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“ T h e  X a n t h o p h y l l  G r o u p  o f  Y e l l o w  C o lo u r in g  M a t t e r s . ” B y  

C. A . S c h u n c k . C o m m u n ic a te d  b y  H o r a c e  T . B r o w n , F .B .S . 

B e c e iv e d  A p r i l  1 7 ,— B e a d  M a y  1 4 , 1 9 0 3 .

[P l a t e s  6 a n d  7.]

The Xanthophyll Group of Yellow Colouring Matters.

T h e  g ro u p  u n d e r  c o n s id e ra t io n  c o m p rise s  th o s e  c o lo u r in g  m a t te r s  

o c c u r r in g  in  f lo w ers , le a v e s ,  f r u i t s ,  e tc .,  w h ic h  a r e  in s o lu b le  in  w a te r  

b u t  s o lu b le  in  a lc o h o l,  e th e r ,  c a rb o n -b is u lp h id e  a n d  o th e r  o rg a n ic  

so lv e n ts ,  to  w h ic h  c o l le c t iv e ly  t h e  n a m e  of x a n th o p h y ll  h a s  b e e n  

a p p l ie d . I t  is to  th e s e  c o lo u r in g  m a t te r s  t h a t  t h e  c h a r a c te r is t i c  y e l lo w  

c o lo u r  o f f lo w ers , a u tu m n a l  le a v e s  a n d  f r u i t s  in  t h e  m a jo r i t y  o f cases  

is  d u e . T h e r e  a re ,  h o w e v e r ,  p r e s e n t ,  v a r y in g  in  a m o u n t  b u t  g e n e r a l ly  

in  c o n s id e ra b ly  le ss  r e la t iv e  q u a n t i ty ,  o th e r  y e l lo w  c o lo u r in g  m a t te r s  

w h ic h  a re  s o lu b le  in  w a te r  a n d  a lc o h o l,  s p a r in g ly  s o lu b le  in  e th e r  b u t  

in so lu b le  in  c a r b o n - b i s u lp h id e ; th e y ,  h o w e v e r ,  a b s o rb  t h e  v io le t  a n d  

u l t r a - v io le t  r a y s  w ith o u t  g iv in g  a n y  a b s o rp t io n  b a n d s ,  w h e re a s  th e  

m e m b e rs  of th e  x a n th o p h y ll  g ro u p  t r a n s m i t  th e  u l t r a - v io le t  r a y s  a n d  

g iv e  d e f in i te  a b s o r p t io n  b a n d s  in  t h e  le ss  r e f r a n g ib le  r e g io n  o f th e  

s p e c tru m , w h e re b y  th e y  m a y  b e  d is t in g u i s h e d  f r o m  o n e  a n o th e r ,  a n d  

w h ic h  is  th e i r  c h ie f  c h a r a c te r i s t ic  f e a tu r e .  T h e  p r e s e n t  m e m o ir  is  

m a in ly  a  s p e c tro s c o p ic  in v e s t ig a t io n  o f th i s  g ro u p ,  w h e r e b y  I  h a v e  

e n d e a v o u re d  to  d i s t i n g u is h  th e  d if f e re n t  y e l lo w  c o lo u r in g  m a t te r s  

p r e s e n t  in  v a r io u s  f lo w ers , le a v e s  a n d  f r u i t s ,  a n d  to  sh o w  th e i r  s p e c t ro 

sco p ic  r e la t io n s h ip  o n e  to  a n o th e r ,  a n d  w h ic h  m a y , p e rh a p s ,  b e  a n  a id  

t o  e lu c id a te  th e i r  c h e m ic a l c o n s t i tu t i o n ,  o f w h ic h  so  l i t t l e ,  i f  a n y th in g ,  

is  k n o w n  so  f a r .

T h e  sp e c tro sc o p ic  o b s e rv a t io n s ,  a s  in  a  fo rm e r  in v e s t ig a t io n ,*  w e re  

m a d e  b y  m e an s  o f p h o to g r a p h y , a n  I c e la n d -s p a r  p r is m , a n d  q u a r tz  

le n se s  b e in g  u s e d , th e  so u rc e  o f l i g h t  b e in g  a  W e ls b a c h  in c a n d e s c e n t  

g a s  m a n tle .

Flowers.

I n  a ll, tw e n ty  c o m m o n  y e l lo w  flo w ers  w e re  e x a m in e d . T h e  m e th o d  

of p ro c e d u re  w as to  o b ta in  a n  a lc o h o lic  e x t r a c t  o f th e  p ig m e n t  c o n 

ta in e d  in  th e  p e ta ls ,  b o il in g  fo r  a  s h o r t  t im e  b e in g  g e n e r a l ly  n e c e s s a ry  

to  e x t r a c t  th e  w h o le . O n  c o o lin g  th e  h o t  f i l te r e d  e x t r a c t  a  f a t t y  

w a x y  d e p o s i t  fo rm s , in  m o s t  cases , w h ic h  c a r r ie s  d o w n  a  c e r t a in  

q u a n t i ty  o f th e  p ig m e n t  w ith  w h ic h  i t  is  d e e p ly  im p r e g n a te d . T h e  

e x tr a c t ,  f il te red  f ro m  th is  d e p o s it ,  is  n o w  a g i t a te d  w ith  c a rb o n -  

b is u lp h id e  w h ic h  ta k e s  u p  th e  g r e a t e r  p o r t i o n  o f th e  x a n th o p h y ll ,  

le a v in g  in  th e  a lc o h o l th o s e  c o lo u rin g  m a t te r s  w h ic h  o b s c u re  th e  v io le t

* ‘ R o y .  S o c . P r o c . , ’ r o b  6 3 , p .  3 9 1 .
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16G M r . C . A . S c h u n c lc .  T X

a n d  u lt r a -v io le t  r eg io n  of th e  s p e c tru m  a n d  w h ic h  o ccu r a lo n g  w ith  

th e  x a n th o p h y ll  in  g r e a te r  o r  less q u a n t i ty  in  a ll  flow ers. I n  som e 

flo w ers  th e y  a re  a lm o s t a b s e n t ,  w h ile  in  o th e r s  (as , fo r  in s ta n c e , th e  

y e l lo w  c a lc e o la r ia )  th e y  a re  p r e s e n t  in  a  la rg e  q u a n t i ty  c o m p a red  to  

th e  x a n th o p h y ll ,  a n d  in  th e  y e l lo w  d a h l ia  th e  p ig m e n t  is  e n t i r e ly  

c o m p rise d  of th e m . T h e s e  c o lo u rin g  m a tte r s  a re  so lu b le  in  b o ilin g  

w a te r  a n d  a lco h o l, s p a r in g ly  so lu b le  in  e th e r ,  b u t  a p p e a r  to  b e  in so lu b le  

in  c a rb o n -b isu lp h id e , a n d  to w a rd s  a lk a l ie s  b e h a v e  in  a  d if fe re n t m a n n e r  

to  th e  x a n th o p h y lls ,  th e  a lco h o lic  e x t r a c t s  b e c o m in g  d e e p e r  y e llo w , 

in  so m e cases o ra n g e , a n d  in  o th e r s  (as f ro m  th e  y e l lo w  d a h l ia )  b r ic k -  

r e d , o n  a d d i t io n  of a m m o n ia ,  a n d  c r im so n  w ith  so d iu m  h y d ra te ,  th e  

o r ig in a l  y e llo w  c o lo u r  b e in g  r e p ro d u c e d  o n  n e u tr a l is in g  w ith  ac id .

O n  th e  o th e r  h a n d , a lk a lie s  a p p e a r  to  h a v e  n o  a c t io n  u p o n  th e  m e m b ers  

o f  th e  x a n th o p h y ll  g ro u p  a n d  s a p o n ify in g  d o es  n o t  a p p e a r  to  a l te r  

th e m . | 1

I t  is  e s se n tia l fo r  th e  sp e c tro sc o p ic  in v e s t ig a t io n  of th e  x a n th o p h y lls  

t h a t  th e  a b o v e -m e n tio n e d  c o lo u r in g  m a tt e r s  b e  f ir s t g o t  r id  of. F o r  if  

n o t ,  th e  b a n d s  of th e  fo rm e r  a re  o b sc u re d  b y  th e  g e n e ra l  a b s o rp tio n  of 

th e  la t t e r ,  a n d  I  f in d  th e  s e p a ra t io n  b y  m e a n s  of c a rb o n -b isu lp h id e  

p re fe ra b le  to  e x t r a c t i n g  th e  p e ta ls  f ir s t w ith  b o i l in g  w a te r ,  w h e re b y  

th e y  c a n  a lso  b e  r em o v e d , a s  th is  h a s  a  te n d e n c y  to  a ffec t c e r ta in  o f 

th e  x a n th o p h y lls ,  d u e  p e rh a p s  to  th e  a c id  c o n ta in e d  in  th e  cell-sap .

