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SIMULTANEOUS DETERMINATION OF BARBITAL AND THIOBARBITURIC ACID 

BY DERIVATIVE SPECTROPHOTOMETRY 
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ABSTRACT 

A new method for  the simultaneous determination of barbital and 

thiobarbituric acid by derivative spectrophotometry is proposed. 

The method allows the resolution of mixtures of the  two components 

over the concentration ranges 0.37-4.70 pg/ml (barbital) and 0.40- 

4.50 pg/ml (thiobarbituric acid) provided the ra t io  between their  

concentrations does not exceed 5:l. I t  was applied to  the de- 

termination of the two compounds in synthetic samples and blood 

serum. 
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INTRODUCTION 

SORIANO ET A L .  

Derivative UV-visible spectrophotometry is a relatively recently 

developed instrumental technique which has so f a r  been successfully 

applied to  the  determination of compounds of biochemical") 

pharmaceutical(2) environmental(3) clinical(4) and miscellaneous inter-  

est:'). The derivative mode has also been applied in  other  techniques 

such as IR:6) atomic absorption(7) and plasma spectrophotometry ( * )  as well 

as in conventional and synchronous spec t r~f luor imet ry '~)  and has been 

of great  aid in  solving problems arising from spectral  overlap''') and 

matrix effectsill). 

In th i s  work we developed a straightforward, fas t  method for  the 

simultaneous determination of barbi ta l  and thiobarbi tur ic  acid by 

f i r s t -  and second-derivative spectrophotometry. The method was 

applied t o  the determination of t he  two compounds i n  synthetic sam- 

ples and blood serum. 

EXPERIMFNTAL 

Apparatus 

The instrumental set-up used consisted of a Perkin-Elmer 550s UV- 

visible spectrophotometer furnished with quartz cells of 1 cm 

pathlength, a Radiometer PHM84 potentiometer f i t ter  with a combined 

glass-saturated calomel electrode, an Afora centrifuge working a t  

1200 rpm and featuring automatic braking, and a Selecta 512 ultra- 

sound generator. 
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BARBITAL AND THIOBARBITURIC ACID 259 

Reagents 

The reagents used included 0.1 M aqueous standards of barbital and 

thiobarbituric acid, prepared by direct weighing from the commer- 

cially available products(Merck) and stored a t  room temperature in 

the dark, and a Na2Bq0,/NaOH buffer of pH 9.20 and Ctot = 2 x 1O-I M. 

The ionic strength was adjusted t o  0.25 M with NaCIOB. 

All reagents used were analytical grade chemicals and de-ionized 

water was employed throughout. 

Simultaneous determination of barbital and barbi tur ic  acid in 

synthetic samples 

In 25-ml volumetric flasks were placed 2.5 m l  of 2.5 M NaClOf+* m1 

of the Na2B407/NaOH buffer of pH 9.20 and appropriate volumes of the 

standards of the two compounds providing concentrations over the 

ranges 0.37-4.70 pg/ml (barbital) and 0.40-4.50 pg/ml (thiobarbituric 

acid) on final dilution to  the mark with de-ionized water. After 5 

min, the  first- and second-derivative spectra of the sample were 

recorded between 350 and 190 nm against a blank containing neither 

analyte. The instrumental conditions used were as follows: char t  

speed, 30 nm/min; wavelength scanning rate ,  120 nm/min; s l i t  width, 

2 nm; response t i m e ,  10 s (first-derivative) and 7 s (second-deriva- 

tive). 

From first-derivative spectra were measured the height from 

the baseline of the peak a t  296 nm and the  minimum a t  246 nm, while 

from second derivative spectra were measured the peak heights a t  

294 nm and 244 nm (zero-crossing for  thiobarbi tur ic  acid). By com- 
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2 60 SORIANO ET A L .  

paring t h e  measured signals with t h e  corresponding calibration 

graphs (Table I) t h e  two components were readily determined. 

