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Fluorescence properties of o-pyridinophenol (2-(2-hydroxyphenyl)pyridine) and its complex 
with a beryllium salt were studied. A selective method was developed for fluorimetric determin-
ation of beryllium, with the limit of determination 1-6 ng Be/1 ml. 

o-Pyridinophenol (o-PP) was prepared first by Chichibabin1 by diazotation of o-aminopyridine 
and reaction of the diazonium salt formed with phenol. Another procedure for the preparation of 
o-PP was applied by Geissman and coworkers2 during their study of complex compounds designed 
for a reversible transfer of oxygen. Albert, Rees, and Tomlinson 3 determined potentiometrically 
the dissociation constants of o-PP and the stability constant of its nickel complex. 

I n t h i s w o r k w e s t u d i e d t h e fluorescence p r o p e r t i e s of o - P P a n d its c o m p l e x with 
b e r y l l i u m sa l t , w h i c h d i s p l a y e d i n t e n s e b l u e fluorescence in a n a q u e o u s - a l c o h o l i c 
m e d i u m ( 5 0 % v /v e t h a n o l ) . T h e e f f ec t s of p H a n d of t h e c o n c e n t r a t i o n s of e thano l , 
t h e r e a g e n t , a n d C h e l a t o n 3 ( d i s o d i u m sal t of ( e t h y l e n e d i n i t r i l o ) t e t r a a c e t i c acid) 
a d d e d o n t h e fluorescence i n t e n s i t y w e r e e x a m i n e d , t h e t i m e d e p e n d e n c e of t h e fluo-
r e s c e n c e i n t e n s i t y of t h e b e r y l l i u m c o m p l e x w a s e s t a b l i s h e d , t h e w o r k i n g cu rve was 
p l o t t e d a n d t h e p r e c i s i o n a n d l imi t of d e t e r m i n a t i o n of b e r y l l i u m w i t h o - P P were 
f o u n d . T h e e f fec t of f o r e i g n i o n s on t h e fluorescence of t h e b e r y l l i u m c o m p l e x was 
i n v e s t i g a t e d f r o m t h e p o i n t of v i ew of p r a c t i c a l a p p l i c a t i o n of o - P P f o r t h e de te rmin-
a t i o n of s m a l l a m o u n t s of b e r y l l i u m . 

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

Chemicals and Apparatus 

The chemicals used for the preparation of the reagent according to the Chichibabin method1 

were pure grade, the other chemicals commonly used were reagent grade purity. The melting 
point of the reagent prepared was 56°C. Ethanolic solutions of the reagent of accurate concentra-
tions were prepared by weighing the substance on a microbalance Cahn M-10 (USA). For the 
preparation of solutions of metal salts, perchlorates of the metals were usually applied; in the 
case of chromium(IIl) salt, sulfate was used. The perchlorates were prepared by dissolving the 
metal or its oxide in perchloric acid, evaporation of the solution for crystallization, and recrystal-
lization of the metal perchlorate f rom 0- 1M perchloric acid. The content of the metal in the appro* 
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Fluorimetric De te rmina t ion of Beryll ium 541 

0-1m stock solut ion was de te rmined chelometr ical ly or gravimetr ical ly . Deionized water was used 
throughout for the p repara t ion of solut ions . As proved d u r i n g the f luor imetr ic measu remen t s , 
this water does not conta in any organic subs tances , which w o u l d exhibit f luorescence unde r the 
conditions used a n d so affect the measurements . E thanol was purif ied by co lumn dist i l lat ion a n d 
the fract ion distilling at 77—78°C was used; its t r ansmi t t ance at 240 a n d 290 nm was 70 a n d 80%, 
respectively (with re fe rence to redistillied water) . 

The p H values were measured by employ ing a pH-me te r O P 205 (Radelk is , H u n g a r y ) with 
a combined e lect rode (Radelkis) ca l ibra ted with aqueous s t a n d a r d buffer solut ions . As dur ing the 
fluorimetric s tudy the p H values were measured in a q u e o u s - e t h a n o l i c solut ions, where the c o m b i n e d 
electrode does not display the same func t ion as in wa te r 4 , the measured values are deno ted p H * . 

