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Abstract 

The electron affinity and ionization potential of various biological substances were 
measured by polarography and compared with their effect on growth of E. coll. 

Introduction 

Formation of charge transfer complexes may play an important  role in the biology? The 
ionization potential (I) and the electron affinity (EA) of the reactants are significant. The  
ionization potentials of biologically active substances have hitherto not been determined ex- 
perimentally. These substances are mostly organic compounds with complicated structures. 
The possibility of charge transfer can be predicted from I and EA. The corresponding values 
in the gaseous state will be denoted by I v and E A. Matsen 2 has shown that for aromatic 
hydrocarbons (D) the gaseous electron affinity (EA) can be related to the reductive half-wave 
potential E ~  versus the S.C.E., if  the potential-determining step for reduction is 
reversible and can be represented as D + e ~ D- ,  by 

E A (eV) -- Ell 2red (Vversus S.C.E.) -AEso  1 + 5.07 (1) 

A Esol, the difference of solvation energy between D -  and D, cannot be exactly calculated. In  
this paper, the values for AE~ol were obtained by using equation (2) (see ref. 3), while the 
electron affinity of various biologically active molecules was determined by equation (1). 

AEso, = (1 1] e 2 - ~! ~ (2) 

where �9 is the optical dielectric constant of medium, r the radius of the molecule, and e the 
charge of electron. The ionization potential of gaseous aromatic hydrocarbon is related to 
equation (3) (see ref. 4) if the potential-determining step for oxidation of aromatic hydro- 
carbon is a reversible reaction and can be represented as D - e @ D +. 

I v (eV) = E~7 ~ (Vversus S.C.E.) -~- aEso I + 5"07 (3) 

where AE~o I is the difference ofsolvation energy between D + and D. This equation was also 
used in determining the I v of organic molecules other than aromatic hydrocarbons. 

The  values of r were calculated from the molar refraction. The �9 was given by the arith- 
metical means of the optical dielectric constants of mercury and the solvent, because the 
electrode reaction occurs at the intersurface between mercury drops and the solvents. 
Since the dielectric constant of mercury is taken as infinite, the dielectric constant of medium 
around the molecule was also taken as infinite. 

Experimental 
Materials 

Lithium chloride, boric acid, citric acid, sodium hydrophosphate and DMSO were 
obtained from the Fisher Scientific Company, tetramethyl ammonium hydroxide from 
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E a s t m a n  O r g a n i c  Chemica l s ,  l i t h i u m  h y d r o x i d e  f rom M e r c k  C o m p a n y ;  e t h a n o l  was 
U .S .P .  All  o the r  chemica l s  used in  this e x p e r i m e n t  are desc r ibed  in  the  tables .  

Polarograms 
A S a r g e n t  P o l a r o g r a p h  M o d e l  X V I  wi th  a n  a.c. u n i t  was used to o b t a i n  p o l a r o g r a m s .  

Al l  d.c. po ten t i a l s  were  m e a s u r e d  d i rec t ly  aga ins t  the  s a t u r a t e d  ca lome l  e lec t rode  a n d  
cor rec ted  for o h m i c  p o t e n t i a l  d rop .  T h e  a.c. po t en t i a l s  were  also m e a s u r e d  to inves t iga te  

the  revers ib i l i ty  of  e lec t rode  r eac t ion ,  a n d  good results  were  o b t a i n e d  in  mos t  cases. 
T h e  samples  were  m e a s u r e d  in  a lka l ine  or ac id ic  so lu t ion  a t  23 ~ c to exc lude  the  effect 

of  H + or O H - .  T h e  s u p p o r t i n g  electrolytes  a n d  solvents  used for the  m e a s u r e m e n t s  are  
i n d i c a t e d  in  the  tables .  T h e  c o n c e n t r a t i o n s  of  the  va r ious  samples  were  in  mos t  cases 
b e t w e e n  10 -3 a n d  10 - I  mole .  

