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E L E C T R O C H E M I C A L C H A R A C T E R I S T I C S O F 
2 - M E T H Y L - i , 4 - N A P H T H 0 Q U I N 0 N E ( V I T A M I N K3) 

A C O U L O M E T R I C M I C R O M E T H O D O F D E T E R M I N A T I O N 

G A S T O N J. P A T R I A R C H E * AND J A M E S J. L I N G A N E 

Department of Chemistry, Harvard University, Cambridge, Mass. 02138 (U.S.A.) 

(Received October 2oth, 1969) 

T h e i m p o r t a n c e of 2 - m e t h y l - i , 4 - n a p l i t h o q u i n o n e (v i t amin K3, menad ione) a n d 
i t s ac t ion in r e l a t ion t o b lood coagu la t ion processes is well k n o w n . 

T h e inc reased use of t h i s c o m p o u n d in p o l y v i t a m i n p r é p a r a t i o n s a n d t h e f a c t 
t h a t i t s e lec t rochemica l cha rac te r i s t i c s h a v e no t been s tud i ed cr i t ica l ly led us t o th i s 
inves t iga t ion . 

FiESER AN'D FiESERi were t h e f i rs t t o show t h a t it is possible t o r educe n a p h t h o 
qu inones a t a d r o p p i n g m e r c u r y é lec t rode. ONTRUST AND WOSTMANN^ d e t e r m i n e d 
m e n a d i o n e , u s ing a so lven t m i x t u r e of i s o p r o p a n o l  p e t r o l e u m e t h e r a n d a b u f f e r com
posed of a m m o n i a a n d a m m o n i u m chlor ide as s u p p o r t i n g e lec t ro ly te . I n th i s m é d i u m 
t h e r éduc t ion w a v e shows a m a x i m u m suppressed on ly b y m é t h y l è n e b lue . JONGKIND 
et al.^ u s e d a so lven t m i x t u r e of b e n z è n e a n d m e t h a n o l w i t h 0.2 M l i t h i u m chlor ide a n d 
m a d e a lkal ine w i t h a m m o n i a ; t h e y also e m p l o y e d m é t h y l è n e b lue as a m a x i m u m 
suppressor . T h e a lka l ine m é d i a p r o p o s e d b y thèse a u t h o r s are u n s a t i s f a c t o r y because 
of t h e i n s t ab i l i t y of v i t a m i n K3 a t pH a b o v e 8. BURGER* e m p l o y e d 0.5 M p o t a s s i u m 
chlor ide as a s u p p o r t i n g e l ec t ro ly te b u t w i t h o u t b u f f e r i n g t h e m é d i u m . 

T h e p u r p o s e of t h i s w o r k w a s to inves t iga te t h e e lec t rochemica l charac te r i s t i c s 
of m e n a d i o n e a n d t o d e v e l o p a mic ro cou lomet r i c m e t h o d of d é t e r m i n a t i o n of t h i s 
c o m p o u n d . W e were i n t e r e s t e d in severa l e lec t roana ly t i ca l a spec t s a n d t h e inves t iga 
t ions were ca r r i ed o u t b y d i f f é r e n t t e chn iques such as d.c. p o l a r o g r a p h y , cou lomet r i c 
t i t r a t i o n , con t ro l l ed p o t e n t i a l c o u l o m e t r y , a n d cyclic v o l t a m m e t r y . 

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

P o l a r o g r a m s w e r e r e c o r d e d in t h e usua l m a n n e r w i t h a Leeds a n d N o r t h r u p 
E l e c t r o c h e m o g r a p h a t 25° + 0 . 1 ° . 

Cyclic v o l t a m m e t r y was p e r f o r m e d wi th a h a n g i n g m e r c u r y d r o p é lect rode, a t 
a vo l t age sweep of 20 m V per sec. 

