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DETERMINATION OF AMIDE NITROGEN 
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INTRODUCTION ,- 

Amino acid analysis of cuticle-rich material from three samples of wool has shown 

that the cuticle is consistently poor in glutamic acid plus glutamine and aspartic 
acid plus asparaginel. It is therefore important to determine the amide-nitrogen 
content of both cuticle and whole fibre so that the amount of glutamic and aspartic 
acid present can be calculated. It secmcd that this might be possible on a microscale 
by making use of the unwanted spot af 2,4_dinitroaniline (DNPNHa), produced by 
reaction between I-fluoro-2,4_dmitrobenzene (FDNB) and ammonia which is always 
present on the two dimensional paper chromatogram of the dinitrophenyl-amino 
acids. The problem of quantitative evolution of ammonia from the wool protein by 
hydrolysis in hydrochloric acid had been thoroughly invcstigatcd by IXACII AND 

PARKIIILL~. However, LOCIWART~ found only 50% reaction of FDNB with ammonia 

as compared with its quantitative reaction with a number of amines and this is 

paralleled by kinetic evidence on the reaction between I-chloro-2,+dinitrobenzenenc 

and these compounds4. 

This paper describes a satisfactory method for the analysis of amide-nitrogen of 

o.s-mg samples of cuticle-rich material from wool. 

Materials 
EXPERIMENTAL AND WESULTS 

Samples of Lmcoln 36’s and Corrledala 46’s greasy wool wcrc scparatcd mto base nntl tip and 
the grcasc rcmovcd as clcqcribctl prcvmuslya. A third sample of Lincoln 36’s wool proccsscd to 
top form was hkcwlsc clcancd and all sanq~lcri conditloncd at G5$, R I-I and 20~ The 2 N HCl for 
hydrolysis wns prcparcd by dllutlon of twice-dlstlllcd G N I-ICI with glass distllled water both 
freshly dlstillcd. Acctonc (A.R ) was rcfluxctl with KMn04 and then fractionated to remove all 
tracts of alcohols’J A sxmplc of lWNT3 (Hrltlrh Drug I-Iouscs Ltcl , Poole, Dorsct) was fractionally 
dlstxllcd at 0.5 -x o mm I-lg-prcssurc at I ~6~ to product a light yellow product which wns stored 
at 2O Pcroxidc free clicthyl cthcr (A R ) WRY freccl from quinoncs bcforc USC by extraction with 
I o/0 nq, NaOI-I (four tlrnes), tlrlutc Ilc’l (once) and du,tillcd wntcr (four times). Laboratory grade 
I>NPNEI~ was not rcctysttrlhsccl smcc It was found to bc chrornntograplncnlly pure Ammonium 
chlorldc, KHCO:, and glycmc wcrc A R rcngcnts used without further purification 

Preli9),,rinnry ex$erinrc& 

The reaction between NH3 and FDNI3 in aqueous solution at 40” by the method 
of LEVY’, produced only 25% of DNPNHa even after 7 h heating. Reaction in a 

homogeneous solutron of ethanol and 0.5 Ad KHCOB solution (2: I) according to 
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SANCERB gave much higher yields of DNPNH2 but produced large cluantItics of 
ethyl z,+dinitrophenyl ether4. This compound, together with the DNPNH2, was 
extracted by ether from the aqueous solution after dinitrophenylation and on a onc- 
dimensional paper chromatogram ran just faster than DNPNH2, but overlapped 
with_ it in a large range of solvents. It gave a colorless spot which showed up under 
U.V. light and gave a strong absorption at 345 m/L, the absorption maxImum for 
DNPNH2 in N HCl. To eliminate the Interference of this material the reaction was 
repeated, ethanol being replaced by methanol, dloxan and acetone. With Incthanol, 
methyl z,+dmitrophenyl ether was produced which interfered in the chromatog- 
raphy, dloxan gave low yields but acetone appeared to be a satisfactory solvent. 
In order to increase the rate of reactIon between NH2 and PDNB the tcmperaturc 
of reaction was raised to 50” and a series of experiments carrIec1 out according to the 
following procedure 

