t  in  th e  m eta isom er th e  s u b s t i t u e n t s  can n ot approach c lo s e r  

than 2 -3  van der W aals r a d i i  ( s e e  F ig u re  1 0 ); i n t e r a c t io n s  betw een  sub­

s t i t u e n t  groups are  u n l ik e ly  a t  such d i s t a n c e s .

A l l  th e  para compounds in v e s t ig a t e d  have d i f f e r e n c e  s p e c tr a  ( a c id  

v e r su s  n e u tr a l)  in  w hich  th e  n e g a t iv e  lo b e  i s  s u b s t a n t ia l ly  la r g e r  than  

th e  p o s i t i v e  lo b e . The spectrum  o f  o -h y d r o x y p h e n y la c e t ic  a c id  has a



F ig u r e  9 M olecu lar  Model o f  o -H yd roxyp h en y lacetic  Acid Showing 
T y p ic a l C onform ation .



F ig u re  10. M olecu lar  Model o f  m -H ydroxyphenylacetic  Acid Showing 
C lo s e s t  Approach o f  S u b s t itu e n ts .
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p o s i t i v e  lo b e  th a t  i s  much la r g e r  than  th e . n e g a t iv e  lo b e , and th e  s p e c ­

trum o f  m ~ h y d ro x y p h en y la cetic  a c id  does n o t c r o s s  th e  b a s e l in e  a t  a l l .

I f  th e  d i f f e r e n c e  s p e c tr a  were due s o l e l y  to  a w a v e len g th  s h i f t  

1 1o f  th e  lo n g e r  w a v e len g th  A -> band, th e y  w ould show p o s i t i v e  and

n e g a t iv e  lo b e s  o f  a p p ro x im a te ly  e q u a l s iz e *  (The compounds used  have a

s l i g h t  sh o u ld e r  on th e  lo n g  w a v e len g th  s id e  o f  th e  a b s o r p t io n  maximum

and q u ite  a lon g  t a i l  on th e  sh o r t  w a v e len g th  s id e ,  so th e y  would n o t be

e x p e c te d  to  have sym m etric d i f f e r e n c e  s p e c t r a ,)

For in d o le  d e r iv a t i v e s ,  i t  i s  p o s s ib le  to  e x p la in  d i f f e r e n c e

s p e c tr a  w ith  one lo b e  much la r g e r  than  th e  o th e r  w ith  th e  o b s e r v a t io n s

1 1(Andrews and F o r s te r  1972) th a t  th e  and s t a t e s  a re  c lo s e  to g e th e r

and th a t  charge p e r tu r b a t io n s  can s h i f t  th e  two t r a n s i t i o n s  in  o p p o s ite

d i r e c t i o n s ; th e  t r a n s i t i o n s  may o v e r la p  in  such a way th a t  one o f  the

lo b e s  i s  o b scu red . Such an e x p la n a t io n  w i l l  n o t a p p ly  to  p h e n o ls , how- 

1 1e v e r , s in c e  th e  and bands are  se p a r a te d  by about 50 nm; th e  

1 1A -* band can have o n ly  a n e g l i g i b l e  e f f e c t  on th e  lo n g e r  w a v e len g th

^A t r a n s i t i o n .

Thus th e  d i f f e r e n c e  s p e c tr a  o f  th e  compounds s tu d ie d  m ust be due 

in . la r g e  p a r t  to  i n t e n s i t y  ch a n g es. S h i f t s  a l s o  o c c u r , b u t th e y  can n ot  

a cco u n t fo r  a l l  th e  f e a t u r e s  o f  th e  s p e c tr a ,  (See A ppendix fo r  a d i s c u s ­

s io n  o f  a tte m p ts  to  perform  a g a u s s ia n  a n a ly s i s  on th e  s p e c t r a ,)