Determination of barb i ta l  and th iobarb i tur ic  acid in  blood serum 

A volume of 2.0 m l  of blood serum containing t h e  two analytes a t  

concentrations in  t h e  ranges 3.50-80.00 pg (barbi ta l )  and 3.50-75 pg 

( th iobarb i tur ic  acid) was added 0.30 ml of 40% t r ichloroacet ic  acid, 

and t h e  mixture was s t i r r e d  f o r  1 min and centrifuged a t  room 

temperature f o r  10 min. An aliquot of t h e  supernatant  not  larger  

than 1.5 ml w a s  then analysed by t h e  procedure described above 

for  synthet ic  samples using normal Keytrol serum vials supplied 

by ITC-Diagnostic t h a t  were also previously added t r ichloroacet ic  

as blanks. 

RESULTS AND DISCUSSION 

Before t h e  resolution of barbi ta l - thiobarbi tur ic  acid mixtures 

was tackled, t h e  addi t iv i ty  of absorbances was checked Fig. 1. The 

next s t e p  in  t h e  process involved determining t h e  influence of 

chemical and instrumental variables on t h e  process; while t h e  

l a t t e r  affected both t h e  number and shape of t h e  f i rs t -der ivat ive 

peaks, t h e  former only influenced t h e  signal intensity.  The in- 

strumental variables studied included t h e  wavelength scanning r a t e ,  

s l i t  width and response t i m e .  Preliminary assays showed a c h a r t  

speed of 30 mm/min t o  provide optimal results.  In fact:  

(a) Increasing wavelength scanning speeds resulted in  increased 

band broadening, which obviously hindered resolution of 
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BARBITAL AND THIOBARBITURIC ACID 261 

F i g u r e  1.- Absorp t ion  s p e c t r a  of sys tem B a r b i t a l  - 
T h i o b a r b i t u r i c  a c i d .  pH = 9 . 2 0 ;  I = 0.25 M 
( N a C I O 1 ) .  1)  CB = 2.10-5 M; 2)  CTBl = 2.10-’ M; 

3)  cg = 2.10-5 M + cTBA = 2 .  M. 

the  mixture. A scanning speed of 120 nm/min was selected. 

(b) The s l i t  width had no significant effect  on the spectral 

resolution, so an optimal value of 2 nm was chosen. 

(c) The signal-to-noise r a t io  increased with decreasing re- 

sponse time. The optimal values chosen for  the  first- and 

second derivative were 10 and 7 s,  respectively. 
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262 SORIANO ET AL. 
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Figure  2 . -  F i r s t  d e r i v a t i v e  s p e c t r a  of sys tem B a r b i t a l -  

T h i o b a r b i t u r i c  a c i d ,  pH = 9 . 2 0 ;  I = 0,25 M 
(NaC104) A )  CTBb = 1 .60  pg/ml; B) C g  = 1 .47  
pg/ml and C )  CTBI = 1 , 6 0  pg/ml and Cg = 1 .47  

pg/ml 

The chemical variables studied were the  pH and concentration of 

the  buffer solution. The optimal pH for  recording the  absorption 

spectra was found t o  be between 9.0 and 10.0. Above pH 10.5, t he  two 

compounds decomposed“’) while below pH 8.5 t h e  absorbance was 

markedly smaller. A pH o€ 9.20 was thus chosen as optimal. Of the  

different buffers assayed, only t h a t  consisting of Na2B4q/NaOH was 

found t o  result in a signal coinciding with tha t  obtained in its ab- 

sence. Since the  buffer concentration did not seem t o  influence 
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BARBITAL A N D  THIOBARBITURIC A C I D  
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F i g u r e  3 . -  Second d e r i v a t i v e  s p e c t r a  of system B a r b i t a l -  

T h i o b a r b i t u r i c  a c i d ,  pH = 9 . 2 0 :  I = 0,25 M 

(NaCIOO) A )  CTBA = 1 . 6 0  pg/ml; B) Ce = 1 . 4 7  

pg/ml and C) CTBA = 1,60 pg/rnl and CB = 1.47 

M3/ml 

analytical signal, a value of 2 x lo-' M was chosen for  subsequent 

experiments. 

As can be seen from the first-derivative spectra (Fig. 2 A), 

the  distances between the  baseline and the  peaks a t  296 nm ( AI,) 

and 242 nm (a3) a re  related to  the concentration of thiobarbituric 

acid and independent of t ha t  of barbital (Fig. 2 A). Also, the dis- 

tance between the baseline and the  maximum a t  242 nm (aa) is related to  

the barbital concentration; and the distance A12-3, i.e. the 

difference between and &I3, is also related t o  the  barbital con- 
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264 SOKIANO ET A L .  