The f luor imetr ic measu remen t s were carr ied out on a spectral pho tome te r Spekol (Zeiss, J ena 
G D R ) with a f luor imetr ic a t t achmen t a n d an addi t iona l amplif ier , in 1 cm glass cells. T h e source 
of the excitation rad ia t ion was a high pressure mercury l amp H Q E 40, f r o m whose line spec t rum 
the radia t ion of the wavelength of 365 n m was selected for the exci tat ion of f luorescence as t h e 
most suitable. The fluorescence intensities were related to that of a glass normal W G 9 with b lue 
fluorescence, which fo r the ampli f icat ion appl ied (50) was taken for 100%. The relative intensit ies 
so obtained are denoted Fr. The zero value of the f luor imeter scale was ad jus ted for distilled 
water at the m a x i m u m gain of 1000. The fluorescence intensities were corrected for the fluo-
rescence of the blank, which was usually represented by an a q u e o u s - e t h a n o l i c solut ion of the 
reagent at the p H * appl ied, or — dur ing the measurements of the dependence of the fluorescence 
intensity of the reagent on p H * a n d measuremen t s of the limit of de te rmina t ion of bery l l ium — 
a solution e t h a n o l - w a t e r . 

Spec t ropho tomet r i c measuremen t s were pe r fo rmed on a recording spec t ropho tome te r Spekord 
UV-V1S (Zeiss, Jena , G D R ) in 1 cm qua r t z cells with redistilled water in reference cells. 

Absorp t ion Spectra and Fluorescence Propert ies of o -Pyr id inophenol 

o-Pyridinophenol is very low soluble in water a n d well soluble in c o m m o n organic solvents. 
For the study of its proper t ies , 50% v/v a q u e o u s e thanol ic solut ions were used; they are colour less 
and stable enough in the acidic as well as a lkal ine ranges of p H . Only af ter 1 m o n t h ' s s t and ing 
an observable change of co lour appea red in the case of a lkal ine so lu t ions — they tu rned slightly 
ye»:ow. T h e abso rp t i on spectra of the a q u e o u s - e t h a n o l i c solut ions of the reagent are shown in 
Fig. 1, the cor. ; sponding spectral character is t ics are given in Tab le I. 

TABLE I 

Absorption M a x i m a a n d M o l a r Absorpt iv i t ies of o -Pvr id inopheno l in A q u e o u s - E t h a n o l i c 
Solutions 

50% e t h a n o l 0-5M-HC104 0 - 5 \ i - N a O H 

e s £ 

n m 103 mol ~~ 1 c m 2 nm 103 m o l " 1 c m 2 nm 103 m o l " 

254 11-7 265 7-65 254 7-60 
290 6-95 298 7-45 332 6-28 
316 7-78 334 7-43 
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In o r d e r t o tes t t h e r eac t i v i t y of t h e r e a g e n t w i t h m e t a l i ons a n d a n i o n s , t h e f o l l o w i n g p r o c e d u r e 
w a s a p p l i e d : 0-5 ml of 1 0 " 3 M e t h a n o l i c s o l u t i o n of t h e r e a g e n t was a d e d t o t h e s a m e v o l u m e 
of a 1 0 " 3 M s o l u t i o n of m e t a l p e r c h l o r a t e o r n i t r a t e a n d t h e p H * of t h e m i x t u r e w a s a d j u s t e d in 
t h e r e g i o n of 1 — 13 by a d d i t i o n s of d i l u t e s o l u t i o n s of s o d i u m h y d r o x i d e a n d p e r c h l o r i c acid. 
I n ca se s t h a t a p r e c i p i t a t e s e p a r a t e d d u e t o i n c r e a s e d a l k a l i n i t y of t h e s o l u t i o n , o n l y s u c h a p H * 
r a n g e w a s u s e d w h e r e t h e p r e c i p i t a t e d i d n o t a p p e a r . I n o r d e r t o p r e v e n t t h e f o r m a t i o n of pre-
c i p i t a t e s , n o m a s k i n g a g e n t w a s a d d e d t o t h e s o l u t i o n s . T h e fluorescence of t h e s o l u t i o n s was 
e x c i t e d by a m e r c u r y l a m p T h e l t a S 300 e q u i p p e d wi th a W o o d filter. Q u a l i t a t i v e t es t s of react ivi ty 
of t h e r e a g e n t in t h e U V r a d i a t i o n w e r e p e r f o r m e d w i t h t h e i o n s of t h e f o l l o w i n g e lements : 
A g , A l , B a , Be , C a , C d , C o , F e , G e , L a , M g , M n , N d , N i , P b , P r , Sc , S m , Sn , U 0 2 , Z n , a n d 
i o n s of b o r i c a c i d . A m o n g t h e i o n s m e n t i o n e d o n l y b e r y l l i u m i o n s y ie ld a c o m p l e x d isp lay ing 
i n t e n s e b l u e fluorescence in a l k a l i n e m e d i u m . A w e a k fluorescence is e x h i b i t e d by b o r a t e s . 