T h e con t ro l l ed p o t e n t i a l c o u l o m e t r y was ca r r i ed ou t , w i t h a p o t e n t i o s t a t , in an 
Hcel l w i t h a m e r c u r y pool c a t h o d e a n d a p l a t i n u m wire aux i l i a ry é lec t rode. 

T h e cou lome t r i c t i t r a t i o n s w i t h e l ec t rogenera ted cer ium{IV) ion were p e r f o r m 
ed in a n H  t y p e glass cell w i t h a f ine s in te red glass disk in t h e cross a r m . T h e so lu t ion 
* P e r m a n e n t address: I n s t i t u t de Pharmacie , Univers i té Libre de Bruxel les , Bruxel les 5, Be lg ium. 

Anal. Chim. Acta, 49 (1970) 241—246 



242 G. J . PATRIARCHE, J . J . LINGANE 

-0 .2 -0 .3 -0.4 -0 .5 -0 .6 
f i ' S . Ag/AgCI ,KCI ( s ) (V) 

Fig. I. Polarogram of i m M v i t a m i n K3 in an acé ta te buffer of pH = 5.9 . 

T A B L E I 

H A L F - W A V E P O T E N T I A L S O F V I T A M I N K 3 A S A F U N C T I O N O F p H 

pH EiVs.AglAgCl,KCl(s) 
(V) 

4 3 0 — 0 .040 
4-75 - 0 . 0 7 5 
4.98 - 0 . 0 8 5 
5-35 — 0 .120 
5-7° - 0 . 1 3 2 
5-90 — 0 .150 
6.25 - 0 . 1 7 5 
8 .00 - 0 . 2 8 5 

-0.1 - 0 . 2 
Evs. Ag/AgCI,KCI(s) (V) 

Fig . 2. Cyclic v o l t a m m e t r y of i mM v i t a m i n K3 in acé ta te buffer of pH = 5.9 . Vo l tage sweep: 20 
mV/sec . H a n g i n g mercury drop électrode. 
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level in t h e aux iHary é l ec t rode c o m p a r t m e n t w a s k e p t a b o v e t h a t in the w o r k i n g élec
t r o d e c o m p a r t m e n t to a v o i d b a c k f l o w of s a m p l e . T h e v o l u m e of t h e test so lu t ion w a s 
7 5 - 1 0 0 cm^ a n d r a p i d m a g n e t i c s t i r r ing w a s e m p l o y e d . 

As d iscussed in dé ta i l elsewhere^, t h e c u r r e n t e f f i c i ency for the o x i d a t i o n of 
c e r i u m ( I I I ) t o ce r ium( IV) ion a t a p l a t i n u m a n o d e a p p r o a c h e s more closely to i o o % , 
t h e g r e a t e r t h e c o n c e n t r a t i o n s of b o t h c e r i u m ( I I I ) ion a n d su l fu r ic acid. H o w e v e r , 
because t h e so lub i l i ty of c e r i u m ( I I I ) s u l f a t e is n o t v e r y large, a n d decreases w i t h in-
c reas ing c o n c e n t r a t i o n of su l fu r i c ac id , a c o m p r o m i s e is necessa ry . An o p t i m a l c o m 
promise is 3 F su l fu r i c ac id a n d 0.05 F Ce2(S04)3-8 H2O, a n d th i s s u p p o r t i n g e lec t ro 
ly te w a s u s e d in ail of t h e t i t r a t i ons . T h e s a m e s u p p o r t i n g e lec t ro ly te was u s e d in t h e 
a u x i l i a r y é l ec t rode c o m p a r t m e n t . 

A p l a t i n u m foil g e n e r a t o r a n o d e w i t h an a r e a of 5 cm'^ ( to ta l of b o t h sides) w a s 
u s e d t o p r o v i d e a c u r r e n t - d e n s i t y of 2 - 3 m A / c m ^ in t h e o p t i m a l range . A coiled p l a t i 
n u m wire s e r v e d as a u x i l i a r y é lec t rode a n d i ts a r e a w a s n o t cr i t ical . 