I t  h as been  shown ( s e e  Theory) th a t  i f  the c o r r e c t io n  term s w ith
2

a 1/R  dependence are  la r g e  enough, th e r e  i s  a s u b s t a n t ia l  change in  th e  

d ip o le  s t r e n g th . I n t e n s i t y  changes are  th e r e fo r e  a p la u s ib le  cau se  o f  

d if f e r e n c e  s p e c tr a .
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As th e  d a ta  fo r  th e  m odel compounds show s, th e  e f f e c t  o f  a 

p e r tu r b in g  ch arge depends on th e  o r ie n t a t io n  o f  th e  s u b s t i t u e n t s .  For  

para iso m e r s , a n e g a t iv e  charge c a u se s  an i n t e n s i t y  in c r e a s e  and a p o s i ­

t i v e  ch arge c a u se s  an i n t e n s i t y  d e c r e a s e . For o r th o  iso m e r s , i t  ap p ears  

th a t  p e r tu r b a t io n  by a n e g a t iv e  ch arge le a d s  to  i n t e n s i f i c a t i o n  w h ile  

fo r  m eta iso m ers a n e g a t iv e  charge seem s to  le a d  to  an i n t e n s i t y  d e c r e a s e .

Both t y r o s y l  and tr y p to p h y l r e s id u e s  can g iv e  r i s e  to  p r o t e in  

d if f e r e n c e  s p e c tr a  in  th e  n ear u l t r a v i o l e t .  I t  i s  o f  i n t e r e s t ,  th e r e ­

f o r e ,  to  compare th e  g e n e r a l  f e a t u r e s  o f  th e  s p e c tr a  o f  a p p r o p r ia te  

p h e n o ls  and in d o le s .

A b so r p tio n  s p e c tr a  o f  in d o le  and p h en o l d e r iv a t iv e s  d i f f e r  in  an  

im p ortan t way. W hile f o r  p h e n o ls  th e  two t r a n s i t io n s  se e n  in  th e  u l t r a ­

v i o l e t  spectrum  are  a lw ays w e l l  s e p a r a te d , th e y  o v e r la p  in  c e r t a in  i n ­

d o le s .  F urtherm ore, th e  superim posed  in d o le  t r a n s i t io n s  resp ond  d i f f e r ­

e n t ly  to  en v iro n m en ta l in f lu e n c e s  (Andrews and F o r s te r  1 9 7 2 ) . S o lv e n t  

p e r tu r b a t io n s  appear a lw ays to  s h i f t  th e  and bands in  th e  same 

d ir e c t io n .  In  c e r t a in  m odel compounds, h ow ever, charge p e r tu r b a t io n s  

s h i f t  th e  two bands in  o p p o s ite  d i r e c t io n s .  I n t e n s i t y  ch an ges p la y  o n ly  

a m inor r o le  in  th e  d i f f e r e n c e  s p e c tr a  o f  m ost in d o le s .  Charge d i f f e r ­

en ce  s p e c tr a  o f  p h e n o ls  and in d o le s ,  t h e r e f o r e ,  are  due to  d i f f e r e n t  

c a u s e s .

In  m ost o f  th e  m odel compounds th a t  have been  s tu d ie d  so f a r ,  

v a lu e s  fo r  p h e n o ls  are  s u b s t a n t ia l ly  l e s s  than th o se  f o r  in d o le s .  I t  

t h e r e fo r e  appears p ro b a b le  th a t  tr y p to p h y l r e s id u e s  w i l l  make c o n s id e r ­

a b ly  more c o n t r ib u t io n  to  charge d i f f e r e n c e  s p e c tr a  in  p r o t e in s  than  

w i l l  t y r o s y l  r e s id u e s .
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The r e l a t i v e  im portance o f  th e  c o r r e c t io n  term s in  E o u a tio n  (16 )  

can be p a r t i a l l y  a s s e s s e d  u s in g  d a ta  a v a i la b le  in  th e  l i t e r a t u r e *  B erndt 

and K w iatkow ski (1970) have g iv e n  th e  a n g le s  o f  p o la r iz a t io n  fo r  th e  

e l e c t r o n i c  t r a n s i t io n s  o f  p h e n o l. The a c tu a l  symmetry o f  p h en o l i s  o n ly  

