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Tabelle I I  

d yn/cm 

Iridium . . . . . . . . . . . .  
Wolfram . . . . . . . . . . . .  
Aluminiumoxyd . . . . . . . . .  
t ' latin . . . . . . . . . . . . .  
Eisen . . . . . . . . . . . . .  
Gold . . . . . . . . . . . . .  
Silber . . . . . . . . . . . .  
Quarzglas . . . . . . . . . . .  
Kadmium . . . . . . . . . . .  
Marmor . . . . . . . . . . . .  
Blei . . . . . . . . . . . . . .  
Graphit . . . . . . . . . . . .  
Paraffin . . . . . . . . . . . .  
Wachs . . . . . . . . . . . . .  

5000 
3600 
2300 
2100 
1800 
1200 
930 
650 
6O0 
400 
330 
120 

27 
14 

z i t g t s m o d u l  bes i tzen ,  h a b e n  k o n s e q u e n t e r w e i s e  e n t s p r e -  
c h e n d  v e r s c h i e d e n e  a-VCerte. So betr~igt de r  E - M o d u l  fiir 
Quarz  in der  X - A c h s e  8700, in der  Y-Achse  7900 kg / rnm 2. 
D a r a u s  e r r e c h n e n  sich die O b e r f U i c h e n s p a n n u n g e n  zu 
a ~: 720 bzw.  680 d y n / c m .  

Die hohcn a-Werte im festen Zustand bedingen entspreehende 
Gr66en Ifir den Kapillardruck und damit eine Abrundung von 
Kristallkanten im Bereiche des /2/*. 

Das entgegengesetzte Extrem zeigt die Oberfl~chenspannung im 
gasf6rmigen Zustand. Sic liegt bei den meisten permanenten Gasen 
unter Normalbedingungen in der Gr6genordnung yon 0,005 dyn/cm 
undis t  arm/ihernd dem Druck proportional. R.  AUERBACH 

PHseenice (~SR), den 17. Miirz 1948. 

S u m m a r y  

The  p reced ing  empi r ica l  r e la t ion  was found  b e t w e e n  
the  sur face  t ens ion  of l iquids  a, t he  specif ic  we igh t  of 
l iquids  ~, a n d  the  ve loc i ty  of sound :  a = 6.3 • 10 -4 {~ va/~. 
In  place of t h e  v~loci ty  of s o u n d  can  be used,  w i t h  sui t -  
able  changes  in t h e  equa t ion ,  t he  compres s ib i l i t y  or, in 
t he  case of solid subs t ances ,  t h e  e las t ic i ty  of t h e  ma t e r i a l  
in ques t ion .  The  r ange  of va l id i ty  of t h i s  r e la t ion  is so 
large t h a t  i t  is possible  b y  m e a n s  of  i t  to  ca lcu la te  t h e  
sur face  t ens ion  of solid s u b s t a n c e s  a n d  of gases.  

On N a t u r a l l y  O c c u r r i n g  C o l o r l e s s  P o l y e n e s  

The  reso lu t ion  of p l a n t  e x t r a c t s  has  s h o w n  in  m a n y  
i n s t a n c e s  t he  presence  of the  s ame  colorless h y d r o c a r b o n ,  
t e r m e d  p h y t o f l u e n e  x, C40Hs4 ( i  2 H), w h i c h  can  be 
eas i ly  loca ted  on t h e  T s w e t t  co lumn  b y  i ts  br i l l iant ,  
g r een i sh -g ray  f luorescence  in u l t r av io le t  l ight .  Since 
p h y t o f l u e n e  occurs  in t o m a t o e s ,  car ro ts ,  oranges,  g rape  
f ru i t s ,  melons ,  red  pepper ,  yel low corn,  etc. ,  i t  is a 
regu la r  c o n s t i t u e n t  of ou r  d ie t  a n d  m a y  occas iona l ly  
a p p e a r  also in the  yolk of hen ' s  eggs. 

P h y t o f l u e n e  shows  the  molecular  weigh t  a n d  the  
m e t h y l  s ide -cha in  n u m b e r  of an  o r d i n a r y  Ca0-carotenoid ; 
however ,  i t  con ta ins  on ly  seven  double  b o n d s  of which,  
as i nd i ca t ed  by  the  s p e c t r u m ,  only  five can be c o n j u g a t e d  
in an open chain.  Since th is  c o m p o u n d  r ep re sen t s  a 
h igher  level of h y d r o g e n a t i o n  t h a n  t h a t  of t he  co lored  
caro tenoids ,  it  m a y  well c o n s t i t u t e  an  i n t e r m e d i a t e  