D e p e n d e n c e of F l u o r e s c e n c e I n t e n s i t y of o - P y r i d i n o p h e n o l a n d its B e r y l l i u m C o m p l e x o n pH* 

T h e d e p e n d e n c e of fluorescence i n t e n s i t y of t h e r e a g e n t i tself a n d of its c o m p l e x w i t h beryl l ium 
i o n s o n p H * w a s m e a s u r e d in s o l u t i o n s w i t h o u t a d d i t i o n o f a m a s k i n g a g e n t o r w i th add i t ion 
of a s o l u t i o n of C h e l a t o n 3 o r of t a r t a t i c a c i d . I n 25 ml v o l u m e t r i c flasks w e r e p l a c e d 12-5 ml of 
1 0 - 3 M e t h a n o l i c s o l u t i o n of t h e r e a g e n t , 1 -25 m l of 1 0 ~ 3 M s o l u t i o n of b e r y l l i u m perch lo ra te , 
t h e p H * of t h e m i x t u r e w a s a d j u s t e d by u s i n g 0 1 M s o d i u m h y d r o x i d e o r 0 1 M p e r c h l o r i c acid 
a n d b r o u g h t t o t h e v o l u m e w i t h w a t e r . T h e i n t e n s i t y of fluorescence w a s m e a s u r e d 15 minutes 

240 280 n m 320 

F I G . 1 

A b s o r p t i o n C u r v e s of o - P y r i d i n o p h e n o l in 
A q u e o u s - E t h a n o l i c S o l u t i o n s 

c L = 1 . 1 0 - 4 mol/1; 1 5 0 % C 2 H 5 O H , 2 
Q - 5 M - N a O H , 3 0 - 5 M - H C 1 0 4 . 

F I G . 2 

D e p e n d e n c e of F l u o r e s c e n c e In t ens i ty of 
o - P y r i d i n o p h e n o l a n d i ts B e r y l l i u m Complex 
o n p H * 

1 B e - o - P P ; 2 B e - o - P P , t a r t a r i c acid; 
3 B e - o - P P , C h e l a t o n 3; 4 o - P P ; c B e = J • 
. 1 0 ~ 5 mol /1 , cL= 5 . 1 0 ~ 4 m o l / 1 . 
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after completing this procedure and shaking. For the investigation of the dependence with an 
addition of a masking agent, 2 ml of 0-05M Chelaton 3 or 0-5 ml of 1% solution of tartaric acid 
was added to the mixture after the addition of the beryllium salt. Likewise — just without the 
addition of the beryllium salt — the dependence of the fluorescence intensity of solutions of the 
reagent itself on pH* was measured. The plots obtained are depicted in Fig. 2. 

Time Dependence and the Effect of Concentrations of Chelaton 3, Ethanol, and the Reagent 
on the Fluorescence Intensity of the Beryllium Complex of o-Pyridinophenol 

The time dependence of the fluorescence intensity of the beryllium complex and the effect of the 
various concentrations were measured with solutions prepared in the same manner as those used 
for the investigation of the dependence on pH*. The pH* was always adjusted to 12-7—12-8. 

From the measured values it follows that the fluorescence intensity of the complex of the 
beryllium salt with o-PP is sufficiently time stable. During long-duration measurements (12 h) the 
differences of the values measured did not exceed ± 3 % rel. For attaining the maximum fluo-
rescence intensity a tenfold excess of the reagent is required under the conditions used. The 
maximum value is obtained immediately after adding the reagent and shaking the solution. 
Chelaton 3 does not affect the fluorescence intensity of the complex up to the concentration of 
4 . 10" 3 mol/1, but turbidity appears when higher concentrations are used. The effect of con-
centration of ethanol was followed in aqueous — alcoholic solutions with 45 — 90% v/v of ethanol. 
The intensity of fluorescence increases almost linearly with increasing concentration of ethanol 
up to 80% v/v; application of higher concentrations, however, is accompanied by a marked drop 

FIG. 3 

Composition of the Beryllium Complex of 
o-Pyridinophenol 

* c0 = 1-6 . 10~ 4 mol/1; 2 c 0 = 8 . 10~ 5 

mol/1. 

