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Notes 

CHROM. 6021 

&multaneous carbon and oxygen determinatiok by fluorine kombustion 
gas chromatography’ 

A fluorine combustion gas chromatogra~hic method has been proposed1 in 
organic elemental analysis that offered the possibility of determining carbon and 
hydrog.erP. Various conditions were used in the present. work to determine organic 
carbon and oxygen. The techniques for determining corrosive gases using gas chromato- 
graphy have been reported394 and these techniques were. adopted in the present work. 
Further, new techniqdes for separating carbon tetrafluoride and ox,ygen’ from corro- 
sive gases such as fluorine and hydrogen fluoride were found. It has been shown that 
corrosive gases could be eliminated completely from’these gases by using .sodium 
hydroxide and activated charcoal absorption columns. \ 

The combustion gases could be separated on a molecular sjeve’type 13X gas 
chromatographic column. 

0 

A#aratus. A Mark II type of combustion vessel, newly designed with a mag- 
netic stirrer so as to give as small an error as possibfi, was used, because of incomplete 
combustion of the sample. . 

A commercial gas chromatograph had to be modified so as to analyze the corro- 
sive products successfully. Nickel and Teflon were used for all the tubing that carried 
gases. The apparatus is shown .in Fig. I. Operating conditions are given in Table I. 

A fluorine generator described in a previous paper1 was used. 

Pig. I. Schcmntic diagram of complctc system. A = lntrocluction system; 13 = fluorine gcnerntor; 
C = fluorine combustion vessel; &I. = rdincr for cnrricr gas; b = potassium chloride reaction col- 
umn; c = sodium hyclroxiclc absorption column; cl = activatecl charcoal absorption column ; 
c = molecular sicvc gas chromatographic column. 

P~ocedwc. Organic liquid samples of 0.1-0.3 ~1 volume were inject,ed with a 
microsyringe into the combustion vessel (C) filled with fluorine, and then, tl!e vessel 

l Part III of the stucly of clcincntal analysis with fluorine combustion gas chromato- 
graphy. 
M’ 
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TABLE I 

COLUMN AND OPERATING CONDITIONS 

NOTES 

Molecular sieve 5A 
( 30-60) 
Potassium chloride 
(28-40) 
Sodium hydroxide 

!&%vated- ch?rco~l . ‘ ‘ 
(30-60) 
Molecular sieve 13X 
(30-60) 

Ni Room temp. 
(x m; 4 mm) 
Ni 
(1.2 m; 4 mm) 1x5 
Daiflon 
(60 cm ; 4 mm) 25 
Ni 
(I m; 4 mm) SO 

Ni 
(I m; 4 mm) so 

Operating conditions 
Carrier gas, helium 
Flow-rate of gas, 35 ml/min 
Fluorine combustion vcsscl : 

Volume, 2.5 ml 
Temperature, 80” 

was heated while the contents were stirred with the magnetic stirrer. Combustion 
gases and excess of fluorine were introduced via A into the gas chromatograph. 

Excess of fluorine was converted into chlorine in the reaction column containing 
potassium chloride (b), and the chlorine produced was removed in the absorption 
columns containing sodium hydroxide (c) and activated charcoal (d), Other combustion 
gases were separated by the molecular sieve type 13X and detected by the thermal 
conductivity cell detector. 

Helium gas, refined in the column (a) with molecular sieve type gA, was used 
as the carrier gas. 

Renzoval of corrosive gases. Combustion gases, such as carbon tetrafluoride, 
oxygen, hydrogen fluoride and the excess of fluorine, were used as gas chromatographic 
samples. However, there is no appropriate gas chromatographic column for separating 
these gases owing to the presence of the last two corrosive gases. Therefore, a method 
for eliminating the corrosive gases from the other gases was developed. In the first 
procedure, excess of fluorine was converted into chlorine in the potassium chloride 
reaction column. 

Chlorine and hydrogen fluoride were trapped by, two kinds of absorption 
columns, one of which contained sodium hydroxide particles as the packing material 
and the other activated charcoal particles (30-60 mesh). The length of the latter 
column was I m, and the column temperature was about 80”. Under these conditions, 
corrosive gases could be trapped completely, whereas under the same conditions 
carbon tetrafluoride and oxygen passed completely through this column. 

Sc$avation of carbon tctvafluoride and oxygen. For the separation of carbon tetra- 
fluoride and oxygen, suitable conditions were obtained using molecular sieve type 13X 
as the column,packing’material, In the case of the molecular sieve, the retention vol- 
ume of carbon tetrafluoride depends greatly on the column temperature. At a column 
temperature of so”, carbon tetrafluoride and oxygen could be separated satisfactorily 
on the molecular sieve type 13X column. 

J, Chvomaiogr., 6g (x972). 355-358 



NOTES 357 

Results and discussion 

Analysis of organic conz$oztnds. A series of runs’was made using ethyl. alcohol, 
methyl alcohol and dioxan as samples, A typical chromatogram is shown in Fig. 2. 

0 0.5 1.0 l.5 20 

TbdE(~N) 

Fig. 2. Typi&l chromatogrnm for c&on ;Lnd oxygen dotermination. 
. 

Dioxan was used as a standard to calculate the composition ratio of the oxygen 
to carbon for the other compounds. This composition ratio was calculated from the 
relation between the peak areas of the combustion gases (CF,,, 0,) obtained from 
dioxan and those from the other samples. The oxygen number was calculated by the 
following equation : 

W(O) = 
%mlPlc)O2 

s (samplc)CF~ 

x 4 x kaHSO2)ml 

%am302)02 

where S = peak area of the chromatograms and ~(0) = oxygen number (carbon 
number = I). 

Relative standard deviation of the dioxan sample was O.CJ%. The analytical re- 
sults for ethyl alcohol and methyl alcohol are given in Table II. 

TAl3LE II 

RESULTS OIr CAR130N AND OXYGE’N DGTERMINATIONS OUTAINED I3Y THE FLUORINE COMBUSTION OF 

ORGANIC SAMPLES 

Standard sample, clic?&.n. 

Sample C:O ratio 

i?l1cory Fo tend 

Ethyl alcohol” 1.00 : 0.500 1.00, : 0.508 
I .ooo : 0.49u 
I .OO” : 0.497 
Moan = o.4g0 

Methyl alcohol” 1.000 : 1,000 I.OOg : 0.99, 

I.OOo : 0.99, 
I ,oofJ : 0.994 
MCllIl = 0.99,, 

a c,H,OH + 7 F, = 2 CT, + 6 HP -I- *O,, 
b CH,OI-I + 4 I’, = CF, + 4 I-IF + 40,. 
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Hence, we have been able to show the possibility of determining carbon and 
oxygen by this method. 
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