T h e e lect rolys is c u r r e n t was .supplied f r o m a c o n v e n t i o n a l l ine -opera ted p o w e r 
s u p p l y . Since t h e c u r r e n t w a s on ly a p p r o x i m a t e l y c o n s t a n t ( ± 1 % ) , t h e E t h e r L t d . 
i n t e g r a t o r p r e v i o u s l y descr ibed* w a s u s e d t o m e a s u r e prec ise ly ( ± 0 . 1 % ) t h e n u m b e r 
of c o u l o m b s passed d u r i n g t h e cou lome t r i c t i t r a t i o n s . 

P o t e n t i o m e t r i c e n d - p o i n t d é t e c t i o n w i t h a p l a t i n u m ind i ca to r é lec t rode a n d a n 
Ag/AgCl , K C l (s) r é f é rence é lec t rode , w a s e m p l o y e d . 

S t a n d a r d so lu t ions of v i t a m i n K3 (U .S .P . S t a n d a r d ) were f resh ly p r e p a r e d in 
m e t h a n o l . 

DATA AND DISCUSSION 

B e c a u s e v i t a m i n K3 is v e r y u n s t a b l e in a lka l ine m é d i u m , a n a lkal ine s u p p o r t i n g 
e l ec t ro ly te w a s avo ided , a n d a c e t a t e - a c e t i c acid a n d p h o s p h a t e buf fe r s of pH be low 8 
were e m p l o y e d . 

I n t hè se t w o m é d i a , t h e 2 - m e t h y l - i , 4 - n a p h t h o q u i n o n e shows a well s h a p e d 
wave , w h o s e l imi t ing c u r r e n t is con t ro l l ed b y d i f fus ion a n d is w i t h o u t a m a x i m u m . T h e 
r é d u c t i o n invo lves t w o é lec t rons t o p r o d u c e t h e c o r r e s p o n d i n g h y d r o q u i n o n e : 

A t y p i c a l p o l a r o g r a m is shown in F ig . i . 
T h e o b s e r v e d h a l f - w a v e p o t e n t i a l s in v a r i o u s b u f f e r s of d i f fé ren t pH va lues a re 

l i s ted in T a b l e I . T h e v a l u e s a re r e f e r r e d t o t h e Ag/AgCl , KCl (s) ré férence é l ec t rode 
whose p o t e n t i a l is -I-0.197 V vs. N . H . E . 

T h e s lope of t h e w a v e ind i ca t e s t h a t t h e 2-e lec t ron r é d u c t i o n is n e a r l y b u t n o t 
p e r f e c t l y révers ib le . V a l u e s of £ } — f r o m m a n y p o l a r o g r a m s ave raged 34 + 2 m V 
(even t h o u g h cor rec t ion for iR d r o p w a s considered) , c o m p a r e d to t h e t h e o r e t i c a l 
v a l u e of 28 m V . 

W h e n p l o t t e d a g a i n s t pH, t h e v a l u e s of E j p r o d u c e a s t r a i g h t l ine w h o s e s lope 
is 68 m V , w h i c h is 8.9 m V g r e a t e r t h a n t h e t heo re t i c a l va lue . E x t r a p o l a t e d t o pH o, 
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t h e s t r a i g h t l ine gives a va lue of + 0 . 2 6 V vs. Ag/AgCl, KCl (s) which is close t o t h e 
s t a n d a r d o x i d a t i o n - r e d u c t i o n po t en t i a l . 