FIG. 4 

Effect of Interfering Ions on the Fluorescence 
Intensity of the Beryllium Complex of o-
Pyridinophenol 

cBe= 4 . 1 0 " 5 mol/1; 1 B O | ~ ; 2 Al 3 + ; 
2' A l 3 + (without Chelaton 3); 3 Cu 2 + , 
Ni 2 + , Pb 2 + , Cr(VI), Mn 2 + , Ag + , U(VI), 
Zn 2 + , Mg 2 + , Ba2 + , Ca 2 + ; 4 Ge 4 + ; 
5 Co 2 + ; 6 Cr 3 + , Z r 4 + ; 7 Fe 3 + ; 8 F ~ . 
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of intensity. T h e fluorescence intensity of the reagent itself does not virtually change with in-
creasing concen t ra t ion of e thanol . 

Compos i t i on of the Beryllium Complex of o -Pyr id inopheno l 

T h e compos i t ion of the beryll ium complex of o - P P was f o u n d by app ly ing the J o b variation 
m e t h o d 5 for equ imola r solut ions and verified by employ ing the m e t h o d of limit logar i thm 6 . 
The measu remen t s were carr ied out in solut ions with p H * 12-7—12-8. T h e resul t ing J o b curves 
fo r two different total concen t ra t ions of the metal a n d of the reagent are p lot ted in Fig. 3. The 
complex was f o u n d to con ta in the c o m p o n e n t s in the ra t io 1 : 1 , this was verified by the limit 
loga r i thm me thod , where the ra t io log Frjlog cL was ca lcula ted to be 0-94. 

F r o m the measured dependence of the fluorescence intensity for var ious total concentrat ions 
of the metal a n d of the l igand the condi t ional stabili ty cons tan t of the beryl l ium complex was 
calculated by the nonl inear regression me thod applying the p r o g r a m S p e k t f o t 7 to be fV — 3-1 . 
. 104 

Reproducib i l i ty of the W o r k i n g Curve and Limit of De te rmina t ion of Beryll ium 

F o r ob ta in ing the plot of the work ing curve, 0 to 5 ml of a 1 0 _ 3 M solut ion of the beryllium salt 
was di luted in a 25 ml volumetr ic flask with 2—3 ml of water a n d neutra l ized with CHM sodium 
hydroxide until turb id i ty appeared . The turbidi ty was dissolved with several d rops of 0-Im 
perchlor ic acid, then I-25 ml of 1M sod ium hydrox ide a n d 12-5 ml of 10~ 3 M a lcohol ic solution 
of the reagent were added and the mix ture was b rough t to the vo lume with water and shaken. 
The p H * of such solut ions lay in the range of 12-7— 12-9. Fluorescence was measured 15 minutes 
af ter shak ing the solut ion. Likewise the work ing plot was ob ta ined with add i t ions of 2 ml of 
0 05M Che la ton 3: the agent was a d d e d af ter the beryl l ium salt. The work ing plots a re linear up 
to the con ten t of beryllium 0 - 5 4 | i g / m l in both cases a n d the fluorescence intensit ies measured 
in the two cases for equal conten ts of beryll ium did not differ f r o m each o ther m o r e t h a n ± 2 % rel. 
The results ob ta ined in the linear par t of the work ing curve were eva lua ted statistically by using 
the regression analysis m e t h o d 8 . T h e values of the slope K a n d intercept B of the work ing curve 
were calculated a long with their conf idence intervals with the level of s ignif icance 95%: K~ 
= 7-56 ± 0 1 6 a n d B = 2-6 ± 1-2. F u r t h e r m o r e the corre la t ion coefficient was calcula ted (0-998) 
expressing the linearity of the dependence of fluorescence intensity on the con ten t of beryllium. 
F r o m the values obta ined an equa t ion was derived fo r the calcula t ion of the con ten t of beryllium, 

Hg Be/ml = (%Fr - 2-6)/188-8 . 