T h e  s e p a ra t io n  b y  c a rb o n -b isu lp h id e  is e ffec ted  b y  a g i ta t i n g  th e  

e x t r a c t  s ev e ra l tim e s  w ith  e q u a l  q u a n t i t i e s  of th e  s o lv e n t  u n t i l  n o  m o re  

p ig m e n t  is t a k e n  u p ; th e  s e v e ra l c a rb o n -b isu lp h id e  p o r t io n s  o r  f r a c t io n s , 

w h ic h  v a ry  f ro m  th r e e  to  fo u r  in  th e  case  o f flow ers, a re  a llo w e d  to  

s p o n ta n e o u s ly  e v a p o ra te  a n d  th e  p ig m e n t  ta k e n  u p  a g a in  w ith  a lco h o l, 

a n d  th e n  each  is e x a m in e d  s p e c tro s c o p ic a l ly  to g e th e r  w ith  th e  o r ig in a l  

a lco h o lic  e x t r a c t  fo r  co m p ai iso n , a s  w e ll a s  th e  p ig m e n t  c o n ta in e d  in  

th e  f a t t y  d e p o s i t  a n d  t h a t  r e m a in in g  in  th e  a lco h o lic  e x t r a c t  a f te r  th e  

c a rb o n -b isu lp h id e  s e p a ra t io n .

T h e  r e s u l ts  of th e  sp e c tro sc o p ic  o b s e rv a t io n s  o f th e  v a r io u s  flow ers 

e x p e r im e n te d  w ith ,  sh o w  th e  p re s e n c e  of th r e e  y e l lo w  co lo u rin g  

m a t te r s ,  e a c h  g iv in g , l ik e  c h ry s o p h y ll , th e  c ry s ta l l in e  su b s ta n c e  

o b ta in e d  f ro m  a lco h o lic  e x tr a c ts  of th e  g re e n  le a f ,  th r e e  p ro n o u n c e d  

a b s o rp t io n  b a n d s  in  th e  v io le t  r e g io n  of th e  s p e c tru m , a n d  a re  f u r th e r  

c h a r a c te r is e d  a n d  d is t in g u is h a b le  f ro m  o n e  a n o th e r  b y  g iv in g  a  d iffe re n t 

sp e c tro sc o p ic  r e a c tio n  w ith  a c id  w h ich , in  th e  case o f tw o , is  v e ry  

d e f in i te  a n d  se n s itiv e .  T h o u g h  s p e c tro s c o p ic a lly  th e re  a p p e a rs  to  be  

g o o d  ev id en ce  of th e  e x is te n c e  of th r e e  d is t i n c t  c o lo u rin g  m a tte r s ,  y e t  

t r y i n g  v a r io u s  m e a n s  I  f a i le d  to  o b ta in  th e m  in  th e  c ry s ta l l in e  fo rm  

o r  in  su ffic ien t s ta te  of p u r i t y ,  f re e  f ro m  th e  a c c o m p a n y in g  f a ts ,  e tc ., 

to  b e  a b le  to  e x a m in e  th e ir  ch em ica l p ro p e r tie s ,  p e n d in g  w h ich  i t  w ill,

I  th in k , b e  stiffic ien t to  te rm  th e m  fo r  th e  p re s e n t  L . B . a n d  Y . x a n -  . 

th o p h y ll .  T h e y  a re  d is t r i b u te d  as fo llo w s in  th e  flow ers e x a m in e d :—
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1 6 71 9 0 3 .]  Group of Yelloiv Colouring Matters.

L . x a n th o p h y l l .  

B . x a n th o p h y l l .

L . a n d  B . x a n th o p h y ll .  

Y . x a n th o p h y ll .

L . Y . x a n th o p h y ll .

C a lc e o la r ia ,  N a s tu r t i u m  

Doronicum ( tw o  sp ec ie s) ,

C h a r lo c k  ( Raphanus B u t t e r 

c u p  ( Ranunculus acer), S u n f lo w e r  (

annuus),D a n d e l io n  ( officinale),

M u s k  ( Mimulus moL a b u r n u

(Cytisuslaburnum), C o l ts fo o t  ( 

farfara), M a r ig o ld  ( Ca officin

W a llf lo w e r  (Cheiranthus 

T u l ip ,  P a n s y  ( Viola tricolor), G o rs

europceus).

A fr ic a n  M a r ig o ld  ( Tagetereda), D a

{Narcissus pseudo-narcissus).

T h u s , in  t h e  a b o v e  flo w ers  th e  B . x a n th o p h y ll  g r e a t ly  p re p o n d e r a t e s .  

I n  c e r ta in  v a r ie t ie s  o f t h e  a b o v e , a s  th e  d a r k - c o lo u re d  c a lc e o la r ia  a n d  

w a llflo w e r  a n d  th e  v a r io u s  sh a d e s  o f n a s tu r t iu m s  a n d  th e  r e d  tu l ip ,  

t h e  x a n th o p h y ll  is  p r e s e n t  a s  u s u a l  b u t  is  m a s k e d  b y  th e  p re s e n c e  o f 

th e se  a d d i t io n a l  p ig m e n ts ,  w h ic h  in  e a c h  ca se  c a n  b e  r e m o v e d  b y  

e x t r a c t i n g  w ith  h o t  w a te r  in  w h ic h  th e y  a re  e a s ily  so lu b le .  T h e  d e p th  

o f c o lo u r  o f th e  f lo w ers  a p p e a r s  to  d e p e n d  u p o n  th e  a m o u n t  o f p ig m e n t  

p r e s e n t  a n d  n o t  u p o n  th e  p a r t i c u la r  x a n t h o p h y l l ; th u s  in  th e  case  o f 

th e  c h ry s a n th e m u m  th r e e  d if f e re n t  v a r ie t ie s  w e re  e x a m in e d , a  v e r y  

r ic h  y e l lo w , a  m e d iu m  c o lo u re d  a n d  a  v e r y  p a le  o n e , b u t  in  e a c h  th e  

p ig m e n t  c o n s is te d  of B . x a n th o p h y l l .  O f th e  A f r ic a n  m a r ig o ld ,  th r e e  

sh a d e s  of f lo w ers  w e re  a lso  e x a m in e d , v a r y in g  f ro m  a  r ic h  o ra n g e  to  

a  v e r y  p a le  y e l lo w , b u t  t h e  m a jo r i t y  of th e  p ig m e n t  in  e a c h  c o n s is te d  

o f L . x a n th o p h y l l .

T h e  s p e c tr a  o f th e s e  th r e e  x a n th o p h y ll s  e ac h  c o n s is t  o f th r e e  b a n d s  

s i tu a te d  b e tw e e n  th e  s o la r  l in e s  F  a n d  H , a n d  c o m p a re d  to  c h ry s o p h y ll  

a n d  to  o n e  a n o th e r  th e  b a n d s  e x h ib i t  a  g r a d u a l  s h if t i n g  to w a r d s  th e  

v io le t,  th o s e  o f c h ry s o p h y ll  b e in g  th e  le a s t  r e f r a n g ib le  a n d  th o s e  o f 

Y . x a n th o p h y ll  th e  m o s t  ( P la t e  6 , figs. 1— 5). T h e y  fo rm  a  v e r y  

s im ila r  a n d  c lo se ly  c o n n e c te d  se r ie s  o f s p e c tr a ,  w h ic h  p o in t s  to  a  c lo se  

r e la t io n s h ip  b e tw e e n  th e s e  c o lo u r in g  m a t te r s .  T h e r e  is  g e n e r a l ly  a n  

in d ic a t io n  in  e a c h  o f a  f o u r th  m o re  r e f ra n g ib le  b a n d , b u t  th is  is  n o t  

a p p a r e n t  in  th e  fresh, e x t r a c t s  a n d  I  b e l ie v e  is  d u e  to  s p o n ta n e o u s  

c h a n g e  w h ic h  ta k e s  p la c e  a f te r  a  t im e . T h e  p h o to g ra p h ic  p la te s  o f 

th e ir  s p e c tr a ,  a s  w e ll a s  o f c h ry s o p h y ll ,  sh o w  t h a t  th e  u l t r a - v io le t  r a y s  

a re  t r a n s m i t t e d  to  a  c o n s id e ra b le  e x t e n t ,  th o u g h  th i s  v is ib i l i ty  is  so m e 

w h a t  lo s t  in  th e  r e p r o d u c t io n . T h o u g h  th e  b a n d s  o f e ac h  o c c u p y  

d if f e re n t  p o s i tio n s  in  th e  s p e c tru m , i t  is  b y  th e  c h a n g e  b r o u g h t  a b o u t  

in  th e ir  s p e c tr a  b y  th e  a c t io n  of a c id  t h a t  th e s e  th r e e  x a n th o p h y ll s  c a n  

b e  d e f in ite ly  d is t in g u is h e d  f ro m  o n e  a n o th e r .  I n  th e  case  o f L . x a n 

th o p h y ll  H C1 h a s  n o  im m e d ia te  effec t, th e  b a n d s  f a d in g  a f t e r  a  t im e
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1 6 8

w ith  a n  in d ic a t io n  of a  f o u r th  m o re  r e f ra n g ib le ,  th e  s o lu t io n  b eco m in g  

b y  d e g re e s  p a le r  a n d  a s su m in g  a  s l ig h t  g re e n  t in g e  b e fo re  b e co m in g  

co lo u rle ss . H N 0 3  o n  th e  o th e r  h a n d  r a p id ly  affec ts  th e  c o lo u rin g  

m a tte r ,  a  fo u r th  m o re  r e f ra n g ib le  p ro n o u n c e d  b a n d  is fo rm e d , th e  f irs t 

a n d  seco n d  b y  d eg ree s  d is a p p e a r  a n d  th e  t h i r d  b eco m es f a in t ,  th e  

s o lu tio n  in  a  s h o r t  t im e  a ssu m es  a  g re e n  t in g e  a n d  f in a l ly  beco m es 

c o lo u rle ss  (P la t e  6 , figs. 1 0 — 14). T h e  sam e  re a c tio n  ta k e s  p la c e  w ith  