C^; th e  e f f e c t i v e  sym m etry, how ever, i s  u s u a l ly  c o n s id e r e d  to  be 

Only i f  th e  bonds to  th e  oxygen atom made a 180° a n g le  c o u ld  th e  m o le c u le  

have a a x is  and two symmetry p la n e s .  S in ce  th e  h y d r o x y l group i s  

f r e e l y  r o t a t in g ,  th e  p h en o l m o le c u le  i s  regard ed  as b e lo n g in g  to  th e  

p o in t  group . T h is assu m p tion  h as a l s o  b een  made f o r  t y r o s in e  and p - c r e s o l  

(H o rw itz , S tr ic k la n d  and B i l lu p s  1970; Sponer 1942) and i s  c o n s is t e n t  w ith  

th e  v ib r o n ic  s p e c tr a  o f  th e s e  compounds. C o n sid er in g  th e  symmetry to  be  

and d e f in in g  th e  z a x is  as th e  a x i s  through th e  oxygen  atom and 

and C^, th e  y a x i s  a s th e  o th e r  a x is  in  th e  p la n e  o f  th e  a rom atic  r in g  

and th e  x a x is  a s th e  a x i s  p e r p e n d ic u la r  to  th e  p la n e , th e  0 -» 1 t r a n s i ­

t io n  i s  y - p o la r iz e d  and th e  0 -> 2 t r a n s i t i o n  i s  z - p o la r iz e d .  The 

t r a n s i t io n  moments and t h e r e fo r e  a re  p e r p e n d ic u la r  and th e  f i n a l

c o r r e c t io n  term  v a n is h e s .  Assum ing t h a t  th e  ground s t a t e  wave fu n c t io n  

^ t r a n s f o r m s  a s  th e  t o t a l l y  sym m etric r e p r e s e n t a t io n  and c o n s id e r in g  

th e  d i r e c t  p rod u ct r e p r e s e n t a t io n s  o f  th e  in te g r a n d s  o f  th e  t r a n s i t io n  

m oments, ^  i s  found to  tra n sfo rm  a s  and ^  to  tra n sfo rm  a s  A^; 

w i l l  be y - p o la r iz e d .  The second c o r r e c t io n  term w i l l  th e n  be e x p e c te d  . 

to  be la r g e  s in c e  and w i l l  be p a r a l l e l .  In fo r m a tio n  in  the  

l i t e r a t u r e  about perm anent d ip o le  moments fo r  e x c i t e d  s t a t e s  o f  p h e n o ls  

i s  s c a n ty , bu t Lombardi (1969 ) has determ ined, th a t  th e  d ip o le  moment in  

th e  f i r s t  e x c i t e d  s t a t e  o f  p h en o l d i f f e r s  o n ly  s l i g h t l y  from th a t  o f  th e
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th e  ground s t a t e  b u t i s  p ro b a b ly  in c r e a s e d . In  th e  0 -> 1 t r a n s i t i o n ,  

th e  p h en o l m o le c u le  c o n tr a c t s  a lo n g  th e  z a x i s ; th e  e x c i t e d  s t a t e  appar­

e n t ly  h as a p p r e c ia b le  q u in o id  c h a r a c te r . For a charge para to  th e
A _» 

hydroxy group , R w i l l  be a lo n g  th e  y a x i s  and ° R w i l l  be z e r o . Only

th e  second c o r r e c t io n  term w i l l  be im p ortan t fo r  c h a r g e -p e r tu r b e d  p a ra -  

s u b s t i t u t e d  p h e n o ls ;  th e  d i f f e r e n c e  in  perm anent d ip o le  moment o f  the  

ground and e x c it e d  s t a t e s  has no e f f e c t .