The limit of de te rmina t ion of beryll ium was f o u n d by measur ing the fluorescence of blanks 
(20 measuremen t s ) and expressed numerical ly as t r iple of the s t anda rd devia t ion of the average 
ob ta ined with the b l anks 9 . F o r the calculated value of 3 j - = 0-3% Fr it fo l lows f r o m the working 
curve tha t the m i n i m u m a m o u n t of beryll ium to be de te rmined is 0-0016 ug Be/ml. 

Effect of Fore ign Ions 

The influence of foreign ions on the fluorescence was invest igated in solut ions con ta in ing 1 ml of 
a 1 0 " 3 M so lu t ion of the beryl l ium salt and var ious a m o u n t s of the ion examined . Further the 
p rocedure was the same as in the case of ob ta in ing the work ing curve with Che la ton 3. The effect 
of a l u m i n i u m ions was tested also wi thou t addi t ion of the mask ing agent . T h e results are shown 
in Fig. 4 as the differences between the fluorescence intensity of the beryll ium complex i t s e l f and 
that in the presence of the foreign ions. 
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D I S C U S S I O N 

o-Pyridinophenol was prepared by the procedure suggested by Chichibabin. It is 
complicated particularly in the point of separat ion of the ortho derivative f r o m the 
para derivative, phenoxypyridine, and especially f r o m small amoun t s of pyridylazo-
phenol; the fo rmat ion of the la t tsr has not been reported by Chichibabin, its presence, 
however, was evidenced by chromatographic analysis. In fact , even a slight contami-
nation with that substance can mislead dur ing the study of fluorimetric and chelat ion 
properties, as it yields intensively coloured complexes with a series of metals. Pyridyl-
azophenol was therefore separated f r o m the mixture fo rmed by extraction of the cry-
stalline product with pe t ro leum ether and repeated crystallization of the remaining 
crystals of o-PP f r o m a mixture e thanol -wate r . In contrast to Geissman and cowor-
kers3, who obviously did not succeed in prepar ing o-PP of a sufficient puri ty (liquid, 
b.p. 135°C/2 m m Hg), we prepared by this procedure the substance in the crystalline 
form, with the melting point and elemental analysis in accordance with the da ta 
published1 . 

Since the reagent is not soluble enough in water, the study was pe r fo rmed with 
aqueous-ethanolic solutions. The lowest content of e thanol required for maintaining 
the reagent in solution appeared to be 40% v/v. F o r practical reasons we proceeded 
with solutions containing 50% v/v ethanol . Fo r the character izat ion of the reagent 
the absorpt ion spectra of the solutions with various p H * were measured and molar 
absorptivities fo r the wavelengths of the absorp t ion maxima were calculated. T h e 
spectral measurements per formed in dependence on t ime showed a sufficient stability 
of the solutions in bo th the acidic and the alkaline p H * ranges. In alkaline solutions, 
only after 1 m o n t h a noticeable colour change appears — the solution turns yellow. 
A solution of the reagent in e thanol remains unchanged for a t ime longer than 
6 months. This t ime stability is superior to tha t of morin , for instance, appl ied fo r 
fluorimetric de terminat ion of beryll ium: in solutions of mor in rather fast oxidat ion 
by atmospheric oxygen proceeds. 

Qualitative tests with a series of metal ions proved that none of them enters an 
appreciable colour reaction with the reagent, suitable for sensitive detection or deter-
mination. Significant are the fluorescence propert ies of the complex of the reagent with 
beryllium ions: the complex displays intense blue fluorescence in the p H * range of 
5 - 6 and in the alkaline range. Among the other ions studied only borates exhibited 
fluorescence, which, however, was ra ther weak and was not fur ther studied. 

The dependence of the fluorescence intensity of the beryllium complex on p H * 
shows two approximate ly equally high maxima, one in the relatively na r row range 
of pH* 5-6 — 6-2, the other in the alkaline region at p H * > 12-5. A similar course was 
obtained also in the presence of tar tar ic acid. The shape is, however, different when 
Chelaton 3 is present : only one max imum, in the alkaline region, is observed on the 
curve. The fluorescence maximum at p H * 5-6 — 6-2 can be assumed to vanish due to the 
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formation of the stronger complex of beryllium with Chelaton. As Chelaton 3 might 
be used as a masking agent during the determination of beryllium in the presence 
of associate ions, we carried out further investigations of the fluorescence properties 
of the beryllium complex in the alkaline range, pH* 12-5 — 13, where the intensity is 
not sensitive to changes of pH* and where the reagent itself does not fluoresce. 