1 L. ZECttMEISTER and A. POLG~R, Science 100, 317 {1944). 
L. ZECHMEISTER and A. SANDOVAL, Arch. Biochemistry 8, 4"25 (t945) ; 
J. Amer. Chem. Soc. 68, 197 (1946); Science 101, 585 (1945). 
L. ZECHMEISrEU and F. HAXO, Arch. Biochemistry 11,539 (1946). - 
A. SA~DOVAt, E. R. 31~SERVE, H.J .  DEUEL, Jr., and L. ZEeH- 
MEISTER, Arch. Biochemistry 11, 373 (1946). - J. BONNF~R, a .  
SANDOVAL, Y. W.  TANG, a nd  L. ZECHMEISTER, Arch .  Biochemistry 
10, 113 (1946). 

p r o d u c t  in the  b iosyn thes i s  of these  p i g m e n t s  in which  
the  f inal  s t ep  a p p e a r s  to  be d e h y d r o g e n a t i o n  1. 

Charac te r i s t i c  of th i s  f i rs t  r e p r e s e n t a t i v e  of t he  
s t r u c t u r a l l y  caro tene- l ike  bu t  colorless po lyenes  is i ts  
occur rence  in such  h igher  p l a n t  o rgans  (and some 
Cryp togams)  which  are  r ich  in ca ro t eno id  p igmen t s .  
A l t h o u g h  the  c h r o m a t o g r a m s  of m a n y  e x t r a c t s  show a 
b r o a d  and  in tense  f luoresc ing zone, t h e  p h y t o f l u e n e  
c o n t e n t  was  regula r ly  found  to  be  m u c h  infer ior  to  t he  
p i g m e n t  q u a n t i t y .  Fo r  example ,  t he  ra t io  of colored 
ca ro t eno ids  to  colorless ca ro t eno id  was  100:1 in carrots ,  
15:1 in r ipe  t oma toes ,  a n d  10:1 in t h e  r ipe  berr ies  of 
P y r a c a n t h a  a n g u s t i [ o l i a  SCHNEID. SO far  we h a v e  
e n c o u n t e r e d  only  a single p l a n t  ma te r i a l  in which  th is  
ra t io  was  inve r t ed ,  viz. t he  fresh,  a n t h o c y a n - c o n t a i n i n g ,  
sky-b lue  f lowers  of t he  Braz i l ian  tree,  J a c a r a n d a  
oval iJol ia  R. BR. (grown in S o u t h e r n  California),  1 kg 
of wh ich  con t a ined  as l i t t le  as 0-06 nag of po lyene  
p i g m e n t  (a lmost  exclusively,  f l-carotene) b u t  0-6 mg  of 
p h y t o f l u e n e .  

Cons ider ing  the  g rea t  va r i a t i ons  in t he  o x y g e n  c o n t e n t  
of c o m m o n  ca ro teno ids ,  it  s e e me d  likely t h a t  O- 
c o n t a i n i n g  r e p r e s e n t a t i v e s  of t he  p h y t o f l u e n e  class 
would  also occur  in na tu re .  Af te r  n u m e r o u s  ma te r i a l s  
had  been  t e s t e d  wi th  n e g a t i v e  result ,  we found  t h a t  
such  a c o m p o u n d ,  t e r m e d  phy to f lueno l ,  is c o n t a i n e d  in 
some  r ipe  toma toes ,  a l though ,  because  of t h e  smal l  
quan t i t i e s ,  i t  has  n o t  ye t  been p r e p a r e d  in ana ly t i ca l ly  
pure  s ta te .  U p o n  r e p e a t e d  c h r o m a t o g r a p h i c  f rac t ion-  
a t ions  on  l ime, a lumina ,  a n d  ca lc ium ca rbona t e ,  for 
example ,  12 mg of c rude  b u t  p rac t i ca l ly  colorless 
p h y t o f l u e n o l  was  o b t a i n e d  f rom 30 kg of commerc i a l  
c a n n e d  t o m a t o  pas te ,  c o r r e s p o n d i n g  to  75-90 kg of 
f resh f ru i t  (ha rves ted  in California).  This  yield,  i . e .  
a b o u t  0.15 mg  per  kg of fresh toma toes ,  a m o u n t s  to  less 
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Extinction curve of phytofiuenol in hexane as taken in the Beckman 

photoelectric spectrophotometer (E relative extinction). 

1 Cf. V. N. LtmIMENKO, M6m. Aead. Sci. Pdtrograd, VIII. s. 
aa, No. 12 (1916). - L. ZECHM~ISTER and L. CHOL~OKV, Liebig's 
Ann. Chem. 465, 288 (1928). - R. KUHN and V¢. WIEGAND, Helv. 
chim. acta 12, 499 (1929). 
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than 2% of their usual phytof luene content,  and 
represents but  a negligible fraction of the total  polyenes 
which are built  up in the fruit during the ripening 
process. 