T h e n e a r revers ib i l i ty of t h e r eac t i on is also d e m o n s t r a t e d b y t h e cyclic vo l t -
a m m o g r a m in Fig. 2. T h e d i f fé rence in p o t e n t i a l be tween t h e c a t h o d i c a n d anod ic 
p e a k s is 43 m V which is on ly 13.8 m V g r e a t e r t h a n the theore t i ca l va lue of a 2-electron 
r eac t ion . T h e quas i - revers ib i l i ty of t h e Sys tem is f u r t h e r shown b y t h e f a c t t h a t t h e 
anod ic h a l f - w a v e p o t e n t i a l of t h e h y d r o q u i n o n e (p repa red b y cont ro l led p o t e n t i a l ré
d u c t i o n a t a m e r c u r y ca thode) is on ly a few mil l ivol ts more pos i t ive t h a n t h e ca thod ic 

T h e l imi t ing c u r r e n t fo r t h e r é d u c t i o n of v i t a m i n K3 is d i f fus ion-cont roUed a n d 
t h u s d i r ec t ly p r o p o r t i o n a l t o t h e c o n c e n t r a t i o n . I n a b u f f e r composed of o . i M s o d i u m 
a c é t a t e a n d 0.08 M ace t ic acid , a n d 3 - 1 0 vol. % m e t h a n o l (necessary t o dissolve t h e 
v i t a m i n originally) , t h e obse rved v a l u e of idjCni^t^ was 3 . 8 8 + 0 . 0 4 w i t h a d r o p p i n g 
é lec t rode whose m^t^ v a l u e w a s 1.60. 

T h e usua l m e t h o d of d e t e r m i n i n g m e n a d i o n e is b a s e d on i t s p r e l im ina ry r éduc 
t ion t o t h e h y d r o q u i n o n e b y z inc d u s t in ac id m é d i u m , fo l lowed b y t i t r a t i o n wi th s t a n 
d a r d ce r ium(IV) so lu t i on ' . T h i s m e t h o d is o n l y su i t ab l e w i t h r e l a t ive ly large samples 
(150 mg) a n d because of t h e low levels of t h i s v i t a m i n in p h a r m a c e u t i c a l s , biological 
f lu ids , a n d foods , i t is h igh ly dés i rab le t o h a v e a m i c r o m e t h o d for i t s d é t e r m i n a t i o n . 

W e h a v e deve loped such a m e t h o d based on p r e l im ina ry r é d u c t i o n t o t h e h y -

T A B L E I I 

C E R I - C O Q L O M E T R I C D E T E R M I N A T I O N O F 2 - M E T H Y L - I , 4 - N A P H T H O Q m N O N E A F T E R R E D U C T I O N B V 

M E T A L L I C Z I N C I N A M I X T U R E O F A C E T I C A N D S U L F U R I C A C I D S 

Taken Found Différence 
(mg) (mg) (mg) 

0 .300 0 .297 —0.003 
0 .628 0 .619 — 0 . 0 0 9 
I . O O O I . O I O + 0 .010 
1.256 1.250 — 0 . 0 0 6 
1.500 1.520 + 0 .020 
1.820 1.800 — 0 .020 
2.50 2 .49 — O . O I 

2.50 2 .46 — 0 .04 
3 .00 3 .00 0 .00 
3 0 3 3 .00 - 0 . 0 3 
3 .20 3-24 + 0 .04 

T A B L E I I I 

C E R I - C O U L O M E T R I C D E T E R M I N A T I O N O F 2 - M E T H Y L - 1 , 4 - N A P H T H O Q U I N O N E A F T E R R E D U C T I O N B Y 

C O N T R O L L E D P O T E N T I A L C O U L O M E T R Y A T — O . 6 0 V î;5. A g / A g C l K C l ( s ) 

Taken 
(mg) 

F^und 
(mg) 

Différence 
(mg) 

0.855 0 .860 + 0 .004 
0 .855 0 .848 —0.007 
1.710 1.690 — 0 .020 
3 4 2 3-39 — 0.03 
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d r o q u i n o n e b y cont ro l led p o t e n t i a l e lectrolysis , or b y zinc, fo l lowed b y cou lomé t r i e 
t i t r a t i o n w i t h e l ec t rogene ra t ed ce r ium( IV) ion. 