H 2S O 4 , H 2Oo, a n d  n a s c e n t  H , b u t  w ith  th e se  r e a g e n ts  th e  a c t io n  is 

s lo w er. O n  th e  o th e r  h a n d  H C 1 p ro d u c e s  a n  im m e d ia te  a n d  s t r ik in g  

effec t u p o n  th e  s p e c tra  o f B. a n d  Y . x a n th o p h y ll ,  th e i r  so lu tio n s  a t  on ce  

b eca m e  p a le r  y e llo w  in  c o lo u r ; in  th e  fo rm e r  th e  f ir s t b a n d  d isa p p e a r s  

th e  r e s u l t in g  s p e c tru m  c o n s is tin g  of th r e e  d is t i n c t  b a n d s , th e  f ir s t  

tw o  a  l i t t l e  le ss  r e f r a n g ib le  in  p o s it io n  th a n  th e  o r ig in a l seco n d  an d  

th i r d  w ith  a n  in d ic a t io n  of a  f o u r th  in  th e  u l t r a -v io le t  a t  M , w h ile  in  

th e  l a t t e r  th r e e  p ro n o u n c e d  b a n d s  a re  fo rm e d , r e m o v e d  c o n s id e ra b ly  

to w a rd s  th e  v io le t  a n d  u l t r a -v io le t  w ith  a n  in d ic a t io n  of a  f o u r th  a t  N  

(P la te  6 , figs. 6 — 9).

T h e  r e a c t io n  in  b o th  cases  is  a  m o s t d e l ic a te  on e , a  v e ry  sm a ll 

q u a n t i ty  of a c id  b e in g  r e q u ire d , o th e rw ise  th e  r e a c t io n  ta k e s  p la ce  

to o  r a p id ly  to  b e  o b se rv e d . I t  is  e v id e n t ly  d u e  to  th e  fo rm a tio n  of 

tw o  o th e r  y e l lo w  c o lo u rin g  m a tt e r s  f ro m  th e  B . a n d  Y . x a n th o p h y lls ,  

w h ic h  a re ,  h o w e v e r ,  u n s ta b le  in  th e  p re s e n c e  of th e  a c id  a n d  a re  

r a p id ly  d e s tro y e d , th e  s o lu t io n  b ec o m in g  a  g re e n is h  b lu e  a n d  f in a lly  

co lo u rle ss  in  a  s h o r t  t im e . A  s im ila r  c h a n g e  ta k e s  p la c e  in  th e se  tw o  

x a n th o p h y l ls  o n  s ta n d in g  fo r  a  t im e , th e  a b o v e  tw o  c o lo u rin g  m a tt e r s  

b e in g  fo rm e d  s p o n ta n e o u s ly ,  b u t  m id e r  th e se  c irc u m s ta n c e s  th e y  

a p p e a r  to  b e  m o re  o r le ss  s ta b le  a n d  th e i r  a lco h o lic  so lu t io n s  c a n  b e  

k e p t  fo r  a  c o n s id e ra b le  t im e  w ith o u t  f u r th e r  c h a n g e  ta k in g  p lace .

I n  th e  case  of so m e flow ers (a s  c o l ts fo o t a n d  m a rig o ld )  th e  e x tr a c te d  

p ig m e n t  a p p e a r s  to  b e  a  m ix tu r e  of B . x a n th o p h y ll  a n d  th e  c o lo u rin g  

m a t te r  fo rm e d  f ro m  i t  b y  th e  a c t io n  of a c id  o r  s p o n ta n e o u s  ch a n g e . 

S o rb y *  h a s  a lre a d y  n o tic e d  th e  fo rm a tio n  o f th is  c o lo u rin g  m a t te r  

f ro m  h is  “ y e llo w  x a n t h o p h y l l ” b y  th e  a c t io n  of a c id s , b u t  th e  c h a n g e  

t h a t  th e  Y . x a n th o p h y l l  u n d e rg o e s  h a s  n o t  b e fo re  b e e n  n o t ic e d  I  th in k . 

H 2 S O 4 a n d  H N O 3 p ro d u c e s  in  b o th  th e  sa m e  effec t a s  H C 1, th e  ac t io n  

b e in g  m o re  e n e rg e tic  e sp e c ia lly  w ith  th e  la t t e r .

In th e  s e p a ra t io n  b y  c a rb o n -b isu lp h id e  th e  g r e a te r  p o r t io n  of th e  

p ig m e n t  is  ta k e n  u p  in  th e  f ir s t f r a c t io n , th e  s u b se q u e n t  ones co n 

ta in in g  less a n d  le ss a n d  b y  e x a m in in g  to g e th e r  th e  s p e c tr a  of each  

a n d  th e  a c t io n  of H C1 o n e  can  r e a d i ly  d e te rm in e  w h ich  x a n th o p h y ll  is  

p re s e n t.  I n  cases of m ix tu re s  of L . a n d  B . a n d  L . a n d  Y ., w h ich  o ccu r 

in  th e  w a llflo w er, d affo d il a n d  A f r ic a n  m a rig o ld ,  th e  L . b e in g  m o re  

so lu b le  in  c a rb o n -b isu lp h id e  th a n  th e  B . a n d  Y ., th e  l a t t e r  w ill b e  fo u n d  

m o re  o r  less f ree  f ro m  th e  L . in  th e  s u b s e q u e n t  f ra c t io n s  a n d  th e  a c t io n  

* ‘ K o y . S oc . P r o c . , ’ v o l. 2 1 , p .  4 3 9 .

M r . C. A . S c h u n c k . Xanthophyll [A p r .  17 ,
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•of H C i w ill  c o n firm  th e ir  p re se n c e , a n d  so  s e n s it iv e  is  th e  r e a c t io n  t h a t  

t h e  a d m ix tu r e  o f v e ry  sm a ll q u a n t i t i e s  o f B . a n d  Y . w ith  L . c a n  b e  

e a s ily  d e te c te d . T h e  a lco h o lic  e x t r a c t ,  a f t e r  th e  c a rb o n -b is u lp h id e  

s e p a ra t io n , b e s id e s  c o n ta in in g  th e  y e l lo w  c o lo u r in g  m a t te r s  w h ic h  a re  

so lu b le  in  w a te r  a n d  a b s o rb  t h e  v io le t  a n d  u l t r a - v io le t  r a y s  w ill  a lso  

c o n ta in  so m e x a n th o p h y ll ,  b u t  th e  b a n d s  of th e  l a t t e r  a r e  g e n e r a l ly  so 

o b s c u re d  b y  th e  fo rm e r ,  t h a t  o n ly  in  cases  w h e re  th e r e  is  b u t  l i t t l e  

o b sc u ra t io n  is  a n  e x a m in a t io n  p o ss ib le ,  b u t  a  c e r t a in  a m o u n t  o f c le a r in g  

u p  o f th e  s p e c t ru m  m a y  b e  e ffec ted  b y  a d d in g  w a te r  a n d  e th e r ,  th e  

x a n th o p h y l ls  b e in g  m o re  s o lu b le  in  e th e r  t h a n  th e s e  c o lo u rin g  m a tt e r s .  

I f  th e  f a t t y  w a x y  d e p o s i t  w h ic h , a s  m e n tio n e d  b e fo re ,  fo rm s  o n  c o o l in g  

f ro m  th e  e x tra c t s ,  a n d  is  d e e p ly  im p r e g n a te d  w ith  p ig m e n t  b e  d is so lv e d  

in  a lco h o l a n d  e x a m in e d , i t  w ill  b e  fo u n d  to  c o n ta in  th e  x a n th o p h y ll  

g r o u p  o n ly  a n d  in  cases  o f m ix tu r e s  to  c o n ta in  t h e  L . x a n th o p h y ll  f r e e  

f ro m  th e  B . a n d  Y . w h ic h  p o in t s  to  t h e  f a c t  t h a t  in  t h e  p re s e n c e  of f a t s  

t h e  fo rm e r  is  le ss  so lu b le  in  a lc o h o l t h a n  th e  l a t t e r .