The polyene nature of phytofluenol is indicated by the 
appearance of a dark bluish-green coloration when its 
hexane solution is filtered through acid earths (filtrol). 
I t  is more sharply characterized by the spectral curve, 
the shape of which is practically identical with tha t  of 
phytofluene, showing in hexane solution two steep main 
maxima, at 348 m/z and 367 mp respectively (see figure). 

Phytofluenol and phytofluene may be easily differ- 
ent iated by their  behavior  in part i t ion or adsorption 
tests. 

When par t i t ioned between equal volumes of hexane 
and 83 % ethanol, the ratio of concentrat ion in the upper 
phase to concentrat ion in the lower phase was found to 
be 6:1 for phytofluenol but  100:0 for phytofiuene. In 
the part i t ion between hexane and 95 % methanol,  the 
corresponding ratios were 2-2:1 for phytofluenol and 
100 : 1 for phytofiuene. 

As we reported earlier, phytofluene shows strong ad- 
sorption affinity. This is, however, much surpassed by 
that  of phytofluenol.  The following top- to-bot tom se- 
quences on a calcium hydroxide column are typical:  

die nach der Metal lbedampfungsmethode prtipariertL 
im Elektronenmikroskop einen wundervollen Fibrillen- 
bau zeigen 2. In Dutzenden yon Aufnahmen, yon denen 
hier vier reproduziert  sind, kann festgestellt werden, 
dab sowohl die zum F1/ichenwachstum bef~higten Pri- 
m/irwt~nde als such die durch Apposition niederge- 
tegten Sekundttrwtinde aus Mikrofibrillen" mit  auf- 
fallend konstantem Durchmesser  yon 250-300 )t auf- 
gebaut sind. 

In den Prim/irwt/nden zeigen die Mikrofibrillen Streu- 
ung um eine Haupt r ich tung  (Abb. 1), wie dies ftir die 

Developed with petroleunl 
ether (b. p. 60 70 °) 

containing t5%aeetone: 

Lycopene 
Neo-lycopene A 
Phytofiuenol 
Cryptoxanthin  
7-Carotene 

Developed with petroleum 
ether containing 1-3% 

acetone: 

7-Carotene 
fl-Carotene 
e-Carotene 
Phytofluene 
Neo-e-carotenes 

Evidently,  the strength of the adsorption affinity of 
polyenes (with carotene-like carbon skeletons), cannot 
generally be predicted, even for hydrocarbons, solely on 
the basis of the number  of all double bonds or conjugated 
double bonds present. When compared to the chromo- 
phore of carotenoid pigments,  the conjugated systems 
of phytofluenol and phytofiuene appear  to be "'in- 
complete" ,  in the sense tha t  they leave a considerable 
part  of the aliphatic chain in the saturated state. This 
part icular  feature seems to be responsible for the sur- 
prisingly high adsorbabil i ty of the two colorless polyenes 
under discussion as well as for their  strong fluorescence 
in solutions and adsorbates. 

L, ZECHMEISTER and J. H. PINCKARD 

California Ins t i tu te  of Technology, Gates and Crellin 
Laboratories of Chemistry, Pasadena, California, U.S.A., 
August  10, 1948. 

Zusammen/assung  

Die farblosen, Iebhaft fluoreszierenden Polyene, 
Phytof luen und Phytofluenot,  wurden in Pflanzen- 
ext rakten  aufgefunden. Sie werden spektroskopisch 
sowie chromatographisch gckennzeichnet und ihre *Be- 
ziehung zu carotinoiden Farbstoffen wird besprochen. 

Abb. 1. Prim/ire Zellwand aus dem Wurzelmeristem yon Zea Mays. 

Mikrof ibr i l l enbau der  pf lanz l i chen  Zellw~inde 

Durch eine geeignete Zerkleinerungsmethode ist es 
gelungen, hinreichend diinne Fragmente  yon pflanz- 
lichen Zellwttnden mit  ungestgrtem Feinbau zu erhalten, 

Abb. 2. Primiire Zellwand einer Flachsfaser. 

1 R. C. WILLIAMS und R. W. G. WVKOVF, J. Appl. Physics 17, 2a 
(1946). 

2 K. ~[(;rltLETNAL[~R, Biophysics acts, hn Druck. 
3 A. FREv-WvssLINC,, Protoplasms :~7, 4(P2 (lUa7). 