TABLE 1 

Statistic Analysis of Methods for  the  Determination of 

Barbital and Thiobarbituric Acid. 

Equation r S R.S.D. D.L. 

~ ~ ~~ 

F i r s t  Derivative 

I = - 3 , 6 . 1 0 - 2  + 2.72CTBA 0 . 9 9 9  1 . 0 4 . 1 0 - ’  1 . 2 1  0 . 1 2  

I 2  = - 5 , 7 . 1 0 - ’  + 3.36CTBA 0 . 9 9 8  7 . 5 0 . 1 0 ‘ 2  1 . 3 1  0 . 1 1  

I ]  = 5 . 2 . 1 0 - ?  + 2 . 5 0 C B  0 . 9 9 7  7 . 3 0 . 1 0 - ’  1 . 5 2  0 . 0 9  

I 

Second D e r i v a t i v e  

I I, = - 1 . 9 . 1 0 -  + 1.97CTBA 0 . 9 9 9  6 . 7 4 . 1 0 - 2  1 . 2 2  0 . 1 0  

I 2  = 4 . 5 . 1 0 ‘ ’  + 2 . 6 4 C B  0 . 9 9 7  l . O 1 . l O - l  1 . 3 3  0 . 1 4  

B = Barbital; TBA = Thiobarbituric Acid; C = pg/ml; 

S = Standard Deviation; R.S.D. = Relative Standard Deviation; 

D.L. = Detection L i m i t  (pg/ml) 

centration. The determination of the two compounds in mixtures  was 

addressed by measuring a, and A,$-, on the first-derivative spec- 

t rum. By comparing AI1 with the  calibration curve was determined the  

amount of thiobarbi tur ic  acid present and hence the  corresponding 

distance A$; also, by adding up A$ and A12-3 was obtained A12,  which 

allowed the amount of barbi ta l  in the mixture t o  be determined. 
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BARBITAL AND THIOBARBITURIC ACID 265 

TABLE 2 

Precision of the Method for  the Determination of Barbital 

and Thiobarbituric Acid by F i r s t  and Second Derivative. 

F i r s t  D e r i v a t i v e  

S.D. 

b Concen t ra t ion  Within assays '  Between a s s a y s  

B TBA B TBA 
(pg/ml)  

0.80 
2.20 
3.50 

0.80 
2.20 
3 . 5 0  

5.09 5.03 0.10 1.21 
2.45 1.79 0.14 0.14 
1.18 1.16 0.09 0.05 

Second D e r i v a t i v e  

S.D. 

b Within assays '  Between a s s a y s  

B TBA B TBA 
_ _ _ _ _ _ _  ~~ 

6.44 4.10 0 . 9 8  0.97 
1.97 1.55 0.54 0.42 
1.10 0.70 0 .08  0.03 

B = Barbital; TBA = Thiobarbituric Acid; ' = Eight individual 
determinations: 
S.D. = Standard Deviation 

= The assays were run over a period of s i x  days: 

A similar study was performed on the second-derivative spectrum 

(Fig. 3 A). The distance between the  baseline and the peak a t  294 nm 

( AI,) was related t o  the concentration of thiobarbituric acid and 

independent of t ha t  of barbital (Fig.3 B), which was determined directly 

by measuring A15 a t  240 nm (zero-crossing for  barbi tur ic  acid). 
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2 66 SORIANO ET AL. 

TABLE 3 

Simultaneous Analysis of Synthet ic  Binary Mixtures of Barbital  

and Thiobarbi tur ic  Acid by t h e  f i r s t  and second derivative.  