T h is a n a ly s i s  w i l l  a p p ly  o n ly  to  p a r a - s u b s t i tu te d  p h e n o ls ;  th o se  

w ith  s u b s t i t u e n t s  o r th o  or m eta to  th e  h y d ro x y l group w i l l  have o n ly  Cg 

symm etry. I n t e n s i f i c a t i o n  does n o t appear to  be v e r y  im p ortan t in  th e  

d if f e r e n c e  spectrum  o f  o -h y d r o x y p h e n y la c e t ic  a c id  so  p h e n o ls  w ith  o r th o  

s u b s t i t u e n t s  w i l l  n o t be d is c u s s e d  f u r th e r .  The spectrum  o f  m -hydroxy- 

p h e n y la c e t ic  a c id ,  how ever, does n o t c r o s s  th e  b a s e l in e  a t  a l l ,  A 

change in  i n t e n s i t y  m ust be th e  prim ary c a u se  o f  t h i s  d i f f e r e n c e  s p e c ­

trum, Assum ing th a t  th e  t r a n s i t i o n  d ip o le  moments have th e  same o r ie n ­

t a t io n s  r e g a r d le s s  o f  s u b s t i t u t io n  on th e  p h e n o lic  r in g ,  group t h e o r e t i ­

c a l  argum ents a n a lo g o u s to  th o se  above show th a t  i|r and ^  a l l

tran sform  as A1 fo r  p h e n o ls  o f  Cg symm etry. The l a s t  c o r r e c t io n  term  

in  E q u ation  (16) w i l l  v a n is h  s in c e  and M^q w i l l  be p e r p e n d ic u la r ,
A .

The v e c to r s  R and w i l l  each  have com ponents a lo n g  b oth  ax es  in  th e  

p la n e  o f  th e  arom atic  r in g ,  so th e  secon d  c o r r e c t io n  term  may be la r g e .  

The im portance o f  th e  f i r s t  c o r r e c t io n  term  cannot be d eterm in ed  w ith o u t  

in fo r m a tio n  about perm anent d ip o le  moments o f  s u b s t i t u t e d  p h e n o ls , w hich  

i s  u n a v a i la b le .
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1 1  1 1  For in d o le ,  th e  t r a n s i t i o n  moments o f  the A -* L, and A -» Lb a

t r a n s i t io n s  make a 92° a n g le  (Yamamoto and Tanaka 1 9 7 2 )0 The f i n a l  

c o r r e c t io n  term  in  E filia tion  (16) w i l l  th en  be v e r y  sm all*  In d o le  i s  o f  

low  symmetry and n e i t h e r  th e  nor th e  t r a n s i t i o n  moment i s  a lo n g

any o f  th e  a x es  o f  th e  m o le c u le  so the secon d  c o r r e c t io n  term may be 

presumed to  be q u ite  im portant* For in d o le s ,  in  c o n t r a s t  to  th e  s i t u a ­

t io n  fo r  p h e n o ls , th e  f i r s t  c o r r e c t io n  term  i s  l i k e l y  to  be im portant*  

A lthough  in fo r m a tio n  on th e  o r ie n t a t io n  o f  in d o le  perm anent d ip o le  

moments i s  la c k in g , th e  m agnitude o f  th e  d i f f e r e n c e  in  d ip o le  moment 

b etw een  the e x c i t e d  and ground s t a t e s  h as b een  r e p o r te d  to  be ~5  D 

(M ataga, T o r ih a sh i and Ezumi 1 9 6 4 ); u n le s s  th e  d o t p ro d u ct i s  s m a ll ,  

t h i s  term i s  l i k e l y  to  make a la r g e  c o n tr ib u t io n *  Perm anent d ip o le  

moments ap p ear, t h e r e f o r e ,  to  be more im p ortan t in  th e  i n t e n s i f i c a t i o n  

o f  ch a r g e -p e r tu r b e d  s p e c tr a  o f  in d o le s  than  o f  ph en ols*



