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Determination of small amounts of silicon in boron by direct A AS method with flame atomization in con­
ce11tratio11s of Si 1-15 /tg/ml in hydrochloric acid at the 1000-fold weight excess of boron (c = 1 mg/ml} was 
described. 
Decomposition of the sample {0.1 g) was performed by melting with addition of solid sodium hydroxide and 
sodium chlorate in a silver or a gold crucible and dissolving the melt after cooling clown in hydrochloric acid. 
No effect of boron on the silicon sigrwl was observed under given conditions. Maximum of silicon atoms 
absorption at a 251.6 11111 line is at co11ce11tratio11 of hydrochloric acid 0.2-0.35 moljl. 
The ,·esults obtained by AAS method were compared with those achieved by a spectrophotometric detenni­
nation of silicon as a blue silicomolybdate complex. Although the differe,1ces between the AAS results and 
the spectrophotomefric ,·esults an: not statistically significant, the atomic absorption method is more suitable 
with respect to a significant saving of time needed for determination. 

INTRODUCTION 

AAS has found extensive application in the analysis 
of Si and has been selected as the preferred technique 
for the determination of silicon in various matrices 
(minerals, coal ash, cement, steel, iron ores etc.) [l-

3]. 
Determination of small amounts of silicon is pos­

sible by direct AAS method with flame atomization 
but several depression of silicon absorbance has been 
observed in dependence of the type of matrix [4]. 

We have aimed to develop the AAS method 
for the determination of low concentrations (0.05-
2.00% w/w) of silicon in samples of pure boron and 
technical-grade boron. Dependences of the silicon sig­
nal on acidity of the solution and on the content of 
boron as well as NaCl in the solution were studied. 

EXPERIMENTAL 

R e a g e n t s  a n d  a p p a r a tus 

hydrochloric acid cone., purified by sub boiling distil­
lation in the quartz apparatus 
hydrochloric acid ( 1 +4) 
sulfuric acid ( l + 1) 
ammonium molybdate (NH1)6Mo1021.4H20, solu­
tion 2% w/w, pH= 7.8 
sodium acetate, solution :30% w /w 
ascorbic acid C6Ha06 , solution 5% w /w 
silicon stock solution, 100 mg Si/l 

The silicon stock solution: 0.2139 g of pure silica 
was weighed into a platinum crucible, 1.2 g of anhy­
drous sodium carbonate was added, mixed and fused 
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until a clear melt was obtained. Cooled melt was 
leached with 200 ml of water and after dissolution 
the solution was transferred into a 1000 ml volumet­
ric flask, diluted, mixed and transferred into a plas­
tic bottle. The true concentration was determined by 
evaporation with perchloric acid. 

All chemicals were of analytical grade purity. Re­
distilled water was used. 

All solutions were stored in polyethylene bottles. 
The measurements were made on an atomic ab­

sorption spectrometer Varian SpectrAA30 with deu­
terium background correction and on a spectropho­
tometer Pulfrich with Elpho equipment fy Zeiss Jena 
(Germany). 

D e c o m p o s i t i o n  o f  s a m p l e  [5] 

The finally ground sample (50-100 mg) and l.O g 
of solid sodium hydroxide were weighed into a silver 
or a gold crucible. The mixture in the crucible cov­
ered with a lid was heated to the melt and afterwards 
solid NaC103 was stepwise added (in approximately 
5 mg portions) so long as the dark flux turned bright. 
After cooling down the melt was dissolved in 20 ml 
of concentrated HCl and evaporated to the volume of 
5 ml. Then the solution was cooled down and diluted 
to 100 ml in a volumetric flask. 

M e t h o d

a) Determination of Silicon by Atomic Absorption
Spectrophotometry
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Table I 

Determination of silicon in boron - comparison of the results obtained by AAS 
and spectrophotometrical method 

Silicon content 

AAS Spectrophotometry 

i ± s .!<c.. 
..jn 

s i±s*' s 

technical-grade boron 
sample 1 0.54±0.02 0.016 0.55±0.03 0.028 
sample 2 0.47±0.01 0.0 08 0.4 5±0.02 0.016 

pure boron 
sample 1 0.11±0.02 0.016 0.14±0.02 0.016 
sample 2 0.06±0.02 0.016 0.07 ±0.02 0.016 
sample 3 0.13±0.02 0.020 0.17±0.02 0.016 

i ± s*' ........ reliability interval (n = 6, CY= 0.0 5) 
s . . . . . . . . . . . . . . . standard deviation 
A set of 6 paralel determinations was performed for every sample 

Silicon solution after dPcornpositiou ( content of sili­
con from 1 mg/I to 15 rng/1) was measured at a 251.6 
urn line. Flame N 20-acetylene was used for the at­
omization of the sample and integrated absorbances 
were measured (suitable) measnremPnt. time is 3 s). 
The deuterium background correction was applied. 
Optimum concentration of IICI in solution was in 
0.20-0.35 rnol/1 range. Calibration graph was pre­
pared with standard silicon solutions adjusted to the 
same acid concentration used in sample solution. 

b) Determination of Silicon by Spectrophotometric
Method

For the spectrophotometric determination of silicon 
a method of reduced silicornolybdate complex (6] was 
used. 