Results and Discussion 

T h e  e lec t ron  affinities of  a n u m b e r  of  o rgan i c  c o m p o u n d s ,  d e t e r m i n e d  by  the  po la ro -  

g r aph i c  m e t h o d ,  are shown  in  T a b l e  I ,  a n d  are c o m p a r e d  w i th  the  va lues  o b t a i n e d  b y  

TABLE I. Comparison of electron affinity determined by polarography with those obtained by direct 
method* 

EA (eV) 
r 

r (A) AE~o, (eV) El}a2 (Vversus S.C.E.) From E l n  Directly 

Acetophenone" 2.3 3.14 - 1.60 d 0.33 0.33 (s) 
Benzaldehyde b 2.3 3.14 - 1"51 d 0'42 0'45 (s) 
p-Benzoquinone ~ 2.3 3.14 - 0.54 e 1 '39 1.38 (~) 
1-Naphthaldehyde" 2.6 2.74 - 1.82 d 0.51 0.67 (s) 
Chloranil 2'7 2'65 + 0.01 (1~ 2.43 2.46 (6) 
Anthracene 2.8 2.57 - 1.94 (9) 0'56 0'55 (7) 

* The figures in parentheses denote the cited literature. 
a Eastman Organic Chemicals; b Merck & Company, Inc.; c Fisher Scientific Company; d S6rensen buffer 

pH 11/50~o EtOH; ~ 0-1 M LiCI/EtOH. 

TABLE II. Comparison of ionization potential determined by polarography with those obtained by 
another method* 

I v (eV)  

r (A) AEs , (eV) E ~  (Vversus S.C.E.) From E ~  Another method 

Ascorbic acid a 2.5 2.91 0.22 c 8"20 8-32" 
Eosin b 3.0 2.40 - 0-10 a 7.37 7.47 (12) 
Phenol 2 '2 3.14 0.71 o 1) 8.92 9.03 (13) 
p-Nitrophenol 2.3 3.14 0.96(11) 9.17 9"06 e 

* The figures in parentheses denote the cited literature. 
a Fisher Scientific Company; b National Aniline Division; ~ Mcllvaine buffer pH 2"2 ; d Mcllvaine buffer pH 3"0 ; 

e calculated from the equation Eh.o. = a + 2th.o. /3, as a ~ -- 7"0 eV, /~ = -- 2"5 eV, respectively. Value of each 
Ah.o. are cited from the ref. 14. 
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TABLE III .  Electron affinities of various biologically active substances, 
calculated from the half-wave potentials* 

Substances E [ ~  (Vversus S.C.E.) E .  (eV) 

Glyceraldehyde - 1.63 (is) 0.18 
Riboflavin 0.64(ls) 2"33 
Chloramphenico l  - 0.75 ~ 1.90 
V K  3 0.47 (is) 1.77 
Cortisone - 2" 18 (16) 0.74 
Androstanect ione - 2"25 c16) 0"52 
Testosterone - 2.26 (I6) 0.56 
11-Ketoprogesterone - 2"22 (~6~ 0.60 
11-Dehydroprogesterone - 2.24 (I6) 0.58 
Progesterone 2.27(~6) 0.55 
Nicot inamide  - 1.67 (iv) 0.40 
Pyridoxine - 1.85 (is) 0.52 
~ , 3 , y , 8 - T e t r a p h e n y l p o r p h i n e  - 1"05 (la) 2"34 
Cu ~ ,3 ,y ,3-Tet raphenylporphine  - 1'20 (18) 2-19 
M g  ~,~ ,7 ,8-Tet raphenylporphine  - 1.35 (18) 2-04 
Eth ioporphyr in  I - t-34 (18) 1-90 
Cu Eth ioporphyr in  I V  1.48 (la) 1.76 
Chlorophyl l  a - 1" 12 (19~ 2" 15 
Chlorophyl l  b - 1"02 (19) 2'25 
Stilboestrol - 2"80 (la) 0'21 
Equi lenin  - 2" 17 (16) 0.55 
Estrone 1.98 tl6) 0"75 
Dihydrocort isone 2.43 (16) 0.49 
A E '  Prednisone - 1.88 (16) 1.04 

* The figures in parentheses denote the cited literature. 

