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A. spectrophotometric method for the determmation of boro11 at trace levels is prese11ted 
with chlorotetracycUne as a new allalytical reagent in co11centrated sulphuric acid. The absorp­
tion maxima of the reagellt was a 410 IUD a11d of the borOD•chlorotetracycUne complex was found 
to he at 570 DDt. The coloured system conformed to Beer's law betwee11 2.1 a11d 12.6 pg of boro11. 
The spectrophotometric sensitivity of the method is l.Bx 1o-• pgfcm• a11d the molar absorptivity 
is 5,800. The mole ratio of boron to chlorotetracyclille ill the coloured co.nplex was foalld to 
be I: l. 

'"J1HE naturally occurring tetracyclines are com­
.1 plex organic molecules with a large number of 

functional groups. So it is not surprising that 
they form complexes with a large number of metal 
ions. The behaviour of tetracycline and its analogs 
towards metal ions ha.s been the subject of numerous 
investigations. Albertl from a preliminary investi· 
gation with chlorotetracycline reported the forma.· 
tion of complexes first a 1 : 1 and latter as the pH 
rose 2 : 1 ligand to metal ion. The metal ions were 
Fe3+, Fe~+, Cu~+, NiB+, Co2+, Zn2+, and Mn2+. In 
the same year Oxford2 reported the formation of 
stable yellow complexes in alkaline solution between 
Mg, Ca., Ni, Cu, Co, a.nd Sr and chlorotetracycline. 
The same author determined chlorotetracycline colori­
metrica.lly by extraction of. its calcium complex into 
n-butanol and also proposed its use in a.nalytical 
chemistry for the detection of calcium in the presence 
of magnesium and of cobalt in t.he presence of nickel. 

c.l 

CON Hz 

Ishidate and Sakaguchi3 investigated the complex 
formation of chlorotetracycline (and anhydrochloro­
tetra.cycline) with various metal ions. In acetate 
buffer of pH 4·6 chlorotetra.cyoline and Zr(IV) 
formed a 1 : 2 metal to ligand complex. With 
thorium, aluminium and uranyl ions 1 : 1 complexes 
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were reported. With a.nhydrochlorotetracycline 
orange chelates were formed with the metal ions, 
Zr, Th, AI, and UQ2H, and spectrophotomet.ric 
curves were reported for these complexes. Chloro· 
tetracycline was determined colorimetrically as its 
thorium(IV) complex by Sakaguchi and Taguchi4 • 

Saka.guchi5 determined chlorotetracycline as its boron 
complex in sulphuric acid. Sakaguchi and Hanaki6 

used the above method for the determination of 
chlorotetracycline in urine. The same authors7 

reported the formation of two complexes with boric 
acid, depending on the concentration of sulphuric acid, 
chlorotetracycline and boric acid. 

Chlorotetracycline hydrochloride is commercially 
available under the trade name, Aureomycine, which 
was used in the present investigations. The anti­
biotic dissolved in concentrated sulphuric acid with 
a bluish green colour and a red fluorescence, which 
rapidly turned to yellowish green. On the addition 
of boric acid it turned reddish orange. With a 
reagent concentration of 200 pg in 5 ml sulphuric 
acid, the colour was yellow green and the test with 
boric acid was violet and the limit of identification 
wa.s less than 1 pg of boron. Using chlorotetra. 
cycline as a colour forming reagent with boric acid, 
a new spectrophotometric method for the determina­
tion of boron at trace levels in concentrated sulphuric 
acid is presented. The reagent in sulphmic acid 
had absorption maximum at 410 nm and that of the 
boron-ohlorotetracyoline complex was at 570 nm, 
which was used for the analytical determinations. 
The colour reaction followed Beer's law between 
2·1 and 12·6 p,g of boron for the amount of reagent 
used. The spectrophotometric sensitivity of the 
method as defined by Sandell is 1·8 X 10-3 pg of 
boron per cm2 a.t 570 nm. The molar absorptivity 
of the coloured product calculated on the basis of 
boron wa.s 5,800 litre mole-Icm-1. 