The ammoniurn molybdate solution (2 ml) was 
added to the solution of sample containing from ,5 
to 100 Jtg of silicon. Acidity of the solution was ad­
justed precisely to pll = 1.1-1.2 using HCl(l+4) or 
acetate solution according initial acidity of solution. 

After 6 minutes 5 ml of H2S04 and 1 ml freshly 
prepared 5% solution of ascorbic acid were added. 
The mixture was diluted to 100 ml after 30 minutes 
the absorbances were measured at a 720 nm line. The 
calibration curve was measured in the same way using 
the silicon stock solution 100 mg Si/I. 

RESULTS AND DISCUSSION 

Both methods - direct AAS and the spectrophoto­
metric method - were used for the deterrnination of 

silicon in 5 samples of technical grade and pure boron. 
The obtainf'd results are summarized in Table I. \Vith 
the AAS nwt.hod we studied the dependence of the sil­
icon signal on acidity of the solution (Fig. 1) and we 
have found optirnurn concentration range of 0.20-0.35 
mo! HCI/1 for this method. We verified that sodium 
chloride up to concentration 20 mg NaCl/I and boron 

Ar----,------.------.----� 
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O.Q25 
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Fig. 1. Plot of the silicon absorbance against acidity of 
the solution. (c = 8.5 mg Si/I, working conditions: N2 0 
- C2 H2 flame, lamp current 10 mA, slit width 0.2 nm,
wa velenght 251. 6 nm).
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up to concentration 1000 mg B/1 do not affect silicon 
signal at a 251.6 nm line. 

Fig. 2 shows the calibration graph of the determina­
tion of silicon by the AAS method under this working 
conditions. 

0.01 

0 5D 10.0 
CSi (mg/l] 

Fig. 2. Cctlibmlio11 curve Si {wo1·ki11g conditions ar·e the 
same as Jo,· the Fig. 1). 

Table II 

Statistical evaluation of the obtained results 

AAS Spectra- Di= XA - XB (Di - D)2 

photometry 

0 .. 54 0.55 
0.47 0.45 
0.11 0.14 
0.06 0.07 
0.13 0.17 

Student's test lc, = 2.776 
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0.01 
0.02 
0.03 
0.01 
0.04 

CY = 0,05 
v=4 

1.44 X 10-4

0.04 X 10-4

0.64 X 10-4

1.44 X 10-4 

3.24 X 10-4 

k(k-1)_ =2.40 
L(D,-D)2 

k=5 

The same verification was performed for the spec­
trophotometric method and we found that these re­
sults were not affected by NaCl and boron in the 
range mentioned above. We found that in the pres­
ence of boron t.he acidity of the dyeing solution has an 
remarkable effect on the spectrophotometric determi­
nation of silicon. This fact requires accurate electro­
metric checking of the pH value in a very narow range 
of 1.1-1.2. 

The statistical evaluation [7) of the results obtained 
by both these rnethods is given in Table I and II. 
A set of 6 parallel determinations was performed for 
every sample. The comparison of the results of AAS 
and spectrophotometric method was made by Stu­
dent's test and the results are presented in Table II. 
It is evident that differences between the AAS results 
and the spectrophotometric results are not statisti­
cally significant. 
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STANOVENf KREMIKU V BORU 

VERA HAMPLOVA, ZUZANA MALKOVA, JOSEF NOVAK 

Fyzikciln{ tistav AV CR, Na S/ovance 2, 180 00 Prnha 8 

Je popsano stanovenf nizkych obsahii kfemfku v born 
metodou plamenove AAS v koncentracm'.m rozmezf 1-15 
/tg Si/ml v prostfedf kyseliny chlorovodfkove (c = 0.25 
mol/1) v pfftomnosti 1000 na8obneho pfebytku born (c =
1 mg/ml). Rozklad vzorku (0, 1 g) se provacli ve zlatem 
nebo stffbrnem kelimku tavenim s 1 g N aO H za pffdavku 
pevneho N aCl03. 

Maximum absorbance atomii kremfku pfi vlnove deice 
251.6 nm je pfi koncentraci HCI 0,20-0,3.'i mol/1, tj. za 
techto podmfnek je dosazeno maximalni citlivosti. Ovliv­
neni signalu kfemiku pfitomnosti born jsme za tech to pod­
minek nezjistili. 

V ysled ky stanovenf kremfku zfskane AAS metodou by­
ly srovnany s vysledky spektrofotometrickeho stanovenf 
kfemfku jako silikomolybdenove modfi ve vzordch cis­
teho a technickeho born. Prestoze se vysledky dosazene 
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obema metodami statisticky vyznamne nelisf, je metoda 

AAS vhodnejsf s ohledem na vyznamnon usporu casu pfi 

stanovenf. 

Obr. 1. Zavislosl absorba11ce kr'emiku 11a ko11ce11tmci ky­
seliny chlomvodikove. {c = 8, ,5 mg Si/I}. Pmcovni pod­
minky: plame11 N2 O-C2 lh, ilwvici proud lampy 10 
mA, sifka Uerbi11y 0,2 11111, vlnova rle.lka 251,6 11111. 

Obr. 2. I( alibracn{ ki'ivka ki'em{ku (pracovn{ porlminky 
stejne. jako u obr. 1). 
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