Amount added  (pg/ml)  R a t i o  

B TBA 

0 . 8 0  0 . 8 0  

1 . 6 0  1 . 6 0  

2.. 4 0  2 . 4 0  

1 . 6 0  3 . 2 0  

0 . 8 0  2 . 4 0  

0 . 8 0  3 . 2 0  

1 . 6 0  0 . 8 0  

3 . 2 0  1 . 6 0  

1 . 6 0  2 . 4 0  

2 . 4 0  0 . 8 0  

2 . 4 0  1 . 6 0  

2 . 4 0  3 . 2 0  

2 . 4 0  4 . 0 0  

3 . 2 0  0.80 

3 . 2 0  2 . 4 0  

- - B : TBA 

1:1 

1:1 

1:1 

1 : 2  

1 : 3  

1 : 4  

2:1 

2 :  1 

2 : 3  

3 : l  

3 : 2  

3 : 4  

3:5 

4 : l  

4 : 3  

Amount 

l a  D e r i v .  
B 

0 . 7 9  

1 . 5 9  

2 . 3 9  

1 . 5 9  

0 . 7 7  

0 . 8 1  

1 . 5 9  

3 . 2 1  

1 . 5 9  

2 . 4 0  

2 . 4 2  

2 . 4 5  

2 . 3 5  

3 . 2 0  

3 . 2 1  

- TBA 

0 . 8 0  

1 . 6 1  

2 . 4 2  

3 . 2 0  

2 . 4 1  

3 . 2 1  

0 . 8 0  

1 . 6 1  

2 . 3 9  

0 . 8 1  

1 . 5 9  

3 . 2 2  

3 . 9 8  

0 . 8 1  

2 . 4 1  

- 

found (pg/ml) 

2a D e r i v .  
B 

0 . 7 8  

1 . 5 8  

2 . 4 4  

1 . 6 3  

0 . 7 9  

0 . 7 9  

1 . 5 8  

3 . 2 2  

1 .58  

2 . 4 3  

2 . 4 4  

2 . 4 2  

2 . 3 6  

3.19 

3.18 

- TBA 

0 . 8 0  

1 . 5 9  

2 . 4 1  

3 . 2 2  

2 . 3 9  

3 . 2 1  

0 . 7 9  

1 . 6 1  

2 . 4 1  

0 . 7 9  

1.58 

3 . 2 1  

3 . 9 9  

0 . 8 1  

2 . 3 8  

- 

The equations of t h e  cal ibrat ion curves, applicabili ty range, 

standard deviations and detection l i m i t s  obtained a r e  given i n  Table 

1. 

Statistical treatment of the results 

The accuracy and precision of t h e  proposed method w e r e  assessed a t  

t h r e e  d i f fe ren t  concentrations of each analyte over t h e  applicabili ty 
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BARBITAL A N D  THIOBARBITURIC ACID 267 

TABLE 4 

Effect of foreign species on the simultaneous determination of 

1.47 pg/ml of Barbital and 1.60 pg/ml of Thiobarbituric Acid. 

[Spec ie]  / [ B l  Spec ie  added 

100: 1 K' , L i t ,  ca2', ~ g ~ '  , F-, C I - ,  co32- 

80:1 EDTA, DCTA,  DCTA-Ca" ( 1 : 1 )  

25:l s t a r c h ,  g lucose ,  u rea  

5 :  1 S 1 0 3 ' - ,  Fe3' ' 

1:1 cu  2t Fe3' 

I 1  a s c o r b i c  a c i d ,  u r i c  a c i d ,  t h i o u r e a  

~~ ~ l S  i n  excess  of F- 
i n  excess  of DCTA-Cal' 

range, viz. 0.80,2.40 and 3.50 pg/ml. Five series of 8 samples each were 

prepared a t  each concentration assayed and the study was conducted 

over a period of 4 days [13]. The results obtained are  listed in table 2. 

The validity and applicability of the proposed method was 

checked on synthetic samples containing the two barbi turates  in 

different proportions which were analysed as described above. The 

results obtained a re  listed in Table 111. The simultaneousdetermination 

of the two components was feasible in barbital/thiobarbituric acid 

ratios within the applicability range of the method. 
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2 68 SORIANO ET A L .  

TABLE 5 

Simultaneous Determination of Barbital and Thiobarbituric 

Acid in Blood serum by First and Second Derivative. 

Amount Added (pg/ml) 

lS t  Deriv. and Deriv. 