I n  c o n t ra d is t in c t io n  to  th e  B . a n d  Y . th e  L . x a n th o p h y ll  is  m o re  o r  

le ss  s ta b le ,  i t s  a lco h o lic  s o lu tio n s  s h o w in g  b u t  l i t t l e  c h a n g e  e v e n  a f te r  

th e  la p se  o f s e v e ra l  w e e k s  w h e n  k e p t  a w a y  f r o m  th e  l i g h t ,  a n d  is  in  

f a c t ,  m o re  s ta b le  th a n  c h ry s o p h y ll  u n d e r  th e  s a m e  c o n d itio n s . T o w a rd s  

ac id s , H 2 0 2  a n d  n a s c e n t  H  b o th  a p p e a r  to  b e h a v e  in  a  v e r y  s im ila r  

m a n n e r  th o u g h  c h ry s o p h y ll  w ith s ta n d s  th e  a c t io n  of H C I  t o  a  g r e a t e r  

e x te n t .  T h is  s im i la r i ty  to g e th e r  w ith  th e  c lo se  r e s e m b la n c e  o f th e i r  

s p e c tr a ,  t h e  s l ig h t  s h if t  in  th e  b a n d s  b e in g  th e  o n ly  d iffe re n ce , 

in d ic a te s  b u t  a  s l ig h t  d iffe re n c e  in  th e i r  c h e m ic a l c o n s t i tu t io n , a n d  

th o u g h  in  n o n e  o f th e  f lo w ers  e x p e r im e n te d  w ith  w as  a n y  c h ry s o p h y ll  

o b ta in e d , y e t  u n d e r  c e r ta in  c o n d i tio n s  i t  m a y  b e  t h a t  c h ry s o p h y ll  is 

e l a b o ra te d  f ro m  th e  L . x a n th o p h y ll .

W i th  H C I n o  c o lo u r  r e a c t io n  is  p r o d u c e d  in  a lc o h o lic  s o lu tio n s  of 

c h ry s o p h y ll  a n d  L . x a n th o p h y ll ,  b u t  w ith  th e  B . a n d  Y . a  s t r ik in g  

e ffec t is p ro d u c e d . T a k in g  f a i r l y  c o n c e n tra te d  s o lu t io n s  a n d  a d d in g  a  

l i t t l e  c o n c e n tra te d  H C I , a f te r  a  s h o r t  t im e  a  d e e p  g r e e n  c o lo ra t io n  is 

p ro d u c e d  w h ic h  c h a n g e s  to  p e a c o c k  b lu e ,  p u rp le  a n d  th e n  g r a d u a l ly  

fa d e s ,  th e  s o lu tio n s  b e c o m in g  c o lo u rle s s  in  a  d a y  o r  tw o , th e  r e a c t io n  

b e in g  m o re  r a p id  in  th e  case  o f th e  Y. a n d  th e  c o lo u r  e ffec t b e in g  

s l ig h t ly  m o re  b r i l l ia n t .  O n  th e  a d d i t io n  of a m m o n ia  t h e  o r ig in a l  

y e l lo w  c o lo u r  th o u g h  le ss  in t e n s e  is p ro d u c e d , th e  b lu e  c o lo u r  

r e a p p e a r in g  o n  a c id ify in g  a n d  vice versd. S o rb y *  m e n tio n s  th i s  

r e a c t io n  in  c o n n e c tio n  w ith  h is  “  Y e llo w  X a n th o p h y l l , ” a n d  is, I  b e liev e , 

th e  f ir s t to  h a v e  n o tic e d  i t .  I f  th e  b lu e  s o lu t io n s  b e  e x a m in e d  s p e c tro 

sco p ica lly , b u t  a  f a in t  in d ic a t io n  of b a n d s  is  d isc e rn ib le ,  b u t  a f t e r  th e  

a d d i t io n  of a lk a l i  th e  s p e c tr a  p ro d u c e d  b y  th e  a c t io n  o f a c id  u p o n  th e  

B . a n d  Y . x a n th o p h y lls  a re  e x h ib i te d ,  so  t h a t  i t  a p p e a r s  th e  a c t io n  of 

.ac id  f ir s t p ro d u c e s  th e se  tw o  y e l lo w  c o lo u r in g  m a t te r s  f ro m  th e  B . a n d

#  Loc. c it .
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1 7 0

Y . w h ich  u n d e r  th e  a c t io n  o f th e  a c id  g iv e  r ise  to  a  b lu e  p ig m e n t  w h ich  

is r e c o n v e r te d  in to  th e m  b y  th e  a d d i t io n  of a lk a l i  a n d  vice T h e

sam e  re a c tio n  ta k e s  p la ce  w ith  H 2S O 4  a n d  H N 0 3 b u t  th e  c o lo u r  effects 

a re  n o t  so b r i l l ia n t .  I n  th e  d r y  s ta te  b o th  c h ry s o p h y ll a n d  L . 

x a n th o p h y l l  as  w ell a s  th e  B . a n d  Y . t u r n  a  P ru s s ia n -b lu e  c o lo u r  w ith  

a  d ro p  of c o n c e n tra te d  H N 0 3  w h ic h  is  e v a n e sc e n t,  a n  in d ig o -b lu e  w ith  

c o n c e n tra te d  H 2 S O 4 w h ic h  is m o re  la s t in g , a n d  th e  tw o  l a t t e r  a ssu m e  a  

g re e n  c o lo u r  w ith  c o n c e n tra te d  H C 1, th e re  b e in g  n o  a l te ra t io n  in  co lo u r  

« th e  tw o  fo rm e r  in  th is  case.

M r . C . A . S c l iu n c k .  The [A p r .  1 7

Leaves.

F r o m  th e  c o n c e n tra te d  a lco h o lic  e x t r a c t s  o f h e a l th y  g re e n  le av es , a s  

is  w e ll k n o w n , m in u te  s p a r k l in g  r e d  c ry s ta ls  h a v in g  a  m e ta ll ic  lu s tr e  

fo rm  in  th e  co u rse  o f a  d a y  o r  so, a n d  in  cases w h e re  d e p o s its  fo rm  fro m  

th e  h o t  e x tr a c ts  o n  co o lin g , th e  c ry s ta ls  w ill  a lso  b e  fo u n d  e m b e d d e d  in  

i t . T h is  s u b s ta n c e  w h ich  a p p e a r s  to  b e  u n iv e r s a l ly  p r e s e n t  in  a ll g re e n  

le a v e s  b u t  v a r y in g  in  a m o u n t,  is th e  C h ry s o p h y ll  of H a r ts e n  a n d  

S c h u n c k * , a n d  a c c o rd in g  to  A r n a u d f  is  id e n t ic a l  w ith  C a ro t in ,  th e  

c ry s ta l l in e  s u b s ta n c e  o b ta in e d  f ro m  th e  c a r r o t  ro o t  a n d  w h ic h  n a m e  h e  

a p p l ie s  to  i t .  T h e se  m in u te  c ry s ta ls  f ro m  th e  g re e n  le a f  e x tr a c ts  can  

b e  f re e d  f ro m  c h lo ro p h y ll  a n d  th e  o th e r  c o lo u rin g  m a tte r s  p re s e n t  b y  

w a s h in g  w ith  co ld  a lco h o l in  w h ic h  th e y  a re  a lm o s t in so lu b le  a n d  

r e c r y s ta l l i s in g  f ro m  e t h e r  in  w h ic h  th e y  a re  v e ry  so lu b le , a n d  fro m  

w h ic h  th is  s u b s ta n c e  c ry s ta l lis e s  in  th e  fo rm  of b e a u t i fu l  r e d  m eta llic- 

le a f le ts  on s lo w  e v a p o ra t io n . C h ry s o p h y ll  is a lso  so lu b le  in  b o i l in g  

a lco h o l a n d  g la c ia l a c e tic  a c id , r e a d i ly  so lu b le  in  c a rb o n -b isu lp h id e , b u t  

in so lu b le  in  a lk a lie s .  N o  v e r y  d e f in i te  c h e m ic a l r e a c tio n s  of th is  

s u b s ta n c e  so  f a r  a re  k n o w n , i t  is  n o t  a  s ta b le  b o d y  a n d  in  c o n ta c t  w ith  

th e  a i r  soon  d eco m p o ses , i t  can , h o w e v e r , be p re s e rv e d  in  a n  a tm o s p h e re  

of h y d ro g e n  w ith o u t  c h a n g e . H C1 h a s  n o  effec t u p o n  th e  c ry s ta ls ,, 

th e y  d isso lv e , h o w e v e r ,  in  c o n c e n tra te d  I I 0S O 4  p r o d u c in g  a  d e e p  P ru ss ia n -  

b lu e  so lu t io n  w h ic h  so o n  c h a n g e s  to  p u rp le  a n d  th e n  b ro w n , a n d  H N O 3  

d eco m p o ses  th e m  a t  once. T h e  c o lo u r  r e a c tio n s  th e  c ry s ta ls  a ssu m e  as 

m e n tio n e d  a b o v e  w ith  a  d ro p  of c o n c e n tra te d  H N O 3  a n d  H2SO4 a p p e a r  

to  b e  a  g e n e ra l  r e a c tio n  of th is  g ro u p  of c o lo u rin g  m a tte r s .  A c c o rd in g  

to  T s c h irc h j  w h o  a p p l ie s  to  i t  th e  n a m e  X a n th o -C a ro t in ,  th is  su b s tan c e  

fo rm s  w ith  io d in e  a  g re e n  d e r iv a t iv e .

T h e  a b so rp tio n  s p e c tru m  o f th r e e  p ro n o u n c e d  b a n d s  s i tu a te d  

b e tw e e n  F . a n d  H  ( P la te  7. fig. 1 ) a p p e a r s  to  be  th e  m o s t c h a ra c te r is t ic  

a n d  d is t in g u is h a b le  p r o p e r ty  of c h ry s o p h y ll  w h ich  o n  th e  a d d i t io n  of a  

sm a ll q u a n t i ty  of H N 0 3 to  th e  a lco h o lic  so lu t io n  u n d e rg o e s  s im ila r  

c h a n g e s  to  t h a t  w h ich  L . x a n th o p h y ll  p asses  th ro u g h  th e  b a n d s  f a d in g

*  ‘R o y .  S o c . P r o c ., ’ v o l. 4 4 , p .  4 4 9 .

t  ‘ C o in p t .  R e n d . , ’ v o l.  1 0 2 , p .  1 1 1 9 , a n d  v o l.  1 04 , p .  1 2 9 3 .