CHAPTER 5

SUMMARY

Charge d i f f e r e n c e  s p e c tr a  o f  t y r o s in e  and sev en  m odel compounds 

w ere s tu d ied *  A l l  th e  para  isom ers in v e s t ig a t e d  have d i f f e r e n c e  s p e c tr a  

th a t  a re  v e r y  s im i la r  in  shape a lth o u g h  th e y  d i f f e r  g r e a t ly  in  m agnitude*  

The d i f f e r e n c e  s p e c tr a  o f  o - ,  m- and p -h y d r o x y p h e n y la c e tic  a c id  are  

q u a l i t a t i v e l y  v e r y  d i f f e r e n t ,  however* In  a l l  th e  d i f f e r e n c e  s p e c tr a ,  

one lo b e  i s  la r g e r  than  th e  o t h e r ; fo r  m -h y d ro x y p h e n y la c e tic  a c id  th e  

spectrum  does n o t c r o s s  th e  b a s e l in e  a t  a l l*  Such e f f e c t s  can  o n ly  be  

due to  changes in  th e  i n t e n s i t y  o f  a b so rp tio n *  E v id en ce  was o b ta in e d  

w hich s u g g e s ts  th a t  in t e r a c t io n s  through  sp a c e , r a th e r  th a n  in d u c t iv e  

i n t e r a c t i o n s ,  are  th e  p r in c ip a l  cau se  o f  th e se  d i f f e r e n c e  sp ectra *  An 

e x p r e s s io n  fo r  the change in  d ip o le  s tr e n g th  when a t r a n s i t i o n  i s  p e r ­

turbed  by a ch arge was d e r iv e d  u s in g  p e r tu r b a t io n  theory* E xam ination  

o f  t h i s  e q u a t io n  shows th a t  th e  change in  perm anent d ip o le  moment upon 

e x c i t a t i o n  appears to  be o f  m inor im portance in  th e  i n t e n s i f i c a t i o n  o f  

s p e c tr a  o f  p a r a - s u b s t i tu te d  p h en ol d e r iv a t iv e s ;  such ch an ges are l i k e l y  

to  be much more s i g n i f i c a n t  fo r  in d o le s *  T r a n s it io n  d ip o le  term s w i l l  

be im portant in  th e  i n t e n s i f i c a t i o n  o f  s p e c tr a  o f  b o th  ty p e s  o f  compound* 

Charge d i f f e r e n c e  s p e c tr a  are  g e n e r a l ly  sm a lle r  fo r  p h en o l than fo r  i n ­

d o le  d e r iv a t iv e s  so i t  i s  l i k e l y  th a t  tryp top h an  w i l l  be more im p ortan t  

than  t y r o s in e  in  p r o t e in  pH d i f f e r e n c e  sp ectra*

40



APPENDIX

ATTEMPTED GAUSSIAN ANALYSIS OF THE SPECTRA

I t  i s  d e s ir a b le  to  perform  a g a u s s ia n  a n a ly s i s  on a d i f f e r e n c e  

spectrum  to  d eterm in e  th e  w a v e len g th  s h i f t  and i n t e n s i f i c a t i o n  as  

q u a n t i t a t iv e ly  a s  p o s s ib l e .  In  t h i s  s tu d y , a n a ly s is  o f  th e  d i f f e r e n c e  

s p e c tr a  was a ttem p ted  b o th  by means o f  a d i g i t a l  com puter program and a 

Dupont 310 cu rve r e s o lv e r .

The com puter program w i l l  f i t  up to  t e n  g a u s s ia n  peaks to  a 

spectrum . I t  r e q u ir e s  a s  in p u t p aram eters th e  e s t im a te d  p o s i t i o n s ,  

h e ig h t s  and w id th s  a t  h a l f - h e ig h t  o f  th e  number o f  g a u s s ia n  p eak s to  

bei u sed  in  th e  f i t t i n g  as w e l l  as the o b serv ed  h e ig h t s  a t  r e g u la r  w ave­

le n g th  i n t e r v a l s .  The program th en  a d j u s t s  the e s t im a te d  g a u s s ia n  c u r v e s

so th a t  t h e ir  sum f i t s  th e  ob serv ed  spectrum  to  a s p e c i f i e d  p r e c is io n .

