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Aromatic and aliphatic aldehydes are formed as a result of incomplete com- 
bustion in internal combustion engines, incinerators and other sources. Of the 
aromatic aldehydes, benzaldehyde is of considerabIe interest-in that it inhibits the 
formation of photochemical smog1B2. 

‘Ifhe gas chromatographic analysis of benzaldehyde in internal combustion 
engines has been carried out by gas chromatography-mass spectrometry (GC-MS): 
and by derivatization**5. The former technique is costly, requires complex instrument 
tation and is not convenient for on-site environmental poilution analysis. On -the 
other hand, tSe formation of derivatives of aromatic aldehydes in GC analysis, Le. j 
2,4-dinitrophenylhydrazones’~s, oxime&’ and thiosemicarbazones’, requires a high 
temperature, at which thermal decomposition and isomerization may take place. A 
method using a glass capillary coIumn at a relatively low column temperature, such 
as lOO”, has been reported for the analysis of benzaldehyde and o-, m- and p-tolu- 
aldehydes in car exhaust gas 9. These four aromatic aldehydes were treated with n- 
butylamine to form the correspondin, Q Schiff bases, and were then detected by use 
of a flame ionization detector (FID). The minimum detectable quantity of the 
derivatives was CII. 0.01 ,u*. a The sample volume injected was 1 ~1 of an ethanol 
solution. 

This paper describes an improved derivative-fork&ion reaction for benz- 

aldehyde, involving treatment with 3-methylthioaniline to form the corresponding 
sulphur-contaimng SchifT base. The derivative is detected by means of a fiame 
phctometric detector (FPD) which ii selective for sulphur compounds and permits 
the use of large sample_volumes. The reaction is illustrated in the following scheme: 

o- 0 CHO + -Hz0 

2-methylthioaniline 

(t- 
0 CHO f 

3-methylthiwniline 
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EXPERI-MENTAL 

Benzaldehyde (95% minimum) and ethanol (995%) were obtained from 
Wako, Osaka, Japan. ZMethylthioaniline (97 %, b-p. 234”) and 3-methylthioaniline 
(97%; b-p. 163~165”, 16 mmHg) were obtained from Aldrich, Milwaukee, Wise., 
U.S.A. ptHeptadecane was used as an internal standard (PolyScience, Nib, III., 
U.S.A.). 

Gas chromatography 
The gas chromatosaph was a Sbimadzu Model GCSAP,FFp equipped with 

a FID and a FPD; it was also equipped with a digital integrator (Shimadzu Model 
ITG-2A) for the determination of the reaction percentage of the Schiff-base formation. 
The glass analytical columns were packed with 5% SE-30 on Chromosorb W (AW, 
DMCS, 60-80 mesh, 3 m x 3 mm I.D.) or with 3 % OV-17 on Chromosorb W (AW, 
DMCS; 60-80 mesh, 1 m x 3 mm I.D.): 

The GC conditions for the FID were as follows: column, 5 % SE-30; column 
temperature, held for 1 min at 110” and then raised at lO”/min to 270”; injection 
port and detector temperatures, 270”; flow-rates, 50 ml/mm (nitrogen or hydrogen), 
1.0 l/min (air)_ For the FPD the conditions were: column, 3% OV-17; column tem- 
perature, 200” (isothermal); injection port and detector temperatures, 230”; tiow-rates, 
50 ml/ruin (nitrogen or hydrogen), 40 ml/min (air). 

Preparation of Schiff bases 
Benzaldehyde (1. lO-3 mole) was treated directly with 2- or S-methylthio- 

c$-f$~ : 2-or3-methyIthioaiIine 
(n-de Wio 1 

Fig. 1. Efe$of mole ntio on tie rextion percentage of bepxdehyde with (1) 2-methykhioaniline 
znd (2) 3-methylthioaniiine. Reaction conditions: temperature, 25O; time, 4 h; sample volume 
injected, 1 PI. I 
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ar@ine (l-20 * loA mole). The product was dissolved in 25-m% of etha~ol@ontahii@ 
!&tptadecane as an internal standard, 2.10 A mole)-at.room temperature. -. 

The reatition percentages of the SchifF-base forxnation were cakukted fro&the 
disappearance of benzaldehyde as monitored using. the SE-30 column atid the FID.. 

RkJLTS AND tiISCUSSION 

Reaction of benzaldehyde with 2- or 3-i7lethy~tbioaniiine 
Fig. 1 shows the reaction percentagk of benzaldehyde with 2- or 3-methylthio- 

aniline to form the corresponding SchifF bases. These reactions were complete in 4 h 
at room temperature. As shown- in Fig. 1, the reaction of 3-methylthioar@ine 
was more rapid than that of 2-methylthioaniline. Fig. 2 shows a graph of the reaction 
percentage of benzafdehyde with 3-methylthioaniiine against reaction time. Fig. 3 
shows typical gas chromatograms of the reaction of benzaldehyde with 3-methyl- 
thioanihne to form the corresponding Schiff base. A complete quantitative reaction 
took place in 1 h at room temperature when a I:3 mole ratio of behldehyde to 
3-methylthioanihne was used. 

. 

redion time, h 

Fig. 2. Effect of’reaction time on the reaction percentage of benzaldehyde with f-methylthioaniline 
(1:3 mole ratio) at 25”. 

Preparation oJ.raiibration graph for the FPD response 
The FPD response was rectilinear in the range. IO-9C?O ng of the Schiff base 

derived from benzaldehyde with 3-methylthioaniline. The~mininkum detectable quan- 
tity of the Schist base was ca. 4 n,o. T&sensitivity of the FPD to the SchiEbase was 

2.5 times higher than that of the FID. However, the merit of this method is that up to 
50 pl of sample can be used.. 
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Fig. 3. Typical gas chromatograms of the reaction of benzaldehyde wiih 3-methylthioaniline. (a) 
Starting point- Peeks: 1 = ethanol (solvent); 2 = henzaldehyde; 3 = 3-methylthioaniline; 4 = n- 
heptadecane (internal standard). (b) After reaction for 0.5 h. Peaks: l-4 as in Fig_ 2; 5 = sulphur- 
containing sc’niff-base condensate. Conditions: colu_mn, So//, SE-30 on Chromosorb W (AW, DMCS: 
60-80 mesh, 3 m x 3 mm I.D.); column temperature, held for 1 min at 110” then raised at a rate of 
10°]min to 270”; nitrogen flow-rate, 50 mljmin; detection, FID. For other GC conditions, see 
Experimental_ 
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