
A rapid procedure utiking high-pressure liquid chrom2tography is described 
for determining tr2ce quantities of ethylenimine down to Cl.01 pprn. The basis for the 
method is the quantitative reaction of ethyfenimine with the 1,2-naphthoquinone4 
sufphonate ion (Folin’s reagent) to give 4(I-aziridinyij-I,2-naphthoquinone. COM- 
pared with the spectrophotometric procedure? this method provides 2 high degree of 
specificity znd sensitivity. 

The method has been employed to determine ethylenimine in the pyrolysis 
products of pofyetbylenimine. 

Many andJriicaf Methods are known for ethyl&mine (El), but only 2 few .zre 
applicabfe to the determination of the trace amounts necessary for tcxico~ogic2l 
studies’*‘. Epstein et aL3 have used a spectrophotometric method utilizing the reagent 
O(4nitrobenzyf)pyridine. However, other 2fkyIating agents interfere in this proce- 
dure, and, in our experience, its sensitivity is fimited. Rosenblatt ef al.” h2ve reported 
a tite!TEKitiVe spectrophotornetric procedure employing Folin’s reagent for amino 
scids5 2nd this has subsequently been used for estimating tmce quantities of EE in 
lir down to E ppn6. This method is based on the rapid reaction between EI 2nd the I ,2- 
~2phthoquinonePsuIphonate ion. The product, 4-fI-aziridinyl)-I,2_naphthoquinone, 
j readily exttacred into chloroform 2nd determined spectrophotometticaIfy at 420 
1rG. 

Our interest in the toxicity of the pyrolysis products of polyethylenimine 
XL), which is used extensi&y in the pqxx 2nd textile industries, necessitated 2 
ensitive 2nd selective method for determining ET. The usual procedure wit,h Folin’s 
Zagent ~2s prec[uded because m2ny of the&nines produed OE pW&‘SiS Of PET 
eact with Fo&‘s reagent to &@ve cofoured products that interfere’.‘. TfiiS p2Fer 
2p0rt.s &I improved technique, ut&ing high-pressure liquidchromatography WPLCJs 
x estimating the concentration of the I,%nzphthoqulnone derivative formed by the 

l To whom cOrrapondence shouid be addresed. 



A Vtizn 4133 Series liquid c~omato,~ph, equipped with a IO-pm Mcro 

Fak colnmln (50 cm x 2.2 mm Z.D., Varian) at ambient temperature and 254nm UV 
detector, was employed for chromaiographic analyses. DiChforGmeth2Ee CGnt2ining 

I % (v/v) isopropanol w2s used as the mobile phase wftEr a fiow-rate of 80 ml/h and 
a column pressrrre of 25C!3 p.s.i. Sample injections were made OIL-C~EUXIIIE, using a 
stop-Bow tec’&que, through ;L high-pressure septumfess injector (Variarz Aerograph) 
with ii 25~1 or XXI-~1 syringe (S.G.E.). 

A 25-.ul aliq=ot of the chtorofo‘orm extract was taken for standards or samples 
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that contained 0.1 to l.@pg/nd of EI and injected on to the cofumn. For samples 
containin,o 0.01-O.I ,&nf of EE a IO&@ aiiquot was injected. The column efiiuent 
was monitored with W detector sensitivity between 0.02 and 0.16 absorbance units 
Es.d. as necessary. 

The cfrlorofixm extra&s obtained from the reaction of Folk’s reagent with 
various an&es (Table IlJ were s&&ted to TLC on plastic sheets covered with a 

0.25mm layer of silica gel F,, (E. Merck, Darmstadt, G.F.R.) using chloroform- 
-methanol (10:1) as the mobile phase. 
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Seueraf primary and secondary amines that react with Foiin’s reagent si&- 
Early to EI+ and ktetieie in the spectrophotom&c determination, ivere examined as 
sources of inl~rfera%x in this method. TLC of the Z,Znapthoquinone derivatives of 
these amines provided the R, values given in Table II. These data show that the aniiine, 
dieth$amine and n-butyfamine derivatives are those most I&+ to interfere. Solutions 
contzkkg O.CM~g~mf of ET and a f&fold excess of the foregoing amines were sub- 
ject& to the normal analytical procedure. The peak heights obtained for the EI 
de&a&z in these mixtires were equal (point A, Fig. 2), acd temaked essentiaffy 
unctarged from that given by a solution containing only ET @.04 ,ug/ml). ‘fhe amine 
derivatives were not visibfy ehkd from the cokmn unless the polarity of the mobile 
phase was increased. 

In Table IIf three methods are compared for determining the quantity of Ef 
formed OEI. pyrolysis of PEE. Cfe&y, the method utilizing 4-(3-nitrobenzyOpyridine is 
insensitive to such low conceentratians of EI and the spectrophorometric method with 
Folk’s reagent gives high results due to interference from the various amiiles formed 
on g?yfJfySis of PET. In contrast, the use of F&n’s reageel;t with subsequent cbroma- 
to=gaphk an&sis or’ the dcrivatized Ef provides a I-r7& degree of speciikity and sen- 
sitivky. With certain adjustments to the cbromato_gaphic procedure3 this method 
cartEd probabfy be extended to the specifk determination of C-substituted aziridines 
:tnd certzin primary or secondary amines thar react quantitatively v&h Fdin’s reagent. 