Amount Found ( pg/m 1 ) 
I 

B ___ 

0 . 9 2  

1 . 8 4  

1 . 8 4  

1 . 8 4  

2 . 0 8  

2 . 7 6  

2 . 7 6  

2 . 7 6  

TBA __ 

0 . 9 9  

0 . 5 0  

0 . 9 9  

1 . 9 9  

0 . 7 6  

1 . 4 9  

2 . 9 8  

3 . 5 0  

B - 
0 . 9 3  

1 . 8 2  

1 . 8 2  

1 . 8 3  

2 . 0 9  

2 . 7 7  

2 . 7 6  

2 . 7 1  

TBA B 

0 . 9 9  

0 . 5 1  

0 . 9 8  

2 . 0 0  

0 . 7 7  

1 . 4 7  

3 . 0 0  

3 . 5 1  

0 . 9 0  

1 . 8 0  

1 . 8 3  

1 . 8 1  

1 . 9 8  

2 . 7 0  

2 . 7 1  

2 . 6 9  

TBA 
- 

0 . 9 9  

0 . 4 9  

1 . 0 1  

1 . 9 7  

0 . 7 7  

1 . 5 1  

2 . 9 7  

3 . 5 1  

All results are the mean od three determinations. 

Effect of interferents 

The effect of potential interfering ions on the sim- 

ultaneous determination of 0 . 7 3  pg/ml barbital and 0 . 8 0  

pg/ml thiobarbituric acid by using the first and second- 

derivative spectrum of the mixture was established by ap- 

plying the above-described procedure to solutions con- 

taining each potential interferent at concentrations 1 0 0  
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BARBITAL AND THIOBARBITURIC A C I D  269 

times higher that the analytes. A given species was con- 

sidered to interfere with the determination if it re- 

sulted in a deviation greater than f 5% in the concentra- 

tion of the two analyte concentrations. The results ob- 

tained in the interference study are summarized in Table 

4 .  

Simultaneous determination of barbital and thiobarbituric 

acid in blood serum 

The proposedmethod was applied tothe determination 

of barbital and thiobarbituric acid in blood serum after 

deproteination. The results obtained are listed in Table 

5 .  

ACKONOWLEDGEMENT 

The authors wish to acknowledge the financial support of 

this work by Canary Autonomic Goverment gran nP 

13/31.01.89 

REFERENCES 

(1) C. Balestrieri, G. Colonna, A. Gioveni, G. Irace, 

and L .  Ervillo. Eur. J. Boiochem. 90 (1978) 4 3 3 .  

( 2 )  G .  Talsky, J. Dostal, M. Glasbrenner, and . Goetz- 
Maler, Augew. Makroml. Chem. 105 (1982) 49. 

(3) A.A. Fasanmade, and A.F. Fell, Analyst 110 (1985) 

1117. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



270 S O R I A N O  ET A L .  

(4) Y.R. Tahbonb, and L. Pardue, Anal. Chem. 57 

(1985) 3 8 .  

T.C. O’Haver, Clin. Chem., 25 (1979) 1 5 4 8 .  

A.I. JimBnez, F .  Jimenez, and J.J. Arias, Analyst 

114 (1989) 93. 

M.A. Korany, A.A. El-Din, A. Seif, and A. Nabil, 

Anal. Lett. 17 (1984) 4 8 3 .  

I.G. McWilliams, Anal. Chem. 1970 41, 6 7 4 .  

W. Snelleman, T.C. Rains, K.W. Yee, H.D. Cook, and 

0 .  Menis, Anal. Chem. 42 (1970) 3 9 4 .  

W.K. Fowler, D.O. Knapp, and J.D. Winefordner, 

Anal Chem. 46 (1974) 601. 

M.C. Gutierrez, S. Rubio, A. G6mez-Hens, and M. 

Valchrcel, Anal Chim. Acta 1 9 3  (1987) 3 4 9 .  

F.A. El-Yazbi, and M. Borary, Anal. Lett. 18(B5) 

(1985) 629. 

M.A. Korany, A.M. Wahbi, M.A. Elsayed, and S .  Man 

d o u r ,  Anal. Lett. 17 (1984) 1 3 7 3 .  

Date Received: 10/01/91 
Date Accepted: 11/05/91 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