I  ‘ B e r i c l i t e  d e r  D e u ts c h e n  B o t a n is c h e n  d e s e l l s c l i a l t , ’ v o l .  1 4 , P a r i  IT , p .  8 4 .
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1 9 0 3 .] Group of Yellow Colouring Matters. 1 7 1

w ith o u t  c h an g e  in  p o s i t io n  a n d  a  f o u r th  m o re  r e f r a n g ib le  o n e  being- 

fo rm e d , b u t  w ith  C h ry s o p h y ll ,  i t  is  n o t  so  p ro n o u n c e d , t h e  s o lu t io n  

a s su m e s  a  g re e n is h  t i n g e  a n d  in  a  s h o r t  t im e  b e c o m e s  c o lo u rle s s .  T h e  

a c t io n  of H 2S O 4 , H 2 O 2  a n d  n a s c e n t  H  a p p e a r s  to  b e  th e  sam e , b u t  th e  

a c t io n  is s lo w e r.  H C 1 h a s  a  v e r y  f ee b le  a c t io n , th e  s o lu t io n  g r a d u a l ly  

b e c o m in g  p a le r  in  c o lo u r  A vithout a n y  g r e e n  t in g e ,  a n d  c o lo u rle s s  in  a  

w e e k  o r tw o , th e  th r e e  b a n d s  g r a d u a l ly  f a d in g  w i th o u t  th e  fo rm a tio n  of 

a n y  a d d i t io n a l  o n es . A lk a l ie s  h a v e  n o  e ffec t u p o n  th e  s p e c tru m .

T h e  m e a n s  A vhereby th e  y e l lo w  c o lo u r in g  m a t te r s  a c c o m p a n y in g  

c h lo ro p h y ll  in  th e  a lc o h o lic  g re e n - le a f  e x t r a c t s  c a n  b e  s e p a r a te d  f ro m  

th e  la t t e r ,  a n d  th e i r  s u b s e q u e n t  s e p a ra t io n  b y  c a rb o n -b is u lp h id e  h a s  

b e e n  th e  s u b je c t  o f a  p re v io u s  in v e s t ig a t io n .*  I n  th e  l i g h t  o f th e  

r e s u l t s  o b ta in e d  w ith  th e  flo w ers  i t  a p p e a r s  iio a v  t h a t  b e s id e s  c h ry s o 

p h y l l  th e  o th e r  x a n th o p h y ll s  p r e s e n t  a re  th e  L . a n d  B. a n d  th e  

c o lo u rin g  m a t t e r  fo rm e d  f ro m  th e  l a t t e r  b y  t h e  a c t io n  of a c id ,  a n d  in  

a d d i t io n  th e r e  a re  p r e s e n t  th o s e  yelloAV c o lo u r in g  m a t te r s  t h a t  c a u s e  

o b s c u ra t io n  in  th e  v io le t  a n d  u l t r a -v io le t ,  a n d  as  in  f lo w ers  v a r y  in  

a m o u n t  w ith  t h e  p a r t i c u la r  p la n t .  I n  th o s e  cases  w h e re  a  f o u r th  b a n d  

is  v is ib le  in  th e  s p e c t ru m  th i s  is  d u e  to  th e  a c id  d e r iv a t iv e  o f B . 

x a n th o p h y ll ,  th e  p r o p o r t i o n  of th e s e  tw o  c o lo u r in g  m a t te r s  v a r y in g  in  

d if f e re n t  le a v e s ,  a n d  th e  p r e p o n d e ra n c e  of o n e  o r  th e  o th e r  c a n  b e  

d e c id e d  b y  th e  a s p e c t  o f  th e  s p e c tru m  a n d  th e  a c t io n  o f a c id  th e re o n . 

I11 th e  a b o v e  in v e s t ig a t io n  I  c o n s id e re d  t h a t  th e  in t e r p r e t a t i o n  o f th e  

s e r ie s  o f s p e c t r a  o b ta in e d  b y  th e  c a rb o n -b is u lp h id e  s e p a r a t io n  Avas t h a t  

th e  c ru d e  x a n th o p h y ll  e x t r a c t  is  a  m ix tu r e  o f c h iy s o p h y ll  a n d  w h a t  

noAV tu r n s  o u t  to  b e  B . x a n th o p h y l l  a n d  i t s  a c id  d e r iv a t iv e ,  b u t  in  th e  

l i g h t  of t h e  e x p e r im e n ts  u p o n  flo w ers , a n d  f u r th e r  e x p e r im e n ts  u p o n  

th e  x a n th o p h y ll  o f th e  le a f  t a k e n  in  c o m p a r is o n , I  a m  o f th e  b e l ie f  

t h a t  L . x a n th o p h y ll  m u s t  a lso  b e  p r e s e n t  in  o r d e r  to  fu l l y  s a t is fy  th e  

s p e c tro s c o p ic  o b s e rv a t io n s .  T h e  x a n th o p h y l l  o f a l l  le a v e s  a p p e a r s  to  b e  

c o m p o se d  of th e se  sam e  c o m p o n e n ts ,  a n d  A\diere t h e  f lo w e r x a n th o p h y ll  

v a r ie s ,  a s  in  th e  d a ffo d il,  w allfloA ver, c h a r lo c k  a n d  tu l ip ,  y e t  th e i r  

le a f  x a n th o p h y ll  is  th e  s a m e  as  in  o th e r  g re e n  leaA^es.

A n  e x p e r im e n t  w as  m a d e  Avith th e  yelloAV p ig m e n t  o f th e  e t io la te d  

le a f  of th e  d a ffo d il c o m p a re d  to  t h e  n o rm a l  g re e n  le a f  o f th e  sa m e  

p la n t ,  a n d  th e  x a n th o p h y ll  in  eac h  Avas fo u n d  to  b e  t h e  sam e , sa v e  t h a t  

f ro m  th e  e t io la te d  le a f  n o  c h ry s o p h y ll  c r y s ta l s  Avere o b ta in e d ,  w h ic h  

Avere p le n t i fu l  in  th e  e x t r a c t  f ro m  th e  n o r m a l  le a f  in  w h ic h  th e  c h lo ro 

p h y l l  h a d  fo rm e d  a f t e r  th e  e t io la te d  p l a n t  h a d  b e e n  s u b je c te d  to  th e  

a c t io n  o f s u n l ig h t .  L a s t ly ,  a s  r e g a r d s  t h e  x a n th o p h y l l  of t h e  a u tu m n a l  

lea f s p e c tro s c o p ic  o b se rv a t io n  sh o w s  th e  p re s e n c e  o f L . x a n th o p h y ll ,  

a n d  a  g r e a t  p r e p o n d e ra n c e  o f th e  a c id  d e r iv a t iv e  o f B . x a n th o p h y ll  

o v e r  th e  n o rm a l  B . x a n th o p h y ll ,  Avhich cau se s  th e  s p e c tru m  to  b e  fo u r -  

b a n d e d  in  th e  m a jo r i t y  o f cases , th e  c h lo ro p h y ll  n o  lo n g e r  b e in g  

*  ‘ R o y . S o c . P r o c . , ’ \-o l. 6 8 , p .  4 7 4 .
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1 7 2

fo rm e d  a t  th is  seaso n  a n d  d isa p p e a r in g , le a v in g  th e  ac c o m p a n y in g  

x a n th o p h y lls  w h ich  g iv e s  th e  le a f  i ts  c h a ra c te r is t ic  a u tu m n a l  co lou r.

F ro m  th e se  few  o b s e rv a t io n s  i t  seem s t h a t  th e  fo rm a tio n  of 

e h ry  so p h y  11 w ith in  th e  le a f  d e p e n d s  o n  s im ila r  c o n d it io n s  to  th e  

e la b o ra t io n  o f th e  c h lo ro p h y ll , b u t  w h e th e r  i t  is fo rm e d  in d e p e n d e n t ly  

o r  f ro m  o n e  o f th e  x a n th o p h y lls  p r e s e n t  is  s t i l l  a  p ro b le m  to  be  

so lv ed .