Experimental 
Reagent solution : The chlorotetracycline hydro· 

chloride, Aureomycin, capsule was cut and the 
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contents used for the preparation of the re•nt 
solution. Ap~priate amounts of the powder was 
weighed and dissolved in a definite volume of con· 
centra.ted sulphuric acid. Lower concentrations were 
prepared from this solution. The reagent solutions 
were prepared on each day. 

98 per cent sulphuric acid (d == 1·84), .Ana.Ja.R, 
B.D.H., Boric acid, Pro.a.na.lysi, Merck, were used 
in the determinations. 

&ack solution. of Boron : 3·026 g of boric acid 
was diasolV'ed in sulphuric acid and made upto 
volume in a 250 ml standard 1lask (1 ml = 2·114 mg 
of boron). Lower concentrations of boron were 
prepared by succes<Uvc dilution of the stock solution 
with sulphuric acid. 

Apparatus : Hilger U.V. Speck Speotl·ophotometer 
with 1•00 om matched quartz cells were used for the 
absorption measurements. Systronix photoelectric 
colorimeter type 101/111 was used in the interference 
study due to various metal ions. Ground gla.BS 
c;toppered test tubes of about 30 ml capacity were 
used for the development of colour. To minimize 
cont.a.mina.tion from the gla.ssware tho test tubes 
were soaked for eighteen days in concentrated 
hydrochloric acid as recommended by Jacksons. 
These tubes were washed thoroughly with tap water 
and with deionized water. In subsequent work 
the washings were done with washing soda, thorough. 
ly with tap water and with deionized water. 

l'he absorption spectra of ohlorotetracycline and 
its boron complexes in concentrated sulphuric acid 
after keeping for eighteen hours are shown in Fig. 1. 
The absorption maxima of the reagent was at 410 nm, 
whereas that of the boron complex with excess of 
reagent was at 570 nm. 

Procedure : The volume of an aliquot of boron 
as boric acid (upto 12·6 pg of boron) in concentrated 
sulphuric acid was adjusted to 9 ml with the acid 
and 1·0 ml of ohlorotetracycline hydrochloride 
(- 1·0 mg) in sulphuric acid was added. The solu· 
tion was mixed, tha tube stoppered and allowed to 
stand for 18 hours a.t room temperature. The 
absorbance measurements were mado at 570 nm in 
the spectrophotometer against the reagent blank 
prepared at the time of the test. 

Reaalts and Discussion 

.Latmbt:rl-Beer Law : V a.rying concentrations of 
boron, as boric acid, were taken into test tubes, the 
colour was developed a.nd measured as in the pro­
cedure. Beer's la.w W8oS Qbeyed over the range 2·1 
to 12•6 pg of boron in 10 ml solution for the amount 
of reagent used. 

lmerferen.ce rW.e to Foreign loruJ: Wherever possi· 
biD the solution used for the interference study 
eont&ined 5·0 mg of the cation or anion in 1·0 ml 
sulphuric acid, so that when 2·0 ml was used, the 
amount of the ion was approximately 1000 fold 
over the amount of boron taken. The solubilities 
of tho a&lts were a.n importa.nt limitation. Jn other 
caees satm•ated solutions of the salts in concentrated 
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Curve I. Absorption Spectra of Clblorotetraeyclm& ~ 
chlondll (21l0 pg in 10 ml). 

Curve IL Absorption Spectra of Bo!'Oil-reageDt Comple1 
(2110 pg reagent+1.21 mg borm ac~d m 10 ill~ 
Absorbancee for Curves I and U 81.'& aglllllll 
concentrated Sulphuric acid. 

Curve ill. Absorption Spectra of boron-1eagent Olmple1 
with exceaa of reagent (60 pg borio ac~d+l.OIIIl! 
Reagllllt in 10 ml). 