TABLE IV. Ionizat ion potentials of biologically active 
substances, calculated from the half-wave potentials* 

Substances E ~  (Vversus S.C.E.) I v (eV) 

Adrenal ine  0.19 (is) 7.96 
Stilboestrol 0'90 (16) 8.03 
Equi lenin  1-10 (16) 8.52 
Estrone 1.19 (16) 8.61 
Estradiol 1-24 (16) 8-66 
Dihydrocort isone 2.04 (16) 9.26 
AE" Prednisone 2-24 (1~ 9-46 

* TEe figures in parentheses denote the cited literature. 

o t h e r  m e t h o d s .  5-7 I n  g e n e r a l  t h e r e  is g o o d  a g r e e m e n t .  S i n c e  t h e  e l e c t r o n  a f f i n i t i e s  i n  

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

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

t h e  p o l a r o g r a p h i c  m e t h o d  s e e m  to  b e  c o r r e c t .  I t  a l so  a p p e a r s  r e a s o n a b l e  to  s u p p o s e  t h a t  
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TABLE V. Electron affinities of various aldehydes and ketones, calculated from the 
half-wave potentials 

Substances AE~ol (eV) ElI2 (Vversus S.C.E.) EA (eV) 

Formaldehyde ~ 5.21 - 1.7 I" - 1.85 
Acetaldehyde ~ 4.35 - 1-89 b - 1.17 
PropionaldehydeP 3.90 - 1.92 b - 0.75 
n-ButylaldehydeP 3.57 -- 1.95 c - 0.45 
Valeraldehyde ~ 3.33 - 2.09 e - 0.35 
Hepta ldehyde ~ 3.00 - 2-22 e - 0-15 
Crotonaldehyde ~ 3.60 - 1.49 ~ - 0.02 
MethylvinylketoneP 3.60 - 1.490 - 0.02 
Mesityloxide ~ 3.17 - 1.64 h 0.26 
Glyoxal ~ 4.35 - 1.57 ~ - 0.85 
MethylglyoxaF 3.90 - 0.80 i 0.37 
EthylglyoxaF 3.55 - 1.04J 0.48 
PropylglyoxaF 3.33 - 0.98J 0.76 
2-Methoxybenzoquinone s 3.07 - 0.64 k 1.36 
2,6-Dimethoxybenzoquinone ~ 3.00 - 0"73 k 1'34 
2,3-Diketogulonic acid ~ 3.00 - 1.05 ~ 1.02 
Alloxan ~ 3.77 - 0.25 b 1.05 
D-Glucose t 2.87 -- 2" 16 b 0.02 
D-Mannose" 2.87 -- 2.03" 0.17 
D-Galactose ~ 2"87 -- 2'07 ~ 0.13 
D-Xylose ~ 2.95 -- 2.06 * 0.06 
D-Arabinose 0 2"95 - 2-00 ~ 0' 12 
glucuronolactonC 2.98 - 1.61" 0.48 
D-Ribose" 2.95 - 2' 10 ~ 0.02 
2-Butanone ~ 3.57 - 2.20 m - 0.70 