An aqueous solution containing exactly 0.020 mg of A.K. NH&l was cvaporatcd 
to dryness, x.0 ml 0.5 L’I~ KHCOJ solution added by an automatic pipette followed by 
x.5 ml acetone containing FDNB. After heating at so” in a small stoppcrcd flask for 
the appropriate time, I ml of a 5Ok, solution of glycinc was added and the heating 
continued for a further 30 min in order to remove all excess PDN133. Pivc ml 0.5 nr 
KHCOI was added, the solution cxtractcd with cthcr (5 x 5 ml) and the combined 
ether extracts divided accurately into two parts. These were cvaporatcd to dryness, 
the yellow residues dissolved in the minimum of acctonc and applied as spots to 
Whatman No. I paper buffered with 0.x 111 phthalatc buffer at PII 5. The chromato- 
grams were run in one dimension using a-mcthylbutan-z-01 saturated with p~r 5 
phthalrrte buffer9 for 16 h, and the spot dnc to DNPNH2 identified by comparison 
with the pure DNPNH2 run on the same paper. The paper was clried, the DNPNH2 
spot clccised and its weight, together with that of three paper blanks, determined. 
The yellow colour was clutcd with 5 ml N HCl at room temperature for 30 mm and 
measured at its absorption maxImum (345 m/t) in a x-cm mntchcd cell of the Unicam 
spectrophotomctcr. The small blank corrcctlon, about o.or/xoo mg of paper, was 
subtracted from the observed optIca density. A further corrcctlon, amounting to 
10-30~/~ of the total observed optical density, was made for the amount of ammonia 
present in the reagents used. This correctIon varied in amount from one series of 
experiments to the next and was estimated by running one control experiment with 
each series. From the corrected value of the optical density the o/o yield of DNPNH2 
obtained from the NHLl was calculated using the cxpcrimentally obtained value 

YIILLIJ OP DNI’NI-Ia FROM AMMONIA 14~’ ~~I~‘I~HoI’~~IsPIYI.AIIoN 
__.- --.. _ -. -_- .-- .._._ .- -.__ _ _ _. . . . _ 

“A 
IVo~hl I’DN I1 Tttnt (I/ httilwg )‘lClJ 

w tn‘n I tnrrrt, II/ 
+ 2 clrl. rolwnlumc) 

__ -_..-_ _. .._.. -_--_- .._._ _ __ . ..- _. 

5 180 65 
ro 180 
20 180 b2 

30 180 
20 20 cz 
20 45 80 
20 90 72 

Anal. bhim. Actu, 22 (19th) 444-448 



446 J. Ii. BRADBURY 

of the molar extinction coefficient for pure DNPNHz in N HCl of (1.43 j= 0.027) - 104. 
The results in Table I show the effect of variation of the amount of FDNB and 

time of heating on the yield of DNPNHs. It is clear that about 20 mg of FDNB is 
required to give about go”/, yield but there is no improvement on increasing the 
amount to 30 mg, Similarly 45 min reaction time gives about 80% yield but there is 
no advantage in increasing the time to 180 mm. It therefore appears that the maximum 
yield obtainable is about 80% and it is interesting that the 20% loss of ammonia 
and/or DNPNHz during reaction and chromatography agrees very closely with the 
losses previously found in the dinitrophenylation of the amino acidslo. In order to 
estimate possible losses of DNPNHz by further substitution of the primary amino 
group by dinitrophenyl groups and by extraction and chromatography, micro- 
amounts of DNPNHa were carried through the above procedure and the “j. recovery 
of DNPNHa on the chromatogram estimated. This amounted to 91.5~/~ showing that 
thcrc IS a loss of 8.5% of DNPNHa in this way. It IS unlikely that the additional loss 
of II.~~/~ of material IS due to incomplete reaction between ammonia and FDNB 
since more stringent conditions of reaction do not increase the yield. It is possible 
that some ammonia could react with acetone 11 but this would still not explain the 
very similar results obtained in the dinitrophenylation of the amino acidslo. 

For practical purposes the yieldis constant at 8ooh, giving c = (1.14 & .036) - 104 
as the mean of IO experiments (excluding rows I, 2 and 5 of Table I). This figure is 
used in all future experiments together with 20 mg FDNB and a heating period of 
I: h at 50”. 

Final $rocedzcre 

A sample of cuticle-rich material, obtained as described previously1 or whole fibre 
weighing about 0.5 mg was placed in a clean test tube, 3 ml 2 N HCl added and the 
tube closed with a spring-loaded ground glass stopper. The tube was heated at xoo” 
for 2 1~2, after which time only a slight residue remained. An alternative technique 
of sealing the tube under vacuum and heating at x05“ in the oven gave irreproducible 
results. The hydrochloric acid was evaporated at the water pump, 1.0 ml 0.5 M 
KHCOa added by an automatic pipette followed by a solution of 20 mg FDNB in 
1.5 ml acetone. After heating at 50” for I h, I ml of 5% aqueous glycine was added 
and the heating continued for 30 min. Five ml 0.5 M KHCO:, was added and the 
DNPNHa extracted from the aqueous solution with ether (5 x 5 ml), The ether 
extract was divided into two equal parts by volume, the ether evaporated at the 

TABLE II 

Amxlc mtrogcn content of whole flbrc and culxlc-rich matcrml (mole/rod g matcrd at 65% R.H. 
nncl zoo) with standard errors 

.---_ -- 

Lincoln 36’s, virgin wool, tips rcmovccl 7Ofo2 7.2 f 0.5 o 69 

Lincoln 36’s, proccssccl to top form 74fo4 7*4 rt 0 6 0.56 

Corricclale 46’s, virgin wool, tips rcmovccl 7 3 f 0.2 GIfOI 0.50 
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pump and the yellow residue chromatographed as described above. The spots due 
to DNPNHa were excised, eluted with 3 ml N HCl for 30 min at room temperature 
and the optical density measured at 345 rnp. After correctIon was made for the paper 
blank and the amount of ammonia in the reagents as described above, the optical 
density was used to calculate the amide-N content of the protein material in moles/ 
104g material at 65% R.H. and 20°, using the value of the molar extinction coefficient 
of 1.14 - 104. 