Fruit,

S e v e ra l  v a r ie t ie s  of th e  o ra n g e  w e re  e x a m in e d , a n d  h e re  a  co n s id e ra b le  

a m o u n t  of th e  p ig m e n t  of th e  r i n d  is  so lu b le  in  w a te r  a n d  cau ses  th e  

g r e a t  a m o u n t  o f o b s c u ra t io n  in  th e  v io le t  a n d  u lt r a -v io le t  o b s e rv e d  in  

th e  a lco h o lic  e x t r a c t s  of th e  p ig m e n t .  T h e  r e d n e s s  o f th e  r in d  w h ich  

is  p r e s e n t  in  m a n y  (as th e  B lo o d , S e v il le  a n d  T a n g e r in e )  a p p e a rs  to  b e  

d u e  to  th e se  c o lo u rin g  m a tte r s ,  w h ic h  c a n  b e  r e m o v e d  b y  b o il in g  w a te r  

le a v in g  th e  r in d  th e  n o rm a l  o ra n g e  co lo u r. B y  t r e a t in g  th e  r in d  w ith  

b o il in g  a lco h o l a  r ic h  o ran g e -co lo u red  e x t r a c t  of th e  p ig m e n t  is  o b ta in e d , 

f ro m  w h ic h  o n  co o lin g  a  d e e p  o ra n g e  d e p o s i t  fo rm s . I f  th is  d e p o s it be  

■ d is so lv e d  in  a  l i t t l e  a b s o lu te  a lc o h o l c h ry s o p h y ll  c ry s ta ls  fo rm  in  a  sm all 

q u a n t i t y  o n  s lo w  e v a p o ra t io n . T h e  s p e c tru m  o f th e  a lco h o lic  s o lu t io n  

o f th e  d e p o s it , w h ic h  as  in  th e  d e p o s i ts  f ro m  flo w ers  e x h ib i ts  n o  

o b s c u ra t io n  in  th e  v io le t  a n d  u l t r a -v io le t ,  in d ic a te s  t h a t  b es id es  

c h ry s o p h y ll  th e re  a re  a lso  p r e s e n t  th e  a c id  d e r iv a t iv e s  o f B . a n d  Y . 

x a n th o p h y ll .  T h e  m o th e r  l i q u o r  of th e  d e p o s i t  w h ic h  c o n ta in s  

th e  m a jo r i t y  of th e  p ig m e n t  s p e c tro sc o p ic a l ly  d o es  n o t  sh o w  th e  

p re s e n c e  of c h ry s o p h y ll ,  in d ic a t in g  t h a t  th is  s u b s ta n c e  is  p r e s e n t  in  b u t  

s m a ll  q u a n t i ty ,  th e  a b s o rp t io n  b a n d s  v is ib le  a f te r  th e  s e p a ra t io n  

b y  c a rb o n -b is u lp h id e  a p p e a r in g  to  b e  d u e  p r in c ip a l ly  to  th e  ac id  

d e r iv a t iv e s  o f B . a n d  Y . x a n th o p h y ll .  I n  th e  le m o n  th e  y e llo w  

p ig m e n t  o f th e  r i n d  c o n s is ts  p r in c ip a l ly  o f th e  c o lo u r in g  m a tt e r s  

p r o d u c in g  o b s c u ra t io n  to g e th e r  w ich  th e  a b o v e  a c id  d e r iv a tiv e s .

T h e  c ry s ta l l in e  s u b s ta n c e  o b ta in e d  f ro m  th e  p ig m e n t  o f th e  c a r ro t  

r o o t  (. DaucusCarota) a n d  w h ic h  is  te rm e d  C a ro t in ,  h a s  b e e n  th e  s u b je c t

of in v e s t ig a t io n  b y  A rn a u d ,*  w h o  c o n s id e rs  i t  a  h y d ro c a rb o n  of th e  

fo rm u la  C orjiss , th o u g h  H u s e m a n n  w h o  h a s  a lso  e x a m in e d  th e  su b s ta n c e  

a p p l ie s  t h a t  o f C ig H ^ O . I  h a v e  c o m p a red  th is  s u b s ta n c e  w ith  

c h ry s o p h y ll  a n d  fin d , a s  w ith  A r n a u d , t h a t  th e y  h a v e  th e  sam e  p r o p e r 

t ie s  a n d  t h a t  th e i r  sp e c tro sc o p ic  p ro p e r t ie s ,  w h ic h  h e  d id  n o t  e x a m in e , 

a re  id e n t ic a l  sa v e  t h a t  th e  b a n d s  of c a ro t in  a p p e a r  to  b e  v e ry  s l ig h t ly  

m o v e d  to w a rd s  th e  v io le t  a s  c o m p a red  to  th o s e  o f c h ry s o p h y ll 

(P la te  7, figs. 1 a n d  2). T o w a rd s  a c id s  th e  sp e c tro sc o p ic  r e a c tio n  is 

id e n t ic a l  in  each . I t  m a y  b e  th e  s l ig h t  d iffe re n ce  in  th e  p o s itio n s  

o f  th e  b a n d s  is  m e re ly  d u e  to  s p o n ta n e o u s  c h a n g e  o r  o x id a t io n  t h a t  h a s

*  ‘ C o m p t .  R a n d . , ’ v o l.  1 0 0 , p .  7 5 ]  ; v o l.  1 0 2 , p p .  1 1 1 9 , 1 3 1 9  ; t o I. 1 0 4 , p .  1 2 9 3  ; 

v o l.  1 0 9 , p .  9 1 1 .

M r. C . A . S c h u n c k . The Xanthophyll [A p r .  1 7 ,
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1 7 3

t a k e n  p lace  in  th e  c a ro t in  w h ile  w ith in  th e  ro o t .  F r o m  th e  e x t r a c t  of 

th e  p ig m e n t  p r e p a r e d  b y  b o il in g  th e  g r a t e d  r o o t  w ith  a lco h o l, th e  

c a ro t in  c ry s ta l lis e s  o u t  o n  c o o lin g , b u t  a  la r g e r  y ie ld  is  o b ta in e d  f ro m  

th e  ju ic e  of th e  g r a t e d  ro o t ,  w h ic h  c o n ta in s  th e  m a jo r i t y  of th e  c a ro t in  

in  su sp e n s io n , f ro m  w h ic h  o n  d r y in g  i t  c a n  b e  d is s o lv e d  in  e th e r  a n d  

r e c ry s ta l l i s e d  in  th e  s a m e  fo rm  o f c r y s ta l s  a s  c h ry s o p h y ll .  T h e r e  is  a  

c e r t a in  a m o u n t  o f th o s e  c o lo u r in g  m a t te r s  p r e s e n t  w h ic h  o b sc u re  th e  

v io le t  a n d  u l t r a - v io le t ,  b u t  th e  m a jo r i t y  of th e  t o t a l  p ig m e n t  a p p e a r s  

to  c o n s is t of c a r o t in  a lo n e .

T h e  p ig m e n t  o f t h e  to m a to  ( Lycopersiesculentum is  

so  m u c h  a s  i t  c o n s is ts  o f a  c ry s ta l l in e  s u b s ta n c e  n o t  b e fo re  d e s c r ib e d , I  

b e lie v e , a n d  w h ic h  g iv e s  a  v e r y  c h a r a c te r is t ic  s p e c tru m  of s im ila r  

c h a ra c te r  to  th e  o th e r  x a n t h o p h y ll s  a n d  f ro m  i t s  r e a c t io n s  a p p e a r s  to  

b e  of s im ila r  c o n s t i tu t io n . T h e  to m a to e s  w e re  f i r s t  b o ile d  w ith  w a te r  

w h ic h  e x t r a c te d  a  l i t t l e  y e l lo w  c o lo u r in g  m a t te r ,  th e  w a te r y  e x t r a c t  

f i l te re d  o ff a n d  th e  p u lp  a n d  s k in  w a sh e d  w ith  c o ld  a lc o h o l  a n d  th e  

r e d  p ig m e n t  e x t r a c te d  w i th  b o i l in g  a lc o h o l,  in  w h ic h  i t  is  n o t  e a s ily  

so lu b le  a n d  w h ic h  ta k e s  so m e  t im e  to  e x t r a c t  th e  w h o le . A  d e e p  

o ra n g e -c o lo u re d  e x t r a c t  is  o b ta in e d , f ro m  w h ic h  o n  c o o l in g  a  r ic h  r e d  

d e p o s i t  fo rm s  w h ic h  is  s p a r in g ly  s o lu b le  in  a lc o h o l.  I n  e th e r  th e  

d e p o s i t  d is so lv e s  r e a d i ly ,  a n d  o n  s lo w  e v a p o r a t io n  d e e p - re d  c ry s ta l l in e  

n e e d le s  fo rm  w h ic h  c a n  b e  p u r if ie d  b y  r e c r y s ta l l i s i n g  f ro m  e th e r .  I f  

th e  p u lp  a n d  s k in  b e  f ir s t  d r ie d  a n d  th e  p ig m e n t  e x t r a c te d  w ith  e th e r  

in  th e  co ld , w h ic h  ta k e s  so m e  d a y s ,  t h e  sa m e  s u b s ta n c e  c ry s ta l l is e s  o u t  

o n  s lo w  e v a p o ra t io n . T h e  c r y s ta l s  a re  w ith  d if f ic u lty  s o lu b le  in  b o i l in g  

a lc o h o l f ro m  w h ic h  th e y  c r y s ta l l i s e  o u t  o n  s t a n d in g , th e y  a re  n o t  so  

s o lu b le  in  e th e r  a s  c h ry s o p h y ll  n e i th e r  h a v e  th e y  th e  m e ta l l ic  lu s t r e  

o f th e  l a t t e r ; in  a lc o h o l a n d  e t h e r  th e i r  s o lu t io n s  a r e  o ra n g e , b u t  in  

c a rb o n -b isu lp h id e , in  w h ic h  th e y  a r e  e a s i ly  so lu b le ,  th e  c o lo u r  is  r e d d is h -  