" S6rensen buffer pH 12; b 0.1 M LiOH; c 0.1 M LiOH/30% EtOH; d 0"1 M Me4N-OH/50% 
EtOH; e 0,1 M Me4N.OH/75% EtOH; s S6rensen buffer pH 11; g S6rensen buffer pH 10/90% 
EtOH; h S6rensen buffer pH 11/50% EtOH; i Sgrensen buffer pH 11, 0.1 M LiC1/DMSO; 
J S6rensen buffer pH 11; k 0.1 M LiC1/EtOH; I 0.1 M Me4N'OH; m 0.1 M Me4N'OH/90% 
EtOH; n N/15 Na2HPO4 + N/10 NaOH, pH 10; o Fisher Scientific Company; P Aldrich Chemical 
Company, Inc. ; q Eastman Organic Chemicals ; r Obtained from Dr. L. G. Egytid ; ~ Obtained from 
Dr. A. Szent-Gy6rgyi; t Merck & Company, Inc.; " Nutritional Biochemicals Corp.; ~ Chugai 
Pharmaceutical Company. 

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

as l o n g  as t h e  r e a c t i o n  o c c u r s  i n  a s u f f i c i e n t l y  a l k a l i n e  m e d i u m  o r  in  a n  o r g a n i c  s o l v e n t .  

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

m e t h o d  a r e  c o m p a r e d  w i t h  t h e  v a l u e s  o b t a i n e d  b y  o t h e r  m e t h o d s  in  T a b l e  I I ,  a n d  a r e  

c o n s i s t e n t .  

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

o f  t h e  EA a n d  Ip o f  v a r i o u s  k i n d s  o f  o r g a n i c  m o l e c u l e s .  

T h e  E A a n d  Ip o f  m i s c e l l a n e o u s  b i o l o g i c a l l y  a c t i v e  s u b s t a n c e s  w e r e  c a l c u l a t e d  f r o m  

t h e  h a l f - w a v e  p o t e n t i a l  v a l u e s  c i t e d  i n  t h e  l i t e r a t u r e ,  a n d  a r e  s u m m a r i z e d  i n  T a b l e s  I I I  

a n d  I V .  T h e  EA o f  p o r p h i n e  d e r i v a t i v e s ,  r i b o f l a v i n ,  c h l o r a m p h e n i c o l ,  a n d  m e n a d i o n e  

is h i g h ,  t h a t  o f  v a r i o u s  s t e r o i d  h o r m o n e s  m o d e r a t e .  S t e r o i d  h o r m o n e s  g i v e  m o d e r a t e  Ip. 
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One must bear in mind that the I and 
dielectric constant of the medium. 2~ The 
affinity higher in an aqueous medium 22 
than in organic solvents. Thus charge 
transfer is favoured by aqueous medium. 

The electron affinities of various kinds 
of aldehydes and ketones were also deter- 
mined polarographically as shown in 
Table V. The relationship between the 
electron affinity of the aldehydes or ketones 
and their inhibitory effect on the prolifera- 
tion of E. coil 8 was compared. Figure 1 
shows that the inhibitory effect on pro- 
liferation tends to increase with E A. This 
makes it clear that a charge transfer 
between these compounds and electron 
donors in the cell is important for their 
inhibitory effect. It should also be noted 
that ketones with a high E A (such as p-  

benzoquinone) are highly toxic, and ke- 
tones and aldehydes with a moderate elec- 

the EA of molecules are dependent on the 
ionization potential is lower and the electron 
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Figure 1. Relationship between the inhibitory effect 
of proliferation and electron affinity. 1, propionalde- 
hyde; 2, n-butylaldehyde; 3, valeraldehyde; 4, heptal- 
dehyde; 5, crotonaldehyde; 6, methylvinylketone; 
7, mesityloxide; 8, glyoxal ; 9, methylglyoxal; 10, Aceto- 
phenone; 11, ethylglyoxal; 12, propylglyoxal; 13, 2- 
butanone. 

tron affinity are reversible inhibitors. 8 Methylglyoxal shows a moderate E ,  and was 
also found to be a reversible inhibitor on cell division. 8 The correlation, however, is 
rather rough, which indicates that other factors may be involved. Figure 1 indicates 
that the substances studied fall into two groups corresponding to the two different curves 
obtained. 
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