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U L T R A V I O L E T  A B S O R P T I O N  O F  F L A V O N O I D S  

VIII. IONIZATION CONSTANTS OF KAEMPFEROL AND QUERCETIN 

N.  A .  T y u k a v k i n a  a n d  N.  N.  P o g o d a e v a  UDC 547.972 + 543.42.062 

TABLE 1. 
Querce t in  

We have p rev ious ly  studied the acid p rope r t i e s  of a s e r i e s  of mono-  and disubst i tuted f lavones [1-3]. 
Cons iderable  i n t e r e s t  is p resen ted  by an investigation of the acid p rope r t i e s  of more  highly hydroxylated 
flavonoid der iva t ives ,  many  of which are  widely used as complex- fo rming  agents in analyt ical  chemis t ry .  
There  is li t t le informat ion in the l i t e ra tu re  on this question. Of the la rge  number  of natural  flavonoids,  ion- 
ization constants  have been de te rmined  only for quercet in  [4] and mor in  [5-7], without the ass ignments  of the 
values  obtained to pa r t i cu l a r  hydroxy groups .  

The p resen t  pape r  gives the resu l t s  of a determinat ion of the ionization constants  of t e t r a -  and penta-  
hydroxy-subs t i tu ted  natural  f lavones (kaempferol  and quercetin) (Table 1). The ass ignment  of the values  of 
the constants  to pa r t i cu l a r  hydroxy groups was made on the bas i s  of the r e su l t s  of a compara t ive  analysis  of 
the constants  obtained for  kaempfero l  and quercet in  with s im i l a r  r esu l t s  for mono-  and dihydroxyflavones with 
a cor responding  type of substi tut ion.  It  can be seen f rom this that both in kaempfero l  and in quercet in  the 
mos t  highly acidic p rope r t i e s  a re  p o s s e s s e d  by the hydroxy group in posit ion 7. The 4 ' -OH group will undergo 
dissocia t ion next. 

It is poss ible  that the two constants  inkaempfe ro l  a re  due to the 3-OH and 5-OH groups,  in the sequence 
given in Table 1. But since the capaci ty  for ionization of the 3-  and 5-hydroxy groups is cons iderable  and 
changes differently under the influence of subst i tuents  in posi t ions 7 or  4 ' ,  we cannot definitely a f f i rm the a s -  
s ignment  of the two la t ter  constants  that we have made.  For  this purpose  the ionization constants  of t r ihy-  
droxyflavones with a re la ted  type of substi tution mus t  be de termined.  

As can be seen f rom Table  1, for  quercet in  we found the ionization only of the two hydroxy groups pos-  
sess ing  the highest acidity.  The ionization of the remain ing  hydroxyls  takes place in a fa i r ly  s t rong alkaline 
med ium (pH > 9.6) in which quercet in  undergoes i r r e v e r s i b l e  changes.  Consequently,  i t  did not appear  poss ible  
to de te rmine  the ionization constants  of these groups.  

Ionization Constants (pK a ± Ax) of Kaempfero l  and 

Compound 

3,4', 5,7- Tetrahydroxyflavone 
(kaempferol) 

3,3' ,4', 5, 7-Tetrahydroxyflavone 
(quercetin) 

rKal pKa2 PEa3 PKa4 

t . - o .  i i - o .  

8,2-{-0,2 9,510, 

7,3±0,I 8,4~0, 

(1o,5) 02,5) 
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TABLE 2. Ionization Constant  of the 7- and 
4 ' -OH Groups in Some Flavonoids  

Compound 7-OH 4'-OH 

7-Hydroxyflavone 
3,7-Dihydroxyflavone 
5, 7-Dihvdroxyflavone 
Kaempferol 
Quercetin 
4'-Hydroxyflavone 
3.4' -'Dihydroxvflavone 
4',5-Dih~drox~flavone 
Kaempferol 
Quercetin 

8,12:~0,65 
8,30~0,10 
7,30~0,30 
8,20+0,20 
7,30:[:0,10 

n 
m 

9,14~,06 
9,20+0,10 
8,74=1=0,05 
9,50+0,10 
8,40"1-0,10 

TABLE 3. Values of D and of 
the pH used for  Calcula t ing the 
Constants  Kal and Ka2 in Kaemp-- 
fe ro l  

Exp. D,,~ 
No. pH Dm De~ D~oo 

7,67 0,205 -- 0,190 
8,2 0,242 -- 0,265 
8,55 0,255 --  0,315 
8,70 -- D,400 0,316 
8,78 -- 3,402 --  
9,25 -- 9,370 0,370 
9,52 - -  - -  

0,20 -- 3,315 0,460 
0 , 2 4  - -  3,292 

0,048 
0,112 
0,160 

TABLE 4. Values of Kal andKa2 
Calcula ted  for Kaempfero l  f rom 
the Komar '  Equation and the F ig -  
u r e s  of Table 3 

E x p e r i m e n t s  I o n i z a t i o n  
used  for  c a l -  x, n m  c o n s t a n t  
c u l a t i o n  