In order to find the optimum conditions of fluorescence of the complex, the effect 
of concentrations of ethanol, Chelaton 3 and the reagent was studied and the time 
dependence of fluorescence intensity followed. A tenfold excess of the reagent was 
found to be required for the maximum intensity of fluorescence. The intensity is 
sufficiently time stable (for at least 12 h) and attains its maximum immediately after 
the addition of the reagent. The concentration of Chelaton 3 must not exceed 4 . 
. 10~3 mol/1; in case that higher concentrations are used in the ethanol-water solu-
tion, sodium salt of Chelaton 3 precipitates and the turbid* solutions are inapplicable 
for fluorimetric measurements. This concentration restriction of the addition of Che-
laton affects infavourably the applicability of this substance as the masking agent 
and also determines indirectly the concentration limit of a foreign ion. Analogously 
is the fluorescence of the beryllium complex affected by a concentration of ethanol 
higher than 80% v/v, which brings about precipitation of inorganic salts from the 
solution even in the absence of Chelaton 3, due to their lowered solubility. 

The form of the Job curves and the difference between the measured and theoretical 
maximum values of FT indicate that the complex 1 : 1 formed is not very stable; 
this is confirmed also by the calculated value of the conditional stability constant, 
F = 3-1 . 104. 

The working curve is linear in the range of 0 — 0-54 jag Be/ml. For higher concen-
trations the curve bends to lower intensities, which can be explained by an insufficient 
concentration of the reagent (excess lower than tenfold) as well as by concentration 
quenching, which appeared for the higher beryllium contents even when the reagent 
was present in a tenfold excess. 

The calculated value of the correlation coefficient, 0-998, indicates a very good 
linear dependence of the fluorescence intensity on the content of beryllium in the 
concentration range mentioned. The value of the slope of the working curve is well 
reproducible too. The relatively worse reproducibility of the intercept of the working 
curve affects infavourably the reliability of determination of lower beryllium contents. 
Only for the lower limit of the confidence interval, the intercept calculated by regres-
sion analysis is in a good agreement with the mean value of the blank (1-40% Fr) 
found from 20 measurements and used for the calculation of the limit of determination 
of beryllium. 

During the study of o-PP as a reagent for the determination of beryllium, it is of 
importance to examine the effect of foreign ions on the fluorescence intensity of the 
beryllium complex. This effect was tested in solutions with additions of Chelaton 3 
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as the masking agent, which in several cases prevented the formation of precipitates 
in the alkaline medium. The restricted concentration of Chelaton 3 in the aqueous 
alcoholic medium limited also the concentration of the interfering ion to 4 .10~3 mol/1, 
hence for a concentration of beryllium of 4 . 10" 5 mol/1 the associate ion may be 
present at most in a hundredfold excess. Under such conditions the following ions 
in a hundredfold excess do not interfere with the fluorescence of the beryllium com-
plex: Ag, Ba, Ca, Cr(VI), Cu, Mg, Mn, Ni, Pb, U(VI), and Zn. The Ge(lV) ions 
interfere slightly, A1 and Co(II) ions interfere in amounts as low as a 50fold excess. 
The highest interfering effect was exhibited by ions of boric acid and by chromium(III), 
zirconium, iron(HI), and fluoride ions. From these only ions of boric acid increase 
the fluorescence, the remaining ions have a strongly quenching influence. The inter-
fering effect of iron(III) ions, appreciable in F e 3 + : Be 2 + ratios as low as 1 : 10, 
could not be eliminated even by an addition of ascorbic acid or triethanolamine, 
often recommended in the literature9. 

From the results obtained it follows that o-pyridinophenol can be applied for fluori-
metric determination of microgram amounts of beryllium. In comparison with morin, 
o-pyridinophenol is less sensitive, and its is advantageous by the stability of its 
aqueous — alcoholic solutions and that of its beryllium complex. 
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