Curve IV. Absorpt1on Spectra of boron-~t CompiP. 
With €1XOOIIO of boron (solution of Carve fi -~ 
Absorbancies for Ourves n and IV are ~ 
their ruspectivo reagent blanlm. 

suJphuric acid we1'6 used. In the esse of the Slll· 
pbates of sodium, pota.ssiUID and ammonium 200 mg 
Qf the salt was weighed directly into the tubes eon· 
taining 9·0 ml of the solution of bOl'Oll ( = 10·5 pg). 
Interference due to the various ioDII were madB 011 
10·5 pg of boron a.s reference. Saturated solutiODS 
(2·0 ml) of Mg2+, Zn~~+, Co'+, Ni8+, AI*, Bet+, Hg'+. 
did not interfere. Ten milligrams each of Ol..,.1 
(JdZ+, and Pb2+ did not interfere. 200 mg of eaoh 
of sodium sulphate, potassium sulphate and amJIIO' 
mum sulphate caused no interference. 10 mg 
quantities of the acidic radicals, a.rsena.te, aceta~, 
oxala.te, phosphate, ferrocyanide and tungstate did 
not inferfere. Interference was caused by oxidiziDI 
agents, fluoride and nitrate. 

The spectrophotometric sensitivities of hydro:s.Y· 
anthraquinone derivatives which also require a hi~ 
concentration of sulphuric acid and are widely used 
for the determination of boron, are given below for 
comparison with the new reagent. 

Quinalizarin8 

Carminic acidlo 
Diam.inochrysazinll 
Dia.minoa-nthra.rufinll 
Chlorotetraoyoli.ne 
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Composition of the Complex : The mole ratio of 
boron to ehlorotetra.oyoline in the complex was 
investigated using Job's methodll of continuuous 
variation with equimolar solutions (1·96x 10-'M). 
After keeping the solutions containing the complex 
for _18 hours .the absorbancies were measured against 
therr respective blanks at 570 nm. The mole ratio 
was found to be 1 : 1 in the complex. 

Acknowledgement 

The author is grateful to Dr. K. Neelakantam, 
M.A., Ph.D., D.I.C.(Lond.), F.A.Sc., Retired Professor 
of Chemi~try, S. V. University, for his valuable guid­
a.nce durmg the course of this work. 

References 

1. A, ALBERT, Nature, 1953, 172, 201. 
2. A. E. OX'i'ORD, Nature, 1953, 172, 395. 

3. M. IBD:IDATB and T. SAE.&.GUCD:I, Pl6011m. BuU. (Japan), 
1955, 3, 14.'7; 0'/t;em • .tb.., 1956, 10, l0692d. 

4. T. Su:o~.ouc1u and K. TAGUCKI, PIIMm. BuU. (Japa-n), 
19115, 3, 166; Ohem. All.., 1956, 60, 2122b. 

li. T. SAJU.GUCJU, Pharm. Bull. (Japan), 1955, a, 170; 
Ohem. Abs., 1956, 50, 2122d. 

6. T. SAKAGUCHI and A. HANAxi, J. Pharm. Soc .• Japan, 
1956, 76, 17; Ohern. Abs., 1956, 60, 7924e. 

7. T. SAKAGUCHI and A. HANAKI, J. Pharm. Soc. Japan, 
19116, 76, 176; Ohem. Abs., 1956, 50, 7924g. 

8. M. L. JACKSON, "Soil Chemical Analysis", Prentice-Hall 
of India, New Delhi, 1967, p. 376. 

9. W. HORWITZ (Ed.), "Official Methods of Analysis of the 
AOAC", Association of Official Agricultural Chemists, 
Wa.shington, D.C., lith Edition, 1970, p. 48. 

10. J. T. HATCHER and L. V. WILcox, Ana!. Ohern., 1950, 
22, 567. 

11. E. C. CoGBILL and J. H. YoE, Ana!. Ohern., 1957, 29 
1251. ' 

12. P. JoB, Ann. Ohim., 1928, 9, 113; Cfhem. Abs., 1928, 22, 
2120. 

4l9 