The program s u c c e s s f u l l y  f i t  an a b s o r p t io n  spectrum  w ith  th r e e  

g a u s s ia n  peaks b u t n ot w ith  fo u r  or f i v e .  With more than  th r e e  p e a k s , 

th e  program s h i f t e d  i n t e n s i t y  away from th e  c e n te r  o f  the spectrum  to  

th e  w in g s; when to o  much i n t e n s i t y  b u i l t  up near the ex trem es o f  the  

a b s o r p t io n  band, th e  program in v e r te d  peaks o f  i t s  own a c c o rd .

In  v iew  o f  th e  p r o g r e s s io n  o f  v ib r o n ic  peaks in  th e  low tem pera­

tu r e  s p e c tr a  o f  t y r o s in e  and o th e r  p a r a - s u b s t i tu te d  p h e n o ls  (H orw itz  

e t  a l .  1 9 7 0 ) , f i t t i n g  an a b so r p t io n  spectrum  w ith  o n ly  th r e e  g a u s s ia n

cu r v e s  i s  n o t p h y s i c a l ly  r e a l i s t i c .

41
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In  p r i n c i p l e 5 once th e  a b s o r p t io n  spectrum  o f  a compound has b een  

f i t t e d ,  th e  r e s u l t in g  g a u s s ia n  peaks can a l l  be s h i f t e d  in  w a v e le n g th , 

in v e r te d  and com bined w ith  th e  u n s h if te d  c o r r e c te d  peaks to  g iv e  in p u t  

p aram eters fo r  th e  f i t t i n g  o f  a d i f f e r e n c e  spectrum^

When th e  program f i t t e d  a d i f f e r e n c e  spectrum  w ith  th r e e  in v e r te d  

and th r e e  norm al p e a k s , i t  s h i f t e d  two o f  th e  in v e r te d  cu r v e s  to  lo n g e r  

w a v e le n g th s  and th e  o th e r  to  s h o r te r  w a v e le n g th s » The program  e v id e n t ly  

la c k s  s u f f i c i e n t  c o n s t r a in t s  to  en su re  th a t  curve f i t t i n g  o f  a d i f f e r ­

en ce  spectrum  g iv e s  r e a so n a b le  r e s u l t s .  Use o f  a com puter was abandoned. 

Use o f  a curve r e s o lv e r  a l s o  proved  u n fe a s a b le . The d i f f e r e n c e  

s p e c tr a  to  be f i t t e d  were o f  sm a ll m agn itu d e , and a b s o r p t io n  s p e c tr a  a t  

th e  same c o n c e n tr a t io n s  had ab sorb an ces so  la r g e  th a t  th e  in s tr u m e n t's  

system  o f  m irro rs  c o u ld  n o t d is p la y  th e  e n t ir e  a b s o r p t io n  spectrum  a t  

one t im e . The in stru m en t a l s o  had a s e r io u s  i n s t a b i l i t y ;  ev en  over a 

p e r io d  o f  a few  m in u te s , cu rv es  o f t e n  d id  n o t r e t a in  t h e ir  o r ig in a l  

g a u s s ia n  shape. F u rth erm ore, i t  was im p o s s ib le  to  g e t  a f l a t  b a s e l in e  

w ith  th e  la r g e  peaks r e q u ir e d ;  th e  d e v ia t io n s  from f l a t n e s s  in  th e  b a s e ­

l i n e s  w ere n e a r ly  a s  la r g e  as th e  d i f f e r e n c e  s p e c tr a  th e m se lv e s  and th e  

s p e c tr a  c o u ld  n o t be a c c u r a te ly  f i t t e d .
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