p in k , d u e  to  th e  s h if t in g  of th e  b a n d s  in  th is  s o lv e n t  c o n s id e ra b ly  

to w a rd s  th e  re d . T h e y  d is so lv e  in  h o t  g la c ia l  a c e t ic  a c id  g iv in g  p a le  

y e l lo w  s o lu t io n s ,  b u t  s p e c tro s c o p ic  e x a m in a t io n  sh o w s  in  c o n t ra 

d is t in c t io n  to  c h ry s o p h y ll  t h a t  th i s  s u b s ta n c e  is a c t e d  u p o n  b y  th e  a c id  

d u r in g  s o lu tio n , p ro d u c in g  a n o th e r  c o lo u rin g  m a t t e r  s im ila r  to  t h a t  

fo rm e d  b y  th e  a c t io n  of s t r o n g  a c id s  u p o n  i t s  a lc o h o lic  s o lu t io n s . I n  

a lk a lie s  th e  c ry s ta ls  a r e  in so lu b le .  L ik e  c h ry s o p h y l l  th e y  d is so lv e  in  

c o n c e n tra te d  H 2S 0 4, p ro d u c in g  a  d e e p  P r u s s ia n -b lu e  s o lu t io n  w h ic h  

so o n  c h a n g e s  to  p u rp le  a n d  th e n  b ro w n . H N O 3  c au se s  im m e d ia te  

d e c o m p o s i tio n  a n d  H C 1 h a s  n o  a c t io n . W i th  a  d ro p  of c o n c e n tr a te d  

L I2S O 4 a n d  H N O 3  th e  s a m e  c o lo u r  r e a c t io n s  a re  p ro d u c e d  as  w ith  

c h ry s o p h y ll .  I t  is  n o t  a  s ta b le  s u b s ta n c e , a n d  e x p o s e d  to  th e  a i r  in  

th e  absence, of l i g h t  i t  is  d e c o m p o se d  in  th e  c o u rse  of a  fe w  w eek s .

T h e  a b s o rp t io n  s p e c tru m  is  a  v e r y  d is t in c t iv e  a n d  d e f in i te  o n e  

o f  th r e e  b a n d s  c o n s id e ra b ly  le ss r e f r a n g ib le  in  p o s it io n  th a n  th o s e  

o f  c h ry s o p h y ll ,  th e  f ir s t  o n e  b e in g  s i tu a te d  in  th e  g re e n  (P la te  7,

1 9 0 3 .]  Group o f Yellow Colouring Matters.
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1 7 4  M r . C . A . S c h u n c k . Xanthophyll [ A p r .  1 7 ,

figs. 3 a n d  4). T h e  f ir s t  tw o  b a n d s  a re  v e ry  in te n s e ,  th e  t h i r d  f a in te r ,  

th e re  is a lso  a  p ro n o u n c e d  b a n d  a  l i t t l e  le ss  r e f r a n g ib le  th a n  th e  

s o la r  lin e  N , w h ic h  is  a b s e n t  in  th e  c h ry s o p h y ll  s p e c tru m  a n d  w h ich  

a p p e a r s  to  b e  le ss  in te n s e  in  th e  e th e re a l  so lu t io n , th o u g h  th e  o th e r  

b a n d s  a re  o f th e  sam e  in te n s i ty  a n d  o c c u p y  th e  sam e  p o s itio n s  in  th e  

tw o  so lv e n ts .  A s w ith  c h ry s o p h y lls  a n d  th e  o th e r  x a n th o p h y lls  th e ' 

u l t r a - v io le t  r a y s  a re  t r a n s m it t e d . S p e c tro sc o p ic  o b s e rv a t io n  a lso  

sh o w s t h a t  th is  s u b s ta n c e  c o n s t i tu te s  n e a r ly  th e  w h o le  of th e  p ig m e n t  

p re s e n t  in  th e  to m a to , th e re  b e in g  e v id en ce  of a n o th e r  in  sm a li 

q u a n t i t i e s  w h ic h  c a n  b e  fo rm e d  f ro m  i t  b y  th e  a c t io n  of ac id s, b u t  

th o se  t h a t  o b scu re  th e  v io le t a n d  u lt r a -v io le t  a re  a lm o s t a b s e n t .  T h o u g h  

i t s  e th e re a l  so lu tio n s  a re  f a ir ly  s ta b le ,  a  c h a n g e  so o n  ta k e s  p la c e  in  the- 

a lco h o lic  so lu tio n s ,  th e  c o lo u r  c h a n g in g  f ro m  o ran g e  to  y e l lo w  a n d  

g r a d u a l ly  b e c o m in g  p a le r ,  a t  th e  sam e  t im e  th e  b a n d s  b eco m e fa in t e r  

a n d  a re  re p la c e d  b y  th re e  f a in t  o n es  in  th e  sam e  p o s itio n s  a s  th o s e  of 

B . x a n th o p h y ll .  W i th  H C1, H 2 S O 4  a n d  H N O 3 a  s im ila r  c h a n g e  

in  th e  s p e c tru m  ta k e s  p lace , i t s  a lco h o lic  so lu tio n s  g r a d u a l ly  a s su m in g  

a  p a le  y e l lo w  c o lo u r  w ith o u t  a n y  d e c id e d  g re e n  t in g e  a n d  f in a l ly  

co lo u rle ss . T h e  s p e c tru m  p ro d u c e d  b y  th e  a c t io n  of a c id  u p o n  

B . x a n th o p h y l l  is  n o t  a s su m e d , th u s  o n e  c a n n o t  s a y  w h e th e r  th e  

y e l lo w  c o lo u rin g  m a tt e r  w h ic h  i t  u n d o u b te d ly  g iv e s  r is e  to  a n d  th e  

g ra d u a l  fo rm a tio n  of w h ic h  can  b e  t r a c e d  in  th e  s p e c tru m  u n d e r  

th e  in f lu e n c e  of a c id ,  is B . x a n th o p h y ll  o r  n o t .  A  s im ila r  r e a c tio n  

a p p e a rs  to  ta k e  p la ce  w ith  n a s c e n t  H . B e l ie v in g  t h a t  th is  s u b s ta n c e  

h a s  n o t  b e e n  is o la te d  b e fo re ,  o r  i f  i t  h as , h as  b e e n  m is ta k e n  fo r  

c a ro t in ,  I  v e n tu re  to  a p p ly  to  i t  th e  n a m e

F ro m  th e  seed s  of th e  a n n a t to  (Bixa Orellana) B ix in ,  to  w h ic h  th e  

fo rm u la  C 2 8H 3 4 O 5 h a s  b e e n  g iv e n , c a n  b e  o b ta in e d  b y  d is so lv in g  th e  

a n n a t to  of c o m m erce  in  b o il in g  a lco h o l, w h ic h  g iv e s  r is e  to  a  re d d is h -  

b ro w n  c ry s ta l l in e  m a ss  o n  e v a p o ra t io n .  I f  th is  b e  w a s h e d  w ith  a  

l i t t l e  a lco h o l, d r ie d , a n d  d is so lv e d  in  b o il in g  g la c ia l a c e tic  ac id , th e  

b ix in  c ry s ta l l is e s  o n  co o l in g  a n d  s ta n d in g  in  th e  fo rm  of b ro w n ish - re d  

le a fle ts , w h ic h  a re  so lu b le  in  a lco h o l, e th e r  a n d  c a rb o n -b isu lp h id e  a n d  

a lso  in  a m m o n ia  a n d  s o d iu m  h y d r a t e ,  b u t  in s o lu b le  in  w a te r .  I t  

re se m b le s  c h ry s o p h y ll a n d  ly c o p in  in  m a n y  re s p e c ts ,  d is so lv in g  in  

c o n c e n tra te d  IL2S O 4 w i th  a  v e r y  in te n s e  b lu e  co lo u r, w h ic h  so o n  

c h a n g e s  to  p u rp le  a n d  f in a l ly  b eco m es  r ed d ish -b ro w n . H N 0 3 l ik e w ise  

d eco m p o se s  i t  a n d  H C1 h a s  n o  a c t io n  e v e n  o n  b o il in g . T h e  c ry s ta ls  

w ith  a  d ro p  of H 2 S O 4  a n d  H N 0 3 t u r n  a  b r i l l i a n t  b lu e  w ith  th e  fo rm e r  

a n d  th e  e v a n e sc e n t P ru s s ia n -b lu e  c o lo ra tio n  w ith  th e  l a t t e r .  I t s  

s p e c tru m  rese m b les  c h ry s o p h y ll  sav e  t h a t  th e  th r e e  b a n d s  w h ich  a re  of 

th e  sam e  in t e n s i ty  in  eac h  a re  le ss  r e f r a n g ib le  in  p o s itio n , b e in g  s i tu a te d  

b e tw e e n  th o s e  of c h ry s o p h y ll  a n d  ly c o p in , th e re  is  n o  b a n d  a t  N  a s  

in  th e  l a t t e r ,  a n d  th e  u l t r a -v io le t  r a y s  a re  t r a n s m it t e d . T h e  a lco h o lic  

so lu t io n  is  a  r ic h  o ra n g e -y e l lo w  w h ic h  f ad e s  o n  th e  a d d i t io n  of I IN O 3 .
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1 7 5

w ith o u t  a s s u m in g  a  g re e n  t in g e , th e  h a n d s ,  h o w e v e r , s h if t  s l ig h t ly  

to w a rd s  th e  r e d  a n d  g r a d u a l ly  f a d e  w ith o u t  th e  f o r m a tio n  of a n y  

a d d i t io n a l  o n e s ; th e  a d d i t io n  o f a m m o n ia  cau se s  th e  b a n d s  to  s h if t  a  

l i t t l e  to w a rd s  t h e  v io le t .  I t  th u s  a p p e a rs  t h a t  b ix in  is  a n  a l lie d  

s u b s ta n c e  to  c h ry s o p h y ll  a n d  th e  o th e r  x a n t l io p h y ll s ,  a n d  as  i t  is  

s ta b le  a n d  m o re  e a s y  to  p r e p a r e  th a n  th e  o th e r  c ry s ta l l is a b l e  m e m b e rs  

•of t h e  g ro u p , i t  m a y  w ith  a d v a n ta g e  fo rm  a  s t a r t i n g  p o in t  to  s tu d y  

th e  c h em ica l c o n s t i tu t io n  a n d  re la t io n s h ip  o f th e  x a n th o p h y lls .