The figures for the amide nitrogen content of whole fibre and cuticle material 
recorded in Table II represent the means of at least four analyses. 

In order to check whether the abrasive action of the descaler had any effect on 
the amide-nitrogen value the sample of Lincoln 36’s virgin wool was rubbed back 
and forth across a very sharp abrasive edge until breakage occurred. Pour analyses 
in which an average of 5.7% of material was abraded from the fibre gave a mean 
value of 7.6 & 0.4 moles/ro4g material at (53% R.H. and zoo. This is not significantly 
different from the whole fibre flgure of 7.0 -& 0.2 hence showing that abrasion does 
not alter the amide-nitrogen content of the material. 

DISCUSSION 

Prom the results in Table II it Is clear that the amide content of the cuticle-rich 
material is the same as that of the whole fibre for both samples of Lincoln 36’s wool. 
However, this is not the case for the Corriedale 46’s sample where the cuticle-rich 
material is significantly poorer in amide groups than the whole fibre. Differences in 
behaviour from one sample of wool to the next must therefore bc expected. The more 
important use of these figures is in the calculation of the aspartic acid and glutamic 
acid content of the cuticle-rich matcrialla. 

The results obtained for whole fibre analyses agree well with the value of 7.x 
moles/x04 g wool at 65% R.H. and 20” calculated from the results of LEACH AND 
PARKHXLL~ on Lincoln 36’s wool. The mean standard error calculated over all sets 
of results is 4.5%. This figure is quite reasonable for such a determination which 
involves the use of extraction and paper chromatographic techniques and is to be 
compared with an overall mean standard error for amino acid determination of 
6.g”/ola. The minimum amount. of ammonia which can be estimated accurately by 
this method is about 2 ,ug. However if the amount of ammonia in the reagents could 
be reduced it should be possible to determine as little as 0.5 pg ammonia (40 pug Wool) 
quite accurately. 
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SUMMARY 
A new nucro-method is reported for the detorminatlon of amide mtrogcn, based on the cstrma- 
tion of 2,4-dinitroamlino produced by the reactron between ammonia, quantitatrvcly libcratcd 
from the protcm, and x-fluoro--r,4-dimtrobcnzene. Applicntton of the method to o.5-mg samples 
of wool grvcs results in agrccmcnt wrth those obtained by other authors for the same type of wool. 
Analyses of cuticle-nch material obtamcd from thcsc wool samples show that in one sample out 
of three the cuticle 1s significantly poorer in amide groups than the wholo frbrc The mean standard 
error taken over all the analyses is 4 5 %. 
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Unc nouvcllc mdthodc nricrochimrquc cst proposCc pour Ic dosayc do l’azotc dcs amrdcs. Eric 
cst basCe sur unc cl6tcrmmation dc la dinitro-2,4-amhnc, produitc par la r6action cntrc l’ammo- 
ntac, quantltatlvcmcnt lib&r6 do la protdinc ct. lc fluoro-r-tlinrtro-z,4-bcnz&nc 

ZUSAMMENFASSUNG 

Es wnxl clnc ncuc mlkrochcmlschc Mctllodc bcschrrcbcn Lur Bcstimmung von Amrd-Strckstoff. 
Das aus dcm Protpm rn Frcrhcit gcsctr.te Ammomak wrrd mit Irluoro-r-dimtro-z,4-bcnzol zur 
Rcaktron gcbracht und das cntstnndcnc Dlnltro-z,q-anllln bcvtlmmt 
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A SIMPLE SPECIFIC TEST FOR INNER-RING o-QUINONES 

E sI\wIcI<I ANDW.E.LBERT 

A LY Poll~llo~ Bngoteeyzrrg lfcscarck, Robert A Taft Sanllary Bngtrreerr~r~ Center, U S Deparfmenf 
of Heccltlr Bdmaftotr trnd Welfure, Pubirc Health Scruacc, Caw~~atwtl. 01~0 (U S .4 ) 

(Rccc~vcd Novcmbcr I 3th, I 959) 

In a previous paper1 a thermochromic test for the detection of inner-ring fi-quinones 
and fluorenoncs was described. This test gave positive results with the aromatic 
fraction of airborne particulatcs. With a modification of the procedurez, benzo- 
fluorcncs wcrc detected in the air for the first time 3. In another modified form the test 
has also been used to confirm the prcscnce of anthracene in the airs. A test for termmal- 
ring o- and #-quinoncs has also been described recentlya. Since a specific method for 
the dctcction of inner-ring o-quinoncsis not available in the literature, such a method 
has been developed. 

The test procedure is based on the reported preparation of the bis-anils of chrysene- 
cluinonea. 
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