1,2,3 
1,2,3 
1,2,3 

: "'4,6,8 
4,6,~ 
5,6,9 
4,5,8 

285 
400 
420 

370 

4O0 

Kal. 10 -9 
6,99 
5,33 
5,60 

I<a2. 10 -1° 
3,90 
2,49 
3,15 
4,59 

Mean Kal =5,97.10 -9 
PKat=8,2_--+0,2 (f=2, s=0,07) 
Mean Ka2 ----3,53.10 -10 
pKa2=9,5:'l-0,1 (f=3, s=0,1) 

The r e su l t s  of an ana lys i s  of the expe r imen ta l  m a t e r i a l  in the f ield of the study of the acidic  p r o p e r t i e s  
of the flavonoids p e r m i t  some conclusions  to be drawn.  In the f i r s t  p lace ,  hydroxy groups p r e s e n t  in di f ferent  
pos i t ions  of the flavone molecule  d i f fer  cons ide rab ly  in the i r  capaci ty  for  ionizat ion.  In the second place,  the 
capac i ty  for  ionizat ion of each hydroxy group is not constant  in all  types of flavonoid compounds but can va ry  
cons ide rab ly  accord ing  to the nature  of the subst i tut ion of the fiavone skele ton.  For  example ,  it  can be seen 
c l e a r l y  f rom Table 2, that the ac id i t i e s  of 7-OH groups a re  d i f ferent  in the flavonoids l i s ted ,  and the same  
appl ies  to the 4 ' -OH groups ,  A genera l  tendency can be obse rved  to an i n c r e a s e  in the ac id i t i e s  of these  groups 
in compounds containing a hydroxyl  in posi t ion 5, and a lso  in compounds with s imul taneous  5 -hydroxy-  and 
3 ' , 4 ' - d i h y d r o x y - s u b s t i t u t i o n .  It is  ve ry  impor tan t  to take this into account in the widely used method for  the 
UV-spec t ro scop ic  ident i f icat ion of f lavonoids based  on the m e a s u r e m e n t  of the absorpt ion  of ionized fo rms .  

E X P E R I M E N T A L  

Kaempfero l  and querce t in  were  i so la ted  f rom an acetone ex t r ac t  of the heartwood of the Dahurian l a rch  
by p r e p a r a t i v e  chromatography  on a po lyamide  sorbent  [8]. Af te r  r e p e a t e d  r e c r y s t a l l i z a t i o n  and drying in 
vacuum at 80°C, the kaempfero l  had mp 275-276°C (ethanol), and the querce t in  mp 310-312°C (ethanol). 

The individual i ty  of the subs tances  was checked by one -d imens iona l  and two-d imens iona l  chromatography  
in fixed l a y e r s  of po lyamide .  

The ionizat ion constants  were  de t e rmined  by a method desc r ibed  p rev ious ly  [1, 2]. Al l  the m e a s u r e m e n t s  
were  p e r f o r m e d  at,20 • 2°C. 

Since querce t in  undergoes  i r r e v e r s i b l e  changes in med ia  with pH > 9.6, to p r e p a r e  i t s  solut ions in the 
r equ i r ed  pH range  we used aqueous-e thanol ic  (1 : 1 by vol.) un ive r sa l  buffer  mix ture .  The ionic s t rength  of 
the solution was kept constant  (u ~ 0.1) with a 2 N aqueous ethanolic (1 :1  by vol.) solution of KC1. 
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TABLE 5. Values of D and of the pH 
used for Calculating the Constants Kal 
and Ka2 for Quercetin 

Exp. D~ 
No. 

pH DiTo Da~ 

6,88 0,324 -- 
7,32 0,340 -- 
7,46 0,345 -- 
7,80 -- -- 
8,1 0,356 -- 
8,3 0,370 
8,41 -- 0,352 
8,78 0 ,422  0,330 
9,46 0 ,458  0,305 

0,270 
0,316 
0,336 
0,372 
0,402 
0,410 
0,432 
0,448 

TABLE 6. Values of Kal and 
Ka2 Calculated for Quercetin 
f rom the Komar '  Equation and 
the Figures of Table 5 

Experiments 
used for cal- 
culation 

1 , 2 , 3  
1 , 3 , 4  
1,2,4 
1,3,5 

5,8,9 
6,8,9 
7.8,9 
6,7,8 

Mean 

Ionization x, nm constants 

Kal- 10 -8 
270 5,7 
400 5,02 

- -  5 , 1 7  
-- 3,84 

I~a2.10 - 9  

270 4,25 
- -  5,6 

370 3,3 
400 4,0 

gat=4,93 • 10 -8 
PKat=7,3+0,1(f=3 , s=0,08) 
Mean 1~a2.~4,28.10-9 
pKa2=8,4+0,1 (f=3, s=0,09) 

The ionization constants were f i r s t  es t imated by a graphical  method [9] and were then calculated more  
accura te ly  by the method given by Komar '  [10] (Tables 3-6).  The constants Kal and Ka2 obtained for both com-  
pounds enabled the mean square e r r o r  and tlae continence interval of the mean at 95~ probability to be ob- 
tained [11]. The values of PKaz and PKa4 for kaempferol were determined only by the graphical  method. 

S U M M A R Y  

The ionization constants of the 4 ' -  and 7-OH groups in quercetin and of the 3-,  4 ' - ,  5 ' - ,  and 7-OH groups 
in kaempferol  have been determined by the spectrophotometr ic  method. The sequence of their ionization has 
been established.  
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