Yellow Pigment of the Egg Yolk and Fowl Serum.

T h e  a b o v e  y e l lo w  p ig m e n t  to g e th e r  w ith  t h a t  o f  th e  s e ru m  of o th e r  

a n im a ls ,  of f a ts ,  b u t t e r ,  o f th e  corpus o f t h e  o v a r y  h a s  b e e n

th e  s u b je c t  of in v e s t ig a t io n  b y  T h u d ic h u m ,  H a m m a r s t e n ,  M a la y , 

K r u k e n b e r g , M a c M u n n , H a l l ib u r to n  a n d  o th e r s .  T h u d ic h u m  w as t h e  

f ir s t to  e x a m in e  th e  p ig m e n t  of th e  corpus luteum a n d  th e  n a m e  L u te in  w as  

g iv e n  to  i t ,  w h ic h  n a m e  w as  e x te n d e d  to  t h e  w h o le  g ro u p . Iv r u k e n b e r g ’s 

w o rd , L ip o c h ro m e  h a s ,  h o w e v e r ,  g e n e r a l ly  b e e n  a d o p te d  b y  p h y s io 

lo g is ts .  A s  th e y  a re  c h a r a c te r is e d  b y  g iv in g  b a n d s  to w a rd s  th e  v io le t  

r e g io n  o f th e  s p e c tru m , a n d  a lso  b y  th e  sa m e  c o lo u r  r e a c t io n s  w ith  

H 0S O 4 a n d  H N O 3  in  th e  d r y  s ta te  a s  e x h ib i te d  b y  th e  x a n th o p h y ll s ,  a  

■com parison  w as  m a d e  b e tw e e n  th e  y e l lo w  p ig m e n t  o f th e  e g g -y o lk  a n d  

s e ru m  o f th e  fo w l a n d  th e  x a n th o p h y ll  o f flo w ers . T h e  p ig m e n t  

o f th e  e g g -y o lk  c a n  b e  e x t r a c te d  b y  t r e a t i n g  th e  y o lk  f r e e d  f ro m  th e  

w h ite  w ith  a lc o h o l in  e x c e ss ,  w h ic h  p r e c ip i t a te s  th e  p ro te id s  w h ic h  

t a k e  u p  th e  p ig m e n t  le a v in g  th e  f i l t r a te  c o lo u rle s s .  I f  th e  p r e c ip i t a te  

b e  n o w  t r e a t e d  w ith  h o t  a b s o lu te  a lc o h o l,  t h e  y e l lo w  p ig m e n t  is 

d is s o lv e d  a n d  th e  s e p a r a t io n  b y  c a rb o n -b is u lp h id e  a p p l ie d . I n  th e  

case  of th e  s e ru m  th e  b lo o d -c lo t is a l lo w e d  to  s t a n d  tw e n ty - f o u r  h o u rs ,  

b ro k e n  u p  a n d  th e  s e ru m  f i l te re d  o f f ; i t  is  o f a  d e e p  y e l lo w  c o lo u r  b u t  

m o re  o r le ss  m a sk e d  b y  th e  r e d  c o rp u sc le s  h e ld  in  s u sp e n s io n . A lc o h o l  

is  n o w  a d d e d  in  ex cess , a n d  th e  y e l lo w  p ig m e n t  w h ic h  is c a r r ie d  d o w n  

b y  th e  p r e c ip i ta te d  p r o te id s  is  e x t r a c te d  w ith  h o t  a b s o lu te  a lc o h o l a n d  

th e  s e p a ra t io n  b y  c a rb o n -b is u lp h id e  is  p e rfo rm e d . T h e y  b o th  fo rm  

b r ig h t  y e l lo w  a lco h o lic  s o lu t io n s  a n d  th e  s p e c t ru m  o f e a c h  is id e n t ic a l  

w ith  t h a t  of L . x a n th o p h y ll ,  a n d  f ro m  th e  e x a m in a t io n  of th e  c ru d e  

e x t r a c ts  a n d  th e  c a rb o n -b is u lp h id e  f r a c t io n s  th e  p ig m e n t  a p p e a r s  to  

c o n s is t  o f th is  c o lo u r in g  m a t t e r  o n ly ,  w ith  a n  a lm o s t  t o t a l  a b se n c e  o f 

th o s e  c o lo u rin g  m a t te r s  t h a t  o b sc u re  th e  v io le t  a n d  u l t r a - v io le t  

( P la te  7 , figs. 5 — 7). T h e  a c t io n  o f a c id s  u p o n  th e  s p e c tr a  is  id e n t ic a l  

w ith  th e  a c t io n  u p o n  L . x a n th o p h y l l  ( P la t e  7, figs. 8 — 1 3), a n d  th e  

•co lou r r e a c t io n s  in  th e  d r y  s t a t e  w i th  H C 1, H 28 0 4 a n d  IP N O 3 a r e  

a lso  th e  sam e , th e  b lu e  c o lo ra t io n  b e in g  n o t  q u i te  so  b r i l l i a n t ,  w h ic h  

m a y  b e  a c c o u n te d  fo r  p e rh a p s  b y  th e  p re s e n c e  o f f a ts .  I n  th e .  case  o f  

- th e  e g g -y o lk  a n  a t t e m p t  w as m a d e  to  g e t  r id  o f th e  f a ts  b y  sap o n if ic a -

1 9 0 3 .1  Group of Yellow Colouring Matters.
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t i o n ,  a f t e r  w h i c h  t h e  p i g m e n t  w a s  t a k e n  u p  w i t h  e t h e r ,  a n d  o n  s lo w  

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

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

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

p io - m e n t  o r  w e r e  s o m e  o t h e r  s u b s t a n c e  c o l o u r e d  b y  i t .

W h e t h e r  t h e  l i p o c h r o m e s  f r o m  o t h e r  s o u r c e s  w i l l  a l s o  p r o v e  t o  

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

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

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

L  x a n t h o p h y l l ,  a n d  a s  i t  t h u s  a p p e a r s  t o  b e  p r e s e n t  a l o n g  w i t h  b o t h  

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

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

1 7 6  Xanthopliyll Group of Yellow Colourin

E X P L A N A T I O N  O E  T H E  P L A T E S .  

( T h e  s o lv e n t  i n  e a c l i  c a se  is  a lc o lio l.)  

P l a t e  6.

S p e c tr a .  

1 a n d  5 . 

2 .

1 3 , 1 2 ,1 1 .

C h r y  s o p h y  11 f ro m  t h e  D a f fo d i l  le a f .  

L . x a n t h o p h y l l  f ro m  W a llf lo w e r .

3 . B . 99 99
D o ro n ic u m .

4 . Y . 99 99
T u l ip .

6 . B . 99 99
D o r o n ic u m .

7 . B . 99 9 9 99

8 . Y . 99 99
T u l ip  + H C 1

9 . Y . 99 9 9 99

1 0 . L . 99 99
W a llf lo w e r .

1 4 . L . 99 99 „  <

+  H C 1.

( s t r o n g e r  s o lu t io n ) .

A c t io n  o f  H N 0 3 u p o n  L .  x a n t h o p h y l l  o f  1 4 , a f t e r  s u c c e s s iv e  i n t e r v a l s .

P l a t e  7.

S p e c t ra .

1 .  C h r y s o p h y ll  f r o m  S p in a c h .

2 .  C a ro t in  f r o m  t h e  C a r r o t .

3 . L y c o p in , t h e  c o lo u r i n g  m a t t e r  o f  t h e  T o m a to .

4 .  C h r y s o p h y ll  f r o m  G ra s s .

5 .  L . x a n t h o p h y l l  f r o m  th e  N a s t u r t i u m .

6 . C o lo u r in g  m a t t e r  o f  t h e  E g g - Y o lk .

7 . „  „  „  F o w l s e ru m .

1 1 , 1 2 ,1 3 .  

8 , 9 , 1 0 .

A c t io n  o f  H N 0 3 u p o n  5 , 6 , 7 , r e s p e c t iv e ly .

„  „  a f t e r  a  f u r t h e r  i n t e r v a l .
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