
The identifratlon and qgzntirztive determination Of the lower aIipk.ftic and 
relatedamines<e.g. i~_foOd,tobaccoandtobaccosmo!;e,dnr_es,natrrralproducts,and 

bloiogical systems) is a commonIy enconntercd pfobkm in organic analysis. ‘The gzs 
ChiO~~tO~Z?~~C(GC) determination ofthese&nesatfoir,r cO~#~tr~tiOllSiSlimited 

by adsorption and decomposition in the cofwrm, ghosting phenomena, badly tailed 
ebtion p&s, and the low sensitivity ofthe compounds in the gas cbromato~aphic 

detector. 

Acomaonmethod ofover&onzlng'JleselimitatiOns is to maskthepofar goup 

by derivative formation or to convert it into a derivative that has a sekctive sensitivity 
increase in the GC detector, e-g_, an electron capture detector CECD). Several derivz- 
tives, suchastrimethylsi~y~ ethersI, S&&T b2sesz4, p-to~ylrmldes~,pent&rrorobenzoyE 
atidess-'O, 2,4-dlnitrophenyl", isothiocyanatePJ", carbamatesl" and friikoro- 

x2~;itesL5-17 have been reported for this pz;rpose. 

In GC involving Schiff base formation reactiOns, VzndenHerrvd ef al.’ hzx 

chromztogaphed biolO~~llyfm~ortantarnines,srrc~asIz~~ecylamineandcycfo- 

dodecyi amize,as their SchiE bases,& derivatives being subsequently prepared by 

condensation with ketones. Uno et al_* hme also reported the application ofthe GC 
tech-kpe to the deremination of non-v&He aromatic anines ttrrough the use of 
ScEiiff bases fO_m&OR reactions md ‘he GC determination of the activation energy 

of t!kbiff b=e fomatio~ r2actioRs 6. Kow2ver, the qualitztive ur&~is of compI2~ 

mixtures Ofamines by this technique is difiicuk 
.hhffar 2nd Homin$’ hzve used pentiuorobenzaldebyde as 2 detivatizins 

agent for GC-ECD of picogram quantities of several primsv am&s. 

13 this studli, in brder to aitain the sdective mci sensitive GC anal~~sis aft!3 

lower alipbatlc prlmzry rrmiixs, the tines were converted into comespondi~: 

Schiffbases by reaction with benzaldehyde, and the Sc!Gff bases produced K'ere de 
tected directly by GC. Tke reaction is ikstrzted in the following s&em2 



:-harper peaks, and a quantitative precision of higher sel%tiuity aad SenSitiyity than 
t&e GC ana&sis with free amines. 

EXl?ERI_MEhTAL 

The procedure for the preparation of aII the Schiff baSes listed in Table I w;rs 
ins fo&w~‘S. The amh% fo.ra.3 M5k) aad b;:nzafdehyde (0.1-0.3 Mole) were m&d 

direct!y, wlrence tie reaction mixture was bubbfed v&h nityogen at room temperature 

for 0.5 h and then distiffed. 

The purities of the derivatives were checked by GC; alt were found to be about 
99”/, by area percent computation. 

The gas chromatograph wzs 2 SEzimacizrr GC5AP,F equipped w&b a flame 
ionization detector. The GC column consisted of a 3 m x 3 mm I.D. @ass COIU~~ 

packed with 5% SE-30 on Shimafite IV* 60-80 mesh, acid washed and s&n&d. “&e 
chromatographic conditions fur the flame ionization detector were: carrier gas 

(nitrO,gen) flow-rate, 45 ml/n&; cofumf~ tempewtun, 1CW; air and hydrogen Aow- 
rate, I.0 l/tin and 50 ml/min, respectiveIy; injection and detector temperature, 150”. 

~efermi~afiorr of the respmse f?xtor.s and fhe rehabive reterrfiarr times of r&e Sc&~bases 
In the determination of the response factors of the SchiZ bases listed in Table 

1, the sample solution was prepared by dissofvin g the Schick base (I x IO-’ mole) 
and ethyl benzene (1 x fOm4 moIe), as intern& standard, in 5 ml of ethanol. 

The peak area of each S&X base and intern! standard was determined by a 
digital integrator, and the response factor (Fi) was calculated from the following eq=- 
tion’8. LP - 

where A, and FV, are the peak area &q) and weight of the internal standard, respec- 
tively, zu~d Ai and WL are the area (log) and weight of the Sctiff bases, :especdveIy. 

The relative retention times of the Scbiff bases &ted in Tabfe 1 were c&Mated 
using ethyfbenzene as internal standard. 

~EStTLTS AND DISCUSSEQN 

The formation reactions of six representative SCM? bases proceeded readily 
and exothermicaIfy at room temperature with the minor possibility of side reactions. 
as shown in Table I_ the response factors OF these Schifr bases were uniform with a 

high reproducibility ‘over a series of several homologues. A good uniformity of re- 
s35nse for the Scblff bases is considered to be associated with their siability in the tic System. 

Tfie relative retention times of Six S&iff bases under the analytical conditions 
listed in TabZe E indicated that, with the use of a 3 m X 3 film I.D. gEass CObIn 





Fig. 2. Effti of reaction the; amine, 0. f mmofe in 5 ml ethznof ; benz!dehyde, 0.4 mmoks; reaction 
tern-tire, 35”; &3, methyl amtie; C, ethyi amkez rr-propyl azke, bo-propyi amine znd k-o-butyi 
amine; 8. n-butyl amine. 



of the order of about 60 ng. %he sensitivity to SchiE base as compared with free amin . 
wzs aborrt 10 fines hi&r. 

The reaction peEcerrtages for the formation of the Scbiff bases are plottet 
agakst the mole r&h af benzzfdebyde tcr the amines and t&e reaction tinge. 

As shorn in Figs. I ud 2, a completely quantitative reactian took place unde 
a reaction condition of benzaldehyde/amine maIe ratio 2:1 and a reaction time of f 
tin at room temperSure. 

En this study. the effect of ammonia and other amines an the FreparaEion o: 
the SCM base and the subsequent GC analysis was examined for six pr:MaFS amines. 

In the presence of 100 molar eqrrivalents of ammonia and 20 molar eqtivaIents of 
dimethyl amine, &ethyl amine: trimethyE amine and triethyf amine, no evidence was 
found for the interference cf these comporrnds in the formation of S&GE bases. 

For the purpose af exactly identi&ing the ScbifF bases, the retention times of 
the hamoiogous series of S&E bases were plotted against tie carbon numbers_ As 
sbow~ in Fig. 3, the plots produce a stra@t-line rezlationship for the n- a&d isu-typz 
of &pE&ic p_rimary amine, and a typical gas chromatagram of the 13 Schiff bases is 
shown Fig. 4. 
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