Tab le I I s u m m a r i z e s resu l t s o b t a i n e d b y coulomét r ie t i t r a t i o n w i t h e lec t ro
g e n e r a t e d cer ium(IV) ion a f t e r r é d u c t i o n b y zinc mé ta l in a m i x t u r e oiz M ace t ic a n d 
I M su l fur ic acid. 

Tab le I I I s u m m a r i z e s resu l t s o b t a i n e d b y coulomét r ie t i t r a t i o n w i t h e lec t ro
g e n e r a t e d ceric ion a f t e r r éduc t i on b y cont ro l led p o t e n t i a l e lectrolysis a t —0.60 V vs. 
A g / A g C l K C l ( s ) . 

I n ail cases p o t e n t i o m e t r i c e n d - p o i n t dé tec t ion w i t h a p l a t i n u m i n d i c a t o r élec
t r o d e was e m p l o y e d . T h e p o t e n t i a l c h a n g e a t t he end-po in t is large ( abou t 150 m V per 
1 % t i t r a t e d ) . 

I t shou ld be easi ly possible t o d é t e r m i n e cons iderab ly less t h a n t h e q u a n t i f i e s 
of v i t a m i n K3 l i s ted in T a b l e s I I a n d I I I s imply b y employ ing a smal le r v o l u m e of 
s u p p o r t i n g e lec t ro ly te in a n a p p r o p r i a t e l y smal ler cell. Th i s w o u l d be dés i rable , fo r 
e x a m p l e , a f t e r s e p a r a t i n g sma l l a m o u n t s of 2 - m e t h y l - i , 4 - n a p h t h o q u i n o n e b y so lven t 
e x t r a c t i o n f r o m foods a n d biological samples . 

W e are g r a t e f u l t o le F o n d s N a t i o n a l de la Reche rche Sc ien t i f ique (Belgium) 
a n d to t he Scient i f ic C o m m i t t e e of t h e N A T O Organ iza t ion which p r o v i d e d fe l lowships 
t o one of us (G.J .P . ) . 

SUMMARY 

Elec t rochemica l cha rac t e r i s t i c s of 2 - m e t h y l - i , 4 - n a p h t h o q u i n o n e (v i t amin K3) 
were s t u d i e d b y p o l a r o g r a p h y , con t ro l l ed po ten t i a l cou lomet ry , a n d cychc v o l t a m m e t r y . 
A po la rograph ie p r o c é d u r e in a c é t a t e a n d p h o s p h a t e bu f fe r s a n d a mic rocou lome t r i c 
m e t h o d of d é t e r m i n a t i o n of th i s c o m p o u n d wi th e l ec t rogenera ted ce r ium(IV) ion 
a re descr ibed. 

R é S U M é 

Les ca rac t é r i s t i ques é l ec t roch imiques de la 2 - m e t h y l - i , 4 - n a p h t o q u i n o n e o n t 
é t é dé t e rminées à l ' a ide de la po la rog raph ie , de la coulométr ie à po t en t i e l con t rô lé et p a r 
v o l t a m é t r i e cycl ique. Les a u t e u r s p roposen t u n e m i c r o m é t h o d e c o u l o m é t r i q u e d e 
dosage à l ' a ide d e l ' ion ce r ium( IV) é lect rogénéré de m ê m e q u ' u n e m é t h o d e po la ro -
g r a p h i q u e de dosage en mi l i eux a c é t i q u e e t p h o s p h o r i q u e t a m p o n n é s . 

ZUSAMMENFASSUNG 

2 - M e t h y l - i , 4 - n a p h t h o c h i n o n (Vi tamin K3) w u r d e po la rog raph i sch , coulo-
met r i sch m i t k o n t r o l l i e r t e m P o t e n t i a l u n d m i t de r zykl i schen V o l a m e t r i e u n t e r s u c h t . 
Die m i k r o c o u l o m e t r i s c h e B e s t i m m u n g dieser V e r b i n d u n g m i t e l e k t r o e r z e u g t e m 
Cer ( IV) - Ionen w i r d beschr ieben . 
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